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I” GIORNATA DI STUDIO D EL DOTTORATO DI RICE RCA IN FISICA
DELLOUNI VERSESSBA DI M
Messina, 10 Novembre 2010

Lorenzo Torrisi
Coordinatore del Dottorato di Ricerca in Ftsi

Dip.to di Fisica, Universita di Messina
V.l e F. Stagno Doébalcntres 31 98166 S

La prima giornata di studidel Dottorato di nucleari sta aprendo le porte a nuove fonti di
Ricerca in Fisica del enérglan sioura,r efficienté e dnnovaMa.slei n a
trova in questa prima manifestazione un ricerche in astrofisica, nel campo dei materiali
particolare momento di ricmscimento sia di superconduttori, dei plasmi, della fisica
tipo accademicastituzionale che di tipo applicata ai beni culturali ed ambientali. Su

personale. Essa € dedicata soprattutto ai questi vasti argomenti dicerca vengono ad
dottorandi ma anche al Collegio Docente, alla essere chiamate le nuove generazioni dei fisici
Facolta di Scienze ed alla Nostra Universita per contribuire al ricambio generazionale con
degli Studi. il chiaro obiettivo di contribuire alla ricchezza
Il Dottorato di Ricerca rappresenta il massimo delle conoscenze umane.

per la preparazione scientifica che Al primo anno il dottorando puo talvolta

l 6Uni versit?” pu, conf eserinter ai p N ove rafftontasd puadees matt
Oltre la laurea breve, la laurea magistrale, le lungo periodo di lavoro, conoscere le
Scuole di Specializzazione ed i Masters, il tematiche di ricerca, scegliere con attenzione
Dottorato offre possibilita di apprendimento il proprio Tutor e seguire diligentemente le
uniche. Non solo le lezioni di un Calj® l ezi oni di base del | 6i

Docente qualificato ed appropriato, i seminari  consapevolezza perd di essere entrato a far
specialistici tenuti in contesto Nazionale ed parte del Dottorato diRicerca gli da una

I nternazional e, | 6 ut i taricaedan erdusiasmo asoppremdanteo r | di
ricerca adeguat. ma  aAl setoedo dnrio wipnp msetitauneligituppo dd i
inserimento in una ricerca di freend e di ricerca e partecipa agli esperimenti, comincia
partecipazione a lavori sprestigiose riviste a scrivere i propri lavori scientifici, si

scientifiche internazionali e la possibilita di  confronta con altri colleghi in Congressi
toccare con mano sia tutte le difficolta Nazionali ed Internamnali, partecipa ad

contingenti che le soddisfazioni che tale at ti vi t”~ formative all 6
lavoro puo offrire. riconoscimenti. Non c¢cdo
La Fisica crea ri cchezgmaado miavede pubblicatdo il propricclavbre z z a
senza conoscenza. scientifico su una rivista internazionale, di

Moltissime vite umae vengono salvate grazie  quando ci si vede citati in altri lavori
alle ricadute tecnologiche della Fisica; lo scientifici, di quando si riceve un invito ad
studio dei fenomeni quantistici ha permesso una importante conferenza, di quando puo
di sviluppare enormi conoscenze nel mondo aggiornare il proprio curriculum con tali
microscopico; la ricerca delle onde riconoscimenti. Questi risultati ci ripagano e
gravitazionali sta permettendo di progettare ci rinvigoriscono profondamente.

oggetti sempre piu rpcisi; lo studio dei Al terzo anno continua la brillante esperienza
fenomeni magnetici ha portato ad abbassare del secondo @ si vede come prossimo
notevol mente i costi dobigftiva da haggiuneral la stdsura del davotoi | i

delle reti terrestri e satellitari sta permettendo di tesi finale. Un lavoro che va continuamente
di migliorare significativamente la qualita dei  ottimizzato e che accompagnera il dottorando
servizi e della vita; lo studio dei fenomen verso | a presentazione ¢
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finale nazionale ed il raggiungimento

tempo, una vera e propria pubblicazione per il

d e Ispirét@a e meritato titolo di Dottore di dottorando, unoi ni zi
Ricerca. ripetere nel tempo.

Perché si e voluta realizzare questa Giornata Abituarsi a trasferire le proprie conoscenze,

di studio del Dottorato? ad intercalarle in mblematiche piu generali,
Perché il lavoro del dottorando, spesso a completarle con altre al fine di poter
circoscritto all 6i nt e restrapolareléggi p teari@, € una attevita ehet il o

proprio laboratorio e di pochi collaboratorg h
bisogno di essere maggiormente conosciuto.
Cio 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 & importante e
che sta aprendo nuove conoscenze alla
comunita scientifica. Ogni risultato, come una
goccia dbébacqua, S i roi
conoscenze del sapere
Il Collegio Docente, la comunita dei fisici,
guella 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
Universita. Quali ricerche si  stanno
sviluppando presso il Nostro Ateneo, chi e
come li sta eseguendo, quali progetti e misure
sono piu importanti, quali le attrezzature
utilizzate e quelle che sarebbero necessarie,
guanto i risultati vengono divulgati, quali
ricadute possono avere nel mondo scieati

e sociale.

Partecipare a questa giornata permettera di
conoscere le risposte a questi quesiti ed aprira
nuovi orizzonti ai nostri occhi. | lavori che i
dottorandi presenteranno saranno raccolti in
un Report, il primo Report del Dottorato di
Ricerca inFi si c a
che rappresentera un documento duraturo nel

dottorando andra sempre piu approfondendo
con | 6es p-doc.iPeopria au qpests t
punto qualche altra mia considerazione. Oggi
in ltalia la ricerca scientifica e poco
finanziata, gli stessi dottorandi percepiscono
delle borse di studio minime e talvolta non e
possibile neppure rientrare nelle spese per
missioni di lavoro. Inoltre la crisi italiana ed
europea nel
rende di fficile I
capacita che il dottorando ha appreso e spesso
eglintrove gresse diffidolta daneser@mentd edl | e
nadordb teflaurioenca e del lavoro. Sempre piu
spesso i nostri dottorandi debbono purtroppo
trasf er i rregalanda lad dtre setlta r o
le esperienze acquisite. In questo contesto la
giornata di studio attuale vuole rappresentare
un grido alla nostra societa ed ai nostri
politici. Uno stato senza ricerca e senza
sbocchi professionali lavorativi € destinato al
degado.

