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I
A
 GIORNATA DI STUDIO D EL DOTTORATO DI RICE RCA IN FISICA 

DELLôUNIVERSITê DI MESSINA 

Messina, 10 Novembre 2010 

 

Lorenzo Torrisi  

 

Coordinatore del Dottorato di Ricerca in Fisica 

Dip.to di Fisica, Università di Messina 

V.le F. Stagno Dôalcntres 31 98166 S. Agata, Messina 

 

 

La prima giornata di studio del Dottorato di 

Ricerca in Fisica dellôUniversit¨ di Messina 

trova in questa prima manifestazione un 

particolare momento di riconoscimento sia di 

tipo accademico-istituzionale che di tipo 

personale. Essa è dedicata soprattutto ai 

dottorandi ma anche al Collegio Docente, alla 

Facoltà di Scienze ed alla Nostra Università 

degli Studi. 

Il Dottorato di Ricerca rappresenta il massimo 

per la preparazione scientifica che 

lôUniversit¨ pu¸ conferire ai propri studenti. 

Oltre la laurea breve, la laurea magistrale, le 

Scuole di Specializzazione ed i Masters, il 

Dottorato offre possibilità di apprendimento 

uniche. Non solo le lezioni di un Collegio 

Docente qualificato ed appropriato, i seminari 

specialistici tenuti in contesto Nazionale ed 

Internazionale, lôutilizzo di Laboratori di 

ricerca adeguati ma anche lôopportunit¨ di 

inserimento in una ricerca di front-end e di 

partecipazione a lavori su prestigiose riviste 

scientifiche internazionali e la possibilità di 

toccare con mano sia tutte le difficoltà 

contingenti che le soddisfazioni che tale 

lavoro può offrire. 

La Fisica crea ricchezza ma non cô¯ ricchezza 

senza conoscenza.  

Moltissime vite umane vengono salvate grazie 

alle ricadute tecnologiche della Fisica; lo 

studio dei fenomeni quantistici ha permesso 

di sviluppare enormi conoscenze nel mondo 

microscopico; la ricerca delle onde 

gravitazionali sta permettendo di progettare 

oggetti sempre più precisi; lo studio dei 

fenomeni magnetici ha portato ad abbassare 

notevolmente i costi degli hard disk; lôutilizzo 

delle reti terrestri e satellitari sta permettendo 

di migliorare significativamente la qualità dei 

servizi e della vita; lo studio dei fenomeni 

nucleari sta aprendo le porte a nuove fonti di 

energia sicura, efficiente e innovativa. Le 

ricerche in astrofisica, nel campo dei materiali 

superconduttori, dei plasmi, della fisica 

applicata ai beni culturali ed ambientali. Su 

questi vasti argomenti di ricerca vengono ad 

essere chiamate le nuove generazioni dei fisici 

per contribuire al ricambio generazionale con 

il chiaro obiettivo di contribuire alla ricchezza 

delle conoscenze umane. 

Al primo anno il dottorando può talvolta 

sentirsi un poô spaesato, deve affrontare un 

lungo periodo di lavoro, conoscere le 

tematiche di ricerca, scegliere con attenzione 

il proprio Tutor e seguire diligentemente le 

lezioni di base dellôindirizzo scelto. La 

consapevolezza però di essere entrato a far 

parte del Dottorato di Ricerca gli dà una 

carica ed un entusiasmo sorprendente. 

Al secondo anno viene inserito nel gruppo di 

ricerca e partecipa agli esperimenti, comincia 

a scrivere i propri lavori scientifici, si 

confronta con altri colleghi in Congressi 

Nazionali ed Internazionali, partecipa ad 

attivit¨ formative allôestero e riceve i primi 

riconoscimenti. Non cô¯ momento pi½ bello di 

quando si vede pubblicato il proprio lavoro 

scientifico su una rivista internazionale, di 

quando ci si vede citati in altri lavori 

scientifici, di quando si riceve un invito ad 

una importante conferenza, di quando può 

aggiornare il proprio curriculum con tali 

riconoscimenti. Questi risultati ci ripagano e 

ci rinvigoriscono profondamente. 

Al terzo anno continua la brillante esperienza 

del secondo ma si vede come prossimo 

obiettivo da raggiungere la stesura del lavoro 

di tesi finale. Un lavoro che va continuamente 

ottimizzato e che accompagnerà il dottorando 

verso la presentazione orale della tesi, lôesame 
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finale nazionale ed il raggiungimento 

dellôaspirato e meritato titolo di Dottore di 

Ricerca. 

Perché si è voluta realizzare questa Giornata 

di studio del Dottorato? 

Perché il lavoro del dottorando, spesso 

circoscritto allôinterno del proprio studio, del 

proprio laboratorio e di pochi collaboratori, ha 

bisogno di essere maggiormente conosciuto. 

Ciò non solo attraverso le pubblicazioni di 

lavori scientifici ma anche mediante altre 

occasioni che, come questa, permettono di 

dare voce al dottorando, di esprimersi per 

rendere noto ai colleghi ed agli organi 

preposti, che lo sostengono durante la 

formazione, che il suo lavoro è importante e 

che sta aprendo nuove conoscenze alla 

comunità scientifica. Ogni risultato, come una 

goccia dôacqua, si riunisce nel mare delle 

conoscenze del sapere dellôuomo. 

Il Collegio Docente, la comunità dei fisici, 

quella dei colleghi di altre aree scientifiche e 

non solo, sentono il bisogno di essere 

informati sullo stato dei lavori del Nostro 

Dottorato di Ricerca, orgoglio della Nostra 

Università. Quali ricerche si stanno 

sviluppando presso il Nostro Ateneo, chi e 

come li sta eseguendo, quali progetti e misure 

sono più importanti,  quali le attrezzature 

utilizzate e quelle che sarebbero necessarie, 

quanto i risultati vengono divulgati, quali 

ricadute possono avere nel mondo scientifico 

e sociale. 

Partecipare a questa giornata permetterà di 

conoscere le risposte a questi quesiti ed aprirà 

nuovi orizzonti ai nostri occhi. I lavori che i 

dottorandi presenteranno saranno raccolti in 

un Report, il primo Report del Dottorato di 

Ricerca in Fisica dellôUniversit¨ di Messina, 

che rappresenterà un documento duraturo nel 

tempo, una vera e propria pubblicazione per il 

dottorando, unôiniziativa che si spera di 

ripetere nel tempo. 

Abituarsi a trasferire le proprie conoscenze, 

ad intercalarle in problematiche più generali, 

a completarle con altre al fine di poter 

estrapolare leggi e teorie, è una attività che il 

dottorando andrà sempre più approfondendo 

con lôesperienza post-doc. Proprio su questo 

punto qualche altra mia considerazione. Oggi 

in Italia la ricerca scientifica è poco 

finanziata, gli stessi dottorandi percepiscono 

delle borse di studio minime e talvolta non è 

possibile neppure rientrare nelle spese per 

missioni di lavoro. Inoltre la crisi italiana ed 

europea nel campo dellôoccupazione giovanile 

rende difficile lôutilizzo appieno delle 

capacità che il dottorando ha appreso e spesso 

egli trova grosse difficoltà di inserimento nel 

mondo della ricerca e del lavoro. Sempre più 

spesso i nostri dottorandi debbono purtroppo 

trasferirsi allôestero regalando ad altre realtà 

le esperienze acquisite. In questo contesto la 

giornata di studio attuale vuole rappresentare 

un grido alla nostra società ed ai nostri 

politici. Uno stato senza ricerca e senza 

sbocchi professionali lavorativi è destinato al 

degrado. 

Ma noi crediamo nella formazione e nella 

ricerca e per questo ideale oggi parleremo 

delle nostre attività che reputiamo essere alla 

base della nostra esistenza di fisici. Un grazie 

va alla Nostra Università, agli enti di ricerca 

che collaborano col dottorato, quali lôINFN e 

il CNR, ed ai vari laboratori esteri che 

accolgono i nostri dottorandi durante la loro 

formazione scientifica. Eô grazie a loro che il 

nostro Dottorato può permettere le sue 

formative e molteplici attività. 

Buon lavoro ragazzi. 
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VALUTAZIONE DELLA PRODUZIONE SCIENTIFICA  

A LIVELLO LOCALE E NAZIONALE  

Maria Chiara Aversa 

Delegata del Rettore dellôUniversit¨ di Messina per la ricerca in area scientifico-tecnologica 

 

Una buona didattica universitaria si 

coniuga necessariamente con una buona 

ricerca, soprattutto se la formazione cui si fa 

riferimento è quella di livello dottorale. 

 LôUniversit¨ di Messina svolge da 

tempo una puntuale attività di verifica e 

promozione della ricerca scientifica al suo 

interno: per questo si avvale del contributo del 

proprio Nucleo di Valutazione, che opera con 

lôausilio di una struttura informatica di 

supporto al Nucleo, ma ha anche attivato un 

ñUfficio Valutazione, Anagrafe Ricerca e 

Catalogo dôAteneoò allôinterno del ñSettore 

Ricercaò che procede ad autonome 

elaborazioni accanto alla regolare 

collaborazione con il Nucleo. Pur nella 

consapevolezza infatti che una ottimale 

valutazione dei prodotti della ricerca 

richiederebbe per ciascuno di essi un parere 

espresso da esperti (peer review), lôutilizzo di 

dati bibliometrici di livello internazionale può 

essere utile per raggiungere una motivata 

consapevolezza del livello della ricerca 

prodotta da un Ateneo in confronto ad altri 

Atenei nazionali e non, centri di ricerca, 

eccé Ci¸ risulta applicabile in maniera 

soddisfacente soprattutto in ambito 

scientifico-tecnologico. 

 Gi¨ nel 2004 lôUniversit¨ ha iniziato a 

raccogliere in un suo ñCatalogo dôAteneoò 

(http://catalogoweb.unime.it) le informazioni 

bibliografiche salienti dei prodotti della 

ricerca con affiliazione ñUniversit¨ di 

Messinaò rendendole accessibili a tutti a 

partire dalle pubblicazioni dellôanno 1999.  

 Allôinizio del 2008, e precisamente 

nella sua riunione dellô11 febbraio 2008, il 

Senato accademico (SA), in occasione di una 

discussione su ñreclutamento ricercatoriò ha 

deliberato allôunanimit¨ di fare le proprie 

scelte sullôargomento tenendo in 

considerazione ñla coerenza didattica 

nellôofferta formativa delle singole Facolt¨ò e 

impegnandosi a ñsostenere i settori 

scientifico-disciplinari (SSD) che 

garantiscono alti livelli di produttività 

scientificaò.  

 Il 14 marzo 2008 (prot. n. 18740) il 

Rettore ha inviato ai Presidenti dei Comitati 

delle 14 aree CUN (Consiglio Universitario 

Nazionale) la scheda qui sotto riportata che è 

stata prontamente restituita con le scelte delle 

singole aree. Cioô ha permesso nelle 

successive procedure di valutazione di tenere 

conto delle peculiarità delle aree scientifico-

disciplinari. Dopo una prima fase di 

sperimentazione, i Comitati dôarea sono stati 

invitati, con lettera del Rettore dellô8 giugno 

2009, prot. n. 31339, a rivedere, ove 

necessario, le parametrizzazioni 

precedentemente adottate, facendo pervenire 

schede aggiornate. Solo i Comitati delle aree 

01-3, 08, 10, 11 e 13 hanno ritenuto 

opportuno procedere a una revisione.  

Il 30 giugno 2009 lôUfficio Valutazione, 

Anagrafe Ricerca e Catalogo dôAteneo ha 

pubblicato in unôarea riservata del Catalogo 

(http://catalogoweb.unime.it/login_produttivit

a.php) i dati relativi alla produttività dei SSD 

allôinterno delle singole Facoltà nel 

quadriennio 2005-2008 e lo stesso è stato 

fatto successivamente per il quadriennio 

2006-2009 al 30 giugno 2010.
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Proposta di Valutazione della Ricerca Scientifica 

 
TIPOLOGIA DEI PRODOTTI DI RICERCA  

 

PUNTEGGIO 

Articoli su Riviste Scientifiche 

Articoli su rivista ISI  

Articoli su rivista NON ISI di rilevanza INTERNAZIONALE  

Articoli su rivista NON ISI di rilevanza NAZIONALE  

Brevetti 

Brevetti INTERNAZIONALI  

Brevetti NAZIONALI  

Libri/Monografie 

Libri/Monografie pubblicate da Case Editrici di rilevanza 

INTERNAZIONALE 
 

Libri/Monografie pubblicate da Case Editrici di rilevanza NAZIONALE  

Articoli su Libro e Cartografie 

Articoli su libro di rilevanza INTERNAZIONALE e Cartografie 

INTERNAZIONALI E NAZIONALI  
 

Articoli su libro di rilevanza NAZIONALE e Cartografie LOCALI  

Curatore di Libri 

Curatore di libri a diffusione INTERNAZIONALE  

Curatore di libri a diffusione NAZIONALE  

Atti di Congresso (Proceedings) 

Atti di congresso (Proceedings) INTERNAZIONALI  

Atti di congresso (Proceedings) NAZIONALI  

Progetti di Ricerca di Interesse Nazionale 

Giudizio positivo ( > 45/60) in PRIN 10 

TOTALE  100 

Nota. La somma dei punteggi assegnati ad ogni singola categoria dei prodotti di ricerca indicati sopra deve essere pari a 

90. Il punteggio di 10 viene assegnato di ufficio essendo questo uno dei requisiti base nel modello di assegnazione del 

fondo di funzionamento ordinario alle università. Pertanto il punteggio complessivo risulta essere pari a 100. 

 

Tali dati sono il risultato di una 

procedura implementata dallôUfficio 

Valutazione, Anagrafe Ricerca e Catalogo 

dôAteneo sulla base dei pesi assegnati alle 

varie tipologie di prodotti della ricerca dai 

14 Comitati d'area CUN (vedi scheda tipo 

sopra riportata). In particolare, allôinterno di 

una Facoltà, per ogni SSD sono stati 

considerati i Docenti di ruolo afferenti al 

settore, anno per anno del periodo di 

riferimento. Per ogni Docente sono state 

analizzate le pubblicazioni dellôanno 

considerato e se ne è calcolata la proprietà 

pesata secondo il peso medio della tipologia 
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del prodotto nella Facoltà, proporzionando i 

pesi attribuiti dai Comitati dôarea presenti 

nella Facoltà sulla base della numerosità dei 

Docenti delle varie aree nella Facoltà stessa. 

Tali dati sono consultabili da tutti i Docenti 

dellôAteneo e dal potenziale di ricerca 

(dottorandi, post-doc, assegnisti, eccé) con 

le stesse credenziali di accesso ad U-Gov 

Ricerca, che ¯ lôapplicativo CINECA 

(Consorzio Interuniversitario dellôItalia 

Nord-Est per il Calcolo Automatico) che 

consente agli Atenei di archiviare, 

consultare e valutare i prodotti scaturiti dalle 

varie attività di ricerca. Questi dati sono stati 

punto di riferimento per Facoltà e SA 

nellôidentificazione dei SSD dei quali 

potenziare risorse umane, mentre per 

lôattribuzione di risorse economiche si fa 

riferimento alla valutazione della 

produttività scientifica dei Dipartimenti 

determinata con analoghe procedure. 

 Il DM del 19 marzo 2010, prot. n. 

8/2010, avente per oggetto ñLinee guida VQR 

2004-2008ò 

(http://civr.miur.it/vqr_decreto.html) specifica 

nellôart. 5 le tipologie di pubblicazione che 

verranno prese in considerazione per la 

prossima valutazione quinquennale a livello 

nazionale della ricerca (VQR) il cui bando da 

parte del Presidente del CIVR (Comitato 

dôIndirizzo per la Valutazione della Ricerca, 

http://civr.miur.it) è atteso a breve. In 

particolare sono qui di seguito riportati 

testualmente i commi 1 e 2 dellôart. 5: 

 

1. Sono presi in considerazione per la valutazione 
dei Panel: 
a) articoli su riviste, limitatamente a quelle dotate 
di ISSN; 
b) libri e loro capitoli, inclusi atti di congressi, 
limitatamente a quelli dotati di ISBN, nonché 
edizioni critiche e commenti scientifici; 
c) brevetti depositati; 
d) composizioni, disegni, design, performance, 
mostre ed esposizioni organizzate, manufatti, 
prototipi e opere d'arte e loro progetti, banche dati 
e software, carte tematiche, esclusivamente se 
corredati da pubblicazioni, atte a consentirne 
adeguata valutazione.  

2. Non sono presi in considerazione: 
a) attività editoriali e di curatela; 
b) lettere, correzioni e abstract di conferenze, 
anche se pubblicati su riviste; 
c) testi o software di esclusivo interesse didattico 
o divulgativo; 
d) prove e analisi di routine; 
e) rapporti tecnici interni. 

Su questa base il SA, nella sua 

riunione del 2 agosto 2010, ha deliberato 

allôunanimit¨ di adeguare le procedure di 

valutazione interna dellôAteneo, inviando ai 

Presidenti dei Comitati dôarea per le 

necessarie parametrizzazioni la scheda qui 

sotto riportata, che prende in considerazione 

soltanto i prodotti della ricerca che potranno 

essere esposti a livello nazionale per la VQR. 

Prodotti di tipologie differenti rimarranno nel 

Catalogo dôAteneo ma non verranno presi in 

considerazione per le valutazioni interne. 

Le ñLinee guida VQR 2004-2008ò

 prevedono attualmente che la 

valutazione nazionale della ricerca riguardi il 

periodo 1 gennaio 2004 ï 31 dicembre 2008, 

e che siano oggetto della valutazione i 

prodotti della ricerca del personale di ricerca 

in ruolo, cui vanno aggiunti i ricercatori a 

tempo determinato. Le strutture interessate 

alla valutazione nazionale saranno le 

Università, gli Enti di ricerca vigilati dal 

MIUR (Ministero dellôIstruzione, 

dellôUniversit¨ e della Ricerca) (escluse le 

Agenzie) e altri soggetti pubblici/privati che 

svolgono attività di ricerca; per questi ultimi 

la valutazione verrà effettuata su richiesta e in 

compartecipazione delle spese. Le ñareeò di 

valutazione saranno le 14 aree CUN, e per 

ciascuna di queste opererà un panel composto 

da almeno 9 esperti, anche stranieri, nominati 

dal MIUR su proposta del CIVR. Saranno 

possibili sub-panel per le aree ad elevata 

eterogeneità disciplinare e/o numerosità dei 

prodotti. 

 

 

 

 

http://civr.miur.it/
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Criteri di valutazione della ricerca scientifica 

nuova scheda 

Area scientifico-disciplinare éé 

data _____________ 

TIPOLOGIA DEI PRODOTTI DI RICERCA  

 

PUNTEGGIO 

Articoli su riviste scientifiche dotate di ISSN 

Articoli su rivista ISI  

Proceeding papers (in extenso) su rivista ISI  

Articoli su rivista NON ISI di rilevanza INTERNAZIONALE  

Proceeding papers (in extenso) su rivista NON ISI di rilevanza 

INTERNAZIONALE 
 

Articoli su rivista NON ISI di rilevanza NAZIONALE  

Proceeding papers (in extenso) su rivista NON ISI di rilevanza 

NAZIONALE 
 

Brevetti 

Brevetti depositati  

Libri / Monografie / Edizioni critiche, dotati di ISBN 

Libri/Monografie/Edizioni critiche pubblicate da Case Editrici 

di rilevanza INTERNAZIONALE 
 

Libri/Monografie/Edizioni critiche pubblicate da Case Editrici 

di rilevanza NAZIONALE 
 

Articoli su Libri dotati di ISBN 

Articoli su libro di rilevanza INTERNAZIONALE  

Articoli su libro di rilevanza NAZIONALE  

Atti di Congresso (Proceeding) dotati di ISBN 

Atti di congresso INTERNAZIONALE (articoli in extenso)  

Atti di congresso NAZIONALE (articoli in extenso)  

Progetti di Ricerca di Rilevante Interesse Nazionale 

Giudizio positivo in PRIN 10 

TOTALE  100 

Nota. La somma dei punteggi assegnati ad ogni singola categoria dei prodotti di ricerca indicati sopra deve essere pari a 

90. Il punteggio di 10 viene assegnato dôufficio essendo questo uno dei requisiti nel modello di assegnazione del fondo 

di funzionamento ordinario alle Università. Pertanto il punteggio complessivo risulta essere pari a 100. 
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Per ogni ricercatore lôAteneo proporr¨ 

alla VQR due prodotti della ricerca fra quelli 

indicati nellôart. 5: i ricercatori che non siano 

in grado di esporre alcun prodotto delle 

tipologie indicate verranno considerati 

inattivi, e parzialmente attivi quelli con 1 solo 

prodotto esposto. 

 Ogni prodotto verrà valutato da esperti 

in anonimato tenendone in considerazione 

rilevanza, originalità/innovazione, 

internazionalizzazione, sviluppo e 

trasferimento tecnologico (TT), ricadute 

socio-economiche. Il livello di merito per 

ogni pubblicazione andrà da eccellente (peso 

= 1) a buono (0,8), accettabile (0,5), limitato 

(0), fino a non valutabile (-1) a causa di 

incompleti e/o errati riferimenti bibliografici, 

tipologie non consentite, eccé Lo stesso 

punteggio (-1) verrà assegnato in caso di 

pubblicazioni mancanti. 

 A conclusione della valutazione 

nazionale 2004-2008 il CIVR presenterà al 

MIUR una relazione finale contenente una 

valutazione di merito  

- del Sistema Nazionale della Ricerca 

(SNR) (ad esempio spesa per ricerca, 

numero di ricercatori, eccé) con 

eventuale analisi del posizionamento 

globale della produzione scientifica 

- delle Strutture 

- dei Dipartimenti (o altre 

organizzazioni equivalenti, funzionali 

alle Strutture) 

- delle attività di TT e valorizzazione 

applicativa della ricerca. 

 

 

La valutazione delle Strutture di ricerca (ad 

esempio Università) si baserà sui rapporti dei 

panel relativamente a 

- qualità delle pubblicazioni 

- proprietà delle pubblicazioni eccellenti 

- propensione alla formazione alla 

ricerca 

- mobilità internazionale 

- capacità di impegnare risorse 

finanziarie proprie per la ricerca 

- capacità di attrarre risorse finanziarie 

per la ricerca. 

La valutazione dei Dipartimenti terrà 

conto dei criteri indicati immediatamente 

sopra, ai quali si aggiungeranno il computo 

dei ricercatori attivi e delle attività di TT e 

valorizzazione applicativa della ricerca. 

 Anche se le informazioni sopra 

riportate a proposito della prossima VQR 

sono necessariamente parziali, esse mi 

sembrano sufficienti ad evidenziare le 

differenze rispetto alla metodologia utilizzata 

dal CIVR nella precedente valutazione 

triennale 2001-2003. Le ñLinee guida VQR 

2004-2008ò sono state sottoposte al parere del 

CUN e della CRUI (Conferenza dei Rettori 

delle Università Italiane) prima 

dellôemanazione del relativo decreto: la 

posizione della CRUI è stata 

complessivamente favorevole allôemanazione 

del DM, anche se è stato ribadita con forza la 

necessità che le procedure e le metodologie di 

valutazione che i panel intendono adottare per 

le singole aree siano rese note prima 

dellôavvio delle procedure di selezione, da 

parte delle strutture (Università), dei prodotti 

di ricerca da esporre per la valutazione. 
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RELAZIONE SUL DOTTOR ATO DI RICERCA IN FI SICA 

DELLôUNIVERSITê DI MESSINA 

A CURA DEL MANAGER D IDATTICO  

 

Paola Donato 

 

Università di Messina, Dottorato di Ricerca in Fisica 

V.le F. Stagno dôAlcontres 31, 98166 S. Agata, Messina 

 

In questa prima giornata di studio dedicata 

alla presentazione del Dottorato di ricerca in 

Fisica è stata presentata una breve relazione 

sulle attività svolte dal Manager didattico in 

relazione al monitoraggio sui cicli di dottorato 

che insistono nel presente anno presso il 

nostro ateneo. Sono state evidenziate, 

innanzitutto, le diverse funzioni che fanno 

capo allôufficio del Manager didattico: 

- curare ed aggiornare il database del 

dottorato di ricerca in Fisica, ivi compresi 

i verbali, lôarchivio e tutto ci¸ che attiene 

la segreteria didattica;  

- coadiuvare i compiti del Coordinatore del 

Dottorato e monitorare la carriera dei 

dottorandi di ricerca in Fisica; 

-  agevolare i flussi di comunicazione 

allôinterno del dottorato, in modo tale da 

essere un punto di rifermento per i 

docenti del Collegio del dottorato e per i 

dottorandi, coadiuvando questi ultimi 

nella interpretazione e risoluzione di 

svariate questioni e nellôadempimento 

degli obblighi burocratici richiesti dal 

Corso di Dottorato.  

- supportare lôorganizzazione dellôattivit¨ 
didattica, curando i contatti con i docenti 

che tengono le lezioni durante lôanno, 

predisponendo tutti gli atti relativi agli 

esami di fine anno degli allievi e 

pianificando logisticamente e 

amministrativamente i seminari previsti 

dalla programmazione didattica del 

Corso. Eô importante sottolineare il ruolo 

svolto dallôufficio del Manager Didattico 

quale mediatore tra i singoli dottorandi e 

le tutte le Istituzioni che afferiscono al 

Corso di Dottorato, in particolar modo il 

Settore Alta Formazione dellôAteneo. 

- interessarsi di attivare le convenzioni tra 

le istituzioni italiane/straniere e il 

dottorato di ricerca in Fisica, 

aggiornandole annualmente. In particolar 

modo mantenere i contatti con lôIstituto 

Nazionale di Fisica Nucleare e lôIstituto 

IPCF del CNR di Messina, quale tramite 

tra gli Uffici degli Enti  ed il Settore Alta 

Formazione, in modo tale da agevolare il 

rinnovo annuale delle convenzioni. 

Compito, questôultimo, importante poich® 

lôINFN finanzia una delle borse di studio 

messe a disposizione dal Corso di 

dottorato. 

- Aggiornamento delle pagine web del 

dottorato di Ricerca in Fisica 

dellôUniversità di Messina. 

Nella Tabella I sono riassunti le pincipali  

attività manageriali del Dottorato di Ricerca. 

 

 

 

 

 

 

 

 

 

 

 

 

Tab. I: Sintesi delle attività manageriali del Dottorato di Ricerca. 
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Nella Tabella II sono elencati alcuni dei 

seminari che sono stati tenuti nel 2010 ad 

oggi per  gli allievi del Dottorato di Ricerca in 

Fisica. Ci sembra importante sottolineare, a 

tal proposito, la presenza tra i relatori di 

docenti provenienti da università straniere. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tab. II: Seminari svolti nel 2010 per gli allievi del Dottorato di Ricerca in Fisica 

 

 

Nei grafici successivi si è cercato di 

sintetizzare il più possibile il percorso di 

formazione intrapreso dagli allievi dei tre cicli 

di dottorato attualmente in corso. Nel primo 

grafico (Fig. 1) sono riepilogate le attività 

inerenti le partecipazioni a congressi e 

conferenze ï sia nazionali sia internazionali ï 

e la produzione scientifica che gli allievi 

hanno realizzato durante il dottorato di 

ricerca. 

Nel grafico successivo (Fig. 2) sono 

schematizzate le partecipazioni dei dottorandi 

a scuole nazionali, attività di formazione 

sostenuta dal corso di dottorato di ricerca in 

quanto parte integrante delle attività previste 

dalla programmazione didattica annuale. 

Anche i periodi di ricerca allôestero sono 

consigliati dalla componente docente del 

dottorato perché sono ritenuti un valido 

contributo al processo di formazione degli 

allievi. Nel grafico sono evidenziati, infine, i 

premi ottenuti dai dottorandi durante il Corso. 

Infine, la Tabella III è relativa allôattivit¨ di 

monitoraggio svolta dallôufficio del Manager 

Didattico che fornisce un elenco parziale 

ancorché rappresentativo dei laboratori 

europei presso i quali i dottorandi hanno 

svolto parte del lavoro di ricerca finalizzato 

alla stesura della tesi di dottorato. È 

essenziale ribadire che i laboratori qui 

riportati rappresentano soltanto un campione 

dei prestigiosi istituti di ricerca  

internazionalmente affermati frequentati dai 

dottorandi. Tale attività è ritenuta essenziale 

poiché contribuisce allôacquisizione di 

competenze elevate e qualificanti, 

determinanti per lôelevata professionalit¨ del 

ricercatore. 
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Fig. 1: Grafico delle pubblicazioni su riviste internazionali e delle partecipazioni a congresso degli 

studenti degli ultimi tre anni del Dottorato di Ricerca 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Grafico delle attivit¨ di formazione allôestero, premi e scuole dei dottorandi degli ultimi tre 

cicli. 