Ma noi crediamo nella formazione e nella
ricerca e per questo ideale oggi parleremo
delle nostre attivita che reputiamo essere alla
base della nostra esistenza di fisici. Un grazie
va alla Nostra Universita, agli enti di ricerca
che collaborano colalt t or at o,
il CNR, ed ai vari laboratori esteri che
accolgono i nostri dottorandi durante la loro
formazione scientifi
nostro Dottorato pud permettere le sue

del | 6 Uni v eformatitee maiteplicistevdas i n a ,

Buon lavoro ragazzi.

ati

c a mpavanitee | | 0 c
out i

gual i

ca.
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VALUTAZIONE DELLA PRODUZIONE SCIENTIFICA
A LIVELLO LOCALE E NAZIONALE

Maria Chiara Aversa

Del egata del Rettore dell 6Uni v er s-tedndlogichi Me s s

Una buona didattica universitaria si  Senato accademico (SA), in occasione di una
coniuga necessamente con una buona discussioe s u fArecl utamento

ricerca, soprattutto se la formazione cuisifa del i ber at o all dunani mit
riferimento e quella di livello dottorale. scelte sull dargoment o
considerazione Al a co

LoUni versit?’ di Mersesliln@o f$eaolt ae f dramati va

tempo una puntuale attivita di verifica e 1 mpegnandosi a Nfsoste

promozione della ricerca scientifica al suo scientificodisciplinai (SSD) che

interno: per questd avvale del contributo del garantiscono alti livelli di produttivita

proprio Nucleo di Valutazione, che operacon sci enti fi cao.

| 6ausilio di una struttura i nformatica di

supporto al Nucleo, ma ha anche attivato un I 14 marzo 2008 (prot. n. 18740) il

AUfficio Val ut azi one, Retforeehg invéafo @i Président dec Gomitadi
Catalogo dOAteneoo0 al Hefle 14 taree QUN (Coresiglio Binverditariaoo r e
Ri c er c a oprocedeh ead autonome Nazionale) la scheda qui sotto riportata che &
elaborazioni accanto alla regolare  stata prontaente restituita con le scelte delle
collaborazione con il Nucleo. Pur nella si ngol e aree. Ci oo h a
consapevolezza infatti che wuna ottimale successive procedure di valutazione di tenere
valutazione dei prodotti della ricerca  conto delle peculiaritd delle aree scientifico

richiederebbe per ciascuno di essi un parere disciplinari. Dopo una prima fase di

espresso da esperpicer review, 6 ut i | i z zsp edii ment azi one, i Co mi
dati bibliometrici di livello internazionale puo invitat 1 con |l ettera del 2
essere utile per raggiungere una motivata 2009, prot. n. 31339, a rivedere, ove
consapevolezza del livello della ricerca necessario, le parametrizzazioni

prodotta da un Ateneo in confronto ad altri precedentemente adottate, facendo pervenire
Atenei nazionali e non, centri di ricerca, schede aggiornate. Solo i Comitati delle aree
eccé Ci , r ibseuin treaniera p p 01i3c @8, 10, 11 e 13 hanno ritenuto

soddisfacente soprattutto in ambito  opportuno proceete a una revisione.
scientificotecnologico.

I 1 30 giugno 20009 | 6 Uf
Gi " nel 2004 1 6Uni vAenrasgirta'f en aRiimerzaaat e aCat :
raccogliere in un suopufb®dti alad o i hd Autnebnaeroeda r

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

bibliografiche salienti dei prodotti della a.php) i dati relativi alla produttivita dei SSD

ricerca c o n affiliazione ahlhUdai wmele s singdle drhdoltd nel

Messi nao rendendol e aquadreesng i 2002008 e la stekso tetsiato a

partire dall e pubbl i c afatto osuactessivamented pen nl oqudd@efinto.
20062009 al 30 giugno 2010.

Al 1l i ni zi o del 2008, e preci sament e
nella sua riunione dell 611 febbraio 2008, i
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Proposta di Valutazione della Ricerca Scientifica

TIPOLOGIA DEI PRODOTTI DI RICERCA PUNTEGGIO

Articoli su Riviste Scientifiche

Articoli su rivista ISl

Articoli su rivista NON ISl di rilevanza INTERNAZIONALE

Articoli su rivista NON ISl di rilevanza NAZIONALE
Brevetti

Brevetti INTERNAZIONALI
Brevetti NAZIONALI

Libri/Monografie
Libri/Monografie pubblicatela Case Editrici di rilevanza
INTERNAZIONALE

Libri/Monografie pubblicate da Case Editrici di rilevanza NAZIONAL
Articoli su Libro e Cartografie

Articoli su libro di rilevanza INTERNAZIONALE e Cartografie
INTERNAZIONALI E NAZIONALI

Articoli su librodi 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 congressdProceedings) 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 purteggio di 10 viene assegnato di ufficio essendo questo uno dei requisiti base nel modello di assegnazione del
fondo di funzionamento ordinario alle universita. Pertanto il punteggio complessivo risulta essere pari a 100.

Tali dati sono il risultato di um una Facolta, per ogni SSD sono stati
procedur a i mpl e ment atoasideratidi aDloderdi Wif rfiolocaffeventi al
Valutazione, Anagrafe Ricerca e Catalogo settore, anno per anno del periodo di
doAt eneo sull a base dadferimepte. sPer ogns Bacente ssbno stad | e
varie tipologie di prodotti della ricerca dai analizzate | e pubblic

14 Comitati d'area CUN (vedi scheda tipo considerato e se ne e calcolata la proprieta
sopra riportata). dil n poasatd Semdo Il gesoanedioalelld tipologih e r n ¢

1C
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del prodotto nella Facolta, proporzionando i 2. Non sono presi in considerazione:
pesi attribuidt.i dai (@) attivita editoriali e di curatela; sent i

N ‘o . Db) lettere, correzioni e abstract di conferenze,
nella Facolta sulla base della numerosita dei anche se pubblicati su riviste:

Docenti delle varie aree nella Facolta stessa. ) testi o software di esclusivo interesse didattico

Tali dati sono consultabili da tuttiDocenti o divulgativo;

del | 6 At eneo e dal p od) prove e analisi di routine; > a
(dottorandi, posi o c, assegni st £ rapportitecniciinterni

le stesse credenziali di accesso ad>al _

Ricerca, che | 6appl. i el AUESRo base I \pA.crella sua
(Consorzio I nt er uni v &ynigne (degl (2 agosto gQ1Q, |hg gefibgrate
Nord-Est per il Calcolo Automatico) che @l 1 ounanimit™ di adegua
consente agli Atenei di archiviare, Vvalutazione interna del
consultare e valutare i prodotti scaturiti dalle PTr esi denti dei Comi t at

varie attivita di ricerca. Questi dati sono stati ~ N€cessarie parametrizzazioni la scheda qui
punto di riferimento per Facolth e SA sotto riportata, che prende in considerazione
nell 6identificazi one Sglt@noipgdoy dell deprca che potyapno
potenziare risorse umane, mentre per ©€SS€re esposti a livello nazionale per la VQR.
| & a tzibne idibrisorse economiche si fa Prodotti di tipologie differenti rimarranno nel

riferimento  alla  valutazione  della Catalogo do6Ateneo ma no
produttivitd scientifica dei Dipartimenti considerazione per le valutani interne.

determinata con analoghe procedure. L ,
Le ALIi nee gui2da 8 ¥ QR

Il DM del 19 marzo 2010, prot. n. prevedono  attualmente che la
8/ 2010, avente per o g g’éyazigne gagignale.della gogreagriguardi i g
20042 00 8 0 periodo 1 gennaio 2004 31 dicembre 2008,