Activity Report 2010 ï Dottorato di Ricerca in Fisica, Università di Messina 

 18 

 
 

Tab. III: Principali laboratori esteri frequentati dai dottorandi degli ultimi tre cicli. 
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BIOMOLECULAR MOTION CHARACTERIZATION BY SELF-DISTRIBUTION -

FUNCTION PROCEDURE I N ELASTIC INCOHERENT  NEUTRON SCATTERING  

 

S. Magazù
a,
*, G. Maisano

a
, F. Migliardo

a
, A. Benedetto

a
 

a) Dipartimento di Fisica, viale F. S. DôAlcontres, 98166 S. Agata-Messina, Italy 

* corresponding author, e-mail: smagazu@unime.it 

                                                                                         

Abstract 

 In the present contribution a procedure for the 

molecular motion characterization based on the 

evaluation of the Mean Square Displacement (MSD), 

through the Self-Distribution Function (SDF), is 

presented. In particular it will be shown how the MSD, 

which represents an important observable for the 

characterization of the dynamical properties in disordered 

systems, can be decomposed into different partial 

contributions associated to the system dynamical 

processes within a specific spatial scale. It will be shown 

how the SDF procedure allows to evaluate both the total 

MSD and the partial MSDs through the total SFD and the 

partial SDFs. As a result, the total MSD is the weighed 

sum of the partial MSD contributions in which the 

weights are obtained by the fitting procedure of measured 

Elastic Incoherent Neutron Scattering (EINS) intensity 

data. We apply the SDF procedure to EINS data collected, 

by the IN13, IN10 and IN4 spectrometers at the Institute 

Laue-Langevin, Grenoble, on aqueous mixtures of two 

homologous disaccharides (sucrose and trehalose), on dry 

myoglobin in trehalose environment and on dry and 

hydrated (with H2O and D2O) lysozyme with and without 

disaccharides. It emerges that the hydrogen bond imposed 

network of the water-trehalose mixture appears to be 

stronger with respect to that of the water-sucrose mixture 

and this result can justify the highest bioprotectant 

effectiveness of trehalose in comparison with sucrose. 

Furthermore it emerges that, the partial MSD behaviours 

of sucrose and trehalose are equivalent in the low Q 

domain (0 1.7) Å
-1
 whereas they are different in the high 

Q domain (1.74) Å
-1
. This circumstance suggests that the 

higher structure sensitivity of sucrose in respect to 

trehalose should be related to the small spatial 

observation windows. Moreover, we have focussed the 

attention on the role of the instrumental resolution in 

EINS. The nature of the so-called dynamical transition 

has been highlighted and it has been shown that it occurs 

when the system relaxation time becomes shorter than the 

instrumental energy time. Furthermore the effects of 

natural bioprotectants on the protein dynamics are 

discussed. Finally, the evaluation of resolution effects 

directly on the measured MSD have allowed us to 

evaluate the amplitude of vibration motion in lysozyme. 

Introduction 

During the last years considerable efforts have been 

addressed, through experimental, theoretical and 

computational studies, to clarify the microscopic nature of 

the dynamics of biological macromolecules. One the 

phenomena which so far has been largely debated, even if 

not fully clarified, is the so-called dynamical transition in 

protein systems which, in literature, is referred to as a 

sharp rise in the Mean Square Displacement (MSD) of 

hydrated proteins respect to the dry sample, usually 

registered in the temperature range T=200÷240 K [1-5]. 

The basic understanding of the mechanism underlying the 

observed dynamical transition remains controversial and 

various models have been proposed. Such a transition had 

been ascribed to a sudden change in an effective elasticity 

of the protein [3], to motions of specific side groups [6], 

to a specific fragile-to-strong crossover in dynamics of 

hydration water [7], to the microscopic manifestation of 

the glass transition in the hydration shell [8] and to a 

resolution effects due to a relaxation process that enters 

the experimentally accessible frequency window [9].  

It is well known that neutron scattering allows to 

characterize the structural and dynamical properties of a 

wide class of material systems, such as polymers and 

proteins. These properties can be described by the time-

dependent spatial correlation function G(r,t) introduced 

by Van Hove [10], whose space-time Fourier transform 

corresponds to the scattering function S(Q, ). When the 

system scattering cross section is mainly incoherent the 

relevant contribution is given by the SDF [10].  

The experimentally obtained neutron scattering data are 

also connected with the employed spectrometer 

instrumental features. This implies that the system 

observables, e.g. the MSD, are influenced by instrumental 

effects: the energy window and the transferred wave 

vector values determine the time and space ranges of the 

observable motions. The authors have recently [11-13] 

formulated a procedure - the SDF procedure - for the 

MSD evaluation from the EINS data, which is essentially 

based on the determination of the spatial SDF.  

The main aim of this work is to present the latter SDF 

procedure and other results [14-18] that are a part of the 

research activity of Dr. Antonio Benedetto during the 

PhD course. 
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Experimental Section 

Experimental data were collected at the Institute 

Laue Langevin (Grenoble, France) by the IN13 and 

IN10 spectrometers. These spectrometers are 

characterized by a relatively high energy of the incident 

neutrons (16 meV) and allow to span a quite wide 

range of momentum transfer with two different energy 

resolutions.  

More specifically, for the IN13 spectrometer the 

incident wavelength was 2.23 Å, the Q-range was 

0.28÷4.27 Å
-1
 and the elastic energy resolution 

(FWHM) was 8 ɛeV, which corresponds to an elastic 

time resolution of 516 ps; for the IN10 spectrometer 

the incident wavelength was 6.27 Å, the Q-range was 

0.30÷2.00 Å
-1
 and the elastic energy resolution 

(FWHM) was 1 ɛeV, which corresponds to an elastic 

time resolution of 4135 ps.  

Trealose/19H2O and sucrose/19H2O mixtures and 

partially deuterated lysozyme in dry, in D2O and in 

H2O environments at a hydration value of h=0.4 (h=g 

of water/g of protein) have been employed. The 

considered hydration value has been chosen because 

the activity of proteins depends crucially on the 

presence of at least a minimum amount of solvent 

water [19,20].  

Data were collected by the two spectrometers in the 

temperature range of 20÷320 K. Empty cell 

contribution was subtracted and spectra were 

normalized to a vanadium standard. This data treatment 

was performed with the Lamp code relative to the two 

employed spectrometers; other programs, i.e. 

Mathematica, and specific new codes were written and 

used for data analysis. 

Instrumental Energy Resolution Effects 

The scattering law and the intermediate scattering 

function are connected by a direct and an inverse time 

Fourier transform. The experimentally accessible 

quantity in the ɤ-space, due to the finite energy 

instrumental resolution , is the convolution of the 

scattering law S(Q, ) with the instrumental resolution 

function R( ; ), i.e. the measured scattering law 

SR(Q, ; ). 

The main aim of the present paragraph is the 

evaluation of the effects of the finite instrumental 

energy resolution. This study, which has been 

performed in the time domain through the time Fourier 

transform of the latter convolution product, yields 

[14,15]: 

S
R

(Q, ; ) I (Q, t )R(t )e
i t

dt               (1) 

In the ideal elastic case in which the resolution is a 

delta function in the -space, we obtain from Eq. (1) 

that SR(Q, =0; ) coincides with S(Q, =0). In Fig. 1 

the case of IN10 and IN13 spectrometers are 

considered. Considering the elastic case, by applying 

the theorem of integral average in Eq. (1), results that 

the intermediate scattering function, evaluated at an 

equivalent time t*, and SR(Q, =0; ) are proportional 

[14,15]: 

S
R
(Q, 0; ) I (Q, t* )

                               (2)  

Now, evaluating the spatial Fourier transform of the 

latter equation one obtains: 

F
r

S
R
(Q, 0; ) G(r , t* )               (3) 

The obtained relationship shows that, due to the fact 

that the SDF can be normalized, the normalized spatial 

Fourier Transform (Fr) of the measured EINS intensity 

profile corresponds to SDF evaluated at t*  , in which, 

following the standard convention for the distribution 

functions, r represents a displacement. 

 

 
 

FIG. 1 ï Resolution effects in elastic neutron scattering. 

Comparison between I(t; ) at a fixed  value (dashed black lines), 

R(t; RES) for different RES values (continuous red lines) and the 

related SR(Q, =0, ) (the areas in blue). These latter, obtained 

considering Eq. (1), represent the measured quantities of an 

EINS experiment on a system with a characteristic time  in 

which the employed instrumental resolution is RES. (a) Case in 

which the resolution time is greater than the system 

characteristic time; no resolution effect is present: the elastic 

measured scattering law and the elastic scattering law are 

coincident. (b) Case in which the resolution time becomes slightly 

higher than the system characteristic time: in this case the 

measured elastic scattering intensity is slightly smaller than the 

elastic scattering law (here the specific IN10 resolution function 

has been employed). (c) Case in which the resolution time 

becomes much smaller than the system characteristic time. The 

resolution effects become relevant: the measured elastic 

scattering law strongly differs from the elastic scattering law 

(here the specific IN13 resolution function has been employed).  
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Intermediate Scattering Function 

Considering now the intermediate incoherent neutron 

scattering function that for a system constituted by N 

particles is well known to be [21,22]: 

I
inc

(Q

r
, t ) N

1

b
i

inc  2
e

iQ
ur

r
r

i (t ) r
r

i (0)

i
     (4) 

where the index i runs over the generic i
th
 scattering 

particle and bi is the scattering length of the i
th
 particle. 

Let us operate a partition of the terms contributing to 

the total intermediate scattering function in groups on 

the basis of the kind of motion, j, that they can 

perform: 

  
I

inc
(Q

r
, t) n

j
b

j

inc  2
e

iQ
ur

r
r

j (t ) r
r

j (0)

j
     (5) 

in which nj and b
inc

j  are the relative number of j type 

groups and the incoherent scattering length of the j
th
 

group [15,16].  

Now considering the single term contribution and 

performing a Taylor expansion, we see that an intrinsic 

deviation from the Gaussian distribution function can 

be due or to non zero values of the odd expansion 

terms, which reflect motion distribution asymmetries, 

or to even terms higher than the second order that are 

not referable to the second order term [12,13].  

Therefore, in the presence of two or more processes, 

under the hypothesis of a Gaussian behaviour for each, 

one can use a sum of Gaussian contributions, which 

gives rise to a not Gaussian behaviour, in the analysis 

of EINS intensity:  

I
inc

(Q, t ) A
n
e

Q2an

n
              (6)  

Self-Distribution-Function Procedure 
In the following the SDF procedure, a new procedure 

for the MSD evaluation from EINS experiment, is 

presented.  

The SDF procedure is essentially based on the 

determination of the self distribution function and on 

its use in the evaluation of the average statistical values 

of the physical quantities of interest. In the specific 

case of the MSD evaluation: 

 r
2

(t*) r
2
G

self
(r , t*)dr              (7) 

Following Eq. (3) and Eq. (6), we obtain: 

G
self

(r , t*) F
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SR
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A
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n
A

n
G

n

self
(r , t*)

n
     (8) 

in which Gn
self

(r,t*)  are the partial SDFs. To 

transform the above proportionality in an identity it is 

sufficient to normalize the single partial SDFs and the 

total SDF, An Bn=An/ nAn (see Fig. 2) [11-13]. 

In this framework the r
2
 mean value results:   

r
2

B
nn

r
2
G

n

self
(r , t*)dr 2 B

n
a

nn
 (9) 

The SDF can be applied directly to the 

experimentally determined EINS profiles as well as to 

whichever function able to reproduce their behaviour; 

it represents an integral procedure which takes into 

account the global Q behaviour and so doing it allows 

to reduce the error on the Q0 extrapolation.  

It is possible now to obtain the partial MSD values: 

r
2

n
r

2
G

n

self
(r , t*)dr 2a

n
               (10)  

the exponent of each Gaussian being the MSD 

relative to a particular r domain and the weight An 

being interpretable as the relative percentage weight. 

Therefore this procedure allows to obtain the 

autocorrelation function Gself(r,t*)  versus r, together 

with its different partial contributions, as well to 

determine the partial MSDs, their weights and the total 

MSD [11-13,15]. 

 

 
Fig. 2 - Total SDF as a function of r at T=284K for (a) 

sucrose/H2O and (b) trehalose/H2O with their partial 

contributions are shown. As it can be seen the different kinds of 

motion are spatially well separated within the accessible Q range. 

The SDF very closely follows the first partial contribution in the 

range (0 0.5) Å and the second one in the range (0.55.0) Å. 
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Fig. 3 - MSD, high Q partial MSD and low Q partial MSD 

temperature behaviour for trehalose/H2O and sucrose/H2O in the 

temperature range 20 287K. As it can be seen, the partial MSD 

behaviours of sucrose/H2O and trehalose/H2O are equivalent in 

the high-r domain, whereas they are different in the small-r 

domain. 

 

Figure 3a shows the MSD for sucrose and trehalose. 

Figure 3b and 3c shows the partial MSDs related for 

sucrose and trehalose, evaluated by the SDF procedure, 

in the temperature range of 20287K to the high-r 

domain and to small-r domain, respectively. As it can 

be seen, the partial MSD behaviours of sucrose and 

trehalose are equivalent in the high-r domain, whereas 

they are different in the small-r domain. This 

circumstance suggests that the higher structure 

sensitivity of sucrose in respect to trehalose should be 

related to the small spatial  

observation windows. It is also important to observe 

that the dynamical transition temperature of the partial 

MSDs is equal each other and is equal to the dynamical 

transition temperature of the average MSD. 

Eq. (9) can be also expressed by: 

r
2

2 B
n
a

nn
B

n
r

2

nn
              (11) 

As it can be seen, the MSD is not the simple sum of 

the different displacement contributions but 

corresponds to a weighed sum of the MSD 

contributions associated with the different relaxations 

in which the weights are obtained by the fitting 

procedure of measured EINS intensity data. 

Conclusion 

In this short paper a general presentation of the SDF 

procedure applied on two homologous disaccharides, 

i.e. sucrose and trehalose, has been presented. The 

energy resolution effects on neutron scattering 

functions has been also discussed. In this section we 

will present other results obtained by the SDF 

procedure and by the evaluation of the energy 

resolution effects on both the scattering functions and 

the extracted MSD. 

The SDF procedure was presented for the first time 

in Ref. [11], then in Ref. [12] was theoretically 

improved and applied on polyethylene glycol with a 

mean molecular weight of 400 Dalton. An 

experimental check of the procedure was also 

performed in Ref. [12] by its application on 

hydrogenated and on two partially deuterated 

polyisoprene systems. In Ref. [13] the procedure was 

also improved and  was applied to dry myoglobin in 

trehalose matrix. Then the effects of the instrumental 

energy resolution on the scattering functions was taken 

into account in Ref. [14].  

The case of the two homologous disaccharides 

(trehalose and sucrose), which is partially exposed in 

the present paper, was treated in Ref. [15] within a 

comparison between the SDF procedure and the 

common Gaussian protocol for the MSD 

determination. For the first time the higher mobility of 

sucrose/H2O in respect to trehalose/H2O was related to 

a specific spatial domain. 

Then the effects of the instrumental energy 

resolution directly on the measured MSD was 

computed and presented in Ref. [16]. 

In the light of the obtained results, a complete 

analysis of the neutron scattering spectra has allowed 

to solve the puzzling question of the so-called 

dynamical transition. In Ref. [17] the idea that the 

dynamical transition was simply due to the fact that the 

system characteristic time crosses the time 

corresponding to the finite energy resolution was 

presented. This idea was connected to the fact that the 

dynamical transition temperature obtained employing 

different instrumental energy resolutions coincides case 

by case with the one for which the system relaxation 

time and the resolution time are equal (compare the 

dynamical transition of Fig. 4 with the relaxation time 

reported in Ref.[9]).  

In the same paper [17] the determination of the 

amplitude of vibration motion in dry and hydrated 

(H2O and D2O) lysozyme was also shown. Finally in 

Ref. [18] the inhibition effects of natural bioprotectants 

on the protein dynamical transition are discussed.  
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Fig. 4 - Comparison between the shifted temperature 

behaviour of the measured MSD of dry and D2O hydrated 

lysozyme, obtained from data collected by (a) IN10 and (b) 

IN13 spectrometers. The two hydrated sample MSDs show 

the dynamical transition at a temperature of about (a) T=220 

K and (b) T=240 K. 
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Abstract 

    Non-ionizing radiation effects due to electromagnetic 

fields have been focused here. 

   Methods of measurement of the electromagnetic field  

in our environment have been described, suggesting 

accurate measures of microwaves power density and low 

frequencies electromagnetic field emitted by home 

electronic devices and transmitters appliances, to check 

that the exposure limits recommended by the International 

Commission on Non-Ionizing Radiation Protection are 

not exceeded. 

   If radiofrequency-microwave radiations or extremely 

low frequency electromagnetic fields are harmful for 

humans is subject to controversy.  However, our studies  

carried out by Fourier Transform Infrared Spectroscopy 

evidenced that non-ionizing radiations can produce  

effects in mid-infrared spectral region of neuronal-like 

cells and proteins.  

   In particular, increases of ɓ-sheet contents in amide I 

and amide II regions were observed in exposed neuronal-

like cells spectra, suggesting that structural alterations 

occurred within the cells induced by non-ionizing 

radiations. 

   Changes of amide A and methylene groups vibration 

bands were detected in the secondary structure of  

haemoglobin and lysozyme aqueous solutions after 

exposures to 50 Hz electromagnetic field, whereas no 

appreciable change occurred in mid-infrared spectra of 

the proteins in trehalose solutions. 

Introduction 

Non-ionizing radiation effects have been studied up to 

now following the enormous increase in the use of mobile 

telephony throughout the world, microwave ovens, 

cordless phones and other high frequency devices.  

   In spite of the great number of studies performed, 

knowledge about the adverse effects of radio frequency 

and micro-wave radiation on human health, or the 

biological responses to their exposure, is still limited [1] 

[2].  High frequency non-ionizing radiation can produce a 

response in many types of neurones in the central  

nervous  system.  In particular many scientific studies 

have investigated possible health effects of mobile phone 

radiations. The European Commission Scientific 

Committee on Emerging and Newly Identified Health 

Risks (SCENIHR) concluded that more studies 

concerning health effects on humans are needed [3]. 

National radiation advisory authorities have 

recommended measures to minimize exposure to their 

citizens, following the Guidelines for exposure limits to 

electromagnetic fields of the International Commission on 

Non-Ionizing Radiation Protection (I.C.N.I.R.P.) [4].  

   Hence, accurate measurements need for monitoring 

power density and electromagnetic field emitted in our 

living environment and to detect eventual effects on 

organic systems. 

 

Materials and methods 

A Narda SRM-3000 was used to measure the high 

frequency electromagnetic field radiation emitted by 

mobile phones working. This instrument can measure 

high frequency fields in the range from 100 kHz to 3 

GHz.  

   Spectrum analysis mode was chosen as preliminary 

analysis, to detect the exact frequency values, so that all 

the field components in the environment can be detected 

and measured. 

   The Average Mode was chosen as result type, and the 

average of the measured values were taken over a number 

of 16 results. 

   Furthermore, time analysis was conducted to operate 

selective and continuous measurements at a fixed 

frequency, allowing temporal check of power density, and 

the intensities of electric and magnetic field components. 

This operating mode was chosen for monitoring 

microwaves emission during mobile phone working. 

   A couple of Helmholtz coils, with pole pieces of round 

parallel polar faces, was used to produce a low frequency 

electromagnetic field at the frequency of 50 Hz, at the 

center of the coils distance.  

   The device was alimented by a AC voltage regulating 

up to 230 volt, which enabled us to change the magnetic 

flux density up to 1 mT between the polar faces of the  
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   coils. Samples were placed at the centre of a uniform 

field area between the coils. 

The 50 Hz magnetic field was continuously monitored by 

a magnetic field probe GM07 Gaussmeter of  HIRST-

Magnetic Instruments Ltd - UK. 

   FTIR absorption spectra were recorded at room 

temperature by a spectrometer, Vertex 80v, from Bruker 

Optics, at the Department of Physics of the University of 

Messina, to study the effects of the exposures to 

microwaves and to 50 Hz electromagnetic field of 

neuronal-like cells and proteins aqueous solutions. 

   Cells cultures and haemoglobin samples were prepared 

at the Department of Biochemical, Physiological and 

Nutritional Sciences of the University of Messina. 

   The attenuated total reflection (ATR) was chosen for 

spectrum collection. ATR method in FTIR was suggested 

by [5] because it regardless of sample thickness. 

   For each spectrum 128 interferograms were collected 

with a spectral resolution of 4 cm
-1

 in the range from 7500 

cm
-1
 to 350 cm

-1
. IR spectra of water solutions were 

subtracted from the spectra of proteins at the 

corresponding temperature. Each measure was performed 

under vacuum to eliminate minor spectral contributions 

due to residual water vapor. IR spectra were baseline 

corrected and area normalized for exposed and control 

samples.  

   ATR spectra were smoothed by Loess algorithm and the 

deconvolved spectra, fitted with Gaussian band profiles.  

 Result and discusion 

Frequency values where the highest peaks occur during  

high frequencies emission can be detected by spectrum 

analysis mode of  Narda SRM 3000. 

   Fig.1 shows as the radiation emitted by a mobile phone  

working consists of a number of peaks at different 

frequencies, whose intensities change continuously during 

the conversation.  

   Time analysis was carried out at a selected frequency 

during a call at a mobile phone, monitoring the relative 

electromagnetic field  intensity.  

   Representative time analysis of the power density of 

microwaves at 1765 MHz is shown in Fig. 2. 

   To test the effects of high frequency non-ionizing 

radiation on organic systems, neuronal-like cells cultures 

were exposed to mobile phone 1800 MHz microwaves for 

4 h. 

   In line with the Guidelines for exposure limits to 

electromagnetic fields of the I.C.N.I.R.P., it was checked 

that the exposure was at a power density less than 9 

W/m
2
, resulting from the expression f/200 [4]. 

   Analogue check was performed with respect to the 

electromagnetic field components. 

   Vibration bands of linkage of proteins and other cellular 

organic compounds can change because of external stress 

factors. Otherwise, FTIR can be considered as a valuable 

tool for analyzing protein structure in H2O based structure 

or in deuterated form [6-7], because IR spectroscopy 

detects transitions between rotational or vibration energy 

levels, yielding much more information on molecular 

structure. 

   Hence, FTIR technique was used to investigate whether 

the exposure of neuronal-like cells to non-ionizing 

radiation affected the relative infrared spectrum.   

   Representative FTIR spectra of exposed and control 

samples are shown in Fig. 3. 

   Previous infrared spectroscopic analysis of dying cells 

has shown two characteristic spectral signatures as 

indicative of death. The shift down of the protein amide I 

and amide II peakôs centroid, indicating a change in the  

 
Fig. 1- A power density spectrum around 1800 MHz 

emitted at 2 cm from a mobile phone Nokia 1200 during 

a call relative to a base station in Messina and Windôs 

provider. 

 
Fig. 2 ï Time analysis of microwaves power density at 

1765 MHz during the same exposure conditions 

represented in Fig. 1. 
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   overall protein conformational states within the cell, and 

the appearance of a peak at 1740cm
-1
[8].  

The amide I band (centred at ~1645 cm
ī1

) arises from the 

amide CƏO stretching vibration of the peptide groups in 

all proteins, providing information about the overall 

protein secondary structure in the cells [9].  

   Furthermore, the increase of ɓ-sheet features around 

1635 cm
ī1

  is characteristic in the dying cell [10]. 

   In Fig. 3 Amide I and Amide II regions are well 

evidenced for  control and exposed samples.  

   In particular, the increase of the ɓ-sheet component at 

1633 cm
ī1

 in amide I with respect to the Ŭ-helix content 

(centred at 1643 cm
ī1

) after the exposures is much clear. 

The ɓ-sheet/Ŭ-helix ratio of the areas of their vibration 

bands, starting from a relative intensity of  0.89  for the 

control samples, got to the value of 1.074 for the exposed 

cells, indicating modifications in the proteins 

conformational structure within the cell. 

   The amide II band arises from vibration modes of CïNï

H bending and CïN stretching due to peptidic bonds. The 

absorption band at ~1545 cm
-1
 can be assigned to Ŭ-helix 

structure; vibration bands close to 1530 and 1535 cm
-1
 

may be attributed to ɓ-sheet and random coil, 

respectively, which increased after the exposure, as well. 

   This circumstance led us to suggest a correlation 

between the value of the shift of ɓ-sheet peak wave 

number and the percentage of dying or dead cells after 

electromagnetic field exposure. In addition, [11] 

performed the peak at ~1740 cm
-1
 in the dying cell as 

associated with non-hydrogen-bonded ester carbonyl 

CƏO stretching mode within phospholipids, while the 

shoulder at ~1725 cm
-1
 can be associated with hydrogen- 

bonded CƏO groups. 

   FTIR spectroscopy evidenced a little increase of the 

1740 cm
-1 

peak with respect to the peak at ~1725 cm
-1 

 

after exposures. 

   The fact that the 1740 cm
-1
 peak in Fig.3 for exposed 

cells is more intense than the 1725 cm
-1
 peak with respect 

to not exposed cells, implies that the C=O ester carbonyl 

groups of lipids in the cell are becoming predominantly 

non-hydrogen bonded, which would be in agreement with 

the occurrence of oxidative damage. 

   Effects of low frequencies electromagnetic field were 

investigated by exposures of samples of haemoglobin in 

bidistilled water, sucrose and trehalose aqueous solutions 

to a uniform electromagnetic field of 1 mT at the 

frequency of 50 Hz. 

  Either exposed or control samples were located in the 

same room at a temperature of 20 °C. 

   The spectra exhibited an intense amide I band centered 

at approximately 1654 cm
-1
, corresponding mainly to -

helix structure content due to C=O stretching vibration, a 

low intensity amide II, coupling of the N-H bending and 

C-N stretching modes, and a strong amide A band, 

centered at 3293 cm
-1
, whereas the amide B was not 

evident. 

After 3 h of exposure the intensity of amide A band 

decreased strongly for haemoglobin in bidistilled water 

and sucrose aqueous solutions, whereas it was unchanged 

for haemoglobin samples in trehalose aqueous solution, as 

reported in [12]. 

   Further ATR-FTIR analyses were conducted after 15 h 

of exposure. A decrease of amide A vibration band 

occurred for haemoglobin in sucrose aqueous solutions 

after the exposure, as represented in Fig. 4-A.  

 

 
Fig. 3 ï ATR-FTIR spectrum of neuronal-like cells in 

mid-infrared region of exposed (---) and control (ð) 

samples. 

 
Fig. 4 - Typical infrared spectra of Haemoglobin in 

sucrose (A) and trehalose (B) solution after 15 hours 

of exposure to 50 Hz frequency EMF at 1 mT (dashed 

lines represent exposed samples spectra). A decrease 

of amide A vibration band is evident for exposed 

samples of haemoglobin in sucrose aqueous solutions, 

not for haemoglobin in  trehalose solution. 
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   In contrast, no change was observed for haemoglobin in  

trehalose aqueous solutions after the exposure (Fig. 4-B), 

confirming the bioprotective effectiveness of trehalose 

with respect to environmental stress agents. 

  

 
Fig. 5 - Infrared spectrum of Lysozime in D2O solution after 

4 hours of exposure to 50 Hz frequency EMF at 0,15 mT 

(red line represent exposed sample spectrum). 
 

Relevant changes were also observed in lysozyme in D2O 

solution (60 mg/ml) in the range from 3000 to 2800 cm
-1
,
 

after 4 h of exposure to 50 Hz EMF at 0,15 mT, as shown 

in Fig.5.  The bands around 2960 and 2870 cm
-1
 originate, 

respectively, from the asymmetric stretching ɜasCH3 and 

the symmetric stretching ɜsCH3 of CH3 methyl groups, 

whereas  vibration bands at 2921 and 2853 cm
-1
 are 

assigned to symmetric ɜsCH2 and asymmetric ɜasCH2 

bending of methylene, respectively [13-14].  

   The intensity of both bands of methylene group were 

observed to increase after the exposure, as can be 

observed in Fig. 5.  No appreciable change occurred in 

trehalose solution. 

Conclusion 

Spectral and time analyses of non-ionizing radiation 

emitted by high frequency devices such as mobile phone 

can lead to monitor that the exposure limits suggested by 

the I.C.N.I.R.P. are not exceeded. 

   Fourier Transform Infrared Spectroscopy showed an 

alteration in neuronal-like cells spectra after the exposure. 

In particular, an increase of ɓ-sheet contents in amide I 

and amide II regions, indicated modifications in the 

overall protein conformational states within the cell. 

   Other changes in proteins secondary structure due to 

low frequency electromagnetic field exposures were 

observed for haemoglobin and lysozyme aqueous 

solutions, especially in the spectral region of amide A and 

methyl-methylene groups, whereas no appreciable change 

was detected in mid-infrared region for such proteins in 

trehalose solution.  

   However, further research of infrared spectroscopic 

markers is needed for accurate monitoring of organic 

conformational modifications induced by non-ionizing 

radiations. 
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Abstract 

The investigation of the collective molecular motions in 

biosystems constitutes a very active field of research 

since they are believed to be essential for the biological 

functioning. Molecular dynamics (MD) simulations and 

neutron scattering (NS) spectroscopy are powerful 

techniques for studying short wavelength collective 

density fluctuations. In this work we report a MD 

simulations and NS study of the collective dynamics of 

the maltose binding protein (MBP) and we present a 

comparison between MD and NS data. 

A crucial challenge of modern biophysics is to understand 

the interplay among structure, dynamics and functionality 

of biological systems. Motions in biomolecules span a 

wide range of length and time scales. Among those, 

motions over the picoseconds-angstrom time and length 

scales, characterized by thermal energies (few tens of 

meV) and THz frequencies, are considered of primary 

importance for the fulfillment of dynamically driven 

biological functions [1]. In particular, collective 

molecular motions that are associated with density 

fluctuations are believed to play a significant functional 

role. 