(http://civr.miur.tivgr_decreto.html) specifica  © Che siano oggetto della valutazione i

nel l 6art. 5 1le tipol olyqdat dgla ricescg dejgesqnale di riggicad ¢ h
verranno prese in considerazione per la N ruolo, cui vanno aggiunti i ricercatori a
prossima valutazione quinquennale a livello €MPO determinato. Le strutture interessate
nazionale della ricerca (VQR) il cui bando da @ll@  valutazione nazionale saranno le

parte del Presidente del CIVR (Comitato Universita, gli Enti di ricerca vigilati dal

d 6 | nd per la ¥autazione della Ricerca, M! UR (Ministero de
http://civr.miur.i) & atteso a breve. In dell oUniversit” e della
particolare sono qui di seguito riportati AAgenzie) ealtri soggetti pubblici/privati che
testual mente i commi 1SVOlgOng atiyita,di rigescq; per questi ultimi
la valutazione verra effettuata su richiesta e in
compartecipazione dell e
valutazione saranno le 14 aree CUN, e per
1. Sono presi in considerazione per la valutazione ciascuna di queste opererapemelcomposto
dei Panel: da almeno 9 esperti, anche stranieri, nominati
a) articoli su riviste, limitatamente a quelle dotate dal MIUR su proposta del CIVR. Saranno
g".SS.N; o . possibili subpanel per le aree ad elevata
) libri e loro capitoli, inclusi atti di congressi, e s .
limitatamente a quelli dotati di ISBN, nonché eterogeneita disciplinare e/o numerosita dei
edizioni critiche e commenti scientifici; prodotti.

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.

11
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Criteri di valutazione della ricerca scientifica

nuovascheda

Area scientifico-disciplinare € _é

data

TIPOLOGIA DEI PRODOTTI DI RICERCA PUNTEGGIO

Articoli su riviste scientifiche dotate di ISSN
Articoli su rivista ISI

Proceeding papers (in extens) rivista I1S|

Articoli su rivista NON ISldi rilevanza INTERNAZIONALE
Proceeding papers (in extensa) rivista NON ISI di rilevanza
INTERNAZIONALE

Articoli su rivista NON ISl di rilevanza NAZIONALE
Proceeding papers (in extensa) rivista NON ISI di rilevanzs
NAZIONALE

Brevetti

Brevett depositati

Libri / Monografie / Edizioni critiche, dotati di ISBN
Libri/Monografie/Edizioni critiche pubblicate da Case Editri
di rilevanza INTERNAZIONALE
Libri/Monografie/Edizioni critiche pubblicate da Case Editri
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 (articoin extensd
Atti di congresso NAZIONALE (drcoli in extensd
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 punteggidd i 10 viene assegnato doéoufficio essendo questo
di funzionamento ordinario alle Universita. Pertanto il punteggio complessivo risulta essere pari a 100.

12
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Per ogni
alla VQR due prodotti della ricerca fra quelli
i ndicati nel | dart. 5:
in grado di esporre alcun prodotto delle
tipologie indicate verranno considerati
inattivi, e parzialmente attivi quelli con 1 solo
prodotto esposto.

Ogni prodotto erra valutato da esperti
in anonimato tenendone in considerazione
rilevanza, originalitd/innovazione,

internazionalizzazione, sviluppo e
trasferimento tecnologico (TT), ricadute
sociaeconomiche. Il livello di merito per

ogni pubblicazione andra da eccetke (peso

= 1) a buono (0,8), accettabile (0,5), limitato
(0), fino a non valutabile-{) a causa di
incompleti e/o errati riferimenti bibliografici,
tipologi e non consent
punteggio {1) verra assegnato in caso di
pubblicazioni mancanti.

A conclusione della valutazione
nazionale 20042008 il CIVR presentera al
MIUR una relazione finale contenente una
valutazione di merito

ri cer cat orlLa valutazioheedelle &trugperdiorigesca (ad

esempio Universita) si basera sui rapporti dei
panelrelaticamente at or | che non s

- qualita delle pubblicazioni
- proprieta delle pubblicazioni eccellenti
- propensione alla formazione alla

ricerca
- mobilita internazionale
- capacita di impegnare risorse

finanziarie proprie per la ricerca
- capacita di attrarre risorse finanziarie
per la ricerca.

La valutazione dei Dipartimenti terra
conto dei criteri indicati immediatamente
sopra, ai quali si aggiungeranno il computo
dei ricercatori attivi e delle attivita di T€
valbrigzazione appliéativa della risetc& s s 0

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 nela precedente valutazione

triennale 20022 0 0 3. Le ALinee ¢
- del Sistema Nazionale della Ricerca 200420080 sono state sott
(SNR) (ad esempio spesa per ricerca, CUN e della CRUI (Conferenza dei Rettori
numer o di ri cer catdellei , Uniwri@aé ) ltalian@)n  prima
eventualeanalisi del posizionamento del | 6emanazi one del re
globale della produzione scientifica posizione della CRUI e stat
- delle Strutture compl essivamente favor e

- dei Dipartimenti (o altre
organizzazioni equivalenti, funzionali
alle Strutture)

- delle attivita di TT e valorizzazione
applicativa della ricerca.

13

del DM, anche se é stato ribadita con forza la
necessita che le procedure e le metodologie di
valutazione che panelintendono adottare per

le singole aree siano rese note prima

del |l 6avvi o delléziene,pda oc ed
parte delle strutture (Universita), dei prodotti

di ricerca da esporre per la valutazione.
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RELAZIONE SUL DOTTOR ATO DI RICERCA IN FI SICA
DELLOUNI VERSESS®NADI M
A CURA DEL MANAGER D IDATTICO

Paola Donato

Universita di Messina, Dottorato di Ricerca in Fisica
V.le F. Stagno do6Alcontres 31, 98166

In questa prima giornata di studio dedicata esami di fine anno degli allievi e
alla presentazione del Dottorato di ricerca in pianificando logisticamente e
Fisica é stata presentata umeve relazione amministrativamente i seminari previsti
sulle attivita svolte dal Manager didattico in dalla programmazione didattica del
relazione al monitoraggio sui cicli di dottorato Corso. EG i1 mportante s
che insistono nel presente anno presso |l svolto dall é6ufficio de
nostro ateneo. Sono state evidenziate, gualemediatore tra i singoli dottorandi e
innanzitutto, le diverse funzioni che fanno le tutte le Istituzioni che afferiscono al
capo al ¢l Mandgerididaitico: d Corso di Dottorato, in particolar modo il

- curare ed aggiornare il database del Settore Alta Formazion
dottorato di ricerca in Fisica, ivi compresi - interessarsi di attivare le convenzioni tra
i verbali, | 6ar chi vi o le istitueiori oitaliane/strancetee e ailt t i e
la segreteria didattica; dottorato  di ricerca in  Fisica,

- coadiuvare compiti dé Coordinatore del aggiornandole annualmente. In particolar
Dottorato e monitorare la carriera dei modo mantenere | cont
dottorandi di ricerca in Fisica; Nazional e di Fisica N

- agevolare i flussi di comunicazione IPCF del CNR di Messina, quale tramite
all dinterno del d ot t o rtra gli®ffici degli Enth eedlilbSettora Alta d a
essere un punto di rifermento per i Formazione, in modo tale @gagevolare il
docenti del Collegio del dottorato e per i rinnovo annuale delle convenzioni.
dottorandi, coadiuvando questi ultimi Compito, questoulti mo,
nella interpretazione eisoluzione di | 61 NFN finanzia una de
svari ate guestioni e messel & Gdsphezionei dake Caorsw di
degli obblighi burocratici richiesti dal dottorato.