For example, in lipid membranes correlated molecular 

motions of the lipid acyl chains and the corresponding 

density fluctuations in the plane of the bilayer are 

believed to play an important role for the transport of 

small molecules through the bilayer [2]. In proteins 

changes in the conformation, that are needed for the 

specific task the biomolecule will perform, require the 

collective motion of a large fraction of the proteinôs 

atoms. Moreover, to make a conformational transition 

from one structure to another, the corresponding 

collective modes must be excited up the vibrational ladder 

in order to cross the transitional energy barrier. It is 

believed that collective density fluctuations in proteins 

assist a number of vital biological processes such as 

electron transfer and enzyme action [3]. This complex 

picture is even more entangled, as the thermal 

fluctuations of biosystems are coupled with those of the 

surrounding solvent [4]. 

The description of these collective phenomena constitutes 

the object of molecular hydrodynamics. 

The key quantity, from both the theoretical and 

experimental points of view, for the determination of 

collective dynamics associated with density fluctuations, 

is the dynamical structure factor S(Q,E), the space and 

time Fourier transform of the particle pair correlation 

function. In the finite E region describable by generalized 

hydrodynamics, S(Q,E) reduces to a triplet of one 

Rayleigh (heat mode at E=0) and two Brillouin lines 

(sound modes at E=ES): 
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where Q and E are the momentum and energy transfer, 

AS(Q) and A0(Q) are the areas of the Brillouin and 

Rayleigh lines, S(Q) and h(Q) the corresponding 

linewidths, ES(Q) the sound oscillation frequency, and 

(Q) determines the asymmetry of the Brillouin lines. For 

Q 0, the parameters satisfy A0=[( -1)/ ], AS=1/2 , 

ES=cSk, h=DTk
2
 and S= k

2
, where cS is the sound 

speed, DT is the thermal diffusivity, =[ +( -1)DT] is the 

sound damping factor, =Cp/Cv is the specific heat ratio, 

and  the kinematic longitudinal viscosity. 

Few techniques are able to elucidate the short range 

collective motions mentioned above: inelastic neutron 

scattering (NS) and X-rays spectroscopy experiments and 

molecular dynamics (MD) simulations give a direct 

measurement of the dynamical structure factor and allow 

to focus on the collective dynamics. 

Neutron scattering (NS) is the most powerful 

experimental technique for studying density fluctuations 

in the low Q-E region [5]. The density fluctuations are 

observed directly because the fundamental scattering 

process is neutron-nucleus interaction. The interaction, 

being nuclear in nature, depends on the spin of the 

nucleus and varies from one isotope to another. This 

property results in two types of neutron scattering, 

coherent and incoherent. Coherent scattering is associated 

with density fluctuations while incoherent is associated 

with fluctuations in the single-particle density and yields 

information on self-diffusion.  

Another method which also provides information in the 

molecular dynamics region is computer molecular 

dynamics (MD) simulation. The simulation consists of 

solving numerically the Newton equations of motion in 

discrete time steps for a system of N particles, with N at 

present being typically several thousands. By using 

periodic boundary conditions it is assumed that the 

behaviour of molecules in the computation cell simulate 

the actual molecular behaviour in a region of comparable 

volume in the bulk of the system. In the simulation 

process the molecules are first given initial positions and 

velocities and allowed to come to an equilibrium state, 
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then their positions and velocities at subsequent time 

steps are recorded and used to generate time correlation 

functions. 

The range of energy and momentum transfers accessible 

on presently available neutron spectrometers overlaps 

well with the duration and size of molecular dynamics 

that are presently routine for biological molecules. Thus, 

neutron scattering data is a valuable resource for testing 

the dynamics produced by simulations, and simulations 

constitute a potentially valuable tool for interpreting 

neutron data. In particular, the coherent intermediate 

scattering function, I(Q,t), is readily computed from a 

molecular dynamics trajectory by using the following 

equation: 

'

'' ))(exp())0(exp(
1

),(
jj

jjjj tRQiRQibb
N

tQI
CCCC  

where Rj(t) is a position vector and bj is the scattering 

length of atom j. The result may be numerically Fourier 

transformed to give the dynamical structure factor 

S(Q,E): 
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A time window corresponding to a particular instrumental 

resolution is used to avoid truncation artifacts in the FT. 

In this work we report a molecular dynamics 

simulations study of maltose binding protein (MBP) and 

we present a comparison between MD and NS data.  

 

 
 

Figure 1. Snapshot of the model hydrated MBP 

powder used in the MD simulations. The model 

consists of four MBP molecules (drawn in surface 

representation and colored yellow) and 3,460 water 

molecules (colored blue) in a triclinic unit cell that is 

replicated by periodic boundary conditions in three 

dimensions in the MD simulations. 

 

MBP, also called malE protein, is a well-studied soluble 

protein that plays an important role in the metabolism of 

E. coli [6]. MBP is essential for the energy-dependent 

translocation of maltose and maltodextrins through the 

cytoplasmic membrane. MBP is a model system for 

protein science and the subject of several ongoing 

investigations. 

 

 
Figure 2. Coherent dynamical structure factors S(Q,E) 

for the protein hydration water in simulations of the 

MBP crystal at 150 K for selected values of the 

momentum transfer (Q=0.4, 0.6, 0.8, 1.4, 1.8 Å
-1
 from 

bottom to top). 

 

The MD results that we report here are obtained from MD 

simulations of maltose binding protein crystal at 150 K, 

and a hydration level of 0.42 g H20/dry protein. The 

simulated system is shown in Fig.1. CHARMM22 [7] 

force field has been used for the protein and the SPC/E 

model for water. MD simulations were carried out at 

constant temperature and pressure. A multiple time step 

algorithm was used to integrate the equations of motions 

with a time step of 1 fs. MD trajectories of 10 ns duration 

were generated for the system, and the last 200 ps of each 

run, stored every time step, were used for the analysis. 

From the stored configurations and velocities, we have 

evaluated the key quantity we dwell on, i.e. the coherent 

dynamical structure factor. As previously said, MD 

simulation results may be used to generate the total 

scattering for direct comparison with neutron and x-ray 

data. One of the most difficult task from the experimental 

point of view is the separation of protein and water 

contributions that can be achieved only by modeling the 

data. This can be easily done by means of a MD analysis; 

e.g. to probe water dynamics specifically, it is possible to 

isolate water scattering by simply ignoring contributions 

to the dynamical structure factor from the protein atoms. 

In this extent, MD simulation is a powerful tool for the 

interpretation of experimental data. 

Fig.2 reports the coherent dynamical structure factor 

S(Q,E) for protein hydration water generated from the 

simulation of the MBP crystal at 150 K for selected wave 

vectors Q. 

On the experimental side, Brillouin spectroscopy at 

thermal neutron energies is a powerful technique for 

obtaining quantitative information about atomic 

interactions in complex systems. Here we present the 

results of a Brillouin NS investigation on hydrated 

powders of MBP. The sample was measured by the 

BRISP spectrometer at the Institut Laue-Langevin 

(Grenoble, France). This instrument is conceived for 

optimized access to the dynamical range where collective 

modes are usually observed in  systems, that is, low 

wavevector transfers (0.1 < Q < 1.5 Å
-1
) and thermal 

exchanged energies (ī30 < E < 30 meV). [8] 
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The propagation of coherent density fluctuations through 

the protein macromolecule and its hydration shell may be 

properly studied only provided that a fully deuterated 

sample is available and deuterated water is used. In fact, 

in naturally abundant proteins, the contribution to the 

neutron scattering signal would come mainly from 

hydrogen atoms. These atoms are abundantly and 

uniformly present in every protein and have a very large 

incoherent neutron cross-section (about 80 barns for 

thermal neutrons), that overcomes by far both its coherent 

component (~ 2 barns) and the mainly coherent cross-

sections of all other protein atoms (C, O, N and S). The 

dominative incoherent signal would then provide 

information about the single-particle protein dynamics. 

On the contrary, deuterium atoms predominantly diffuse 

neutrons coherently (5.59 barns), with an incoherent 

contribution reduced to 2.05 barns, thus highlighting 

collective dynamics. On the other hand, the scattering 

signal produced by D2O molecules is mostly coherent, as 

the incoherent cross-section of oxygen atoms is zero, 

while the coherent one amounts to 4.23 barns. 

Perdeuterated MBP was expressed in the ILL-EMBL-

Deuteration-Laboratory (Grenoble, France) to perform the 

NS experiment. The sample was measured at the same 

hydration degree and temperature of the simulated 

system. 

In Fig.3 we report a comparison between MD data and a 

NS spectrum. The results show that MD simulations are 

in good agreement with the experimental data. 

 

 
 

Figure 3. Coherent dynamical structure factors S(Q,E) 

calculated by MD simulations (dashed curve) vs NS 

spectra (circles) on hydrated MBP. 

 

The presence of collective modes in the system can be 

easily seen in the longitudinal current 

CL(Q,E)=(E
2
/Q

2
)S(Q,E) and is signalled by the 

appearance of peaks in the CL(Q,E) spectra. By reporting 

the frequency of these peaks as a function of Q an 

assignment of the nature of these collective modes can be 

done. For example, when a collective mode changes 

almost linearly at small wave vectors, it indicates its 

acoustic origin. A contour plot of the longitudinal spectra 

from the protein hydration water is displayed in Fig.4. 

The calculations show the existence of two sound modes. 

The first one around 35 meV is highly dispersive and the 

second one around 9 meV is weakly dispersive in the Q 

range studied here [9]. 

 

 
 

Figure 4. Contour plots of the longitudinal current 

spectra CL(Q,E) for the protein hydration water from 

the simulations of the MBP crystal. 

 

Finally, by adopting simple models for the analysis of the 

correlation functions, an estimate of dynamic and 

thermodynamic properties of the system ï such as the 

sound speed, the thermal diffusivity and the kinematic 

viscosity- can be done. 

In conclusion, in this work we have furnished an 

introduction to the very active field of research of the 

collective dynamics in biological systems. By presenting 

a MD and NS study of a soluble protein, we have 

highlighted the power of these techniques for 

characterizing the short wavelength collective density 

fluctuations. 
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Abstract 

A Nd:Yag laser, 1064 nm wavelength, 9 ns pulse width, 

900 mJ maximum pulse energy, 1-30 Hz repetition rate, 

is focused, at an intensity of the order of 10
10 

W/cm
2
, on 

different solid targets placed in high vacuum.  The ion 

emission is characterized by high directionality, current 

and charge states up to 10
+
. Laser-generated plasma 

occurs inside an extraction chamber placed, together to 

the target, to +30 kV potential with respect to the 

chamber ground. The post acceleration field is applied 

along the normal to the target surface. Its effect is to 

accelerate the ions proportionally to their charge state. 
An implantable ion dose of the order of 10

14
 ions/cm

2
 

can be obtained by working in repetition rate and 

irradiating the target with thousands laser pulses. 

The system is employed with success in the field of the 

ion implantation, in order to modify the chemical and 

physical surface properties of many material substrates. 

 

Keywords: Laser-generated plasma, post-acceleration, 

ion implantation and deposition, chemical and physical 

surface properties.  

 

Introduction 

Ion implantation allows the introduction of doping 

elements in a substrate at concentrations which are higher 

orders of magnitude than the equilibrium solubility [1]. 

All combinations of ions and substrates can be used and 

the total number of implanted species can be precisely 

controlled.  

The ion implantation is used in semiconductor devices 

fabrication and in metal finishing, as well as in various 

applications in materials science research. 

At a high ion energy and dose, the process can modify 

significantly the chemical and physical properties of the 

implanted surfaces. For instance, the hardness, the wear, 

the chemical reactivity and the wetting ability can be 

substantially modified by the implanted atoms.  

The ion penetration in the substrates depends on the ion 

mass and energy and on the nature of the implanted 

substrate [2]. 

Traditionally, ion implanters use monoenergetic ion 

beams with energies of the order of 100 ï 300 keV and 

ion currents of the order of 10-100 A. Ion implantation 

via laser can modify thick superficial layers, up to a depth 

of the order of 1 m, by using multiple ion implants 

performed at different ion energies on the same substrate 

material. 

The new generation ns-laser ion sources and even TW ps-

lasers permit the generation of energetic ions with high 

energy, directivity and current. Although in these cases 

the ions extracted from the laser-generated plasma are 

multi-energetic with Boltzmann-like distributions, the fast 

and intense ion emission process permits the implantation 

of different substrates placed in front of the plasma 

plume. Low-intensity laser beams, of the order of 10
10

 

W/cm
2
, produce keV ions which need to be post-

accelerated up to energies of the order of 100 keV to be 

significantly implanted in the substrates [3]. This 

technique of implantation results very interesting properly 

because the ions are multi-energetic, this means that in 

this case is possible to obtain multi-implants without 

change the energy of the ion source like happens in the 

case of the traditional implanter. These multi-energetic 

ions permit to obtain implant at high depth, depending to 

the ion energies, to the distance target-sample and their 

angle with respect the target. 

 

 

Experimental setup 
This experiment was performed using the Nd:YAg pulsed 

laser at INFN-LNS of Catania. This laser operates at the 

fundamental wavelength of 1064 nm, 9 ns laser pulse 

width, 500 mJ pulse energy and a laser intensity of 10
10

 

W/cm
2
. 

The pulsed laser irradiates a Ge solid target placed at 30° 

incidence angle and insert inside a vacuum chamber. The 

post-acceleration system consists in an extraction 

chamber, placed inside the vacuum chamber. The 

extraction chamber is placed on an insulator base (made 

of polymeric material) to insulate the extraction to the 

vacuum chamber. The extraction chamber is made in 

aluminium with the shape of a parallelepiped of 

dimension of 25 cm long with 11 cm large and high. The 

target is connected by a target holder, that permits to 

change the position of the target surface irradiated by the 

laser and the target rotation with respect to the laser 

entrance. A lateral hole permits the laser to enter inside 

the extraction chamber and hit the target. The frontal base 

of the extraction chamber is totally open and in front of it, 

12 metallic discs 2 mm thick and 10 cm diameter, are 

aligned (parallel along the normal to the target surface) to 

the axe of the extraction chamber, maintaining 5 mm 

distance one another. Each disc has a central hole with 8 

mm diameter. All discs are connected one to the other by 

1 M  resistor, in this way the first disc is connected to 

the high voltage and the last to the ground. 

In order to reduce the electrical discharges between the 

extraction chamber and the resistors, a special insulator 
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resin was used to cover the metallic contacts of all the 

resistors in the collimator system. 

The maximum high voltage applied to the system was 

+30 kV and it was applied to the extraction system (target 

and extraction chamber); the distance between the 1
st
 and 

the last disc was 6 cm that corresponds to the maximum 

electric field of 5 kV/cm. 

Fig. 1 (a) reports a sketch of the experimental apparatus 

employed in order to accelerate Ge ions emitted from the 

laser-generated plasma. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Sketch of the experimental apparatus employed 

at INFN-LNS laboratory for the implantation and the 

deposition (a). Photo of the Tencor P10 profiler (b) and 

photo of the apparatus employed in order to evaluate the 

wetting angle of the samples (c). 

 

 

The substrates employed in this experiment were pure PE 

sheets at high molecular weight (UHMWPE), that were 

implanted and/or covered by Ge ions, generated by the Ge 

laser-generated plasma. The PE substrates placed inside 

the extraction chamber, to 15 cm distance from the target 

laser spot and at different angles with respect to the target 

normal direction, were covered by a thin deposited Ge 

film. The PE substrates placed externally to the post-ion 

acceleration system, to 100 cm distance from the laser 

spot, were placed along the normal to the target surface 

direction in order to be ion implanted on a circular area of 

about 8 mm diameter. In this last case the Ge atoms can 

be accelerated up to about 100 keV or more kinetic 

energy. The measured Ge ion dose resulted around 

2,9x10
15

 ions/cm
2
. If the total ion dose is divided for the 

total number of laser shots of the implantation (16000), 

the Ge ion dose per pulse results around 1.8x10
11

 

ions/cm
2
/pulse. 

Results 
Previous experiments permitted to have information about 

the ion energy and charge state distributions and to 

understand the total ion dose extracted from the laser-

generated plasma [4].  

It was found that, without post-acceleration system, with 

a laser intensity of 10
10

 W/cm
2
, the ion energy reaches 

values of the order of 100 eV/amu. These low energies 

are not sufficient to produce ion implantation effects but 

sufficient in order to obtain a good adherent deposited 

film. RBS analyses carried out at CEDAD of Brindisi 

showed the differences between ion implanted and 

deposited films on substrates [5]. By using the post-

acceleration system it is possible to reach energies higher 

more than 100 keV, useful to produce good implants. 

This paper is focused mainly about the study of the 

behavior of different physical properties of implanted and 

deposited film obtained via laser. A comparison of these 

properties is presented with respect to the pristine 

substrates. 

It is a preliminary study carried out at the Physics 

Department of Messina University, where it was possible 

to use different instruments in order to evaluate different 

surface properties. Optical (reflectivity), mechanic 

(roughness, wetting ability) and electric (resistivity) 

properties of the different substrates were investigated. 

The first analyzed property was the surface roughness that 

represents the degree of vertical deviations from the 

planar surface. If these deviations are large, the surface is 

rough; if they are small the surface is smooth. The 

roughness has been measured by using a Tencor P10 

surface profiler, as reported in Fig. 1 (b). Measurements 

showed that the higher roughness is in the Ge implanted 

PE substrates, at about 3000 Å, while the roughness 

values decrease to 2500 Å and 2000 Å for the pure PE 

and Ge deposited substrate, respectively. The pure Ge 

roughness is about 250 Å. 

One of the important surface characteristics of a material 

is its ability to be freely wet by a liquid. At the liquid-

solid surface interface, if the molecules of the liquid have 

a stronger attraction with the molecules of the solid 

surface than the wetting of the surface occurs. On the 

contrary, if the liquid molecules are strongly attracted to 

each other more than the molecules of the solid surface, 

the liquid beads-up and does not wet the surface of the 

part [6].  

The apparatus employed in order to evaluate the wetting 

angle, consists in a micro-syringe that puts on the sample 

surface 1 l drop distilled water. The contact angle was 

measured by a CCD camera connected directly to a 

computer, where the images of the liquid-solid interface 

are recorded in order to be analyzed successively. The 

experimental apparatus is showed in Fig. 1 (c). 

The wetting analyses are reported in Fig. 2, where the 

behavior of the wetting angle is correlated to the change 

of the roughness in each sample. 

It is evident that the wetting ability changes by varying 

the substrate treatment. In the case of pure PE the mean 

wetting angle is about 67°. This value decreases when the 

Ge is implanted in a PE substrate at which it assumes 

about 63°. When the Ge is deposited on the PE substrate 

the wetting angle decreases more and it assumes about 

59°.  

The wetting angle of the pure Ge is at about 51°; this 

means that when the PE is covered by a Ge layer and 

when the Ge is implanted, the final sample tries to 

a) 

b) c) 
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decrease the wetting angle to approach the value of the 

pure Ge.  

Literature results show that the water wetting ability 

decreases with the implanted ion dose, as reported in our 

previous papers [7, 8].  

The change of the behavior in the surface reflectance has 

been analyzed by using a visible laser with a well known 

energy I0, that works in continuous mode, it emits a light 

beam that hits the samples with an incident angle i. At 

the reflectance angle r i is placed a detector in order to 

measure the reflected laser energy Ir. In these experiments 

a joule-meter was employed. The angle of incidence 

laser-sample and the angle of reflectance laser-detector 

was 45°. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2: Wetting ability at the variance of the roughness 

for PE, PE deposited by Ge and PE implanted by Ge. 

 
The measured energies were used in order to find the 

component of the reflected light by using the following 

relationship: 

 

% reflected = I0/Ir %                (1)                                                     

 
The results were used in order to obtain a plot of the 

reflectivity as a function of the surface roughness, as 

reported in Fig. 3. These values are agree with the 

literature results for the pure PE and PE + Ge implanted 

and deposited layers [9,10]. 

The surface reflectance of the pure PE is about 8% ; it 

represents the minimum value of reflectance in this plot. 

The PE implanted with the Ge ions, at a dose of 2,9x10
15

 

ions/cm
2
 shows a reflectance increases up to 

10% with respect to the pristine one. 

Measurements demonstrated 

that the 

reflectance 

increases with 

the implanted 

dose. This 

means 

that the Ge ions implanted in the PE surface change the 

surface structure of the sample.  

When Ge is deposited as a thin film (80 m thickness),  

the substrate shows a reflectance increases with respect to 

the pristine one. The reflectance in this case is about 

40%,very close to the Ge reflectance (about 55%). 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3: Reflectivity at the variance of the roughness for 

PE, PE deposited by Ge and PE implanted by Ge. 

 
Last surface analyses were performed in order to estimate 

the value of the electrical resistivity of the polymeric 

substrate.  

The electric analysis permitted to evaluate the change of 

the behavior in the surface PE when it is doped or 

deposited by Ge ions. 

The results, showed in Fig. 4, represent the value of the 

resistivity for the implanted and deposited Ge in PE with 

respect to the pure Ge. The value of the pure PE was 

neglected because very higher than the presented values 

(literature data report values more than 10
20

 m). 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4: Resistivity  PE deposited by Ge,  PE implanted by 

Ge and pure Ge. 

 
The electrical resistivity goes to increase, with respect to 

the Ge one, by considering, respectively, the deposited 

and the Ge implanted substrate. 

When the Ge is only deposited the Ge layer cover totally 

the PE surface and the sample try to approach the 

behavior of the pure Ge and the sample begins more 

conductive.   
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Conclusions 

In conclusion, this work shows how a laser ion source can 

be used in the field of the ion implantation. Although the 

ion emission from the plasma is not mono-energetic but 

made up by different Boltzmann-like distributions for 

each ion charge state, the simultaneous implant of 

different surface layers can be obtained with success. In 

fact, ions penetrating at different ranges modify different 

layer depths and change the surface properties of 

implanted substrates.  

Preliminary studies in the field of the modification of 

different surface properties, such as the optical 

(reflectivity), mechanic (roughness, wetting ability) and 

electric (resistivity) have been analyzed. 

Pure PE, PE doped with Ge ions with a total dose of 

2,9x10
15

 ions/cm
2
 and PE covered by a Ge layer of 80 

 

The preliminary results show for the moment that the 

implantation change a little the reflectivity, the wetting 

angle and resistivity to the respect the pure PE, while the 

Ge deposition change more these properties, in fact it 

seems that the Ge layer that cover the PE surface, change 

the behavior of the surface, becoming a Ge surface. 

Unfortunately the possibility to have only one  implanted 

sample and one deposited sample, do not permit to have 

the change of the behavior of the surface properties of the 

sample at the variance of the ion doses and of the 

deposited thickness.  

Literature reports show that many other properties can be 

changed by the ion implantation, such as the surface 

chemical reactivity, hardness, Young modulus and wear.  

Further research will be pursued in future experiments in 

order to change the total ion dose of the analyzed 

samples, in fact how reported in literature [7,8] the 

change of the ion dose modify linearly the surface 

properties, but there is a limit value over than the 

properties do not change and they result saturated to this 

maximum value. 
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Abstract 
Proton Nuclear Magnetic Resonance (

1
H NMR) 

experiments have been performed to measure the 

properties of water in the first hydration layer of the 

protein lysozyme in the temperature range 295K <T< 

365K. In particular, we focus our attention on the thermal 

evolution of the chemical shift of the signal relative to the 

hydration water.  

From this study it emerges that the folding/unfolding 

process of lysozyme, characteristic of this thermal range, 

is governed by the dynamics of its hydration water. 

Introduction 

Understanding the relationship between the structure and 

dynamics of proteins and the water associated with them 

is an ongoing challenge [1]. Without water a protein 

cannot function but just a single layer of water surround-

ding it (called the first hydration layer) can restore the 

biological activity [1]. In a hydrated protein there are two 

categories of water molecules identifiable in close 

proximity to the protein: i) the bound internal water that 

plays a structural role in the folded protein itself, and ii) 

surface water usually called hydration water that plays a 

biological role.  

Recent NMR [2] measurements demonstrated the 

existence of two dynamical transitions for the lysozyme 

hydration water. Below the first one, at about 220 K it 

exhibits a ñfragile-to-strongò transition with a consequent 

loss of protein flexibility, that is of biological activity. 

Above the second transition, around 346 K, the hydration 

water dynamics is dominated by water molecules not 

involved in hydrogen bonds (HB) with a consequent 

protein denaturation when the protein unfolds.  

QENS measurements [3] confirmed the existence of 

these two transitions for the lysozyme-water system; 

moreover, the observation of identical dynamical 

transitions in different hydrated biopolymers, such as 

RNA and DNA, demonstrated that they do not depend on 

the chemical nature of the biomolecules but on the 

intrinsic properties of hydration water itself [4].   

 A protein is in the native state up to a given temperature 

and evolves, on increasing T, into a region characterized 

by a reversible unfolding-folding process. In the case of 

the water-lysozyme system such a phenomenon occurs 

essentially in the temperature range of 310ï360 K. Above 

355 K, lysozyme denatures irreversibly. The process of 

folding corresponds to the whole of complex phenomena 

throughout which the chain of amino acids assumes the 

native state of the protein. In spite of their complexity, 

proteins have a well precise native state and "they fold" 

through a rapid and sure process of folding. However not 

every protein is a good folder. There are cases in which 

the kinetics of folding can present some anomalies. The 

alteration of the folding of a protein characterizes some 

neurodegenerative illnesses like the Alzheimer and the 

Parkinson diseases, in which conformational variations of 

the proteins occur (from Ŭ helix or random coil to  

sheets). These variations cause aggregation with 

subsequently formation of insoluble fibrils. The question 

is in which conditions these conformational variations 

that determine the kinetics of the folding/unfolding 

equilibrium occur.   

In this work a NMR study on the properties of the 

hydration water of lysozyme is presented as a function of 

temperature. The aim is to show that NMR proton 

chemical shift measurements may be considered a new 

method for estimating the configurational part of the heat 

capacity CP (T) that results from the hydrogen bonding of 

water molecules.  

Experimental Details 

Thermo-dynamical properties of water molecules in the 

first lysozyme hydration layer, with h = 0.3 (gram of 

water per gram of protein), were studied at atmospheric 

pressure in the temperature range 295K <T< 365K by 

using a Bruker Avance spectrometer, operating at 700 

MHz 
1
H resonance frequency. Hen egg white lysozyme 

was obtained from Fluka (L7651 three times crystallized, 

dialyzed, and lyophilized) and used without further 

purification. Samples were dried, hydrated isopiestically, 

and controlled by means of a precise procedure [3].  

To get into the microscopic details of the folding/un-

folding process, a series of measures have been planned 

including cycles of warming and cooling in different 

temperature ranges, preparing each time the sample. In 

particular, NMR spectra were recorded along two 

complete thermal cycles A and B in which the maximum 

temperature   of   heating   is   inside   the   irreversible  
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denaturation region, and different partial cycles in 

which the maximum temperature of heating is inside the 

reversible intermediate region (scans C, D, E and F) or 

also before it (scan G).   In more details:  

 Scan A:  295K and 365K with 2K step heating 

each 10 min and further cooling to 297K; 

 Scan B:  296K and 366K with 2K step heating 

each 10 min and further cooling to 298K; 

 Scan C : 320K-347K with 1K step heating each 

5 min and further cooling to 320K  

 Scan D : 320K-343K  with 1K step heating each 

5 min and further cooling to 320K  

 Scan E ed F : 320K-341K  with 1K step heating 

each 5 min and further cooling to 330K with 

consecutive measure in function of time by 

acquiring a spectrum every hour for 20 hours. 

 Scan G : 295K-320K with 1K step heating each 

5 min and further cooling to 298K 

Each NMR spectrum has been analyzed by using a 

Lorentzian function to fit the contribution corresponding 

to the protons of hydration water. From the fit we have 

evaluated the intensity of the magnetization, the full width 

at half maximum (FWHM) and the position of the peak. 

From this latter quantity we were able to obtain a quantity 

proportional to the configurational part of the specific 

heat [5].   

 

Results and Discussion 

The chemical shift, , that is the position in frequency 

of the water peak, is sensitive to the chemical 

environment of the considered species. In particular, the 

change in temperature of the chemical shift is a quantity 

proportional to the local order of the system and 

consequently to its configurational entropy, S. Therefore, 

the NMR chemical shift measured as a function of 

temperature, allows to obtain a quantity directly 

proportional to the configurational contribution of the 

specific heat at constant pressure [5].    
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In figure 1, the chemical shift of the lysozyme hydration 

water for all the performed cycles is shown. Here, the 

arrows indicate the versus of the thermal cycle. As one 

can observe, all the heating paths superimpose whereas 

the cooling paths strongly depend on the thermal history 

of the system. 

In particular, it is evident that for the complete thermal 

cycles A and B the chemical shift values for the heating 

phase do not coincide with those related to the cooling 

phase so evidencing the irreversibility of the denaturation 

process. If one considers a thermal cycle for which the 

maximum temperature of heating is well below the 

irreversible denaturation region, the reversibility of the 

folding-unfolding process is indeed evident. The total 

reversibility can be observed for a thermal cycle wholly 

realized inside the Native region (scan G). 