Corso di Dottorato. - Aggiornamento delle pagine web del

- supportare | 6or gani z z aatéradon edi dRicertab aim t Fisica t
didattica, curando i contatti con i docenti del | 6 Uadi Messinas i t
che tengono | e | eziMeha Tabdllan somd eassuntd ke rpmaipali
predisponendo ttit gli atti relativi agli attivita manageriali del Dottorato di Ricerca.

Attivita Manageriali del Dottorato di Ricerca

- Segreteria locale del Dottorato di Ricerca (archivio, verbali, database dottorandi)
-Segreteria del Coordinatore del Dottorato

-Monitoraggio carriera dottorandi

-Agevolarei flussi di comunicazioneall’interno del Dottorato di Ricerca
-Interfacciare il Settore Alta Formazione con il singolo dottorando

-Supporto logistico per I'attivita didattica

- Supporto logistico per lo svolgimento degli esami di ingresso e degli esami finali
-Supporto logistico per 'organizzazione dei seminari obbligatori

- Aggiornamento sito Web del Dottorato

- Attivazione e aggiornamento delle convenzioni con Istituti italiani e stranieri
-Coordinazionerapporticon I.N.F.N.

Tab. I: Sintesi delle attivita manageriali del Dottorato di Ricerca.
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Nella Tabella 1l sono elencati alcuni dei
seminari che sono statenuti 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 universita straniere.

2) Dr.ssa M. Mastelloni, Museo Inferdisciplinare Regionale di Messina

4) Dr. D. Mascali, CSFNSM & INFN-LNS Catania

“Algorithms for non-hamiltonian dynamics™
"Nanostructured carbon materials: technologies and applications"

“Plasmalon Sources for highly charged ions’ production”

14) Prof. J. Teixeira, Laboratoire Leéon Brillouin- Saclay-France
“Hydration of aminoacids. From powders to solutions”

16) Dr. S. Portolan, CNAS - Institut Neel, Grenoble, France

Seminarisvolti nel 2010

1) Prof. J. Sura, Universify of Warsaw, Heavy lon Laboralory, Warszawa, Poland
“The Thomson Parabola Spectrometer as laser ion beam analyzer”

“Bilancio di un decennio di ricerche sperimentali nel campo dei Beni Culturali. Prospettive Future™
3) Prof. L. Torrisi, Dip.to di Fisica, Universita di Messina, Clr. Papardo 31 S. Agala, Messina
“Generazione Laser di Plasmi ad alta Temperatura, Diagnostica ed Applicazioni”

“Plasma heating and confinement from fusion devices to ion sources’

5) Dr. E. Amato, Dipatfimento di Scienze Radiologiche, Universita di Messina

“Applications of Monte Carlo method in medical physics and radiological protection”

6) Dr. A. Sergi, School of Physics, University of KwaZulu-Natal Pietermaritzburg, South Africa

“Sampling the time evolution of mixed quantum-classical systems”

7) Dr. M. Tarek, UMR Structure ef Reaclivité des Systemes Moleculaires Complexes, Nancy-University, CNRS, France
“Collective dynamics of membrane proteins: A molecular dynamics simulation study”

8) Dr. D. Margarone, instifute of Physics of the ASCR/PALS Centre, Prague 18221, Czech Repubiic

“Laser-Plasma Acceleration: the future tool for the High Energy Physics”

9) Dr. A. Sergi, School of Physics, University of KwaZulu-Natal Pistermaritzburg, South Africa

10) Dr. A. Mangione, [.T A - lfalian Space Agency Base "L Broglio”, s.5. 113 n® 174 21100 Trapani

11)Dr. S. Gammino, INFN - Laborafori Nazionali del Sud via S Saofia 62, 951253 Catania, ltaly

12) Dr. N. Micali, /sfitufo per i Procassi Chimico-Fisici, IPCF-CNR, Massina

“Evidenza di un potenziale repulsivo tra micelle di co-polimero in liquido ionico. Ruolo delle fluttuazioni di carica del solvente”

13) Dr.I. Carusotto, INO-CNR BEC Center and Dipariimento di Fisica, Universita di Trento
“Non-equilibrium quantum many-body physics with optical systems”

15) Dr. D. Margarone, instifute of Physics of the ASCR/PALS Cenlre, Prague 18221, Czech Republic
“Real-time detection of fastion beams accelerated by a sub-nanosecond laser”

"Emission spectrum of a quantum dot embedded in an off-resonant cavity"

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

Nei grafici successivi si €& cercato di
sintetizzare il piu possibile il percorso di
formazione intrapreso dagli allievi dei tre cicli
di dottorato attualmente in corso. Nel primo
grafico (Fig. 1) sono riepilogate le attivita
inerenti le partecipazioni a congressi e
conferenzé sia nazionali sia internaziondli

e la produzione scientifica che gli allievi

hanno realizzato durante il dottorato di
ricerca.
Nel grafico successivo (Fig. 2) sono

scheméizzate le partecipazioni dei dottorandi
a scuole nazionali, attivita di formazione
sostenuta dal corso di dottorato di ricerca in
guanto parte integrante delle attivita previste
dalla programmazione didattica annuale.
Anche [ periodi sono r
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.
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Oat t
dal

Infine, la Tabella lll ergdt i va al |
monitoraggio svolta
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 dellatesi di dottorato. E

essenziale ribadire che i laboratori qui
riportati rappresentano soltanto un campione
dei prestigiosi istituti ~ di ricerca

internazionalmente affermati frequentati dai
dottorandi. Tale attivita e ritenuta essenziale

poiché contribuise all acqui si z
competenze elevate e qualificanti
determinant.i per | 6el ev

ricercatore

i cerca all destero
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Fig. 1: Grafico delle pubblicazioni su riviste internazionali e delle partecipazioni a congresso degli
studenti deglultimi tre anni del Dottorato di Ricerca
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Laboratoridi Ricerca Esteri frequentati dai dottorandi del XXIII-XXIV e XXV Ciclo

Benedetto - Inst. Laue-Langevin-Grenoble, France
Calabro - Inst. Laue-Langevin-Grenoble, France
Conti Nibali - Universita di Nancy, France

- Inst. Laue-Langevin-Grenoble

Giuffrida -Inst. Plasma Physics and Laser Microfusion, Warsaw
- PALS Lab., Prague, Czech Republic

Santoro - GSI Helmholtzzentrum, Darmastadt, Germany

Minniti -GSl Helmholtzzentrum, Darmastadt, Germany

Tab. lll: Principali laboratori esteri frequentati dai dottorandi degli ufii tre cicli.
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BIOMOLECULAR MOTION CHARACTERIZATION BY SELF-DISTRIBUTION -
FUNCTION PROCEDURE IN ELASTIC INCOHERENT NEUTRON SCATTERING

S. Magazf*, G. Maisang, F. Migliardd, A. Benedettd

a) Dipartimento di Fi si ca, -Medssing "dalyF. S. D¢
* corresponding author,-enail: smagazu@unime.it

Abstract Introduction

In the present contribution a procedure for the During the last years considerable efforts have
molecular motion characterization based on thaddressed, through esxpmental, theoretical a
evaluation of the Mean Square Displacement (MSD)computational studies, to clarify the microscopic natu
through the SelDistribution Function (SDF), is the dynamics of biological macromolecules. One
presented. In particular it will be shown how the MSDphenomena which so far has been largely debated, ¢
which represents an important observable for theot fully clarified, is the secalleddynamical transitiorin
characterization of the dynamical properties in disordergaotein systems which, in literature, is referred to
systans, can be decomposed into different partiatharp rise in the Mean Square Displacement (MSI
contributions associated to the system dynamicélydrated proteins respect to the dry sample, us
processes within a specific spatial scale. It will be showrgistered in the temperature range T=200+240 &]|
how the SDF procedure allows to evaluate both the tot@ihe basic understanding of the medeamunderlying th
MSD and the partial MSDs through the total S&fl the observeddynamical transitiorremains controversial a
partial SDFs. As a result, the total MSD is the weighedarious models have been proposed. Suchreition hac
sum of the partial MSD contributions in which thebeen ascribed to a sudden change ieféattive elasticit
weights are obtained by the fitting procedure of measured the protein [3], to motions of specific side groups
Elastic Incoherent Neutron Scattering (EINS) intensityo a specific fragileto-strong crossover in dynamics
data. We apply the SDF prah@e to EINS data collected, hydration water [7], to the microscopic manifestatio
by the IN13, IN10 and IN4 spectrometers at the Institutihe glass transition in the hydration shell [8] and
LauelLangevin, Grenoble, on aqueous mixtures of twoesolution effects due to a relaxation process that
homologous disaccharides (sucrose and trehalose), on thg experimentally accessilflequency window [9].
myoglobin in trehalose environment and on dry and
hydrated (vith H,O and DO) lysozyme with and without ) . .
disaccharides. It emerges that the hydrogen bond impos%%aractlerlze tfhe siru_ct:JraI etmd dynamr:cal pro;i')ertle.‘
network of the watetrehalose mixture appears to pevid€ class of material Systems, such as polymers
stronger with respect to that of the waseicrose mixture proteins. These.propertle.s can be_ descnbgd by the

dependent spdai correlation functionG(r,t) introduce:

and this result can justify the highest bioectant By Van Hove [10], whose spaiene Fourier transfor

effectiveness of trehalose in comparison with sucros ds to th ttering functis When th
Furthermore it emerges that, the partial MSD behaviouf®TésPoNas 1o the scattering func @ @). vvhen th
stem scattering cross section is mainly incoheret

of sucrose and trehalose are equivalent in the low A
9 relevant contribution is given by the SDF [10].

domain (@1.7) A* whereas they are different in the high h . I ; .

domain (1.24) A™. This circumstance suggests that the The experimenta y_obtalned neutron scattering da
Q. : o ; also connected with the employed spectron
higher structure sensitivity of sucrose in respect t

.nstrumental features. This implies that the sy
trehalose should be related to the small Sloatl%bservables, e.g. the MSD, are influenced by instrun

observation windows. Moreover, we have focussed ﬂ]eeffectS' the energy window and the transgdr wavi
attention on the role of the instrumental resolution i('/ector .values determine the time and space ranges

EINS. The mature of the saalled dynamical transition .
has been highlighted and it has been shown that it Occg?léservable motions. The authors have recently 1]

It is well known that neutron scattering allows

when the system relaxation time becomes shorter than mulated a procedure the SDF procedure for the
instrumentgl ener time. Furthermore the effects D evaluation from the EINS data, which is esseni
natural bio rotect%\ts oﬁ the protein dynesniare ased on the determinatiofithe spatial SDF.

discussed FI):inally the evaluatior? of resoI}Lljtion effec The main aim of this work is to present the latter
directly on the measured MSD have allowed us ttgrocedure and other results {18] that are a part of t

. . . o rch ivi f Dr. Antonio Ben rin
evaluate the amplitude of vibration motion in lysozyme. esearch activity o tonio. Benedetto during

PhD course.
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Experimental Section

Experimental data wereollected at the Institute
Laue Langevin (Grenoble, France) by the IN13 and
IN10 spectrometers. These spectrometers are
characterizedby a relatively high energy of the incident
neutrons (16 meV) and allow to spa quite wide
range of momentum transfer with two different energy
resolutions.

More specifically, for the IN13 spectrometer the
incident wavelength was 2.23 A, the-renge was
0.28+4.27 A and the elastic energy resolution

the intermediate scattering function, evaluated ¢
equivalent tima*, and Sx(Q,w=0; Aw) are proportion:
[14,15]:

S (Q,ow =0, Aw) « | (Q,t*

(@ ) e 1(Q %) @)

Now, evaluating the spatial Fourier transform of
latter equation one obtains:

F{S(Qo=0A0)} «G(r,t*) A3)

The obtained relationship shows that, due to the
that the SDF can be normalized, the normalizeatia
Fourier TransformK;) of the measured EINS intens

(FWHM) was 8 ¢eV, which ¢ rIofiJeecgrr s&qp%sgo SP%evaAUﬁtedt@tli Vﬁh

time resolution of 516 ps; for the IN10 spectrometer
the incident wavelength was 6.27 A, therapge was
0.30:2.00 A' and the elastic energy resolution
( FWHM) wa svhich corespénds to an elastic
time resolution of 4135 ps.

Trealose/19K0 and sucrose/19@ mixtures and
partially deuterated lysozyme in dry, in,@® and in
H,O environments at a hydration value of h=0.4 (h=g
of water/g of protein) have been employed.eTh
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. Emptgell
contribution was subtracted and spectra were
normalized to a vanadium standarfthis data treatment
was performed with theamp 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
guant it y-space, due hte thexfinite energy
instrumental resolutiom, is the convolution of the
scattering lawS(Qu) with the instrumental resolution
function R(w;4w), i.e. the measured scattering law
KR(Q,m; Aw).

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.(Qoid0) = [ 1QURME ™ dt 1)

In the ideal elastic case in which the resolution is a
delta function in thesn-space, we obtain from Eq. (1)
that Sx(Q,»=0; Aw) coincides withS(Q«=0). In Fig. 1
the case of IN10 and IN13 spectrometers are
consicered. Considering the elastic case, by applying
the theoremof integralaverage in Eq. (1)yesults that
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ollowing the standard convention for the istr?f)u
functions,r represents a displacement.
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FIG. 1 i Resoltion effects in elastic neutron scattering
Comparison between I(tx) at a fixedt value (dashed black lines
R(t; Tres) for different tges values (continuous red lines) and tr
related &(Q,»=0A0) (the areas in blue). These latter, obtaine
considering Eq. (1), represent the measured quantities of ¢
EINS experiment on a system with a characteristic timer in
which the employed instrumental resolution istres. () Case il
which the resolution time is greater than the syste
characteristic time; no resoluion effect is present: the elastic
measured scattering law and the elastic scattering law &
coincident. (b) Case in which the resolution time becomes sligh
higher than the system characteristic time: in this case tl
measured elastic scattering intensity is slightly smaller thathe
elastic scattering law (here the specific IN10 resolution functic
has been employed). (c) Case in which the resolution fi
becomes much smaller than the system characteristic time. T
resolution effects become relevant: the measured elas
scatteing 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]:

r uer
Iinc Q1) = Nilzi biincz <e|Q|:|'|(t) ri (O):.> (4)

where the index runs over the genieri™ scattering
particle andb; is the scattering length of th8 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 motionj, that they can
perform:

_U I I
i Q1) = Z n b2 /elQ.[rj (t)-rj (O)J\ 5)
P\ /

in whichn; andb™; are the relative number pfype
groups and the incoherent scattering length ofjthe
group [15,16].