For what concerns the thermal behaviour in the heating 

phase for the cycles A and B, the chemical shift decreases 

linearly with a sharp change of the slope between 336 K 

and 346 K. During the cooling phase it rises linearly on 

decreasing temperature. For measures D, E and F the 

cooling path depends on the starting temperature but the 

slope is practically identical.   

 

 
Figure 1: The thermal behaviour of the proton NMR chemical shift 

of hydration water for all scans. 

 

 

As above mentioned, the temperature derivative of the 

measured chemical shift allows to obtain the 

configurational part of the isobaric specific heat shown in 

figure 2, as a function of the temperature.  

The vertical lines have been introduced for underlining 

the border among the Native and the Intermediate 

Reversible region (green line), and between this latter and 

the Irreversible Denaturation region (red line).   

 

 

 
 

Figure 2: Thermal behaviour of the configurational specific heat. 
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The salient characteristic is just the presence of a 

maximum at the temperature TD (blue line), the same 

temperature at which a maximum has been observed in 

the isobaric specific heat measured by traditional 

calorimetric techniques [6].  

What finally emerges from this study is the 

fundamental role played by hydration water in the 

folding/unfolding process. In particular, it emerges that at 

TD the hydration water displays a sort of dynamic 

transition from a lower density liquid, that allows the 

protein to remain folded, to a higher density liquid that 

cannot serve anymore as the glue that joins together the 

amino acids side chains of the protein.  
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Abstract 
 We study theoretically the quantum optical properties 

of hybrid molecules composed of an individual quantum 

dot and a metallic nanoparticle. The coupling between the 

two systems gives rise to a Fano interference effect which 

strongly affects the quantum statistical properties of the 

scattered photons of orders of magnitude. This effect can 

be exploited for  the realization of  ultra-compact single-

photon switches. Moreover, we propose the concept of 

nanopolaritons demonstrating with accurate scattering 

calculations that the strong coupling regime of a single 

quantum emitter (a semiconductor quantum dot) placed in 

the gap between two metallic nanoparticles can be 

achieved. The largest dimension of the investigated 

system is only 36 nm. Nanopolaritons will advance our 

fundamental understanding of surface plasmon enhanced 

optical interactions and could be used as ultra-compact 

elements in quantum-information technology. 

Introduction 

 Control over the interaction between single photons 

and individual optical emitters deserves great importance 

in quantum science and quantum engineering [1]. 

Recently, substantial advances towards the realization of 

solid state quantum optical devices have been made 

coupling single quantum dots (QDs) to high-finesse 

optical cavities [2,3]. An inherent technologically 

limitation of these systems is that the size of the cavity is 

at least half wavelength and practically much more than 

that owing to the presence of mirrors or of a surrounding 

photonic crystal. Unlike optical microcavities, metallic 

nanoparticles and metallic nanostructures are able to 

focus electromagnetic waves to spots much smaller than a 

wavelength. Their ability to control the radiative decay 

rate of emitters placed in their near field has been widely 

demonstrated [4]. This ability stems from the existence of 

collective, wave-like motions of free electrons on a metal 

surface termed surface plasmons (SP) [5]. Individual 

noble metal nanostructures can function as nanoscale 

laser cavities [6] and elements in optical nanocircuits [7]. 

Optical nonlinearities enable photon-photon interaction 

and lie at the heart of several proposals for quantum 

information processing[1, 3, 8], and single-photon 

switching [9, 10]. Here we investigate the quantum 

optical properties of a QD-MNP hybrid artificial molecule 

(see Fig. 1). We consider a spherical QD interacting with 

a spherical MNP of radius rm, separated by a distance R. 

There is no direct tunneling between the MNP and the 

single QD (SQD) (R ī rmī rQD > 2 nm, being rQD the QD 

radius). The coupling mechanism due to dipole-dipole 

interaction at wavelengths around the SP dipole resonance 

is largely independent on the geometric details of the 

MNP, as verified by accurate scattering calculations 

beyond the dipole approximation [5, 11]. The quantum 

dot is modeled as a two level system with a dipole 

moment ɛ, that is a good approximation when studying 

optical processes at frequencies resonant with the lowest 

energy excitonic transition [12]. Calculations are carried 

out nonperturbatively, i.e. the QD-MNP interaction as 

well as quantum fluctuations are treated at all orders. In 

this way, we take into account the quantum nonlinear 

processes that are at the basis of many important quantum 

optical effects such as optical squeezing [13], nonclassical 

photon correlations [12] and emission of entangled 

photon pairs [14, 15]. We also investigate the statistics of 

the scattered photons which are strongly affected by the 

Fano effect due to the coupling between the discrete 

excitation of the quantum emitter and the broad and 

intense SP band. As a result, the arrival of one photon is 

able to suppress or greatly enhance the scattering 

properties of the second one. QD nanocrystals emitters 

are promising candidates. For example, chemically 

synthesized CdSe QDs can be spin-coated on a flat glass 

substrate with silver or gold nanoparticles [16] or they can 

be coupled in a fully controlled way with the metallic tip 

of a near-field apertureless optical microscope. Self-

assembled QDs, which can display a very high optical 

quality could also be exploited. Very recently self-

assembled clusters of metal-dielectric spheres with 

precise tailoring of the number and position has been 

demonstrated [17]. This novel technique can be exploited 

for the realization of more complex nanophotonic 

structures. 

Theory and Results 

The artificial molecule is excited by an applied 

electromagnetic field Ei = E0 e
i t 

+ c.c. polarized along 

the system axis (see Fig. 1). The positive frequency 

component of the electric field oscillating as exp(īiɤt) 

felt by a quantum emitter, EQD = E0 + Em is due to the 

superposition of the input field E0 and the field Em = 

(s Pm/4ˊ0 bR
3
), arising from the induced polarization of 

the MNP [18] Pm = 4́ 0 b r
3
(E0 + s Px/4ˊ0 bR

3
), where 

s = 2 for an applied electrical field parallel to R (s = ī1 

for a field orthogonal to R). The entire system is 

embedded in a dielectric medium with constant 

permittivity b. Px = ɛûůü is the positive frequency 

component  of  the  QD  polarization,   being   ûůü the  
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expectation value of the lowering transition operator ů = 

|güûe|. The frequency dependent complex coefficient ɓ = 

( m( )īb)/(2 b+ m( )) determines the SP dipole 

resonance frequency sp satisfying Re[ m( sp)]= ī2 b. 

Performing the first order expansion of Re[ m( )] around 

sp, ɓ can be well approximated by the complex 

Lorenzian  ɓ å 3i b ɖ/[i( sp īɤ)+ɔsp/2], with ɖ = 

(dRe[ m( )]/dɤ)
ī1

 and ɔsp = 2ɖIm[ m( sp)]. This 

approximation enables the description of SP resonances 

within the quasi-mode approach, largely exploited in the 

framework of cavity-quantum electrodynamics (QED) 

[13]. The full quantum dynamics of the coupled nano-

system can be derived from the following master equation 

for the density operator,  

                                     
The system Hamiltonian is HS = H0 + Hint + Hdrive with   

H0 = ǩ spa
À
a + ǩ xů

À
ů, being a the Bosonic destruction 

operator describing the SP field mode and ǩ x the energy 

of the QD excitonic transition. The Hamiltonian term 

describing the interaction between the QD exciton and the 

quantized SP field, in the rotating wave approximation 

reads Hint = iǩg (a
À
ů ī aů

À
), where ǩg = ɛE, being iEa=Ê

+
m 

the positive-frequency electric field operator at the QD 

position. The system excitation by a classical input field 

can be described by Hdrive= īE0(ɢa
À
+ɢ֚a)īɛE0(ů

À
+ů). The 

Markovian interaction with reservoirs determining the 

decay rates ɔx and ɔsp for the QD exciton and the SP mode 

respectively, is described by the following Liouvillian 

terms [13], 

                      
with i = x, sp, being dx = ů and dsp = a. Starting from Eq. 

(1), the coupled equations of motion for the SP-field 

expectation values ûaü ſ Tr[aɟ] and for the emitter 

transition-operator determining the QD polarization     

ûü ſ  Tr[ůɟ] can be obtained. The equation of motion for 

the exciton operator expectation value ûü is coupled to 

higher order expectation values. A widely adopted 

truncation scheme is the one based on the smallness of the 

excitation density which allows to truncate with respect to 

the number of photon number-states to be included.  

At steady-state the motionôs equation for ûaü can formally 

be solved, ûaü = (gûü + iɢE0/ǩ)/D(ɤ), with D(ɤ)= 

i(ɤspīɤ)+ɔsp/2. Equating the obtained electric field 

expectation value Em = iEûaü with Em, we obtain, 

E=(3ǩɖr
3
m/4ˊ0)

1/2
(s /R

3
) and ɢ = b(12́  ǩɖ 0 r

3
m)

1/2
. 

Figure 1 displays the dependence of g on the QD-MNP 

distance R. Throughout the paper we use a dipole moment 

ɛ = er0 with r0 = 0.7 nm (corresponding to 33.62 Debye), 

being e the electron charge and b= 3. We consider a silver 

MNP whose frequency-dependent dielectric permittivity 

is taken from Ref. [19]. Comparing the classical 

expression for the MNP polarization Pm with the steady 

state result for ûaü, we obtain Pm= ɢûaü. After the 

determination of E and ɢ, Eq. (1) establishes a precise 

theoretical framework for nonperturbative quantum  

 
Figure 1: Interaction between a quantum dot and a silver 

nanosphere and dependence of the coupling g on the metallic 

nanoparticle-quantum dot distance R. 

 

plasmonics. We calculate the Rayleigh scattering adopting 

the standard method which is valid when the size of the 

scattering objects is much smaller than the wavelength of 

incident light [18]. In this case the scattering intensity is 

proportional to Is = ûP
-
P

+
ü, where P

+
 = ɢa + ɛů is the total 

polarization operator and P
-
 = (P

+
)
À
. It is worth noticing 

that the scattered intensity contains a coherent part Is
coh

= 

|ûP
+
ü|

2
 as well as incoherent contributions with the 

frequency of the scattered photons not necessarily 

coincident with that of incident light Is
incoh

 = ûP
-
, P

+
ü ſ Is 

ī Is
coh

. Figure 2a displays scattering spectra as function of 

the frequency of the incidence light obtained for different 

QD-MNP distances R as indicated in the panel. 

 

 
 

Figure 2: (a) Scattered light intensity spectra (red continuous 

line) calculated for different QD -MNP distances R at low density 

excitation power. (b) Scattered light intensity spectra calculated at R 

= 14 nm. Plots are peak-

 

 

The spectra in Fig. 2a have been calculated in the limit of 

very low excitation intensity, where the excitonic 

populations û
À
ü ûû1. At R=14 nm a Fano-like lineshape 

around the QD transition energy ɤ0 is evident. For a 

particular input frequency the scattered light is highly 

suppressed, while at slightly lower energy a enhancement 

of scattering due to constructive interference can be 

observed. For comparison the plot at R = 14 nm shows the 

scattering spectrum in the absence of the QD (dash-dotted  
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line). Increasing the distance R, the Fano resonance 

narrows, due to the reduction of ǋQD. While at R=18 nm 

the destructive interference remains almost complete, at 

larger distances (R = 25 nm), the Fano interference effect 

lowers and the suppression as well as the increase of the 

scattered light are reduced. Figure 2b displays scattering 

spectra obtained for QDs with different excitonic energy 

levels. In particular, each panel corresponds to different 

exciton-SP detunings = ɤxīɤsp. Interestingly, the 

interference effect determining a strong suppression of 

scattering at specific wavelengths of the input field 

requires no special tuning unlike analogous effects in 

cavity QED. While SPs supported by the MNP can be 

described as harmonic oscillators, the single QD displays 

nonlinearities at single photon level. Panel 2b puts 

forward the dependence of light scattering on the intensity 

of the input field. The continuous lines describe low-field 

spectra obtained for a Rabi energy  = 2ɛE0 = 2x10
ī2

 

meV. Increasing the input field to  = 0.4 meV, saturation 

effects appear (dashed line). At  = 1 meV saturation is 

almost complete. The hybrid artificial molecule thus 

behaves as a frequency dependent saturable scatterer. 

The enhanced nonlinear optical response of an individual 

emitter leads to pronounced modifications of photon 

statistics that cannot be captured by only considering 

average intensities, but appears in higher-order 

correlations of the emitted and scattered fields. 

Specifically, we focus on the normalized stedy-state 

second-order correlation functions g
(2)

 for the scattered 

field which for a stationary process can be expressed in 

terms of the total polarization operators as g
(2)

(Ű) =    

ûP
ī
(t) P

ī
(t+Ű)P

+
(t+Ű)P

+
(t)ü/|ûP

ī
P

+
ü|

2
. Figure 3 shows the 

normalized second-order correlation functions for 

scattered photons calculated at low excitation power (  = 

0.02 meV) for two specific frequencies of the driving 

field indicated by arrows in the inset. The inset displays a 

detail of the low-excitation power scattering spectrum 

obtained for  = ī60 meV. The continuous line in Fig. 3 

shows a huge bunching effect. It describes the behaviour 

of an efficient single-photon switch. Scattering of single 

photons at this frequency is highly suppressed due to 

destructive interference, but the arrival of the first photon 

saturates the QD transition thus enabling the scattering of 

the second one. For delay times among the two detection 

events larger than the exciton decay rate, g
(2)

(Ű)Ÿ1, which 

is the standard level for coherent classical light.            

The dotted line in Fig. 3 describes the second-order 

correlation function g
(2)

(Ű) obtained fixing the frequency 

of  the driving  field at  the  Fano-peak  corresponding   to  

constructive interference. In this case g
(2)

(Ű) drops below 

the classical level and displays an antibunching effect. 

Second order correlation functions of the electromagnetic 

field below 1 cannot be describe by classically and are a 

signature of the quantum nature of light. The MNP-QD 

system thus is able to affect dramatically the photon-

statistics of scattered light. A small variation of the 

excitation frequency determines a variation of g
(2)

(0) for 

scattered light beyond three orders of magnitude.   

 
Figure 3: Normalized second-order correlation functions. 

 

This striking effect can be understood observing that only 

one of the two detected photons is affected by the Fano 

interference: the first photon saturates the QD transition, 

causing the absence of any interference effect on the 

second one. The ultracompact hybrid system here 

investigated is in experimental reach. The Fano resonance 

as well as the Fano-induced photon statistics occurs over 

a very large bandwidth (see Fig. 2). The effects here 

described can also be observed with quantum emitters 

displaying significantly larger spectral broadening if 

ɔx<<ɔsp. One key feature of the proposed photon 

correlation measurements is that they do not require 

filtering out the dominant elastic component, which 

makes so difficult this kind of experiments [12]. Fano-like 

resonances have been observed in a huge variety of 

physical systems including plasmonic nanoparticles [17]. 

We demonstrated the huge impact that the Fano effect can 

have on the photon statistics. The intriguing quantum 

optical nonlinear properties here described provide 

indications that these systems could be used as ultra-

compact building blocks in quantum-information 

technology, and for single-photon devices.  

Nanopolaritons: the dimer case 

In the following, we present detailed scattering 

calculations for a single quantum dot in between a pair of 

silver nanospheres. The optical properties of these 

coupled systems can be exactly calculated through the 

formalism of the multipole expansion of the fields [20]. 

This formalism based on generalizations of the Mie 

theory is indeed able to take into account all the multiple 

scattering processes that occur among the involved 

scatterers. In particular the optical properties of core/shell 

spheres are calculated using the extension of the Mie 

theory to radially non-homogeneous spheres by Wyatt 

[21]. We consider as incident field a monochromatic 

linearly polarized plane wave. The scattering cross-

section and absorption cross-sections are defined via 

Poyntings theorem. The scattering cross-section scat is 

defined as the total integrated power contained in the 

scattered field normalized by the irradiance of the 

incident field and the absorption cross-section abs is 

defined by the net flux through a surface surrounding the 

scattering system normalized by the incident field 

irradiance, and is thus a measure of how much energy is 

absorbed by the system. In the following we calculate  
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extinction cross sections ext = scat+ abs as a function of 

the incident-field wavelength, being extinction 

spectroscopy a widely adopted technique for the 

characterization of nano- and micro-particles. We exploit 

this so-called hot spot phenomenon in order to 

demonstrate that the vacuum Rabi splitting with a single 

quantum emitter within a subwavelength nanosystem can 

be achieved. We employ a pair of silver spheres of radius 

rAg= 7 nm separated by a gap d = 8 nm embedded in a 

dielectric medium with permettivity r = 3. Individual 

nanoparticle plasmons hybridize to give two new splitted 

modes: a bonding and an antibonding combination. The 

net dipole moment of the antibonding configuration is 

zero, this mode is not easily excited by light (dark mode). 

In contrast, the bonding configuration corresponds to two 

dipole moments moving in phase. It is easily excited by 

input light and produces an extraordinary enhancement of 

the field mode density in the gap between the particles. 

We consider a spherical quantum dot with radius rQD = 2 

nm, whose lowest energy exciton is resonant with the 

dimer bonding mode. Because of its symmetry, a 

spherical quantum dot has three bright excitons with 

optical dipoles parallel to the three direction x,y, and z 

respectively. Fig. 4a display a sketch of the system and of 

the input field polarized along the trimer axis in order to 

provide the largest field enhancement at the dot position. 

Fig. 4b shows ext spectra calculated for different dipole 

moments ɛ = er0. For r0= 0.1 nm a narrow hole in the 

spectrum occurs which could be confused with the 

appearance of a small vacuum Rabi splitting. Actually this 

hole appears when the exciton linewidth is smaller than 

the exciton-field coupling strength (or viceversa) which in 

turn is smaller than the linewidth of the SP mode. This 

effect can be understood in terms of interference between 

the continuous SP field and the narrow excitonic 

resonance giving rise to an anti-resonance or to a Fano-

like effect. Only for higher dipole moments r0 = 0.3 a true 

splitting can be observed. Fig. 4c displays ext spectra for 

r0 = 0.5 nm obtained changing the energy of the quantum 

dot exciton. At large detuning the peak arising from the 

quantum dot is significantly narrower from that 

originating from the SP bounding mode. Lowering the 

detuning increases the linewidth of the exciton-like peak 

while at the same time lowers that of the SP-like peak as a 

consequence of the strong coupling between the modes. 

Fig. 4d show the dependence of the two Rabi-peaks ( ext) 

wavelengths on the exciton transition wavelength 0 = 

hc/E0 (ɛ/e = 0.5 nm). The anticrossing behaviour 

certifying true strong coupling is evident. There are 

several types of quantum dots which efficiently emit light 

at the wavelengths here adressed, as e.g ZnS and CdS 

nanocrystals. In addition the use of different 

nanostructures as nanoshells and/or embedding dielectric 

media offer a great potential for tunability. The 

anticrossing behavior is clearly evident in Fig. 4d. The 

dipole moments here employed are typical for small 

semiconductor quantum dots.  

In conclusion, we have shown that the vacuum Rabi 

splitting between an individual quantum emitter and the 

 
Figure 4: (a) Sketch of the system and of the excitation. (b) 

Calculated ext for different dipole moments of the quantum dot. (c) 

ext spectra obtained for different resonant energies E0 of the 

quantum dot exciton (ɛ/e = 0.5 nm). (d) Dependence of the two 

Rabi-peaks ( ext) wavelengths on the exciton transition wavelength 

0 = h c/E0 (ɛ/e = 0.5 nm). 

 

light field confined at metallic nanoparticles can be 

achieved in systems a few tens of nanometers wide. The 

investigated systems are also expected to significantly 

modify the concept of optical nanoantennas with metallic 

nanostructures. Along this road it will be possible to 

implement scalable photonic (plasmonic) quantum 

computation without renouncing to the nanometric size of 

the classical logic gates of the present most compact 

electronic technology. 
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Abstract 

We report on the implementation of a Surface-Enhanced 

Raman Scattering (SERS) sensor based on 

photothermically aggregated gold nanorods in liquid 

environment. The thermal effects and the optical forces 

involved during the laser irradiation, resonant with the 

Localized Surface Plasmons (LSP) of the single metal 

nanostructures, lead to the formation of nanoparticles 

aggregates under the laser spot. The creation of highly 

efficient hot spot regions enable the Raman detection of 

Bovine Serum Albumin (BSA) molecules dissolved in a 

Phosphate Buffer Solution (PBS) at concentrations down 

to 10
-6
 M to be compared to a detection sensitivity of 10

-3
 

M for BSA in PBS. The methodology and the 

experimental conditions thus allow for highly sensitive 

vibrational spectroscopy analysis of biomolecules in their 

natural habitat. 

Introduction 

SERS has shown a huge potential for label-free 

chemical detection down to the single molecule level. 

Molecules adsorbed on noble metal nanoparticles (Ag, 

Au, Cu, etc.) experience a strong field amplification (up 

to 10
8-10

) both the excitation and the Raman photons 

frequencies do match the localized plasmon resonances 

(LSPR) of the nanoparticles (NP) [1,2]. SERS from 

isolated metal NPs is usually much weaker compared to 

what is observed on aggregates due to the strong field 

enhancement occurring in the gap regions (hot spots) 

between adjacent nanoparticles [3]. The controlled 

creation of highly efficient hot spots, especially in liquid 

() is of utmost importance since it allows for highly 

sensitive vibrational spectroscopy of many biological 

systems in their natural habitat. 

In order to develop a high sensitive and specific 

nanobiosensor based on surface enhanced vibrational 

spectroscopy dedicated to the in vitro proteins detection 

and disease diagnosis  we report on the implementation of 

a SERS sensor with photothermically aggregated gold 

nanorods in liquid environment that enables the Raman 

detection of Bovine Serum Albumin (BSA) molecules 

dissolved in a Phosphate Buffer Solution (PBS) at very 

low concentration (up to 10
-6
M). 

 

Materials and methods 

Commercial gold nanorods (35x90 nm) are purchased 

from Nanopartz. They come in a DI watery solution 

containing <0.1% ascorbic acid and <0.1% 

Cetyltrimethylammonium bromide (CTAB) surfactant 

capping preventing spontaneous re-aggregation. They 

feature a localized surface plasmon (LSP) resonance at 

ɚLSP = 687 nm [4].The BSA buffered solution is prepared 

by mixing the lyophilized powder of BSA (Sigma-

Aldrich) with a 200 mM of Phosphate Buffer Solution 

(pH 7.2); then it is mixed with gold nanorods solution  

with  a ratio of 7:1 v/v.  A droplet of the mixed solution is 

put inside a glass cell (a model typically used for optical 

trapping experiments) and placed under a Raman Micro-

Spectrometer (LabRam HR800 - Horiba JobinYvon) 

coupled to the 632.8 nm line of a He-Ne laser; the beam 

(P = 6.3 mW) is focused on a 500 nm diameter spot by a 

100X  microscope objective (Olympus, NA=0.95) in the 

liquid, close to the bottom of the cell. The same objective 

is used to collect the backscattered SERS radiation. In 

figure 1 is shown a schematic picture of the experimental; 

By manually changing the fine focus inside the solution 

and setting it at the bottom of the cell close to the rim, the 

intercepted gold nanorods are mechanically constrained in 

a confined region; the aggregation process is activated in 

some seconds. 

 

 

 
Figure1: Schematic experimental set up 
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Discussion 

Due to the blue shifted excitation with respect to ɚLSP  the 

gold nanorods are not trapped in the laser focus but are 

pushed by the radiation forces towards the bottom of cell. 

The relatively high energy density (~ 25 mW/µm
2
) in the 

focal spot and the quasi-resonant laser excitation of the 

LSPs modes causes a non negligible light absorption by 

the NPs which is partially converted into heat; as a 

consequence of the higher temperature a chemically 

reactive region is formed around the metal nanostructures. 

By Stokes/Anti-Stokes Raman measurements we have 

estimated a temperature increase of about 60°C in the 

irradiated zone after 10 minutes of laser focusing. We 

have carried out further Depolarized Light Scattering 

(DLS) measurements showing us that at this temperature 

the local interaction between CTAB and rods is modified 

with a detachment of the surfactant and a local 

photothermal re-organization of the rods into small 

clusters, stabilized by BSA.The polarization analysis of 

the light scattered by the gold rods in solution allows for 

separating the translation and rotation dynamics. By 

focusing the attention on the translation diffusion 

coefficient of the rods, a mean hydrodynamic radius of 

about 35 nm is obtained (which is consistent with the 

value theoretically expected) and the size distribution is 

shown in Figure 2.a. BSA in solution, on the other hand, 

has a mean hydrodynamic radius of about 6 nm and the 

scattering is almost totally polarized due to the folded 

conformation at the investigated pH. 
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Figure 2:  Hydrodynamic radius of BSA in PBS, Au NRs and BSA 

in PBS with Au NRs at room temperature (a) and in comparison at 

60° C (b, c) 

 
As can be seen from Figure 2.b, at 60°C there is an 

evident temperature-induced aggregation among BSA 

molecules, giving rise to oligomers with hydrodynamic 

radius of about 26 nm. This population increases with 

time if the solution is kept at 60°C, likely as a result of 

partial protein conformational change. Upon adding gold 

rods in the BSA solution the depolarization ratio becomes 

about 15% and the translation diffusion coefficient of the 

scattering particles gives a mean hydrodynamic radius of 

about 65 nm. The increase of the particles size suggests 

the existence of gold rods/BSA aggregates, likely 

stabilized by electrostatic interaction between the 

positively charged capping agent of the rods and the 

negative charge of BSA. The size distribution of the 

gold/BSA aggregates at 60°C shows an evident increase 

of the aggregate mean size (figure 2.c) already ten 

minutes after stabilizing temperature. This aggregation is 

mediated by BSA. 

 Approaching the laser focus towards the cell bottom we 

push the particles towards the glass substrate where they 

stick and aggregate forming highly efficient ñhot spotsò. 

This enables us to observe a strong SERS signal of BSA 

molecules laying in the nanorods interstices even at 1M 

(Figure 3a, red line), while in absence of the nanorods 

only the Raman peaks of PBS and water (~ 1650 cm
-1
) are 

visible (Figure 3b) for BSA concentrations of 0.1mM, the 

detection limit being 1mM. 
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Figure 3: (a) SERS of buffered BSA molecules at 0.1 mM (black 

line) and 1 M (red line). Integration time=10s, 4 accumulations, 

spectrum taken after a NRs aggregation time of 30s. (b) Raman 

scattering of buffered BSA solution at 0.1 mM without nanorods.  

 
We note that under the same experimental conditions 

(integration time, laser power, nanorods concentration) 

the intensities of the SERS spectra are not depending on 

the BSA concentration (compare black line, 0.1mM, and 

red line, 0.001 mM, in Figure 3a). This confirms that the 

SERS signal detected comes from BSA located in hot 

spot regions in nanorods aggregates having dimensions 

comparable or larger than the focused laser spot.  

We measure an enhancement factor of 10
5
. This is done 

by  comparing the SERS intensity of the phenylalanine 

ring breathing at 1004 cm
-1
 in the buffered solution of 

BSA at 1 M concentration with the same Raman signal 

from a buffered solution of BSA 10
-3
 M without gold 

nanorods addition. 

The temporal dynamics of the photothermal creation of 

the hot spots can be followed by acquiring consecutive 

SERS spectra (figure 4a) and monitoring the temporal 

increase of the Phe aromatic breathing mode intensity at 

1004 cm
-1
 (fig. 4b). We observe a preferential increment 

of the features attributed to the aromatic residues in the  

(a) 

(b) 

(a) 

(c) 

(b) 

(a) 
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structure (Phe, Tyr, Trp), due to the intercalation of the 

hydrophobic side chain into the CTAB layer. The high 

enhancement of the 1395cm
-1 

COO
-
symmetric stretching  

is due to the strong electrostatic interaction with the 

surfactant bilayer. A similar behavior has been observed 

by Kaminska and coworker in the interaction between 

bovine pancreatic trypsin inhibitor (BPTI) and CTAB-

protected gold nanoparticles deposited on functionalized 

silicon surface [5, 6]. In figure 5 is shown the comparison 

between BSA SERS and BSA powder spectra where we 

can assign the bands origin.  

The intensity ratio  I854/I830  of the doublet of tyrosyl 

residues  at 854 and 830 cm
-1
 is a good indicator of the  

nature of the hydrogen bonding of the phenolic hydroxyl  

[7], in particular the upper frequency peak becomes 

stronger when the OH group is weakly H bonded to a 

negative acceptor such as the  COO
-
.  

In the Raman spectrum of the native BSA at pH7 the 

doublet intensity ratio is 10:9, while in SERS spectra here 

shown we notice a strong enhancement of the higher 

frequency peak (854 cm
-1
) with an estimated intensity 

ratio of 10:1, that confirms the conformational change of 

proteins with  the tyrosyl residues and the COO
-
 groups 

no more H-bonded between them and interacting with the 

CTAB chains. In the 500-550  cm
-1
 enhanced region, the 

presence of  the Cb-S-S-Cb disulfide bridges spectral 

features (peaks at 507, 520 and 540 cm
-1
 ascribed to the  

different S-S stretching mode frequency) is an indication  

of the BSA in solution  in the native form [8, 9] despite  

the local temperature during the SERS experiment  is 

close to that of protein conformational changes [10]. 