Now considering the single term contribution and
performing a Taylor expansion, we see thairdrinsic
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 erderm [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:

. 2

Q=) Ae%™
SeltDistribution-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
determinationof 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:

()= [ re™ .t
Following Eq. (3) and Eq. (6), webtain:

inc

™ (rt) < F {Sy-(Qo = 0,A0) }

-3 AF {e—Qzan }oc > AGT ) ®

in which G **(rt) 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.A,—>B=A/2A, (see Fig. 2) [1413].

In this framework the“rmean value results:

(Y= 8B [ r'c(.t)dr-2) Ba, ()

(6)

(7)

21

The SDF can be applied directly to
experimentally determined EINS profiles as well ¢
whichever function able to reproduce their bébar;
it represents an integral procedure which takes
account the global Q behaviour and so doing it al
to reduce the error on the-€D extrapolation.

It is possible now to obtain the partial MSD value

{(r*) = J.x r’G> (r,t*)dr = 2a_ (10)

the exponent of each Gaussian being the

relative to a particular domain and the weigh#,
being interpretable as the relative percentage w
Therefore this procedure allows to obtain
autocorrelation functionGg(r,t*) versusr, togehel
with its different partial contributions, as well
determine the partial MSDs, their weights and the
MSD [11-13,15].

1 sucrose+19H.0 | ——total
T=284 K first contﬁbuﬁon '
second contribution
Z ot}
001k
a
1 J
'E trehalose+19H 0 | — &l
£ first contribution
£ 5ia T=284K second contribution
0]
001k
b
1 1 1 1 1 1 J

00 05 10 15 20 25 30 35 40

Fig. 2 - Total SDF as a function of r at T=284K for (a
sucrose/HO and (b) trehalose/HO with their partial
contributions are shown. As it can be seen the different kinds
motion are spatially well separated within the accessible Q ranc
The SDF very closely follows the first partial contribution in the
range (0-0.5) A and the second one in the range (@:5.0) A.
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Fig. 3 - MSD, high Q partial MSD and low Q partial MSD
temperature behaviour for trehalose/HO and sucrose/HO in the
temperature range 26-287K. As it can be seen, the partial MSD
behaviours of sucrose/HO and trehalose/HO are equivalent in
the high-r domain, whereas they are different in thesmalktr
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 -ZB7K to the highr

domain and tesmallr domain, respectively. As it can
be seen, the partial MSD behaviours of sucrose and
trehalose are equivalent in theggh-r domain, whereas

in thesmallr domain. This
that the highstructure

they are different
circumstance suggests

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 thedyeal
transition temperature of the average MSD.
Eq. (9) can be also expressed by:

(ry=2>. Ba =2 B{r') (11)

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

the different
corresponds

displacement  contributions
to a weighedum of the MSD

but

contributions associated with the different relaxations
in which the weights are obtained by the fitting

procedure of measured EINS intensity data.
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Conclusion

In this short paper a general presentation of the
procedure applied on two hategous disaccharide
i.e. sucrose and trehalose, has been presentes
energy resolution effects on neutron scatte
functions has been also discussed. In this sectic
will present other results obtained by the !
procedure and by the evaluatioof the energ
resolution effects on both the scattering functions
the extracted MSD.

The SDF procedure was presented for the first
in Ref. [11], then in Ref. [12] was theoretic:
improved and applied on polyethylene glycol wit

mean molecular weight of 400 Dalton. A
experimental check of the procedure was
performed in Ref. [12] by its application

hydrogenated and on two partially deuter
polyisoprene systems. In Ref. [13] the procedure
also improved and was applied to dry mydgh ir
trehalose matrix. Then the effects of the instrum
energy resolution on the scattering functions was 1
into account in Ref. [14].

The case of the two homologous disaccha
(trehalose and sucrose), which is partially expos:
the preset paper, was treated in Ref. [15] withil
comparison between the SDF procedure anc
common  Gaussian protocol for the M
determination. For the first time the higher mobilit
sucrose/HO in respect to trehalose/8l was related
a specific spatiadlomain.

Then the effects of the instrumental en
resolution directly on the measured MSD
computed and presented in Ref. [16].

In the light of the obtained results, a comg
analysis of the neutron scattering spectra has all
to solve the puzitlig question of the soallec
dynamical transition In Ref. [17] the idea that t
dynamical transitiorwas simply due to the fact that
system characteristic time crosses the
corresponding to the finite energy resolution
presented. This ideaas connected to the fact that
dynamical transition temperature obtained emplc
different instrumental energy resolutions coincides
by case with the one for which the system relax
time and the resolution time are equal (compar:
dynamicé transition of Fig. 4 with the relaxation ti
reported in Ref.[9]).

In the same paper [17] the determination thé
amplitude of vibration motion irdry and hydrate
(H,O and BO) lysozyme was also shown. Finally
Ref. [18]the inhibition effects of atural bioprotectan
on the proteidynamical transitiorare discussed.
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Fig. 4 - Comparison between the shifted temperature
behaviour of the measured MSD of dry and BO 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 radiationeffects due to electromagnetic

fields have beefocusedhere.
Methods of measurement tiie electromagnetidield

in our environment have been described, suggestif{f

accurate measures microwaves power densignd low

have investigated possible health effects of mobile
radations. The European Commission Scientific
Committee on Emerging and Newly Identified He

Risks GSCENIHR concluded that wore studie
concerninghealth effects on humans are neef8id
tional radiation advisory authorities Ve

recommended measures to minimize expodoreheil

frequencies electromagnetic fielémitted by home Citizens, following the Guidelines for exposure limit:
electronic devicesind transmitters appliancet) check €lectromagnetic fields of the International Commissio
that the exposure limits recommeuatby the International Norrlonizing Radiation Protectioi. C.N.L.R.P.)[4].
Commission on Notonizing Radiation Protection are Hence, accurate measurengemteed for monitorin

not exceeded.

If radiofrequencymicrowave radiationsor extremely
low frequency electromagnetic fieldare harmful for
humans is subject to controversydowever,our studies

power density and electromagnetic field emitiadout
living environment and to detect eventual effects
organic systems

carried out byFourier Tansform Infrared Spectroscopy Materials and methods

evidenced that neionizing
effects in mid-infrared spectral region of neurofide
cellsand proteins.

In particular,increass o f -shbet contents iamide |
and amide Il regions werm@bservedn exposed neuronal

like cells spectrasuggestingthat structural alterations

occurred within the cells
radiations

induced bynonionizing

Changes of amidé& and methylene groups vibration
in the secondary structure
lysozyme aqueous solutions aft
exposures to 50 Hz electromagnetic field, whereas
appreciable change occurred in nmdrared spectra of

bands were detected
haemoglobin and

the proteins irrehalose solutions.
Introduction

Nortrionizing radiation effecthave been studiedp to

now following the enormous increase in the usenobile

telephony throughout the world, mcrowave ovens,
cordless phones and other high frequency devices.

radiations can produce

A Narda SRM3000 wasused to measurg¢he higt
frequency electromagnetic fieldradiation emitted b
mobile phone working. This instrument can meas
high frequency fields in the range from 100 kHz 1
GHz.

Spectrum galysis mode waschosen as prelimina
analysis,to detect the exact frequency values, so &t
tgte field componentaithe environmentan be detect
gpd measured.
noThe Average Mode was chosen as result type, ar
average of the measured values were taken over an
of 16 results.

Furthermore, time analysis was conducted to of
selective and continuous asurements at a fix
frequency, allowing temporal check of power density,
the intensities of electric and magnetic field compon
This operating mode was chosen for monitc
microwaves emission during mobile phone working.

A couple ofHelmholiz coils, with pole pieces of rou

In spite of the great number of studieS.performeq3ara||e| polar facesyas used to produce a low freque
knowledge about the adverse effects of radio frequengyeciromagnetic fieldat the frequency of 50 Hat the
and micrewave radiation on human health, or the.anter of the coils distance.

biological responses to theikmosure,is still limited [1]
[2]. High frequencynonionizing radiationcan produce
response in many types of neurones in tentral
nervous system.In particular many scientific studies

The device was alimented by a AC voltage reguli
up to 230 volt, wiih enabled us to change the magi
flux density up to 1 mT between the polar faces of the

25
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coils. Samples werglaced at the centre of a uniformlevels, yielding much more information on molecu

field areabetween the coils.

The 50 Hz magneticfield was continuously monitored by
a magneticfield probe GM07 Gaussmeter of HIRST
Magnetic Instruments LtdUK.

FTIR absorption spectra were corded at room
temperatureoy a spectromet, Vertex 80v, from Bruker
Optics, at the Department of Physics of the University of
Messina, to study the effects of the exposures t
microwaves and to 50 Hz electromagnetic field of
neuronallike cells and proties aqueous solutions.

Cells cultures and haemoglobin samples were prepare
at the Department of Biochemical, Physigical and
Nutritional Sciences of thgniversity of Messina

The attenuated totakflection (ATR) waschosen for
spectrum collectin. ATR method in FTIR was suggested
by [5] because it regardless of sample thickness.

For each spectrum 128terferograms were collected
with a spectral resolution of 4 chin the range from 7500
cm® to 350 cnl. IR spectraof water solutions were
subtracted from the spectreof proteins at the
corresponding temperatufeéach measure was performed
under vacuum teeliminate minor spectral contributions
due to residual water vaporR spectra were baseline
correctedand area normalized for exposadd o©ntrol
samples.

ATR spectra were smoothed by Loess algorithm and tl
deconvolved spectra, fitted with Gaussian band profiles.

Result and discusion

Frequency values where the highgeaks occur during
high frequencies emission can be detected bytspa
analysis mode of Narda SRM 3000.

Fig.1 shows as the radiation emitted by a mobile phot
working consists of a number of peaks at differer
frequencies, whose intensities change continuously duri
the conversation.

Time analysiswas carriedout ata selected frequency
during a call at a mobile phonejonitoiing the relative
electromagnetic field intensity.

Representative time analysis of the power density |
microwaves at 1765 MHz is shown in Fig. 2.

To test the effects of high freguey nonionizing
radiation on organic systems, neurcliad cells cultures
were exposed to mobile phone 1800 MHz microwaves fi
4 h,

In line with the Guidelines for exposure limits to
electromagnetic fields dhe I.C.N.I.R.P., it was checked
that the exposurewas at a power densityless than9
W/m?, resulting from the expression /200 [4].

narda

Safety Test Solutions
w1 Comnurications oy

A

SRW-TS Remote & Data Analysis

10000000
1000000
100000
10000-

1000

A

T

Paw. D [uWHm)

TR T TR e e
Freency [Gt]

Fig. 1- A power density spectrum around 1800 MHz
emitted at 2 cm from a mobile plone Nokia 1200during
a call relative to a base station in Messina and Wir@ s
provider.

narda
Safety Test Solutions

an () Comm.rications Gompery

5 4 3 2 1 0
Time: (min)

A

SRM-TS Remote & Data Analysis

[

[

Pow. D

F% 10900060

1000000.

100000-

Fig. 21 Time analysis of microwaves power density at
1765 MHz during the same exposure conditions
represenied in Fig. 1.

structure.

Analogue check was performed with respect to the Hence,FTIR technique wassed to investigate wheth

electromagnetic field components.

the exposure of neuronallike cells to nonionizing

Vibrationbandsof linkage of proteins and other cellular radiation affected the relative infrared spectrum.

organic compoundsanchangebecause ofxternal stress

Representative HR spectraof exposed anccontrol

factors Otherwise,FTIR can be considered as a valuablsamples are shown in Fig. 3.

tool for analyzing protein structure in,@8 based structure

Previous infrared spectroscopic analysis of dying c

or in deuterated forni6-7], becauselR spectroscopy has shown two characteristic spectral signatures

detects transitions between rotational or \iora energy

26

indicative of death. The shift down of the protein amic
and

a mi d e nttoid, ingicatand adcbange & the
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overall protein conformational states within the cell, ang
the appearance of a peak at 1748(@h
Theamide | bandcentred at-1645 crh § arises from the
ami de COBO str et c pdaptidggrougsinr
all proteins, providinginformation about the overall
protein secondary structure in the c¢tls

Furthermore,the i n c r e a-sheet featuresiround
1635cm tis characteristiin the dying cel[10].

In Fig. 3 Amide | and Amide llregions are well
evidencedor controlandexposed samples.

In particular, the increase of h esheét component at
1633cm 'in amide | with respect o  thhlig cortient
(centred at 1648 J after the exposures is much clear
T h e-shdetUhelix ratio of the areas of their vibration

[=A1-]

Aol —— [ E-sfeet

ATR e
o.0a Q.08

004

[=X=}]

Q.00

bands, wrting from a relative intensity 00.89 for the b = o bl =

control @amples, got to the value of 1.0t the exposed

cells, indicating modifications in the proteis Fig. 37 ATR-FTIR spectrum of neuronaklike cells in
conformationaktructure within the cell. mid-infrared reaion of exonosed(---) and control (& )

The amide Il band arises from vibration modes DRNC
H bending and N stretching due to peptidic bonds. TheAfter 3 h of exposurethe intensity ofamide A band
absorption band at ~154%n'c an b e a shelix g desréised srongly fohaemoglob in bidistilled water
structure; vibration bands close to 1530 and 1686 and sucrose aqueous solutions, whereas it was unch:
may be at t r-shdetu @re d randoro coif for haemoglobm samples in trehalose aqueootution, as

respectively, which increased after the exposure, as wellfeported in [12].

This circumstance led us to suggest a datien Further ATRFTIR analyses were_conduct_ed a_fter 1!
between the Mae of the shift ofb-sheet peak wave Of exposure. A decrease of amide A vibration b
numberand the percentage of dying or dead cells aftqccurred forhaemoglobn in sucrose agueous solutiol
electromagnetic field exposure. In addition, [11ffter the exposure, as represented in Fig. 4
performed the peak at ~1740 ¢nn the dying cell as
associated with nehydrogenbonded ester carbonyl
Co 0 tshing enode within phospholipids, whilthe s
shoulder at ~1725 cincan be associated with hydrogen N
bonded CB®O0O groups.