Compared to the aromatic side chain residues Raman 

features, the non efficient enhancement of the 1650 cm
-1 

amide I band and of the a-helices C-C skeletal vibration 

peak at 940 cm
-1
, and the strong increment of the band 

centered at 1240cm
-1
in the region of amide III, could 

reveal a partial unfolding of helicoidal conformations; 
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Figura 5: (a) Comparison between BSA SERS (red line) and BSA 

powder (black line) spectra. (b) SERS spectra of PBS and nanorod 

solution. 

Figure 4: Consecutive SERS spectra of BSA in PBS solution and gold nanorods (a). Trend vs time of the breathing mode 

phenylalanine aromatic ring (b), COO- streatching mode (c) and Amide I band (d). 
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however a quantitative estimation of the loss of BSA       

Ŭ-helices is quite hardly due to the overlapping of the 

amide III peak  typical of the ɓ-sheets conformations with 

the enhanced Trp band at the same frequency. 

Conclusion 

In summary, we have shown the implementation of a 

SERS sensor based on photothermally aggregated gold 

nanorods, operating in liquid environment. This in situ 

methodology has been applied for the Raman detection of 

Bovine Serum Albumin (BSA) molecules in Phosphate 

Buffer Solution (PBS) at concentration down to 10
-6
 M. 

The methodology and the experimental conditions allow 

us for highly sensitive vibrational spectroscopy analysis 

of biomolecules in their natural habitat [11]. 
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Abstract 

Nearby structures displaying optical absorption or gain 

the definition of the photonic local density of states needs 

to be revised. In this case two  different definitions can 

be adopted to characterize photonic structures. The first 

describes the light intensity at a point r  when 

the material system is illuminated isotropically and 

corresponds to what can be measured by a near-field 

microscope. The second gives a measure of 

vacuum fluctuations, and coincides with in 

systems with real susceptibility. Scattering calculations in 

presence of dielectric and metallic nanostructures show 

that these two definitions can give rather different results, 

the difference being proportional to the thermal emission 

power of the photonic structure. We present a detailed 

derivation of this result and numerical calculations for 

nanostructures displaying optical gain. 

Introduction 

The local density of states (LDOS) of elementary 

excitations is a basic concept underlying the description 

of a wide variety of physical phenomena. The concepts 

of density of states and of LDOS are mostly 

applied to electrons. This scalar function is directly 

related to the square moduli of all electronic 

wavefunctions associated with this energy: 

 

 , (1) 

 

where n may stand for a set of quantum numbers which 

can take either discrete values and/or continuous values, 

and are the complete orthonormal set of 

eigenfunctions. In electron scanning tunneling 

microscopes, for a weak coupling between tip and 

surface, the tunneling current is proportional to the value 

of the electron LDOS at the tip position [1, 2]. In optics 

the local density of states plays a key role in a wide range 

of phenomena of continuously increasing interest. In 

particular it is the quantity determining the radiation 

dynamics of fluorescent sources [3, 4]. Very recently the 

photon LDOS has been the object of interest in the 

context of scanning near-field optical microscopy 

(SNOM) in illumination mode (where the light is 

incident through the probe). It has been suggested that 

the photon LDOS might be the key to understanding such 

experiments [5]. In the case of vector fields, the LDOS 

can be written as the sum of three partial LDOS each of 

them being related to each Cartesian direction: 

 

 

  

                 ,   (2) 

 

From the scattering theory of scalar waves, it is well known 

that the LDOS  can be formulated as a function of the 

imaginary part of the Fourier transform of the field Green 

function [6]. In the case of vector fields: 

 

 .   (3) 

 

In this paper we show that, in the presence of amplifying 

media, the LDOS (3) displays regions with negative photon 

densities, thus failing in describing a power signal. In 

contrast the LDOS (2) is positive definite and properly 

describes the near-field optical properties of these structures. 

The theoretical and numerical framework here proposed can 

be useful for the near-field characterization of active media 

with inverted populations in the presence of metallic 

nanostructures. 

 

Theory 
Let us consider a scattering system described by a complex 

relative dielectric tensor Ƣ with components Ƣ . 

For the sake of simplicity we consider a local dielectric 

tensor; all the presented results can be directly generalized to 

the case of nonlocal tensors Ƣ [7]. We start by 

introducing the following physical quantity: 

 

 ,  (4) 

 

where Ŭ spans all the degenerate light modes associated with 

the same energy ɤ. The fields obey the wave 

equation.  In optics realistic finite-size scattering systems 

display a continuous spectrum of eigenmodes . The 

specific ideal case of bound modes is discussed later. We can 

rewrite field wave equation in compact operator notation as 

 

   .  (5) 

 

By using the Green tensor technique, the light modes in the 

presence of the scattering system can be calculated starting 

from the light modes of free-space as 

 

  ,     (6) 

 



Activity Report 2010 ï Dottorato di Ricerca in Fisica, Università di Messina 

 52 

where is the Møller operator [8] 

with the Green tensor solution of the following equation: 

 

    ,    (7) 

 

1 being the unit tensor. For systems with real permittivity, 

it can be shown that the Møller operator is isometric [8] 

and, as a consequence, the set obtained by equation (6) is 

a complete orthonormal set of eigenmodes. The 

unperturbed modes can be interpreted as the input 

light waves seeding the sample. Inserting equation (6) 

into (4), the latter acquires a clear physical meaning. It 

describes the light intensity at a point r when the material 

system is illuminated isotropically and incoherently [9] 

(i.e. with incoherent input light arriving from all the 

spatial directions). In the presence of a precise phase 

relationship between the different input amplitudes 

űŬ(r,ɤ), the measured light intensity would be given by 

Let us consider a point detector which 

is able to detect light intensity polarized along a given 

direction. If the detector is polarized along the i th 

direction, it measures . The experimental 

observation, at optical frequencies, of the 

electromagnetic LDOS established by gold 

nanostructures  is essentially based on this physical 

interpretation of equation (4) and on the reciprocity 

theorem that permits us to exchange sources and 

detectors [9]. In analogy with quantum mechanics, one 

may expect that the photon LDOS could be obtained 

from the imaginary part of the trace of the Green tensor 

[5, 6]: 

 

 .  (8) 

 

Equation (8) is of great practical relevance for the 

computation of the LDOS in open complex systems that 

otherwise should be obtained by summing up infinite 

modes according to equation (2). The choice to maintain 

equation (4) as an operative definition of the LDOS has 

several advantages and one important drawback: in the 

following we demonstrate that in lossy or gain media 

differs from and thus it does not 

describe the spatial variations of vacuum fluctuations. In 

order to calculate the difference between the two 

quantities we start by defining the following D tensor: 

 

.  (9) 

 

We observe that . We also 

indicate by the corresponding free-space 

tensor (written in terms of the free-space modes 

By using equation (6), the following relation 

can be easily derived: 

 

 .       

(10) 

 

Following the same steps to derive the relationship 

[6], the tensor  can be 

expressed in terms of the free-space Green tensor,  

 

as By inserting this 

expression for into equation (10), and using the Dyson 

equation, , we obtain after simple algebra, 

in the real-space representation we obtain 

 

 

 

  (11) 

 

Exploiting the reciprocity relation

, and tracing both members of this equation, we 

finally obtain the following relationship between ɟA and ɟB: 

 

  .  (12) 

 

where A(r,ɤ) is given by 

 

.  (13) 

 

 

 

 
Figure 1. Maps of ɟA(r,ɤ) and ɟB(r,ɤ) at = 2.28 eV established by a 

pair of gold nanostructures (ɟ0(r,ɤ) is the free-space LDOS). 
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Equations (12) and (13) demonstrate that, when      

, the well-known relationship 

is no more valid.  The difference A(r,ɤ) 

between and  plays a key role in thermal emission. 

A(r,ɤ) can also describe the incoherent emission 

(photoluminescence) of excited molecules . 

 

Figure 2. Normalized ɟA(r,ɤ) and ɟB(r,ɤ) for a small amplifying 

dielectric sphere of radius a = 10 nm with a complex permittivity 

at  = 2.07 eV. 

 

Numerical results 
The presence of a scattering object locally modifies the 

density of available electromagnetic modes. Figure 1 

displays the maps of ɟA(r,ɤ) and ɟB(r,ɤ) established by 

 
 Figure 3. Maps of ɟA(r,ɤ) ( = 2.07 eV) in the presence of a nano-

amplifier (calculation plane: z = 90 nm above the structure). The 

figure from the top to the bottom visualizes the evolution of the 

LDOS when increasing optical pumping. 

 

a pair of gold nanostructures with the same dimensions of 

the building blocks of the structure considered in [10] (100 

nm×100 nm×50 nm, at 150 nm from each other). The maps 

were calculated on a plane located 75 nm above the 

structures. Calculations have been carried out by solving 

numerically a discretization of the Dyson equation [5]. Once 

the Green tensor is derived, ɟB and ɟA can be obtained by 

using equations (8) and (12). Figure 1 shows evident 

quantitative as well as qualitative differences between ɟA and 

ɟB. We find even more dramatic differences for materials 

and/or photon energies showing larger ratios . 

In figure 2 we display the two quantities near to a pointlike 

scatterer [11] with inverted populations. We consider the 

case of a small dielectric sphere of radius a = 10 nm with a 

complex permittivity . The real part 

corresponds to the permittivity of silica and the imaginary 

part can be thought of originating from doping of the silica 

particle, e.g. with active dye molecules. The imaginary part 

can be derived from the formula 

 

  ,   (14) 

 

where D is the density of active molecules and is the 

population difference. Considering a typical emission cross 

section for dye molecules , a doping 

density and a population 

inversion factor equal to ī0.3, one obtains . 

The Green tensor in the presence of the small particle has 

been calculated within the dipole approximation following 

the procedure described in [11]. The figure shows that near 

to gain media (ɚ = 500 nm) assumes negative values, 

while ɟA remains a positive quantity. It is important to note 

that, in the presence of gain media, the power spectrum of 

Figure 4. ɟA and ɟB as a function of the distance from the scatterer for 

one specific wavelength and for a dielectric permittivity. 

 

 

field fluctuations is no longer described by ɟB and remains a 

positive quantity [10]. Figure 3 displays the scattering LDOS 

(  = 2.07 eV) established by a pair of 

nanostructures (150 nm × 240 nm × 120 nm) at 600 nm from 

each other. The structure on the left has a  real permittivity Ů 

= 2, while the other is characterized by with 

given by ī0.2, ī0.5 and ī0.8,  
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respectively. The doping density D required to obtain 

such values for the permittivity is of the order of 

molecules × Such a value is more demanding 

with respect to what is used before for the calculation but 

still of physical interest. It requires us to have a highly 

doped system where in every cube of 1 nm side is present 

an active molecule. The figure visualizes the evolution of 

the LDOS ( ) when increasing , e.g. by 

increasing the optical pumping. The amplification effect 

is clearly visible. We considered a small dielectric sphere 

of radius a = 10 nm. Figure 4 shows the two and as 

a function of the distance from the scatterer for one 

specific wavelength and for a dielectric permittivity 

Finally we investigate the local 

density of states near to a silver point scatterer (radius a 

= 10 nm). Figure 5(a) displays ɟA and ɟB as a function of 

the wavelength calculated on the surface of the scatterer 

Figure 5. ɟA and ɟB as a function of the wavelength calculated 

at two different distances from the surface of the scatterer:  

(a) d = 10 nm = a  and  (b) d = 50 nm. 
 

(distance from the center of the scatterer d = 10 nm). In 

figure 5(b) the two spectra are calculated for d = a +40 

nm. The two spectra show a peak in correspondence to 

the silver dipole plasmonic resonance. The densities ɟA 

and ɟB differ more than one order of magnitude, although 

both quantities are significantly enhanced as compared 

with the photonic free-space density of states. 

 

 

 

Figure 5(b) shows that important differences between and 

are still evident at larger distances from the scatterer. In 

particular , in contrast to , may assume values lower 

than due to the losses caused by the scatterer. 

 

Conclusions 
The results presented here clarify the concept of local optical 

density of states in the presence of absorbing and gain 

media, and the relationship between scanning near-field 

optical images and the local density of photonic states. In 

particular, ,  and A are useful and important physical 

quantities that characterize how the scatterers modify the 

electromagnetic field. Each of these quantities is tied to 

different experiment topologies: measures the 

radiative decay of an atom near to a dielectric, A is the 

incoherent thermal or, eventually, fluorescent (if the medium 

contains optically active molecules) emission of a scatterer, 

ɟA represents what is measured in a collection mode 

experiment at point r [12] or, owing to the time reversal 

property, it is the light measured in far-field by an emitter 

located at the same place r , in addition it is very useful for 

studying gain media. Moreover the two LDOS described 

here can find useful application for the characterization of 

lossy photonic systems as finite-size metallic photonic 

crystals. In addition, by means of LDOS calculations we 

have investigated the near-field optical properties of nano-

amplifiers [13]. Open optical systems containing 

nanostructured amplifiers are attractive as they could be used 

in order to dynamically control the optical LDOS in future 

photonic circuitry. LDOS calculations in systems constituted 

by nano-amplifiers near to metallic structures displaying 

localized surface plasmons [14] are under development. 
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Abstract 

The investigation of the interaction between 

phospholipid bilayer and short-chain alcohols are 

relevant for the potential of lipid bilayer membranes to 

serve as model systems for studies of various 

biological processes including permeability of plasma 

membrane and molecular mechanisms of anaesthesia. 

In this paper we have investigated DPPC system with a 

high concentration of hexanol by means of 

calorimetric, Nuclear Magnetic Resonance, X ray 

diffraction and density measurements. We have found 

that the presence of a high alcohol concentration shifts 

the membrane transition temperature to lower values, 

and has a disordering effect on the phospholipid acyl 

chains in the gel phase. The phospholipid 

bilayer/alcohol system is characterized by a higher 

density value than the pure membrane, as determined 

by volumetric measurements. The analysis of 

diffraction patterns has put into evidence the existence 

of a more packed structure due to the presence of 

alcohol. The area of polar head has also been 

estimated.  

Introduction 

Biological membranes play a crucial physical role in 

cells [1], they define the cell boundary and incorporate 

several proteins and functional compounds. The central 

core of any biological membrane is formed by 

amphiphilic molecules arranged side by side to form a 

lipid bilayer with head groups turned towards the 

surrounding water and apolar acyl chains in the 

membrane interior. Phospholipid bilayers exhibit 

lyotropic liquid crystalline properties and present a 

variety of phases as temperature is changed.  

These phases are from low to high temperature: the 

highly ordered crystal/subgel phase (Lc), the ógelô-

phase (Lɓ), which shows little disorder, the órippleô- 

phase (Pɓ), in which the lamellar structure is deformed 

by periodic modulations, and finally, at highest 

temperatures, the liquid crystalline phase or the ófluidô 

phase (LŬ), which is characterized by a liquid-like 

disorder throughout the whole system. 

The three transitions LcŸLɓ, LɓŸPɓ and PɓŸLŬ are 

called the sub- pre- and main transition, respectively. 

The transitions between the different phases occur at 

defined temperatures depending on the lipid species. 

For the lipids in this study at the temperatures of the 

measurements only the main transition and 

occasionally the pre-transition are observed. 

The interaction between lipid bilayer and small 

amphiphilic molecules, such as short-chained alcohols, 

presents interesting prospectives [3] concerning the 

potential of lipid bilayer membranes to serve as model 

systems for studies of various biological processes [4] 

including permeability of the plasma membrane and 

molecular mechanisms of anaesthesia. As a general 

picture of alcohol-membrane interactions it is assumed 

that small alcohols (up to three Carbon atom) mainly 

interact by competing with water for hydration sites on 

membrane surface, whereas alcohols with longer chain 

preferentially bind inserting their tail within the 

membrane. In both cases this results in the alteration of 

the compactness and the fluidity of the bilayer and in 

an increase of lateral pressure on transmembrane 

proteins [5,6], by alcohols diffusing within the bilayer. 

These structural changes of the membrane can 

influence the conformation of proteins or other 

structures embedded in the membrane, providing a 

route in which alcohol or other small amphiphilic 

molecules influence the function of a cell.  

Experiments on phospholipid membranes have shown 

that alcohol can induce the interdigitated phase [
3
] and, 

at high concentration, even promote the assembly of 

some lipids into non-bilayer structures within the 

membrane interior [7,8,9]. In an ordinary membrane 

the hydrophobic thickness is approximately twice the 

length of the hydrophobic tails of a phospholipid while 

in the interdigitated phase the hydrophobic thickness is 

reduced to the sum of the length of the hydrophobic 

tails of a single phospholipid and the alcohol. 

In such a case the normal bilayer structure changes into 

a monolayer in which two alcohol molecules screen the 

phospholipid tails from the water phase.  

This kind of structure can be understood if we 

consider the location of the alcohol molecules in the 

bilayer. Due to the amphiphilic nature, the hydrophobic 

portion of the alcohol favorably interacts with lipid 

hydrocarbon chains, and the polar hydroxyl group 

remains free to form hydrogen bonds with polar atoms 

of the lipid head located near the water/lipid interface. 

So, lateral space is created between the head groups, 

leading to voids in the hydrophobic core. These voids 

are energetically unfavourable and thus the system will  
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minimize the energy by the formation of an 

interdigitated phase [10,11,12] There is also an 

entropic gain by phase [10,11,12] There is also an 

entropic gain by replacing the highly ordered water 

molecules at the interface with alcohol molecules 

[10,13,14]. This location in the head group region 

disturbs the natural microstructure of the lipid 

membrane and is apparently responsible for the 

observed increases in membrane fluidity, permeability, 

lipid lateral mobility, for the decreasing main phase 

transition temperature and for the formation of an 

interdigitated phase. 

In this study the effect of the anaesthetic molecule 

hexanol on the main transition and on the structure of a 

multilamellar model lipid membrane have been 

investigated by performing differential scanning 

calorimetric (DSC), Nuclear Magnetic Resonance, X-

Ray diffraction and volumetric measurements. 

Materials and Methods  

      The phospholipid 1,2-palmitoyl-sn-glycero-3-

phosphocholine (DPPC) was purchased from Avanti 

Polar Lipids in powder form and hexanol from Sigma 

Chem. Co. All chemicals have been used without 

further purification. 

Samples for HR-MAS NMR and DSC experiments 

were prepared by dissolving the DPPC and hexanol, at 
1:2 molar ratio, in excess of 2:1 CHCl3/CH3OH 

solution. The solvent was removed under N2 flux to 

prevent oxidation and the lipid/alcohol mixture was 

then diluted with D2O to a 10% by weight 

concentration. The solution was vortexed in order to 

obtain multilamellar vesicle, and then sonicated and 

subjected to temperature cycling between -4 and 50°C 

for six hours to form small unilamellar liposomes and 

to obtain homogeneity. 

DPPC and DPPC/hexanol have been weighed directly 

into the aluminium pans of the calorimeter in a quantity 

of 10.6 mg and 21.4 mg respectively. The samples 

have been sealed and then equilibrated at the lowest 

temperature for a period of time ranging from 0.5-2h 

prior to start the measure.  

Samples for XRD were prepared by spreading the 

solution of unilamellar liposomes on Silicon wafer and 

were left to equilibrate at 96% relative humidity for 

several days, the final water content was determinated 

by weighting. 

    DSC scans have been carried out from 5°C to 25°C 

using a Perkin-Elmer Calorimeter Pyris 1 at a scan rate 

of 1°C/min and repeated three times to check for 

reproducibility.  

Samples were placed in a sealed aluminium pan to 

prevent dehydration during the thermal analysis. 

Thermograms were recorded at a rate of 1 K/min. To 

ensure thermal equilibrium was reached and to verify 

the occurrence of hysteresis, different scans at 

increasing and decreasing temperature were carried out 

for each sample.  

High Resolution Magic Angle Spinning (HR-MAS) 

were carried out using a Bruker AVANCE NMR 

spectrometer operating at 700 MHz 1H-resonance 

frequency. Samples were spun at 10 kHz. Proton 

experiments were carried out at the resonance 

frequency of 
1
H. Resonance peaks were well resolved, 

with a typical peak line width of only 10-20 Hz.  

      X Ray Diffraction (XRD) measurements have been 

performed with a D8-ADVANCE Bruker 

diffractometer in the Bragg-Brentano geometry using 

the Cu KŬ1 line (ɚ=1.542 ¡).  

Each scan has covered 2ɗ from 0.9Á to 15Á with step 

size 0.02°, one second per step.  

During the measurements the samples have been 

hosted in a small chamber with 180° cylindrical 

Kapton windows. Temperature stability has been 

controlled by a PT100 and humidity has been adjusted 

by adding water solution into an open reservoir. 

      Volumetric measurements on lipid/alcohol bilayer 

mixtures were performed by the neutral flotation 

method. Within the range from ~ 0.9 to ~ 1.0 cm
3
/g, 

this technique allows to determine specific volumes of 

lipids with very high accuracy (± 0.002 cm
3
/g) [15,16]. 

A small amount (10 mg) of liposomes was dispersed in 
approximately 1 g of a D20-H20 mixture and 

centrifuged at 25°C and at 3500 rpm for a period of 1 

up to 12 hours. Vigorous vortexing of the sample is 

resulted in visually homogeneous sample with a milky 

appearance. The multilamellar vesicles sink when 

suspended in a solution with a lower density than the 

lipid and float if the solution has a higher density, and 

this process is facilitated by centrifugation. The density 
of the lipid was obtained by varying the D20-H20 ratio 

until the suspension neither sank nor floated. 
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Figura 1: 700 MHz magic-angle spinning 1H spectra for DPPC:hexanol:D2O [1:2:40] (continuous line), and 

DPPC:D2O [1:40] (dotted line) in the liquid and gel phase, respectively at 5° above and below the main 

transition temperature. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figura 2: X ray diffraction spectra from DPPC gel (dotted line), DPPC:Hexanol [1:2] in liquid (continuous 

line) and gel (dashed line) phases. The inset shows the thermograms of both systems. 
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 Results and Discussion 

The thermograms obtained for DPPC and DPPC:Hexanol 

[1:2] are shown in the inset of fig.2. In DPPC both pre 

and main transition Tm are clearly observed [17,18] at 

36°C and 42°C. The addition of a high hexanol 

concentration results in a broadening and in a shifting to 

the lower temperature of 30°C of the main transition, 

whereas the pre transition appears to be suppressed. As 

suggested by previous results on DMPC [19], and on 

DMPC [20] at lower alcohol concentration, the observed 

decrease of chain-melting phase transition temperature 

can be considered as indicative of a disorder of lipid 

chains induced by hydrocarbon chains of alcohol 

molecules. 

HR-MAS spectra for DPPC and DPPC:Hexanol [1:2] in 

both L  andL  phase are shown in fig:1. By an analysis 

of the chemical shift of 
1
H, the presence of hexanol in the 

membrane is revealed by a peak at 3.55 ppm assigned to 

the first CH2 in the alcohol chain while the signal from 

the remaining CH2 is merged with that of the 

phospholipid chains at 1.28 ppm. In the L phase the 

spectra are quite similar, a small modification is observed 

at 4.20 ppm and around 2.43 ppm that are related to 

resonance in the glycerol group while resonances from 

the lipid core are almost unperturbed. In the gel phase the 

main differences are observed in the lipid tail region, 

indicating that the alcohol induces a bigger disorder in the 

acyl chains, consistent with an interdigitated phase. This 

is in agreement with the result of Feller [12], who found 

that methyl groups of ethanol have strong cross-relaxation 

with chain signals, suggesting that the alcohol molecules 

are oriented with their methyl groups towards the 

hydrophobic bilayer core. In our case this effect is even 

stronger due to the longer chain of hexanol.  

The XRD spectra, shown in fig.2, for DPPC/hexanol/D2O 

[1:2:7] were collected in the gel and liquid phase, and 

were compared to that of DPPC/D2O [1:7] in the gel 

phase. Several Bragg peaks from the lamellar structure of 

the multi bilayers are clearly observed, albeit in the case 

of DPPC/hexanol/D2O gel phase a distribution of 

distances seems more appropriate. From these data the 

lamellar spacing D is obtained and corresponds to 60.0 

Å for DPPC, 57.5 Å and 47.0 Å for DPPC-hexanol in the 

liquid and gel phase respectively. The shortening of D in 

the gel phase of DPPC-hexanol accounts for an almost 

complete interdigitation, in fact the difference found in 

bilayer thickness amounts to 10.5 Å. Such a length 

corresponds to the difference in ten 2

DPPC and Hexanol acyl chains; assuming a length of  

1.0 Å for chain unit, on the basis of a molecular model of 

alkane [21,9]. From the found lamellar spacing D values 

and the molecular volumes, calculated by neutral flotation 

method, it is possible to 

determine the polar head area, A, for the investigated 

systems. In fact we can write for the volume of bilayer 

constituents (lipid and water) the relation: 

(Vl+nwVw)=AD/2, where Vl is the phospholipid or 

phospholipid/alcohol volume, nw is the number of 

hydration water molecules and Vw is the volume of a 

single water molecule, this latter estimated to 30 Å
3
. That 

procedure was applied to DPPC gel and DPPC:hexanol 

liquid phase where the interlamellar distance is clearly 

identified, the results are shown in the following table. 

The obtained area of DPPC polar head in gel phase is in 

good agreement with literature [22,23] confirming the 

validity of the method. The increased value of A in 

presence of hexanol (+14 Å
2
) supports the location of 

alcohol head next to membrane polar head [8]. In fact the 

hexanol head area can be estimated as 6 ± 1 Å
2
, from 

accessible surface reconstruction of 1-hexanol.pdb. 

Moreover we observe also a compacting of the alcohol 

within the bilayer. The hexanol neat volume is 208,5 Å
3
 

while the value found in DPPC is 189 Å
3
 (-9.3%). This 

effect was also reported [24] in Molecular Dynamics 

simulation of hexanol in DMPC membrane, although to a 

lesser extent: -7.4%.  

Concluding remarks We have investigated the 

interaction of bio-mimetic membrane with hexanol by 

means of Calorimetric, Nuclear Magnetic Resonance, X 

ray diffraction and accurate density measurements. To our 

knowledge this is the first study that combine this 

different techniques to obtain detailed structural 

information on membrane-alcohol systems. The obtained 

results support the evidence of an interdigitated phase for 

the DPPC:Hexanol [1:2] membrane and confirm the 

insertion of alcohol with the polar portion close to 

phosholipid heads and with the chains in contact with the 

bilayer hydrophobic core. The structure interdigitated 

phase shows a greater disorder in the chains region then 

that observed in the ordinary gel phase. 

 

 

 sample 
Volume 

(Å
3
) 

% hydration 

by weight 

number of 

waters/lipid 

D/2 

Å 

Head area 

Å
2
 

DPPC 1145 1 18  1 7.4  0.5 30.01 45.5 

DPPC/hexanol 1524 1 13  1 6.8  0.5 28.98 59.6 

Tabella 1: Calculated quantities relative to DPPC and DPPC:Hexanol multi bilayer structure. 
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Abstract 
The experiments at the Relativistic Heavy ion collider 

(RHIC) have given clear indication of the formation of 

Quark Gluon Plasma (QGP). One way to probe the QGP 

is to exploit the quenching of minijets. We study the 

correlation between different observables of the jet 

quenching  like the nuclear modification factor RAA (pT), 

the elliptic flow and the ratio of quark to gluon 

suppressions. We show that the temperature (or entropy 

density) dependence of the in-medium energy loss 

strongly affects the relation among these observables. In 

particular the large elliptic flow and the nearly equal 

RAA(pT) of quarks and gluons can be accounted for only if 

the energy loss occurs mainly around Tc and the q ź g 

conversion is significant. The use of an equation of state 

fitted to lattice Quantum Cromo Dynamics (QCD) 

calculations seems to contribute to both the enhancement 

of v2 and the efficiency of the conversion mechanism. We 

have the intention, in the near future, of analyzing the 

results of these studies with a parton cascade that permits 

to take into account both collisional and radiative 

contribution to the energy loss. 

Introduction 

The main subject of the heavy ion experiments at the 

Relativistic Heavy Collider (RHIC) at the BNL and at the 

Large Hadron Collider (LHC) at CERN is to create a new 

state of matter, the Quark Gluon Plasma (QGP). One way 

to probe the created matter is to study the  jet quenching 

.i.e. to exploit  the high energy jets (pT >> T) produced in 

the initial stage of the collisions. They are internal probes 

propagating through the fireball and interacting with the 

medium, hence carrying information on its properties as 

proposed long ago in Ref. [1]. It has indeed been shown 

that the matter has a very high opacity respect to high pT 

partons that traverse the hot medium in agreement with 

the expectations about the energy loss in QCD medium. 

This energy loss can be quantified by the suppression of 

observed hadron spectra at high transverse momenta pT. 

We have constructed a model that has permitted us to 

study the correlation between different observables of the 

jet quenching like the nuclear suppression factor RAA(pT), 

the elliptic flow v2 and the ratio of quark to gluon RAA(pt). 
We suggest that the study of the correlation between the 

elliptic flow v2(pT) and the flavor dependence of the 

quenching RAA(q)/RAA(g) is rich of information on the 

temperature dependence of the quenching and on the 

mechanism of parton flavor conversion. We find that an 

energy loss that increase as T ŸTc, the q źg in-medium 

conversion and the expansion-cooling of the fireball 

according to a lattice QCD EoS all go in the direction of 

improving the agreement with the three observables.  

 MOdeling of the jet quenching 

In our model the density profile of the bulk is given by 

the standard Glauber model while the hard parton 

distributions in momenta space are calculated in the Near 

Leading Order (NLO) perturbative Quantum 

Cromodynamics pQCD scheme. For the hadronization the 

Albino-Kramer-Kniehl (AKK) fragmentation function are 

used. For further explanation see ref. [2]. As regards the 

jets energy loss we employ various schemes for the 

quenching, however to make a connection to the large 

amount of effort to evaluate gluon radiation in a pQCD 

frame we will use also the Gyulassy-Levay-Vitev (GLV) 

formula at first order in the opacity expansion [3, 4]. 

                        (1)                

                                                                                                                                        

where CR is the Casimir factor equal to 4/3 for quarks and 

3 for gluons, ɛ = gT is the screening mass with g=3 in 

agreement with lattice Quantum Cromo Dynamics 

(lQCD) results [5] and Ű is the time minus the initial time 

Űi=0.2 fm. Furthermore considering massless partons at 

midrapidity E=pT. There are corrections to Eq.(1) coming 

from higher order that can be approximately accounted 

for by a rescaling Z factor of the energy loss. However 

this not really relevant for the objectives of the present 

work because we will renormalize the energy loss in order 

to have the observed amount of suppression RAA (pT) for 

central collisions. Usually in the GLV, as well as in other 

approaches, the temperature evolution of the strong 

coupling Ŭs is discarded. We will consider the impact of 

such a dependence to understand the amount of T 

dependence that can come simply from the asymptotic 

freedom in a pQCD approach. The scale dependence of 

the strong coupling can be written as: 

                            

(2) 



Activity Report 2010 ï Dottorato di Ricerca in Fisica, Università di Messina 

 62 

2

0

2

2

0

2

2

)/(

)/)(2cos(
)(

ddpNdd

ddpNdd
pv

T

T

T

Where ɓ0  =2/3Nf and the thermal scale Q
2
=2ˊT

2
 which 

allows to get a correct behaviour of the screening mass ɛ 

on the energy scale. 

In Fig.1 we show by dot-dashed and dashed lines the 

temperature dependence of the energy loss for the GLV 

with a dependence of the coupling(GLV- Ŭs(T )) and with 

a constant coupling  Ŭs = 0.27 (GLVc). Moreover we have 

also shown two other opposite cases for ȹE/ȹŰ: the thick 

line that shifts the energy loss to lower temperature 

(hence low density ɟ or entropy density s) as suggested in 

[6, 7] and the other (thin line) that gives a dominance of 
quenching at high T, considered here just for comparison 

respect to the opposite case. 

We have applied our modeling of the jet quenching for 

Au+Au collisions at 200 GeV for nucleons and in Fig. 2 

we can see that, once the amount of quenching is fixed for 

the most central collisions, the dependence on centrality 

are correctly predicted with a GLV formula for quenching 

with Ŭs constant and also with Ŭs dependent on T. Hence 

looking at RAA one is not able to clearly discriminate the 

temperature dependence of the quenching. 

 

 

 
   Figure 1: Temperature dependence of the energy loss for a parton 

at pT =10 GeV. By dashed and dot dashed line the GLV energy loss 

with constant and T dependent Ŭs coupling (see text). The thick line 

is the case in wich the energy loss take place only closer to the phase 

transition and the thin line represents an opposite case in which the 

energy loss take place only at high T. 

Angular and flavour dependence of quenching  

The first analysis of jet suppression has shown that it is 

very difficult to have an agreement between models and 

experiments for the dependence of the RAA on the 

azimuthal angle ű respect to the reaction plane in non 

central collisions. Such a dependence arise from the 

ñalmondò (elliptic) shape of the overlap region of two 

colliding nuclei. In particular for large pT > 6GeV where 

hard processes dominate, partons penetrating the fireball 

in different directions lose different amount of energy 

according to their varying paths that on average are larger 

in the out of plane direction. A measure of this effect is 

provided by the second Fourier coefficient of the 

distribution, namely the elliptic flow:  

 

                    

                   

(3)  

                                               

 

Unexpectedly, measured v2(pT ) happened to be 

considerably larger than what jet quenching models 

predicted. We have explored the relation between the 

temperature dependence of quenching and the value of 

the elliptic flow and in Fig. 3 we can see that even if the 

amount of total quenching has been fixed to the 

experimental value of RAA(pT) the amount of elliptic flow 

is strongly dependent on the temperature dependence of 

the ȹEloss.  

 

 
 Figure 2: Nuclear modification factor as a function of the 

number partecipant in Au+Au at 200 GeV for nucleons, obtained 

with GLV formula  with Ŭs constant and also with Ŭs dependent on T 

. 

 

This correlation is due to the fact that, at variance with 

RAA(pT ), the v2(pT ) has a longer formation time because 

the minijets have to explore the shape of the fireball to 

realize its asymmetry. It seems to be quite likely that 

experiments are telling us that quenching is likely to be 

not proportional to the matter entropy density or 

temperature, but a decreasing function of it. This is what 

is essentially discussed also in Ref.s[6,7] where however 

it was implicitely assumed that the amount of quenching 

of quarks and gluons are equal among them and to the 

hadronic one. Here we relax such assumptions showing 

that the temperature (or entropy density) dependence of 

ȹEloss modifies not only the v2(pT) but also the relative 

amount of quenching of quarks and gluons.  

Quark to Gluon Modification Factor 

The QCD due to its SU(3) Lie algebra gives a factor CR = 

9/4 larger for the energy loss of gluons respect to that of 

quarks. For this reason sometimes it is implicitly assumed 

that the ratio between the suppression of the gluons 

RAA(g) and the suppression of quarks RAA(q) is such that 
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RAA(q)/RAA(g) = 9/4. From this expectation one would 

think that the (anti-)protons are more suppressed respect 

to pions because they come more from gluon 

fragmentation than from quarks fragmentation respect to 

pions. The data at RHIC however has shown that even 

outside the region where coalescence should be dominant 

[8, 9] the protons and the antiprotons appear to be less 

suppressed than the pions and ɟ
0
 [10, 11]. Again we can 

see that going beyond the simple amount of quenching 

given by RAA(pT ) neither the azimuthal dependence nor 

the flavor dependence of the quenching appear to be in 

agreement with the data. We call this open issues the 

òazimuthalò and the òflavorò puzzle respectively. 

 

 
Figure 2: Elliptic flow for the pions coming from quark and gluon 

fragmentation for the different T dependence of the energy loss as 

shown in fig. 1.The dashed area shows the experimental 

observations 

 

 
Figure 3: Ratio of quark to gluon RAA for different T dependence of 

the energy loss as shown in Fig. 1. The dashed area approximatively 

shows the value expected for the ratio according to experimental 

observations and using the AKK fragmentation function. 

 

We will show that even if RAA for central collisions is 

fixed to be ~ 0.2 also the RAA(q)/RAA(g) is significantly  

affected by the temperature dependence of ȹEloss.  

In Fig. 3 we show the ratio of the RAA(q)/RAA(g) for four 

different temperature dependences of the energy loss 

ȹEloss as in Fig. 1. We can see that the standard GLVc 

energy loss does not give the expected ratio 9/4 for 

RAA(q)/RAA(g) but a lower value around 1.8 which 

represents already a non negligible deviation from 2.25. 

We can however see that if the energy loss would be 

strongly T dependent and dominated by the T~ Tc region 

RAA(q)/RAA(g) can increase up to about 2.3 while 

oppositely if it is dominated by the high temperature 

region (thin solid line) the RAA(q)/RAA(g) can become as 

small as 1.5. For  a more detailed description of these 

observations see ref. [2]. 

Correlation between RAA(q)/RAA(g) and elliptic 

flow 

We have seen that an energy loss predominant at low T 

move v2  toward observed data but move the ratio between 

the nuclear suppression factor away from experimental 

indications. This is evident if one look at the upper 

symbol of Fig. 4. Infact this figure show directly the 

(RAA(q)/RAA(g), v2) plot. In light of this to solve the 

òflavor puzzleòinelastic collisions that cause a change of 

the flavor has been invoked [12, 13, 14]. Such a process 

would at the end produce a net conversion of quarks into 

gluons. Hence a decrease of gluon suppression respect to 

the direct suppression and an increase of the quark one. In 

Ref. [12] it has been calculated the conversion rate of a 

quark jet to a gluon jet and vice versa due to two-body 

scatterings. An enhancement factor Kc = 4ī6 that 

accounts for non-perturbative effect is needed to produce 

a nearly equal suppression of quarks and gluons. The 

lower symbols in Fig. 4 corresponds to the results 

including the rate of inelastic collisions and we can see 

that this process allows to get closer to the experimental 

observed value of a v2 ~ 0.1 and an RAA(q)/RAA(g) ~1. 

This happens because the flavor conversion change the 

RAA(q)/RAA(g) without modifying the elliptic flow of 

pions.  

 

 
Figure 4: Correlation between the RAA(q)/RAA(g) and the elliptic 

flow for pions (6 <pT <10 GeV). The squares refer to calculation 

without jet conversion while the triangle are results including jet 

conversion with a Kc=6 factor 
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Impact of the equation of state  

We have observed that if the quenching is predominant 

near the phase transition the question arises of the correct 

equation of state. In fact the free gas approximation is no 

longer a reasonable approximation. We have made some 

explorative studies on the impact that a more correct 

equation of state (EoS) can have on the correlation 

between RAA(q)/RAA(g) and v2(pT ). We have obtained a 

more correct relation  between density and temperature 

making a fit to the lattice QCD data [15]  

       (4) 

 

where ɓ(T) is a temperature dependent coefficient 

                              

(5) 

with a = 0.15 and n = 1.89 and of course for T >> Tc one 

gets ɓ ~ 1/3. In order to estimate the impact of this 

correction we have performed a simulation for the 

ȹEloss(T ) behavior represented by the thick solid line in 

Fig. 1 which is similar to the delayed energy loss 

proposed by Pantuev [6] as a solution for the observed 

large elliptic flow. We consider only this case because it 

is of course the one that is much more affected by the 

modification implied by Eq. (4). The results are given by 

open symbols in Fig. 4. The open square is the result 

without the inclusion of the flavor conversion mechanism 

and shows a further increase of both v2(pT) and 

RAA(q)/RAA(g), in line with the previously seen 

correlation. The enhancement of the v2(pT) in itself  is due 

to the fact that with a EoS the system spend more time 

close to Tc, therefore in order to have the same amount of 

suppression most of the energy loss occurs later. However 

more interestingly the inclusion of the qźg conversion 

results to be more efficient that in the previous case 

generating a strong decrease of RAA(q)/RAA(g) while 

keeping the same v2(pT). 

The stronger effect of flavor conversion is again due to 

the longer lifetime. The final result is a combination that 

move the final value of both v2(pT) and RAA(q)/RAA(g) 

much close to the experimental ones shown by the shaded 

area in Fig. 4. 

Conclusion  

We have pointed out the impact of peculiar T 

dependences of the Eloss on both v2(pT) and 

RAA(q)/RAA(g) and their correlation. Moreover we have 

spot the relevance that the EoS may have in case of Eloss 

dominated by the T ~ Tc region. In any case our study  

although already revealing several interesting indications 

is mainly explorative. A more quantitative analysis should 

be performed with more sophisticated models that include 

the energy loss fluctuations, realistic gain and loss process 

and a more accurate description of the bulk. To take in 

account these last considerations we are developing a  

3+1 dimensional Montecarlo cascade for on shell partons 

based on the stochastic interpretation of the transition 

rate. Moreover  it is our intention  to study how the longer 

lifetime and higher temperatures reached at LHC energies 

affects the correlation observed in the studies presented in 

this paper. 
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Abstract 
 Membranes cover a very important role in the field of 

the biological transport processes, regulating the flux of 

substances in and out of the cells. Actually surveys are 

underway with the aim to find applications in industrial 

and medical fields. Several studies have been performed 

in order to obtain a selective permeation of the 

membranes from some substances in respect to other 

ones. To understand their functionality is useful to study 

the dynamics that characterize these systems. Our survey 

is based on the investigation of aligned phospholipidic 

multi-bilayers by means of quasi-elastic neutron 

scattering (QENS) oriented to examine dynamics 

characterizing hydrophobic tails, distinguishing in 

particular the dynamics parallel and perpendicular to the 

plane of the membrane. 

Introduction 

Membranes assume a crucial task in the living 

organisms[1]: they constitute a separation barrier between 

the inside and the outside of the cells and, above all, they 

regulate the selective transport of substances from and 

towards the cells, permitting a correct osmosis and 

forbidding some elements to pass through the cytoplasm. 

The complexity of these objects makes their study very 

difficult  so we approximate them with more simple 

structures: phospholipidic bilayers. They are characterized 

from hydrophilic heads bound to hydrophobic tails and 

they are invariably polymorphic, that is, they can exist in 

a variety of different kinds of organized structures, 

especially when hydrated. They can form bilayer 

structures or spherical structures like liposomes: the 

particular polymorphic form that predominates depends 

not only on the structure of the lipid molecule itself and 

on its degree of hydration, but also on such variables as 

temperature, pressure, ionic strength, and pH[2,3]. 

Several techniques are used to investigate these bilayers: 

optical analysis like Raman and IR spectroscopy[4], 

NMR studies[5-7] and QENS[8-12]. These techniques 

permit us to obtain many information about several 

dynamics that can be divided in collective motions or 

singular motions. In this paper we focus our attention on a 

QENS study of DMPC (1,2-dimyristoylsn-glycero-3-

phosphatidylcholine), a phospholipid bilayer, in order to 

investigate hydrophobic tails dynamics and to distinguish 

between slow and fast motions that characterize the 

bilayer.   

                      

Experimental details 

Sample preparation 

DPPC(1,2-dihexadecanoyl-sn-glycero-3-phos-

phocholine) powder sample has been purchased from 

Avanti Polar Lipids. It has been mixed with a solution of 

naphthalene/chloroform (1:1) and, then, have been dried 

in a glove box under nitrogen gas. Finally, the samples 

have been hydrated with D2O vapour to reach full 

hydration. Each sample has been obtained by stacking 

five sheets together forming a wafer of about 100 mg with 

a scattering power of 8% (88% incoherent). The full 

hydration of these systems (28 D2O molecules per 

phospholipid) has been verified by weighting the samples. 

The contribution of water molecules amounts to 8%. The 

alignment of phospholipids has been obtained by 

hydrating samples, at 40 °C, in high relative humidity for 

several days and has been checked performing X-ray 

diffraction on a Bruker instrument. 

Spectrometer 

The IN5, time of flight (TOF) spectrometer, at ILL 

Facility (Grenoble), has been used to perform neutron 

scattering measurements on the phospholipids. 

This instrument is used to study low-energy transfer 

processes as a function of momentum transfer, typically, 

in the region of small energy and momentum transfer 

values, with an energy resolution of the order of ŭE/E = 

1% (e.g. quasi-elastic scattering in solids, liquids, 

molecular crystals and inelastic scattering with small 

energy transfers in the order of magnitude 0.1-250 meV). 

Samples were run in two orientations for the normal to 

membrane plane and beam direction. 

At ɗ = 135°, the dynamics are mainly probed mainly in 

the membrane plane. At ɗ = 45°, it is probed mainly along 

the normal (off plane) direction. All scans have been 

performed starting from an equilibrated liquid crystalline 

phase hydrated with 28 D2O molecules per lipid. 
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            Figura 1:Data fits 

 

  
Data analysis 

Quasi-Elastic Neutron Scattering data have been also 

collected on IN5 at a resolution of 37 ɛeV.  We have 

measured the same DMPC+28 D2O multi bilayer 

sample at T = 307 K in the 135° orientation. The data 

have been fitted by performing a linear least-square 

analysis and using Minuit program. We have 

employed Havriliak-Negami distribution function but, 

unfortunately, this procedure hasn't provided 

satisfactory results.             

The line shape is well represented by the sum of a 

Delta function and two Lorentzian functions 

convoluted with the instrumental resolutions. We have 

assumed as fit parameters the areas of the three 

functions and the half width at half maximum 

(HWHM) of the two lorentzian curves: 

32
1 2 32 2 2 2

2 3

I A A A    (1) 

As it can be observed in Figure 1 the data are fitted 

quite well over a broad range of exchanged energies, 

the small deviations at negative energies are related to 

the tail of the density of states. The fitting curves have 

been displayed on logarithmic scale to highlight the 

fit/error ratio. As it can be observed by the fitted 

values in figures 2-3-4, the protons in the investigated 

system show two kind of motion: a fast one and a 

slower one. The fast motion can be assign to a 

vibration of the proton around his position, while the 

slow motion can be assign to a rotation around the 

carbon atom.  

In the spectra, the decreasing of the Delta area with Q 

in the spectra, suggests the presence of confined 

dynamics. Moreover the free diffusion of lipids is too 

slow to be observed at the used experimental 

resolution and it is hidden inside the last one. 

A minimal model to analyze the obtained areas 

consists of by the convolution of two, uncorrelated, 

confined dynamics each described by a Delta function 

and a Lorentzian 

2 2
1 slow

slow slow

slow

I A A  

2 2
1

fast

fast fast

fast

A A                (2) 

which expands,  developing the products, to 

2 2
1

fast

slow fast slow fast

slow fast

I A A A A

2 2
1 slow

fast slow

slow

A A  

2 2
1 1

slow fast

fast slow

slow fast

A A               (3) 

Considering that, from an experimental point of view, 

the second and the last term will have approximately 

the same half-width, the model will reduce to an 

expression composed of three terms, similar to that 

used to fit the data. 
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Figura 2:HWHM of the two motions. 

 

 

 

Figura 3: Areas of the three components. 
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Experimental results 
From the above relations the shape of the slow and 

fast EISF can be determined. A simple fit with a 

Gaussian model will provide the following values for 

the root mean square displacement: 

<u
2
>=0.37Å

-1 

   
 <u

2
>=0.54Å

-1           
                                         (6) 

   
 <u

2
>=0.91Å

-1 

This values are in agreement with the findings of 

IN13 experiment and moreover the EISF data, 

collected on the two instruments are very similar, but 

the amplitude of the motion is wider on IN13 since the 

higher resolution allow the observation of slower 

motions which span wider regions. 

 

 

 
Figura 4: EISF of the motions. 

 

 
Figura 5: EISF comparison between IN5 and IN13 results. 
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Conclusion 

Our work has highlighted the presence of motions that 

involve hydrogen atoms of the phospholipidic 

hydrophobic chains. The model which we have proposed 

is similar to other ones available in 

bibliography[8,10,13,14] and this permits us to utilize it 

on more complex system. Successive studies will take in 

consideration the presence of alcohols between 

phospholipids in order to observe their influence on 

membrane dynamics and on the hydrogen dynamics we 

have investigated in this paper. The final goal is to 

understanding the action mechanisms of membranes to 

improve applications in several fields. 
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Abstract 

We theoretically study the time-control of the strong 

coupling regime between a single cascade three-levels 

quantum emitter and a microcavity demonstrating that, 

depending on the arrival times of the control pulse, 

different non-adiabatic quantum electrodynamics effects 

can be observed. In particular, we show the possibility to 

perform which-path and quantum eraser operations, 

allowing us to switch on and off coherence. 

Introduction 

Quantum Physics and engineering greatly benefit from 

control over photons and quantum emitters [1]. In the last 

years, new technical advances allowed the construction of 

high finesse-optical microcavities [4]. This permitted 

quantum emitters to absorb and spontaneously re-emit a 

photon many times thus establishing a strong coupling 

regime of light-matter interaction. This regime was 

investigated in many physical systems such as atoms, 

quantum dots in optical microcavities, circuit QED 

systems [2-10]. 

In this letter, time control over strong coupling between a 

single cascade three-levels quantum emitter and a 

microcavity is studied. Attention is paid to the transition 

from the strong coupling regime to the weak one and vice 

versa. Recently, ultrafast control of strong coupling 

regime has been achieved in a quantum well waveguide 

structure observing sub-cycle switching-on of the 

coupling [11]. This opened up a domain of exotic 

quantum electrodynamics phenomena enlightening the 

Physics of non-adiabatic light-matter interaction [12,13]. 

Our findings closely follow those of reference 11 as far as 

switch-on is studied. Instead, weôll present a detailed 

temporal study of switch-off showing a complex 

behavior. 

The model 

The starting point of our study is the master equation for 

the density operator 

[ , ]i H L  (1) 

where the Hamiltonian reads 

 

0 I inH H H H  (2) 

 

with 

 
À

0 ,

,1,2

j j j a

j g

H a a  (3) 

  

À

1,2 . .IH g a H c  (4) 

 

and 

 
* *

,1( ) ( ) . .in p c gH t a t H c  (5) 

 

Here a  stands for the destruction operator for the cavity 

mode and ,  denotes the transition 

operator of the levels of a quantum emitter (figure 1). 

( )p t  and ( )c t  respectively are a Gaussian coherent 

probe pulse resonant with the 1
QE QE

g  transition 

and a  

Gaussian driving control pulse resonant with the 

1 2
QE QE

 transition.  
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Figure 1: Single cascade three-levels quantum emitter scheme. The 

pump and control pulses are respectively resonant with 2 1 

and 1 g  transition.  

The Markovian interaction with reservoirs is 

described by the following Liouvillian terms 

 

À À À1
( 2 )

2

exL L L L L L L  (6) 

 

where various scattering channels are described 

by different Lindblad operators L . The decay 

channels 2 1 and 1 g  are respectively 

represented by 
2 1 2 1 2L  and 

1 1 1gL g . The pure dephasing operators 

relative to the levels 1
QE

 and 2
QE

 are 

1,2 ,

dL . Starting from the master 

equation (1) we can derive on open hierarchy of 

dynamical equations for the cavity-photon and 

exciton populations and coherences whose 

solution need some approximation. Because of 

the weakness of input pulses feeding the cavity, 

the excitation energy is small. Hence, we can 

take advantage of a widely adopted scheme 

allowing truncation with respect to the number 

of photon number states to be included. 

Results 

Figure 2a shows the intracavity photon 

population. At 0t ps the cavity is in the 

vacuum state and the QE is in the ground state. 

At  2t ps, a weak pulse resonant with cavity 

is sent. Since levels 2  and 1  are unoccupied, 

cavity photons decay exponentially in 

accordance with the cavity decay time 1 a .  c 

           

 

                  

Figure 2a: Exciton population 1,1 , photon population 
Àa a  

and its coherent part 
2

a  before (weak coupling) and after 

(strong coupling) the arrival of the control pulse. Figure 2b: 

Spectrum underlying the transition from weak coupling (one peak) 

to strong coupling (two peaks). The time window is 35ps  

 

At 25t ps, we send a control pulse with area 

 and 0.4FWHM ps, which, being resonant 

with the transition 1g , populates the level 

1 . This leads to almost instantaneous vacuum 

Rabi oscillations of period RT . The parameters 

we use are: coupling constant 100g eV , 

dampings 20a eV , 1 2 eV , 2 5 eV , 

pure dephasing 0d  and energies such that 

1 1.32848eV , 2 12 2.28meV. It is 

plain a loss of coherence of photon field after 

the switch-on as a consequence of the decay of 

the effective coupling 1,1  during the 

oscillations. The evaluation of the power 

spectrum 

2

, ( ) exp

T

T

S T a t i t dt  of 

the coherent part of the light field confirms the 

transition from weak coupling regime to the 

strong one. 

(a) 

(b) 
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Figure 3: A probe pulse is followed by two control pulses. If the 

second control pulse is sent in correspondence of the maximum (a), 

then 
Àa a  and its coherent part 

2| |a  exponentially decay. If it 

is sent at the time of a minimum (b) then cavity-photon population 

continues oscillating while the coherence goes to zero. If the control 

pulse is sent in the middle between the maximum and the minimum 

(c) and an odd coexistence of (a) and (b) phenomenology is seen. 

 

This is testified by the transition from a single 

peak centered at the energy of the cavity a Rabi 

doublet (figure 2b).  

After having studied the switch-on, we turn to 

switch-off by sending another control pulse with 

area  and 0.4FWHM ps. The quantum 

state after sending the probe and the first control 

pulse can be approximated by 

 

( ) ( ) 1 1 ( ) 0 1 ( ) 0 2t t t t  (7) 

 

When the second control pulse arrives at a 

cavity maximum, the state suddenly becomes 

 

( ) ( ) 1 ( ) 0M t t t g  (6) 

 

which, being 1  unoccupied, follows a free 

evolution. As described by figure 3a, the cavity 

population exponentially decays while its 

coherent part 
2

a  is preserved. When the 

second control pulse arrives at a cavity 

minimum (figure 3b), the state suddenly 

becomes 
 

( ) ( ) 0 ( ) 0 2m m m mt t g t  (6) 

 

Such state evolves in 

 

( ) ( ) 1 1 ( ) 0 ( ) 0 2m t t t g t  (6) 

 

because the emission of a light quantum from 

the transition 2 1
QE QE

 is allowed. This 

implies that cavity photon population oscillates 

while ( ) ( ) 0t a t . This striking result is a 

direct consequence of quantum 

complementarity principle [14]. Performing a 

measurement of the quantum emitter state, we 

can discriminate whether the light quantum 

comes from the cavity or from the quantum 

emitter. Knowing which way the photon took, 

means destroying the coherence. We obtained 

an hybrid coexistence of the two cases just 

described by sending the control pulse in the 

midway between the maximum and the 

minimum as described by figure 3c: the 

coherent part of the transmitted light performs 

an exponential decay characteristic of weak 

coupling regime while the incoherent one 
2Àa a a  evolves following a strong 

coupling dynamics. 

We decided to investigate the possibility of 

recovering the lost coherence, by sending a 

third, identical, control pulse in correspondence 

of a minimum. As shown by figure 4a, the 

coherence is  abruptly recovered if a third 

control pulse is sent at another photon 

minimum. Instead, if the control impulse is sent 

in correspondence of the maximum of the cavity 

population then the coherence is not recovered 

while the cavity population performs a weak 

coupling dynamics (figure 4b). 
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Figure 4: We send a control pulse, followed by a probe pulse and 

other two control pulses. While in (a) the last control pulse is sent in 

correspondence of a minimum implying the re-emerging of 

coherence, in figure (b) the last control pulse is sent in 

correspondence of the maximum and the coherence continues to be 

lost. 

 

Many are the applications of the rich physics 

here described. The possibility to get  

technological applications is corroborated by the 

fact that the switching is robust against pure 

dephasing and greater dampings as shown by 

figure 5a. We chose the state of art parameters: 

coupling  120g eV, damping 50a eV , 

1 5 eV , 2 15 eV , pure dephasing 

1 8d eV , 2 16d eV , 1 1.32848eV , 

2 12 2.28meV. It is also interesting to 

notice that this protocol is widely valid for the 

temporal FWHM 0.4c RT  (figure 5b). The 

results here obtained show that the presented 

scheme could be useful for exploiting the 

triggered generation of single and two photons 

pulses and for ultrafast controlling of coherence 

[15].  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 5a: Robustness of the phenomenological findings against 

state of art conditions; Figure 5b: phenomenology with respect to 

the FWHM of the control impulse. 
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Abstract 
A brief description of the research activity performed in 

the laboratories of the PhD courses in Physics of the 

Messina University is reported. The research is developed 

mainly in the areas of matter structure, applied Physics to 

Cultural heritage and environment, theoretical and nuclear 

physics. 

The different Laboratories of the Physics Areas that are 

used by the PhD student are the following: laboratory of 

acoustic and dielectric spectroscopy; laboratory of plasma 

physics; laboratory of spectroscopy, biophysics and 

applied physics; laboratory of IR and Raman 

spectroscopy; laboratory of complex systems Physics 

(optical spectroscopy, thermodynamics, NMR); 

laboratory of dilatometry and ultrasound spectroscopy; 

laboratory of calorimetry, thermal conductivity and low 

temperatures; laboratory of Raman and micro-Raman 

spectroscopy; laboratory of thin films and 

nanotechnology; laboratory for the preparation of 

nanostructures and STM microscopy. In the field of 

theoretical physics is employed the laboratory of 

informatics for simulation calculations, while in the field 

of nuclear physics that of the radiation processing, data 

elaboration and applied nuclear physics and the study of 

nuclear reactions. 

 

Introduction 
The Doctorate in Physics of the Messina University 

focalizes its activities on four educational and scientific 

curricula with the aim to provide a satisfactory degree of 

competence and professionalism in the field of 

Condensed matter, Nuclear Physics, Bio-Physics and 

cultural heritage and environmental Applied Physics. 

The research activities are developed mainly at the 

Physics Department and at the Matter Physics and 

Electronic Engineering Department of Messina 

University, at the National Institute of Nuclear Physics 

(INFN) and at the Institute for Chemical and Physical 

processes (IPCF) of Messina CNR. 

However the PhD student, during the 3 years of 

Doctorate, often uses also other National and 

International Laboratories facilities. 

In the last three years (2008-2010), for example, the 

International Laboratories where researches were 

conducted by Messina PhD Physics students were: 

Institute Laue-Langevin-Grenoble; Università di Nancy, 

France; Inst. Plasma Physics and Laser Microfusion, 

Warsaw; ASCR of Prague; PALS Lab., Prague; GSI 

Helmholtzzentrum, Darmastadt, Germany. 

 

Brief description of the Research laboratories 

used by PhD Physics Students 
The laboratories of the PhD course are summarized in 

Table I. 

 

Laboratory  Responsible 

Laboratory of plasma physics Prof. L. Torrisi 

Laboratory of acoustic and dielectric 

spectroscopy 

Prof. M. Cutroni 

Laboratory of spectroscopic 

techniques, biophysics and applied 

physics 

Prof. S. Magazù 

Laboratory for studying nuclear 

reactions on nucleons and nuclei 

Prof. G. 

Giardina 

IR and Raman Spectroscopy 

Laboratory 

Prof. D. 

Majolino 

Nuclear Physics Laboratories Prof. R.C. Barnà 

Laboratory of low temperature 

physics 

Prof. G. Carini 

Laboratory of microanalysis, 

spectroscopic techniques and 

nanomaterials 

Prof. F. Neri 

Tab. I 

 

Laboratory of plasma physics 

Instruments: Laser Nd:YAG, 1064 nm e 532 nm, 3 ns, 

0-300 mJ, mass quadrupole spectrometer with energy 

filter HIDEN EQP 300, classic mass quadrupole 

spectrometer BALZERS PRISMA 300, Faraday cup for 

time-of-flight measurements, optics and vacuum systems, 

detection electronics, optical spectrometer (Fig. 1). 

Research activity: the experimental setup consists in a 

Nd:Yag laser, operating at 1064 and 532 nm, with a pulse 

width of 3 ns and maximum energy of 300 mJ. The beam 

is focalized through a optical lens at a distance of 50 cm, 

in order to have, in the solid target, inside a vacuum 

chamber, a laser spot of around 1 mm
2
 at pressure of the 

order of 10
-6
 mbar. The interaction of the beam with the 

target produces an ablation and consequently plasma 

generation [1]. 

Applications: diagnostic of plasma laser-generated, 

deposition of thin films (Pulsed Laser Deposition), laser 

welding, nuclear physics (Laser Ion Source, D-D fusion),  
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Vacuum chamber 

Laser system 

EQP 300 

cultural heritage applications (compounds, isotopic ratios, 

surface patina analysis). 

 

 

 

 

 

 

 

 

 
Fig. 1: Experimental setup of the Laboratory of Plasma Physics of 

Messina (a) and a CCD camera photo of a fast laser-generated 

plasma (b). 

 

Laboratory of acoustic and dielectric spectroscopy  

Instruments: setup for ultrasound analysis (MATEC 

TB1000 e MATEC 6000), setup for wide band 

measurements, wave guides. 

Research activity: it is developed in the field of the 

condensed states physics and concerns principally 

problems of disorderly systems behavior. Different 

techniques, structural and dynamics, are employed: 

ultrasound (kHz-MHz), fully employed in physics and 

engineering for non-destroying tests (NDT), dielectric 

spectroscopy (systems for wide band measurements 10
-3
 

Hz - 2 GHz), that consents to measure the real part Ů '(ɤ), 

and the imaginary part Ů (ɤ),  of the complex  permittivity 

of a material (solid, liquid) in a wide range of frequency 

10
-3
 Hz-2 GHz, at temperatures between 450 °K and 3 °K 

using only one sample. Wave guides (8.2 GHz ï 40 GHz) 

are also employed for measurements of the complex 

permittivity at a frequency in the microwave range with 

transmission lines at rectangular wave guides and at 

temperatures between the room value and 10 °K [2]. 

 

Laboratory of spectroscopic techniques, biophysics and 

applied physics 

Instruments: experimental setup for static and quasi-

elastic scattering measurements, infrared spectrometer for 

biophysics interests systems.  

Research activity: the laboratory disposes of top-table 

devices (spectroscopic techniques of elastic type, quasi-

elastic and inelastic of electromagnetic radiation) useful 

to the dimensional and morphologic, qualitative, 

structural, dynamic and thermodynamic characterization 

of a wide class of materials of physical, biotechnological 

and industrial interest. The laboratory disposes of 

instrumentations for measurements and analysis for 

ambient studies (electromagnetic pollution, air pollution, 

é) [3]. 

Applications: investigations about the mechanisms of 

bio-protection, micro-emulsion, gel micro-emulsion, 

innovative materials, physical and chemical properties of 

macro-molecular and polymeric systems of biological 

interest and optimization of physical devices for energetic 

and industrial fields. 

 

Laboratory for studying nuclear reactions on nucleons 

and nuclei 

Research activity: study of barionic resonances by 

mesons photoproduction at the facility ELSA in Bonn 

(Germany) within the international cooperation BGOOD. 

The Messina group in BGOOD has the tasks of 

experimental setup simulations (activity carried out in 

site) and of hardware and software administration of 

hydrogen and deuterium cryogenic liquid target (activity 

carried out in site and at ELSA).  

Study of reactions induced by heavy ions for the 

production of superheavy elements. The experimental 

activity is carried out at China Institute of Atomic Energy  

(CIAE) in Beijing (China). Activity of calculation, 

experimental data analysis and interpretation is carried 

out in site. 

Study of Bremssthralung radiation emitted during 

spontaneous fission processes and alpha decay of heavy 

elements [4]. 

 

IR and Raman Spectroscopy Laboratory 

Instruments: Interferometry Spectrometer BOMEM 

DA8 for IR absorption measurements in Fourier 

Transform (FT-IR), for measurements in Attenuate Total 

Reflectivity (ATR), for FT-IR  micro-spectroscopy and 

Raman scattering measurements in Fourier Transform.  

Pulverizer, hydraulic press, digital balance and electric 

stirrer with temperature control  (50 °C ï 350 °C)  to 

prepare and store  samples. 

Portable XRF Analyzer ñAlpha 4000ò Innov-Xsystems 

for X-Ray Fluorescence measurements (XRF). 

Research activity: complete characterization of dynamic 

and structural and/or compositional properties of matter, 

both in liquid state and solid state by the use of 

complementary spectroscopic tecniques. Thanks to the  

not invasivity of the techniques, these spectroscopic 

methodology can surely find a large and natural 

application in a lot of  fields nowadays fundamental [5].  

Applications: archeometry, characterization, storage and 

recover of cultural heritage, biomedicine and/or 

biophysics. 

 

Nuclear physics laboratories 

Radiation processing laboratory 

Instruments: Linac of electrons of 5 MeV  (nominal 

energy 5 MeV, peak current 1-200 mA, pulse time 3 sec, 

peak power 1 MW, power 1 kW, repetition frequency 1-

300Hz, frequency RF 2.997 GHz, No. accelerating 

cavities 9, no magnetic lens, beam diameter 4 mm). 

Applications: creaction of new hydrogels, improvement 

of mechanic properties of  UHMWPE and wood 

properties by impregnation and irradiation, study of the 

gas diffusion in irradiated Black PE, filament winding, 

dejection of mycotoxins of  food flour, substances 

released during the irradiation of different types of PE, 

radiative treatment of  adhesive joints for structural-type 

applications in the aerospace and automobile field, 

recognizing of materials by non destructive testing 

techniques, calibrations to recognize irradiated foods,  

 

Plasma generato ai LNS
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development of new dosimeters for radiation processing 

and project of accelerating systems for industries 

interested [6]. 

Informatics Laboratory 

Instruments: cluster of parallel computation (6 double-

processors + file server). Protocols of Parallel 

Computation : PVM (Parallel Virtual Machine), MPI 

(Message Passing Interface). 

Research activity: Monte Carlo Simulation of radiation 

processing treatments by MCNP-4C2 code (Monte Carlo 

N Particle, version 4C2) and data analysis relative to 

experiments  carried out with the CHIMERA 

multidetector (LNS). 

Applied Nuclear Physics Laboratory  

Instruments: lecture systems for optical dosimeters 

(Gafchromic) and rivelation system of cooling Ge(Li) + 

spectrometer Ŭ. 

Research activity: dose and dose-rate measurements, 

environmental radioactivity measurements (Radon 

measurements on samples of aspirated air on porous 

filters, radioactivity measurements in drinking water and 

on building materials). 

 

Laboratory of low temperature Physics 

Experimental techniques: mechanical spectroscopy and 

ultrasounds; low and high temperature calorimetry; 

Brillouin and Raman spectroscopy; low temperature 

techniques; high magnetic fields; preparation of glasses 

and polymers.  

Topics: influence of the disordered topology on the 

physical properties of materials; glass transition; low 

energy excitations; vibrational and relaxation dynamics.  

Research activity: solid state physics. Materials: glasses 

and polymers [7].  
 

Laboratory of microanalysis, spectroscopic techniques 

and nanomaterials 

Laboratory of microanalysis 

Instruments: microanalysis, imaging and depth profiling 

using XPS, high yield (tens of analysis/day), visual 

control of positioning for the microanalysis, argon ion 

gun for removing surface layers, electron gun to reduce 

the effects of electrical charging of insulating materials, 

software and libraries for the automatic recognition of the 

chemical composition (Thermo Scientific K-Alpha). 

Automated setup for measuring dc electrical conductivity 

as a function of temperature (100-550 °K) using the volt-

amperometric method for voltage or constant current. The 

system is equipped with a cryostat cooled with liquid 

nitrogen with optical windows, to measure 

photoconductivity. 

Measurements of profilometry and roughness on surfaces 

by scanning with lateral resolution of about 10 microns, 

and vertically up to 10 Å (Profilometer KLA-Tencor 

Alpha Step 500). 

Research activity: physical-chemical diagnostics, 

morphological, structural and electrical engineering, 

micro- and nano-scale solid surfaces and thin film 

multilayer structures. By means of X-ray photoemission 

spectroscopy (XPS), the surface compositional mapping 

on the micrometer scale and the effects due to the 

overlapping layers of different materials are analyzed, 

through the depth profile analysis. The study of 

compositional and structural properties of thin films of 

SRO (Silicon Rich Oxide) and silicon oxy-nitride devices 

for applications in power MOSFETs and thin-film 

photovoltaic converters was recently approached [8]. 

Laboratory of spectroscopic techniques 

Instruments: Raman spectroscopy system. Back-

scattering configuration, laser sources: multi-line Argon, 

diode pumped Nd:YAG (second harmonic), He-Ne. 

Analyzer: flat field Triax 320 monochromator coupled 

with a BX 40 Olympus microscope and equipped with 

gratings of 1800 and 600 lines / mm holographic filter to 

eliminate the elastic scattering component. Detector: 

Diode matrix CCD 1024 × 128, cooled with liquid 

nitrogen. Mapping micrometer with lateral resolution 1X1 

(2 ɛm) using automated XY translation. Setup for 

measurements on colloidal solutions using a 10X lens 

focal length. 

Non-linear optical spectroscopy (Z-scan technique). 

Measurement system in the open and closed configuration 

of a pulsed laser beam transmission (Nd:YAG, 5 nsec), 

focused by a radiometric system with two sensors and the 

scanning engine of the sample along the optical axis. 

Research activity: physical-chemical characterization of 

bonding structures of materials in the form of thin films 

and colloidal solutions of nanoparticles: thin films of 

SRO (Silicon Rich Oxide), silicon-carbon alloys and 

carbon-based nanostructured systems, colloidal solutions 

of nanoparticles of metallic oxides and metallic 

nanoparticles for applications SERS (Surface Enhanced 

Raman Spectroscopy). Analysis of nonlinear optical 

response of colloidal systems of nanoparticles-based 

carbon and silicon: study of the absorption coefficient and 

refractive index as a function of laser pulse repetition rate, 

concentration and solvent. 

Laboratory of nanomaterials 

Instruments: Nd-YAG laser pulse until the fourth 

harmonic (266 nm), power adjustable up to 180 mJ 

(second harmonic), pulse duration 5 ns, repetition up to 

20 Hz, optical beam focusing, handling and control of the 

metal target submerged in liquid (system for laser 

ablation in liquids). 

System for spraying deposition of thin layers of colloidal 

solutions: the technique of spraying by automated 

airbrush is a methodology used for the transfer of 

nanoparticles in colloidal phase on surfaces of various 

kinds (even flexible). The system consists of a 

compressed gas atomizer with interchangeable nozzles of 

various sizes. The nozzle is placed on a medium which 

ensures a movement for a uniform distribution of 

nanoparticles on the surface to be coated. The jet is 

directed into a deposition chamber that houses a sample 

holder heated to a temperature higher than the 

evaporation of the solvent.  A system for the removal of 

moisture in the deposition chamber is also provided. 
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Research activity: synthesis, laser ablation in liquids, 

and characterization of nanostructured metal oxides for 

the production of gas sensors and applications of metal 

nanoparticles for SERS (Surface Enhanced Raman 

Spectroscopy). 

 

Other research facilities 
At the Physics Department of Messina other research 

facilities are opened to the PhD students, such as the PC 

network, the electronic library, the dedicated simulation 

programs, the didactic laboratories and in a special 

manner, the collaboration between other laboratory 

facilities in the Messina territory with Our University. 

The INFN Laboratory of South (LNS), the Regional 

Museum of Messina, the RIS Investigation, the Medicine 

investigation techniques (TAC, Nuclear Medicine, 

Radiology,é) and other Specialized Laboratories of the 

Science Faculty of Messina University, for example, 

represent some of the other research opportunities opened 

to our Physics PhD students.    

 

Conclusions 
The experience accumulated during the years of doctoral 

and skills acquired allow the PhD doctors to aspire to 

scientific careers in universities, institutes of higher 

education in research institutions and national (CNR, 

INFN, ENEA, ENI, etc..) and International Laboratories, 

with a special screening in Europe. It is also possible an 

use as senior management of the electronic components 

industry, of the production of advanced software, of the 

telecommunications industry and in structure of the 

economy within its expertise in the field of numerical 

simulation of macro processes of change in the financial 

world and trade. The professionalism of a PhD doctor 

allows also the inclusion in any facility operating in areas 

requiring advanced professional skills through computer 

programming and simulation models of complex 

processes and teaching in secondary schools of physics, 

mathematics, electronic and information technology. 
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Abstract 

The Istituto per i Processi Chimico-Fisici (IPCF) was 
established in 2000 within the reform of the 
scientific network of the Italian National Research 
Council (CNR), and began officially its scientific 
activity in January 2002. The IPCF brings together 
the research expertise of six CNR research units, 
among which the former Institute for Spectroscopic 
Techniques in Messina, established in the first part 
ÏÆ ȭψπȢ 4ÈÅ ÄÉÓÔÉÎÇÕÉÓÈÅÄ ÆÅÁÔÕÒÅ ÏÆ ÔÈÅ )0#& -ÅÓÓÉÎÁ 
unit has been always the strong synergy with the 
Faculty of Science of the University. Many IPCF 
researchers have obtained their degree or Ph. D. at 
the University of Messina and they still maintain 
scientific collaborations with the academic staff of 
the University  (in particular with the Departments 
of Physics, Chemistry and Engineering). The IPCF 
Messina unit is composed by 34 permanent staff, 
among which 24 researchers. Although the unit is 
characterized by a strong multidisciplinary research 
approach, filling competences both theoretical and 
experimental in many research fields, namely 
Physics, Chemistry, Electronic Engineering, 
Informatics and Mathematics, the common scientific 
denominator is focused on the study of the Soft 
Condensed Matter. Within this scientific field the 
research activity is subdivided in four main lines, 
often intersecting with each other.  
NanoSoftLab: The research in this laboratory is 

focused on the light-matter interaction at the 

nanometric scale for imaging, manipulation, 

modelization and spectroscopic analysis of 

nanostructured soft materials and complex fluids. 

Laboratory of Disperse Systems: The scientific 

activity of this laboratory is mainly carried out in the 

field of colloidal science (biological macromolecules, 

microemulsions, LATEX particles), of glass-forming 

liquids, of polymeric solutions and gels by using 

basically light scattering techniques. 

Laboratory of Spectroscopic Techniques: The main 

research lines of the laboratory concern on the study of 

the thermodynamic properties of liquids and complex 

fluids by means of both experimental and 

computational approaches and on the analysis of 

structural and optical properties in thin films deposited 

by laser ablation. 

SOLARE:  The study of the photochemical and 

photophysical properties of some materials useful to 

convert light energy in electrical energy represents the 

main scientific subject of the laboratory.   

A brief introduction of the historical origin of the 

Messina Unit and a short overview of the scientific 

activities of the IPCF will be presented. 

The origin 

The scientific activity of Research teams working at 

IPCF Messina finds its cultural roots back to a time 

when the first Italian research groups operating in the 

field of Soft Condensed Matter Structure were formed, 

and when words like Complex fluids or Soft Matter had 

not yet entered common usage and, most probably, 

were not even conceived. At the end of the fifties, and 

still over for a couple of decades, there was continuous 

succession of prominent figures in the Italian and 

international physics scenario, who contributed to 

made Messina a particularly lively and creative 

environment. This circumstances promoted the growth 

of a motivated and promising group of Researchers, yet 

suffering the consequences of a functional limit, at 

least at that time, when Messina was considered 

essentially a place of passage. In addition, the interest 

of most scholars that passed for Messina, was focused 

on the study of solid state and the properties arising 

from long distance coordination (which is typical) in 

crystal lattice.  An important exception was represented 

by Mario Tosi: first, during his stay in Messina, his 

theoretical activity was mainly focused on the study of 

liquid system, still, his stay lasted long enough (from 

1969 to 1974) to determine the birth of a school. 

Another exception was represented by Franco 

Wanderlingh who graduated in Physics in Messina in 

1960 - with Daniele Sette (one of the founders of 

GNSM and a Professor in Messina in 1959) ï then 

moved to Rome to follow his master to return to 

Messina in 1969 as a Lecturer in Physics to remain for 

the rest of his long career. Within this group the 

research was focused on the study of that class of 

materials which today are known as Soft Matter, such 

as colloids, polymers and macromolecular systems 

which are characterized by the fascinating coexistence 

of order and disorder. This type of investigation 

required, from an experimental point of view, the 

extensive use of spectroscopic techniques. It was 

Franco Wanderlingh who conceived the idea of a CNR 

Laboratory aimed just to spectroscopy: it would have 

to be called Lates (Laboratory of Spectroscopic 

Techniques) and, when in 1980 the idea became an 

operating reality, the structure was transformed into a 

true Institute named ITS (Institute of Spectroscopic 

Techniques).  
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The Institute was created on the basis of reasons and 

purposes which were clearly defined, the research 

program was as clear as its total harmony with the 

Institute of Physics of the University of Messina. At 

the time of its foundation it was equipped with a new 

tool for Raman spectroscopy and the two first 

Researchers of the Institute were hired; and new tools 

and personnel units came soon after. Cirino Vasi took 

over Franco Wanderling in 1992, at the time there was 

a staff of six researchers, five technicians and one 

administrator. In 2000, when following a reform of the 

CNR the ITS ceased to exist to become a section of 

IPCF (Institute for Physical Chemical Processes), the 

structure, with now 22 units of staff, was grown and 

self-operating. The spectroscopic equipment was by the 

time renovated and expanded to new techniques. There 

were also some well-identified applications outcoming 

from the research in the field of sensors and in the 

spectroscopic investigation of manufacturing which did 

represent an interest for Cultural Heritage. Finally, the 

site became a destination for foreign researchers for 

long period of internship, training and specialization.  

 

 
 

The group of Messina has continued to grow and now 

has 34 staff units. The scientific competence of the unit 

has increased as evidenced from the large production of 

scientific articles that appear annually in journals of 

good standard. After eight years from the 

establishment, in September of 2010 the Messina unit 

has renewed as main seat of IPCF the Pisa unit. 

 

The inner organization 

At present, the scientific activities of the Messina 

group are organized in four Laboratories; each of them 

follows a specific research lines with the Soft 

Condensed Matter as common denominator. 

Furthermore, the collaborations with the several 

research units within the Faculty of Science are always 

very active and the synergy with the Departments of 

Physics keeps on being a basic prerogative. In the 

following paragraphs a short and not at all exhaustive 

survey of the scientific activities carried out into the 

Messina Unit of IPCF is presented.  

NanoSoftLab: Nano-bio-technologies are at the 

frontier of scientific research, exploiting new materials 

featuring intrinsic nanometer scale dimensions with 

unprecedented functionalities. This field requires the 

development of novel technologies for the fabrication 

of property-designed materials, new tools for analysis, 

imaging and manipulation of nano-objects in different  

 

 

environments, new sensors featuring better sensitivity, 

specificity, versatility. The research activity of the 

NanoSoftLab is devoted to nanostructured soft 

materials with innovative and unconventional optical 

properties. This includes the synthesis of metal 

colloidal nanoaggregates (Au, Ag) with engineered 

optical resonances, the dispersion of carbon nanotubes, 

the exfoliation of graphene in watery solutions, the 

analysis of silicon-based semiconducting 

nanostructures and of room temperature ionic liquids. 

We develop tools for optical manipulation (Optical 

Tweezers), nanoscale imaging (Near-Field 

Microscopes) and spectroscopic analysis (Raman, 

Fluorescence, Force spectroscopy). Moreover, we 

combine the unique features of each technique to 

fabricate novel instruments with better performances 

aimed at immuno-fluorescence imaging (Fluorescence-

SNOM), nanoscale Raman spectroscopy (Tip 

Enhanced Raman Spectroscopy), Force spectroscopy 

with femtoNewton sensitivity (Photonic Force 

Microscopy) and optical spectroscopy of individual 

nanoparticles in liquid environments (PL/Raman 

Tweezers). Fluorescence and Raman spectroscopy are 

routinely employed to study the electronic, vibrational 

and thermodynamic properties of nanoparticles 

(semiconductors, carbon nanostructures), biomolecules 

(proteins) and complex fluids (ionic liquids). 

Fundamental studies on the fluid dynamics of 1D and 

2D nanoparticles are carried out with the aid of optical 

Tweezers. Label-free molecular sensors, based on 

Surface-Enhanced Raman Spectroscopy, are studied 

experimentally via extinction and multiwavelength 

Raman spectroscopy. Modeling of the electromagnetic 

scattering properties from metal nanoparticles and 

optical trapping is carried out in the T-Matrix 

formalism.  

Laboratory of Disperse Systems: The topics of the 

research activity concern the study of complex fluids, 

with particular attention to polymer solutions, micelles, 

microemulsions, glass forming liquids, gels, aerosols, 

which have a very important role both as models of 

molecular and atomic systems and for their 

applications, for instance, in pharmaceutics, food 
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industry and environment control. The properties of 

such systems depend on the organization of their 

constituting molecules at a mesoscopic scale.  

 

 
 

Therefore, the knowledge of the structural features of 

molecules or aggregates of molecules (like shape and 

size), of the dynamical properties (i.e. translation and 

rotation motions) and of stability (due, for instance, to 

electric charge or temperature) is the necessary basis 

for the design of proper materials possessing the 

desired peculiarities: the expected response to thermal 

or mechanic stress, a higher effectiveness in food 

conservation or in delivering drugs to target tissues, or 

specific properties for applications in optoelectronic 

devices, just to cite some examples. The experimental 

investigation is mainly carried out by light 

spectroscopy: elastic (also at small angle) and quasi-

elastic light scattering (also electrophoresis), inelastic 

light scattering, time-resolved fluorescence, small 

angle X-ray scattering and X-ray Photon Correlation 

Spectroscopy.  

LATES Laboratory of Spectroscopic Techniques: 

The research activity of the LATES laboratory is 

hinged on the study of the thermodynamic properties of 

liquids and complex fluids by means of both 

experimental and computational approaches. From 

experimental point of view the use of the Brillouin 

spectroscopy (Fabry-Perot interferometer) and of other 

spectroscopic techniques allow for probing the 

structural properties of molecular liquids. At the sane 

rate, the computational approach to the modelling of 

Soft Condensed Matter systems is also a active 

research sub-line of the LATES cooperating with the 

experimental work to interpret the results. In the last 

period many efforts has been devoted to the 

investigation of electrorheological effects in hydrogen-

bonded systems consisting in a rapid and reversible 

change of the apparent viscosity of a fluid under 

application of an external electric field. Another 

research field of the LATES laboratory is the pulsed 

laser deposition technique which has become one of 

the most powerful methods to obtain a wide class of 

materials in the thin film form. The technique is based 

on the removal of material (ablation) from a target by 

means of a collimated beam of high energy laser 

(excimer, CO2, Nd:Yag laser).  

 

Furthermore, some researchers of LATES are taken up 

in the PANAREA project in collaboration with STFC 

(Science & Technology Facilities Council) in building 

of a new experimental station at ISIS (Oxford, UK) 

integrating a ñPencil Beamò neutron diffraction 

apparatus and Energy-Selective Neutron Imaging and 

Tomography. The goal of this international project is 

the building of a portable apparatus for Neutron 

Imaging and Tomography tests.  

SOLARE: Research at the SOLARE lab mainly 

concerns on the characterization and preparation of 

nanostructured materials, macromolecules and dyes for 

dye sensitized solar cells (DSSC); particular attention 

is devoted to the selection and preparation of dyes from 

natural products acting as sensitizers in DSSC. The 

properties of natural dyes depend on the organization 

of their energetic levels, which are responsible of the 

absorption spectra and electrochemical properties. 

Furthermore, the activity is also focussed on the 

development of photoanode semiconductor materials, 

nanostructured carbon cathodes, polymer electrolytes 

and to the device assembly.  

 

 
 

The tests on devices components and solar cells are 

mainly carried out by current voltage measurements 

under standard solar illumination, photoaction spectra, 

and absorption UV Vis Spectra. 
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Abstract 

Understanding the equation of state (EOS) of 

asymmetric nuclear matter is of fundamental 

importance and underpins our knowledge of many 

aspects of nuclear physics and astrophysics. The EOS 

describes the relationships between the energy, 

pressure, temperature, density and isospin asymmetry = 

(n-p)/ for nuclear matter [Dan02]. It can be divided into 

a symmetric matter contribution that is independent of 

the isospin asymmetry and an isospin term (also known 

as the symmetry energy) that is proportional to the 

square of the asymmetry [Lat00, Lat01, Lat04]. The 

EOS of asymmetric nuclear matter is also a quantity of 

crucial significance in understanding the physics of 

isolated and binary neutron stars, type II supernovae 

and neutron star mergers. Experimental information 

about the EOS can help to provide improved 

predictions for neutron star observables such as stellar 

radii and moments of inertia, crustal vibration 

frequencies [Lat04, Vil04], and neutron star cooling 

rates [Lat04, Ste05], which are currently being 

investigated with ground-based and satellite 

observatories. 

We propose to study neutron and proton elliptic flows 

in isospin asymmetric heavy-ion collisions in order to 

provide quantitative information on the symmetry term 

in the nuclear equation of state at supra-saturation 

densities. Simultaneous measurements of neutron and 

proton directed flow, neutron-proton ratios and light 

fragment flows and ratios will also be made. The 

systems 197Au+197Au at 400 and 800 AMeV, 

96Ru+96Ru and 96Zr+96Zr at 400 AMeV will be 

investigated. 

To do this several detectors will be installed  in GSI 

(Helmholtz Centre for Heavy Ion Research GmbH), 

each capable of investigate different physical 

observables. 

Neutrons, protons and hydrogen isotopes will be 

detected and identified with LAND while the modulus 

and orientation of the impact parameter will be 

measured at forward angles with a set of detectors of 

high effective granularity, consisting of a combination 

of several rings of CsI detectors of CHIMERA and the 

ALADIN Time-of-flight wall. Light fragments will be 

measured with a combination of the R3B CALIFA 

prototype Si/CsI array and the Krakow telescope array. 

The data from this experiment, together with previous 

studies by FOPI at SIS/GSI of charged particle, pion 

and kaon observables in the 197Au+197Au, 

96Ru+96Ru and 96Zr+96Zr systems, will constitute a 

comprehensive set of observables predicted to be 

sensitive to the symmetry energy. It can then be used to 

broadly test the theoretical predictions and provide 

initial constraints on the symmetry energy at supra-

saturation densities. It is intended that this experiment 

is the start of a programme of measurements to 

constrain the equation of state of asymmetric nuclear 

matter using both stable and rare isotope beams at the 

present GSI facility and in the future at FAIR. 

Introduction 

Measurements of isoscalar collective vibrations, 

collective flow and kaon production in energetic 

nucleus-nucleus collisions have constrained the 

equation of state for symmetric matter for densities 

ranging from saturation density to five times saturation 

density [You97, Dan02, Stoi04, Fuc06]. Nevertheless, 

the conclusions are model dependent and a consistent 

description of all available experimental data 

employing one type of equation of state is still lacking. 

However, the EOS of asymmetric matter has 

comparatively few experimental constraints [Bro00]. 

Recent measurements of the Giant Monopole [Li07], 

Giant Dipole [Tri08] and Pygmy Dipole [Kli07] 

resonances in neutron-rich nuclei, isospin diffusion 

[Tsa04], neutron/proton emission [Fam06] and 

fragment isotopic ratios [Tsa01, Igl06] have provided 

initial constraints on the density dependence of the 

symmetry energy at sub-saturation densities. In the 

near future, refinement of these measurements with 

both stable and rare isotope beams will provide further 

stringent constraints at sub-saturation densities.  

In contrast, nearly no experimental constraints exist on 

the symmetry energy at supra-saturation densities i.e 

 and above. This is the domain with the 

greatest theoretical uncertainties and the largest impact 

on the understanding of neutron stars [Lat01, Lat04]. 

The behaviour of the symmetry energy at supra-

saturation densities can only be explored in terrestrial 

laboratories by using relativistic heavy-ion collisions of 

isospin asymmetric nuclei. Several potentially useful 

experimental observables which should be sensitive to 

the behaviour of the symmetry energy at supra-

saturation densities have been identified, including 

neutron and proton directed and elliptic flows [Li00, 

Li01, Li02, Yon06a, Gre03], neutron/proton ratios 

mailto:tminniti@unime.it
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[Fam06, Li97, Li06a, Li06b],  ratios and flows 

[Li04, Yon06b], [Fer06] and  [Li05a] 

ratios. It is likely that consistent measurements of all of 

these will be necessary to provide definitive constraints 

on the symmetry energy. Recently, three sets of 

existing FOPI data have been analysed with the aim of 

providing a first examination of the symmetry energy 

behaviour at supra-saturation densities. It should be 

noted that none of the experiments were specifically 

designed and optimised to provide constraints on the 

symmetry energy. Firstly, the double  

 

 

 

 

ratio  was measured in 
96

Ru+
96

Ru and 
96

Zr+
96

Zr 

collisions at 1528 AMeV using the FOPI detector at 

GSI [Lop07]. The results are consistent with a thermal 

model prediction and the assumption of a soft 

symmetry energy for infinite nuclear matter. However, 

realistic transport simulations of the collisions 

demonstrate a significantly reduced sensitivity to the 

symmetry energy in comparison to the infinite nuclear 

matter calculations and a conclusion could thus not be 

drawn. Secondly, the recent systematic measurements 

of the  ratio in 
40

Ca+
40

Ca, 
96

Ru+
96

Ru, 
96

Zr+
96

Zr and 
197

Au+
197

Au reactions using the FOPI 

detector at SIS/GSI [Rei07] have been compared to 

calculations using the isospin- and momentum-

dependent hadronic transport model IBUU04 [Xia09]. 

The results provide circumstantial evidence suggesting 

that the symmetry energy is rather soft at . 

This finding, together with existing constraints on the 

symmetry energy at sub-saturation densities, indicates 

that the symmetry energy reaches a maximum between 

 and  and then starts to decrease at higher 

densities.  

Lastly, neutron and proton directed and elliptic flows 

were measured in 
197

Au+
197

Au collisions from 400 to 

800 AMeV using the LAND neutron detector and the 

FOPI Phase 1 forward wall [Lei93, Lam94]. 

Measurements of neutron spectra and flows are 

difficult and thus very few such measurements exist at 

these energies [Lei93, Lam94, Ven93, Zha95, Htu99]. 

While the purpose of these measurements was to find 

differences between neutron and proton flows, their 

analysis did not specifically aim to provide constraints 

on the symmetry energy, partially due to the limitations 

of the theoretical models available. We are currently 

reanalysing the data using the transverse momentum 

method for reaction plane determination [Dan85, 

Pos98] to extract the neutron and proton directed and 

elliptic flows [Rus08, Tra08]. This is being confronted 

with model predictions obtained with UrQMD [Li05a, 

Li05b, Li06b, Li06c] with the aim of providing the first 

constraints on the symmetry energy at supra-saturation 

densities from such observables.  

The data discussed here have placed some tentative 

initial constraints on the symmetry energy at supra-

saturation densities. However, as previously 

mentioned, these data sets are insufficient to pin down 

the symmetry energy. More experimental and 

theoretical work is clearly necessary to establish firm 

constraints and this is a major challenge for the future. 

We wish to establish a programme of experimental 

measurements specifically designed to study the 

symmetry energy at supra-saturation densities. This 

programme will study heavy-ion collisions of both 

stable and rare isotope beams. The use of reactions 

induced by rare isotope beams will bring additional 

insights into this topic. For example, the use of isotopic 

chains of nuclei such as Sn will allow observables such 

as double differential flow to be constructed [Li08]. 

Such observables are predicted to minimise the 

influence of the isoscalar potential but maximise the 

effects of the symmetry potential. The current GSI 

facility has worldwide unique capabilities for studies in 

this direction as beam energies of 0.1-2 AGeV are 

available which can produce densities of up to  

during the collision. Initially, we will concentrate on 

studies of reactions induced by stable beams which will 

complement previous measurements as outlined in the 

next section. Such a decision is also pragmatic as the 

quality of the rare isotope beams (intensity, emittance, 

etc.) available at the present GSI facility is insufficient 

for such studies. However, the new FAIR facility will, 

in the near future, produce rare isotope beams of 

sufficient quality, allowing us to use them to extend 

our programme. It should be noted that FAIR will 

present an absolutely unique opportunity to pursue 

these investigations as it will be the only facility 

worldwide to produce high intensity rare isotope beams 

with such high energies up to 1-2 AGeV. Such 

measurements will be made using R3B, which is one of 

the new experiments under construction for FAIR.   

Proposed Measurements 

Calculations with several different transport models 

have indicated that comparisons of the neutron and 

proton (or hydrogen) elliptic flows, particularly at high 

transverse momentum, represent one of the most 

interesting observables with measurable sensitivity to 

the strength of the symmetry term [Li08]. There are 

several theoretical reasons for this. Symmetry 

potentials act directly on nucleons, which are 

abundantly emitted in heavy-ion reactions at 

intermediate energies. Squeezed-out nucleons in the 

direction perpendicular to the reaction plane are mostly 

from the high density region formed during an earlier 

stage of the reaction, and they are thus not much 

affected by the spectator nucleons. One can construct 

various quantities from the measured neutron and 

proton elliptic flows such as ratios or differences. A 

comparison of the neutron/hydrogen v2 (elliptic flow 

parameter) ratio for the existing 
197

Au+
197

Au data set 

has been discussed previously. By constructing the 

difference between neutron and proton flow, it can be 

argued that the influence of the isoscalar potential is 

minimised, whereas the effects of the symmetry 

potential are maximised. This is because the isoscalar 
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potential acts equally on protons and neutrons whereas 

the isovector, or symmetry, potential has the opposite 

effect on neutrons compared to protons. Effects of 

other dynamical ingredients in the intermediate range 

of collision energies are also reduced. Finally, by 

weighting the neutron and proton elliptic flow by the 

number of free neutrons and protons, respectively, the 

effects due to both isospin fractionation with different 

elliptic flows of neutrons and protons are effectively 

combined. Note that measurements of proton and 

neutron elliptic flows will also be of fundamental 

importance in solving the questions related to neutron 

and proton effective mass splitting in asymmetric 

matter [DiT08]. Other nucleon-based observables are 

also predicted to be sensitive to the symmetry energy, 

including neutron and proton directed flow and 

neutron/proton ratios. As with all proposed symmetry 

energy observables, it is advantageous to make double 

measurements, i.e. of neutron-rich relative to neutron 

deficient systems. An important argument, besides the 

theoretically motivated advantages of the neutron-

proton differential flow observables outlined above, 

has come from the high precision that can be reached in 

measurements of collective flows. The agreement of 

directed and elliptic flow values for 
197

Au+
197

Au 

reactions in the energy range near 100 AMeV, 

measured at GSI with both, FOPI and INDRA 

detectors, has shown that an accuracy of the order of 

5% can be reached on an absolute level. This includes 

the corrections necessary to account for the dispersion 

of the experimentally reconstructed reaction plane 

[And06, Luk06]. Considerably smaller uncertainties, 

on the level of percent, can be expected for differential 

observables provided that data with sufficiently high 

statistics are collected. The use of mass-symmetric 

systems permits the application of additional methods 

for reducing systematic errors. We therefore propose to 

make neutron and proton elliptic flow measurements in 

three stable, isospin asymmetric, systems: 
197

Au+
197

Au 

at 400 and 800 AMeV, 
96

Ru+
96

Ru at 400 AMeV and 
96

Zr+
96

Zr at 400 AMeV. At the same time and with the 

same setup we will also be able to make measurements 

of the neutron and proton directed flow, neutron/proton 

double ratios and fragment ratios and flows. This will 

allow comparisons of the symmetry energy extracted 

using several different nucleon-based observables to be 

made.  

Our reasons for choosing these systems are as follows. 

For all three systems, data sets taken at GSI and 

Berkeley already exist across a wide range of energies 

and observables. In particular, FOPI at GSI has made 

detailed measurements of observables such as proton, 

light charged particle, pion and kaon yields and flows 

and  and  ratios. The experiment 

proposed here will add the neutron-proton flow and 

yield measurements to these data sets. This will 

provide us with a comprehensive set of measured 

observables predicted to be sensitive to the symmetry 

energy at supra-saturation densities. It will allow us to 

make wide-ranging tests of the predictions of the 

transport theories and make a cross-comparison of 

these different observables. This will be important as it 

is unlikely that any single observable will allow 

definitive constraints on the symmetry energy at supra-

saturation densities to be made. The 
197

Au+
197

Au 

system is heavy and neutron-rich and our simulations 

predict large effects of the symmetry energy on the 

neutron-proton observables for this system. As 

mentioned previously, neutron and proton flows were 

previously measured for this system between 400 and 

800 AMeV using the LAND neutron detector and the 

FOPI Phase 1 forward wall. We have shown some of 

the promising results from our re-analysis of this data 

set in the previous section. However the statistics limits 

the conclusions that can be drawn on the symmetry 

energy. We anticipate that the new measurement we 

propose here can increase the statistics by a factor of 

20-30 over the previous measurement (see Beam Time 

Request below). With such an increase in statistics, our 

errors will be reduced by around 4-5, which will enable 

us to put stringent constraints on the theoretical 

calculations. The 
96

Ru+
96

Ru and 
96

Zr+
96

Zr systems will 

allow us to compare neutron-rich and neutron-deficient 

systems and so construct double ratios, such as the 

double neutron-proton differential elliptic flow. The 
96

Ru and 
96

Zr combination is unique among stable 

isotopes in that it is mass symmetric and isobaric, i.e. 

only the N/Z ratio is changed. This will enable us to 

eliminate the mass effect from the flow measurements 

while enhancing the isospin effects.  

Coulomb effects will still be present in the reactions we 

have chosen to study. Clearly, for charged particles 

such as protons, the Coulomb potential plays an 

important role and will influence the neutron-proton 

observables sensitive to the symmetry energy discussed 

here. One thus has to carefully disentangle effects of 

the symmetry potentials from those due to the 

Coulomb potential. Several theoretical studies have 

advocated the use of reactions with nuclei from the 

same isotopic chain for this purpose, e.g. the Sn 

isotopes. Double ratios and differences can then be 

constructed which reduces the effects of the Coulomb 

potential on the observables. In doing this, however, 

mass effects will be present in the flow measurements. 

We have therefore chosen for this initial proposal to 

concentrate on mass symmetric systems and so 

eliminate the mass dependent effects on the flows. The 

additional advantages have already been stated above, 

namely that we will complete a comprehensive set of 

measurements for the 
197

Au+
197

Au, 
96

Ru+
96

Ru and 
96

Zr+
96

Zr systems of the observables predicted to be 

sensitive to the symmetry energy. We argue that, with 

the availability of such a comprehensive set of 

observables for these systems, the Coulomb effects can 

be understood and controlled in the transport model 

calculations. Nevertheless, later in this programme of 

measurements, it will be necessary to make 

measurements involving nuclei from the same isotopic 

chain, e.g. the Sn isotopes. The use of rare isotope 

beams from FAIR will be particularly advantageous in 

this regard. For example, the 
106

Sn+
112

Sn and 
132

Sn+
124

Sn reactions can be studied using rare isotope 

beams of 
106,132

Sn. 
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Experimental set-up 

A schematic diagram of the experimental setup is 

shown in Fig. 3. The experiment will use LAND as the 

calorimeter for neutron and charged particle detection 

in a geometry similar to the one used previously at 

SIS/GSI [Lei93, Lam94] to measure the neutron 

squeeze-out. Kinetic energies are obtained from the 

measured time of flight. LAND will be positioned at 

, so as to efficiently cover the mid rapidity 

kinematic region for suitably high transverse momenta 

pt. Here the optimum compromise between particle 

yields and the magnitude of collective flow which 

grows with pt will be determined from the existing 

data. 

 

 
 

Figure 3: Schematic diagram of experimental setup 

in Cave C. 

 

 

The determination of the modulus and orientation of 

the impact parameter will be achieved with a detection 

system with high effective granularity at forward 

angles consisting of several CsI rings of the 

CHIMERA multi-detector [Pag04] and the ALADIN 

time-of-flight wall. The simultaneous measurement of 

the atomic number Z and the azimuthal direction for 

fragment emissions at small angles will be essential for 

a precise determination of the impact-parameter vector. 

A simulation of the experimental setup, taking into 

account the finite angular coverage and the multi-hit, 

angular and identification resolutions, has been made 

in order to estimate the reaction plane resolution that 

will be achieved. The UrQMD calculations have been 

used as input to these simulations. Using the Q-vector 

method [Dan85] on the simulated data, a reaction plane 

resolution of  (resolution parameter 

) [And05, Oll97] can be achieved for an 

impact parameter range of 5.5 < b < 7.5 fm in 
197

Au+
197

Au collisions at 400 AMeV. In addition, the 

flow of light fragments will be measured with a 

combination of the R3B CALIFA prototype Si/CsI 

array [Cal08] and the Krakow telescope array 

positioned opposite from LAND at a similar laboratory 

angle. Since the experiment will be mounted in air, a 

back-angle target hodoscope will be used to distinguish 

interactions of the incoming beam with the air from 

those of the target. Fragments produced from reactions 

of the 
197

Au, 
96

Ru and 
96

Zr beams with the H/N/O in 

the air are mostly forward focused, whereas those from 

the mass symmetric reactions with the target also 

populate the phase space at backward centre-of mass 

angles. The back-angle target hodoscope can therefore 

provide a trigger for the reactions of interest. It will 

consist of the FOPI standard reaction counter to cover 

 and two rings of the Giessen hodoscope to 

cover . From the previous Au-Au 

LAND-FOPI Phase 1 experiment discussed earlier, it is 

known that the background stemming from neutrons 

scattered off the surrounding material accounts for up 

to ~20% of the neutron yield in the 
197

Au+
197

Au system 

at the beam energies under consideration. The scattered 

neutrons show a distinct flow pattern and are not 

azimuthally symmetric. In order to measure this 

background contribution to the experimental spectra 

and thus subtract it, high statistics background runs will 

be taken where an iron shadow bar will be placed in 

front of LAND to shield the detector from direct 

neutrons from the target. 

In the last weeks we have fitted the ring 4-5-6-7 of 

Chimera odoscope, which will serve to define the 

reaction plane, and then, the elliptic flows of protons 

and neutrons. A special support has been designed and 

set up, in order to move the 4 rings of Chimera 

odoscope in the correct positions required during the 

experiment. 

The Chimera electronic chain has been already 

installed at GSI and tested using pulsers and cosmic 

rays. Actually we are setting up an electronic chain 

necessary to produce a general time-stamp, in order to 

synchronize chimera acquisition system whit the other 

ones.  
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Abstract 
Every solid sample, when subjected to stress, always 

experiences ruptures of atomic bonds that originate 

ultrasound emission, called acoustic emissions (AE). 

Every additional stress causes the rupture of other bonds, 

close to the ones already broken almost in a chain 

reaction. 

Consider a time series of AE that are observed in a given 

time interval, and suitably define some more marked AE 

signals, and shortly call them ñAE eventsò. Select inside 

their set the ñeventsò that significantly differ from a 

supposedly normal distribution: they are named outliers. 

Given a temporal series of outliers, their intrinsic 

periodicity is representative of some natural phenomenon. 

In this way, AE provides with a measure and monitoring 

of natural periodic phenomena, which are typical of a 

given physical system. This information can be obtained 

by means of suitable algorithms. As far as the natural 

environment is concerned, it is expected to find evidence 

of the typical frequencies of solid Earthôs tides, and also 

of its seismic free oscillations (SFO). As far as 

measurements are concerned carried out on samples in the 

laboratory, the periodicities can are eventually evidenced 

are characteristic features of the atomic structure of the 

material being analyzed. 

The focus of the present study is the assessment of the 

logics and algorithms aimed at an automatic search for 

these periodicities. 

The database relies on AE recordings (200 kHz and 

25kHz) carried out during past years by the Istituto di 

Acustica e Sensoristica O.M. Corbino, CNR, of Rome at 

Orchi (Foligno). 

Introduction 

The application of a stress or strain to every given 

ñsolidò physical system generates a deformation of its 

atomic bonds, and, unless the material is ideally and 

unrealistically ñelasticò, some bonds will always yield. 

Rupture of a solid sample, however, will occur only at a 

comparatively much advanced stage of its ageing by 

fatigue. 

Whenever the rupture of some atomic bonds occurs, a 

stress redistribution occurs inside the solid sample, thus 

causing vibration of the crystal structure, and the 

consequent rupture of additional bonds. In this way a 

given amount of energy is also released. These 

mechanical vibrations are called acoustic emissions (AE). 

When the flaws of the composing solid material are small, 

the AE are in the ultrasound frequency band, and their 

frequency gets progressively lower, while flaws coalesce 

into larger ones. The yield of some bonds weakens the 

local response of the solid structure with respect to every 

eventual additional stress. Therefore, the probability of 

rupture of additional bonds will be greater where the 

structure is already weak. The entire process results into a 

real chain reaction. In general, let us call HF AE [LF AE] 

these emissions of comparatively higher [lower] 

frequency, respectively. The ageing process of the solid 

specimen due to fatigue will be manifested like a 

deterioration displayed by some typical AE morphology, 

which ought to be observed first in the HF AE and later in 

LF AE of progressively lower frequency. This trend holds 

either for a specimen stressed in the laboratory, or to solid 

structures observed in the field. For instance, in 

seismology, a precursor is to be observed first in HF AE, 

then in LF AE, then as seismic óhumô, then vibrations of 

mechanical structures, while finally, at frequencies of 

about 0.5 ï 1 Hz, the earthquake will occur. An AE record 

appears much similar to a well known standard 

seismogram, although with a different scale range both in 

time and amplitude . A most effective analysis of AE can 

be however carried out upon referring to mean square 

amplitudes averaged over a pre-chosen moving time 

interval.  

The dynamic evolution of the process can be depicted 

by noting that, while the micro-rupture is in progress, AE 

of different frequency are simultaneously emitted. The 

former comparatively HF AE will progressively exhaust, 

while their respective flaws are disappearing and coalesce 

into larger flaws. Hence, the comparatively LF AE will 

correspondingly increase their occurrence. This trend is 

qualitatively depicted in figure 1. 

Upon considering the probabilistic character of the 

aforementioned chain reaction, every release of energy 

has therefore to follow a lognormal distribution, which is 

characterized by an asymmetric tail. This has important 

implications.  

In every observational data series the existence of 

anomalous values is normally encountered, originated 

either by a particular physical effect or only by a 

malfunctioning of the recording apparatus. These 

apparently anomalous data are called outliers. An outlier 

however is not an unreliable datum to be rejected a priori, 

as it could just refer to some anomalous behavior of the 

given physical system. Outliers have therefore to be  
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singled out and investigated independent of their 

ñnormalò background.  

 

 

 

 
Figure 1: [top diagram] The bulk of the frequency of the 

released AE decreases vs. time. As a first approximation, 

the phenomenon can be depicted in terms of Dirac -

functions. [middle] Every -function ought to be 

substituted by a lognormal distribution. [bottom] An 

eventual externally applied additional effect (such as e.g. 

tidal modulation) sometimes results into an apparent trend 

looking like a damped oscillation. Figure after Paparo and 

Gregori (2003). EQ means earthquake. 

Outliers can be recognized when they are clearly found 

to occur outside the normal distribution defined by a 

suitable data set close to them. In particular, the tail of a 

lognormal distribution always result to be a very clear 

indication of an outlier, due to the aforementioned 

asymmetric tail. Differently stated, the search for outliers 

can be said to be equivalent to the search for the number 

of the chain reactions that characterize some kind of very 

early or ñprimaryò micro-fractures or leaks during the 

evolution of the system. 

Outliers and the óARPô algorithm 

The search for outliers relies therefore on recognizing 

data that partake to a given distribution (the Gaussian 

distribution due to central limit theorem), thus 

distinguishing other data that reflect a different state of 

the system. In addition, it should be pointed out that 

outlier definition depends on the sampling time of AE 

records. In fact, no real physical event is an ideal Dirac-

function. If the sampling is faster than the typical duration 

of the phenomenon, datum will not appear as an outlier, 

because it appears embedded inside a series of 

measurements that vary smoothly in time. If the sampling 

rate is slower, that same datum will appear isolated with 

respect to its background, and it will be singled out as an 

outlier. 

An outlier series has to be analyzed as a point-like 

process [Brillinger, 1975]. That is, it will contain only a 

series of information given either like a óYESô or like a 

óNOô. Every óYESô event will be defined only by its time 

occurrence with no concern about its amplitude. A óYESô 

can be conventionally put equal to 1 and every event is 

supposed to have a constant duration. In the case of an AE 

record, this YES/NO approximation is very well suited, as 

the efficiency is unknown of the propagation from the 

unknown location of the AE source until the acoustic 

transducer that monitors the event. That is, the amplitude 

o the AE record is physically unreliable, due to the 

uncertainty on its damping form source to receiver. The 

time instants of a series of outliers is eventually 

characterized by typical periodicities. In the case of a 

solid specimen stressed in laboratory, these periodicities 

are a diagnostic tool suited to study its response to stress, 

depending of its structure and composition. 

Concerning AE records in the natural environment, a 

planetary-scale phenomenon is related to solid Earthôs 

tides or to the seismic free oscillations (SFO). On a 

regional and/or local scale size, these periodicities could 

perhaps be associated with peculiar tectonic setting, etc. 

The algorithm for the research of periodicity is called 

ARP (Automatic Research of Periodicity) [Gregori et al., 

1988; Gregori, 1997 and 1998], and ARP is also the name 

of the histogram which will be built the series of outliers 

named P(t). It can be intuitively depicted as follows 

(figure 2). Consider the first event of outlier series P(t) 

and define the origin of time at the instant of its 

occurrence. Add a ó+1ô on the ARP histogram 

corresponding to the time occurrences of all remaining 

outliers that occur after the time-origin event. Then, 

consider the second event of P(t) and consider its 

occurrence time as the new time origin. In this way all the 

time occurrences of the remaining events which 

contribute an additional ó+1ô to be added to the ARP 

histogram. Iteratively repeat this same procedure must for 

all events of P(t). 

Call n(t) the values of the ARP histogram (where t 

denotes a time increment in the histogram, not the time of 

an AE event or outlier). Every relative maximum of the 

ARP is a potential typical periodicity T. When a T is 

observed also its integer multiples kT (k=1, 2, é) will be 

observed. The concern is therefore about recognizing 

physically significant relative maxima of ARP. 

The distribution of the values that contribute to the 

definition of one n(t) inside ARP follows a distribution 

with a standard deviation . Hence, it is difficult to 

assess the physical significance of a relative maximum of 

the ARP. It can be easily shown, however, that if one 

considers  rather than n(t), the error bar is  
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independent of n(t), being just . Let us call 

 this new histogram. 

 

Figure 2: Definition of ARP referring to an arbitrary data 

series (e.g. vs. time) of 10 point-like events (row a). All 

events are supposed to have the same time duration. 

This algorithm is found to be very robust and reliable, 

even with severely incomplete data series (climatic 

data).The presence of gaps in the database is not a 

relevant perturbation (at least until the gap percent is no 

exceedingly large compared to the given time series. A 

much critical parameter is instead the duration of the 

period T compared to the entire duration of the complete 

data series.  

A perfect periodical phenomenon has the 100% 

probability to be represented by one periodicity alone. 

Other phenomena in general display a superposition of 

different typical periodicities, of different comparable 

relevance (or amplitude), while a fraction of the 

observational data base can be characterized by a non-

periodic trend. The research is therefore concerned both 

with the identification of periodic components and of 

their comparative relevance.  

When a T has been identified, cut the entire original 

observational data series into time segment, every one of 

duration T. Then, superpose all these segments and 

consider their average vs. t, with its error bar. 

 

Figure 3: Definition of cycle diagram of the same series of 

figure 2 referring to a period T0. 

In this way the so called ñcycle diagramò of period T is 

obtained of the given data series. A new data series is thus 

defined by putting together as many cycle diagrams as 

needed for covering the entire time interval spanned by 

the original data series.  

Then subtract - from the original  of the data series - 

this new artificially generated data series composed of 

cycle diagrams of period T. Generate  by means of 

this difference data series. For doing this, put a value ó1ô 

where it a relative maximum is found, and put ó0ô 

otherwise. Then again compute  and single out a 

new period T. This procedure should be repeated as long 

as a new period can be clearly recognized.  

The final result will be a set of typical periodicities, 

which are objectively recognized in the time series, and 

which represent the primary micro fractures of the 

physical system that releases the AE. 

It should be pointed out that, if a series of outliers 

shows a period T, then it will also show its integer 

multiples kT (with k integer r). Also higher harmonics of 

T can be eventually expected to occur, that is all the 

periods kT/h (with h integer). That is, all observed 

periodicities can be grouped into ófamiliesô of periods, 

everyone characterized by a óforefatherô period T. This 

can help for simplifying the final interpretation. The 

significance of higher harmonics is well known in terms 

of mathematics, while it needs for suitable care while 

dealing with physical measurements. 

The purpose of the present study is the assessment of 

the logical and interpretative procedures that are to be 

applied in order to get the final set of intrinsic 

periodicities of a given AE data series. This should result 

into an effective and reliable diagnostic tool for the study 

of the physical evolution of a ñsolidò system during its 

ageing by fatigue. This should represent a reliable 

information for testing the security of different structures 

(both manmade and environmental) well in advance with 

respect to their catastrophic collapse.  
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Abstract 

Loudness is a psychological term used to describe the 

magnitude of an auditory sensation. 

Starting from the experiments conducted by Fletcher 

and Munson, we have analyzed the methodology 

adopted by the two scientists and we have remapped 

the isophonic curves. 

We have found that both low and high frequencies are 

heard less than in the past, this result  is probably due 

to the modified environmental conditions. 

Introduction 

An equal-loudness contour is a measure of sound 

pressure, over the frequency spectrum, for which a 

listener perceives a constant loudness. The unit of 

measurement for loudness levels is the phon, and by 

definition two sine waves that have equal phons are 

equally loud. 

Equal-loudness contours were first measured by 

Fletcher and Munson using headphones (1933).  

Later on, with time, lots of studies and experience on 

this matter were made. One of the most famous sets of 

equal-loudness contours is the one reported by 

Robinson and Dadson, which has been standardized as 

an international standard, ISO226; they have been 

widely accepted. 

The purpose of this study was to determine new precise 

and comprehensive equal-loudness contours over the 

whole two-dimensional (frequency and sound pressure 

level) range of audibility. 

We preferred to draw new equal-loudness level 

contours in earphone listening conditions, because we 

supposed that the results could be influenced by 

variability of enviromental conditions in a free field.   

Methods and materials 

Subject: The subjects were selected from the personnel 

and patients of the Department of  

Otorhinolaryngology in the University of Messina. 

They were evenly divided between the sexes. The ages 

ranged from 18 to 30, but most of them were between 

20 and 25. 

Seventy six subjects (males and females) with no 

history of hearing disorders participated. 

Procedures: We sent to an observer the reference tone 

(1000 Hz at fixed amplitude 40dB) and straight 

afterwards the sound  being  tested, each for a period of 

one second; after a pause of one second the sequence 

was repeated and then he was required to estimate  the 

reference tone  louder or softer than the other sound 

and indicate his opinions by operating the adjustment. 

In order to avoid background noise the subjects were in 

an  audiometry booth. 

The test tone was 31,5 ï 40 ï 50 ï 63 ï 80 ï 100 ï 125 

ï 160 ï 200 ï 250 ï 315 ï 400 ï 500 ï 630 ï 800 ï 

1000 ï 1250 ï 1600 ï 2000 ï 2500 ï 3150 ï 4000 ï 

5000 ï 6300 ï 8000 ï 10000 ï 12500 ï 16000 Hz 

(third octave) 

Materials: 

This is a schematic diagram of the instrumentation 

used in our experience: 

 

 
Picture 1 ï Bloc Diagram 

 

 

In particular we used: 

1. n.2 pc ASUS EEEPC 900 with Atom 1.6 GHz 

processor, one to generate reference tone and 

the other one to generate variable tone 

2. NCH Tone Generator software, installed in 

both net books, that can generate pure tone 

and permit to adjust frequency and sound 

pressure level 

3. Deluxe Digital TM701 stereo headphones 

with 32 ohms + 10% impedance and 101 dB 

SPL at 1 KHz sensibility 
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1. Bruel & Kjaer 2236 B phonometer with SN 

1763878 1st class in conformity with IEC 

n.651 - 804 standards and with EN 

60651/1994 and EN 60804/1994  

 

 

RESULTS 

The following chart shows the average result obtained: 

 

 

Picture 2 ï Average Results 

 

 

The following charts show the results obtained 

respectively in 30 and 18 old year subjects : 

 

 

Picture 3 ï  30 old year results 

 

 

 

Picture 4 ï  18 old year results 

 

In our experience we have reported systematically the 

differences between our data and the equal loudness 

contour by Fletcher and Munson; the deviation and  the 

age of the subject are not correlated. 

If we consider the change in the level of intensity 

, 

 

a sensation of doubling or halving is obtained with only 

10 dB difference between two signals, thus we can 

claim to have found a significant deviation from the 

data of Fletcher and Munson.  

 

 

 

 