FTIR spectroscopyevidenceda little increase othe
1740 cm' peakwith respect to the peak at ~1725tm
after exposures.

The fact that thel1740 cm™* peak in Fig.3 for exposed 8
cells ismore intense than the 1725 ¢peakwith respect
to not exposed cellsmplies that the C=0 estearbonyl
groups of lipids in the cell are beoing predominantly
northydrogenbonded, which would b agreement with
the occurrence of oxidative damage.

Effects of low frequencies electromagnetic field were
investigated by exposures of sampleshaémoglobinin
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 wéweated in the
same room at a temperature of 20 °C

The spectra exhibited an intenamide Ibard centered Fig. 4 - Typical infrared spectra of Haemoglobin in
at approximately 1654m", corresponding mainly to:- sucrose (A) and trehalose (Bsolution after 15 hours
helix structure conterdue toC=0 stretching vibrationa of exposure to 50 Hz frequency EMFat 1 mT (dashed
low intensity amide Ilcoupling of the NH bending and lines represent exposed samples spectra). A decrea
C-N stretching modes, and a strong amide A band, of amide A vibration band is evident for exposed

centered at 3B cmil whereasthe amide B was not samples of lemoglobin insucrose aqueous solutions
evident not for haemoglobin in trehalose solution.
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In contrast, no change was observedhz@moglobn in

was detected in mithfrared region for such proteins

trehalose aqueous solutions after the exposure (FH8J, 4 trehalose solution.
confirming the bioprotective effectiveness of trehalose However, futher research of infrared spectrosci

with respect to environmental stress agents.

markers is needed for accurate monitoring of org

conformational modifications induced by nr@mizing
radiations.

as CHz2

0.0006
1

0.0004
1
B

(1]

0.0002
1

0.0000
1

(2]

Absorbance Units

-0.00 00002

1 [3]
sCHz2

-0.0006
1

3000 2900 cn-l o [4]

Fig. 5- Infrared spectrum of Lysozimein D20 solution after
4 hours of exposure to 50 Hz frequency EMF a0,15 mT
(red line represent exposed sample spectrum). 5]
Relevant changes wesdsoobservedn lysozymein D,O
solution(60 mg/m) in the range from 3000 to @8 cni,
after4 h ofexposureto 50 Hz EMF at 0,15 mTas shown
in Fig5. The bands arourP60 and 2870 crhoriginate,
respectivel vy,
the symmet r iCt; ofsG@Hs methyl lygroupyy 3
whereas vibration bands &921 and 2853 cthare
assigned toSCstaymdmeasyng@}@tri
bendingof methylenerespectivel\j13-14].

The intensity of both bands of methylene group were
observed to increase after the exgpes as can be

observed in Figh. No appreciable change occurred (8l
trehalose solution.
Conclusion [9]

Spectral and time analyses of rAomizing radiation
emitted by high frequency devices such as mobile phone
can lead to monitor that the exposure limits suggested %]
the I.C.N.L.LR.P. are not exceeded.

Fourier Transforminfrared Spectroscopy showed an
alteration inneuronallike cells spectra after the exposure.

In particular,a n i n c r-shaet eontemté in &mide |
ard amide Il regions, indicateanodifications in the
overall protein confanational states within the cell.

Other changes in proteins secondary structure due &1
low frequency electromagnetic field exposures ewer[ ]
observed for haemoglobin and lysozyme aqueous
solutions, especially in the spectral region of amide A and
methytmethylene groups, whereas no appreciable change

28

from tQ8Heand s[6§/ mm

References

T.Q. Huang, M.S. Lee, E. Oh, B.T. Zhang,
Seo, W. Y. Par k, esfofMorke
Tcells to 1763 MHz r
International Journal of Radiation Biologys4
pp. 734741, 2008.
K. Makker, A. Varghese, N.R. Desai,
Mour adi , A. Agar wall
manos n e Repmdudive 0 Biomedici
Online, 18, pp. 148157, 2009.
Scientific Committee on Emerging and Ne
Identified Health Risks (SCENIHR), Possi
effects of Electromagnetic Fields (EMF)
Human Health, 21 March 2007.
International Commission on Ndonizing
Radiation Protection, Gdelines for limiting
exposure to timearying electric, magnetic, a
electromagnetic fields (up to 300 GHHealtr
Physics 74, pp. 494622, 1998.
K. L. Chan and S. G
opportunities in micro and macreattenuate
tot al r e p e c ectrosaopic iinmadim
spati al resolution
Appl. Spectroscs7, pp. 381389, 2003.
Yok, Quigwicg, H - Mantsgigyy nsight int
protein secondary Structur resolut
enhanced infrared spectraBiochim Biophy
Actas 952 30,1988571 1
D.M. Byler, H. Susi, Examination of t
secondary structure of proteins by deconva
FTIR spectraBiopolymer 25, 4691
N. Jamin, P. Dumas, J. Moncuit, W.H. Fridrr
J.L. Teillaud, G.L. Carr, G.P. WilliamsRroc.
Natl. Acad. Scj USA 95, pp. 48374840, 1998.
W. K. Surewicz and H.
into protein secondary structure from resolut
enhanced i nf Biachim dBiophy
Acta 952, pp. 116130, 1988.
H.Y.N. Holman, M.C. Martin, E.A. Blakely, |
Bjornstad, W.R.Mc Ki nney, ilF
Characteristics of Cell Cycle and Cell De
Probed by Synchrotron Radiation Based Fo
Transform I R S|
BiopolymergBiospectroscopy, 57, pp. 33385
2000.
M. Jackson, H.H. Man
spet r os c nplyfrared Spectroscopy
Biomolecules; Mantsch, H.H. and Chapmar
Editors. Wiley Liss, New York, pp. 311340
1996.



(1]

(2]

(3]

(4]

(5]

Activity Report 2010 Dottorato di Ricerca in Fisica, Universita di Messina

S. Ma g a z Y, E.

Effectiveness of Trehalose on

Cal abr |
Spectroscopy Studies on the Bioprotective

Human

HaemoglobinAqueous Solutions under 50 Hz
el ectromagnet i c Journaledfd

Physical Chemistry BL14, 121449, 2010.

B. St u a Bitlggical applications of infrared

spectroscopyo.

Analytical Chemistry of Open Learning, 115,

1997.

P. Dumas, L. Miller,Vibrational Spectroscopy

32,321 2003.

Chichester: John Wiley and Sons, Analytical

Chemisty of Open Learning, 115, 1997.

P. Dumas, L. Miller,Vibrational Spectroscopy

32, 3 212003.

29

S. Campo,

exposureo,

Chichester: John

Wi

AFTI R

ey

and

Son



Activity Report 2010 Dottorato di Ricerca in Fisica, Universita di Messina

30



Activity Report 2010 Dottorato di Ricerca in Fisica, Universita di Messina

COLLECTIVE DYNAMICS IN PROTEINS:
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Rayleigh (heat mode at E=0) and two Brillouin lines
Abstract (sound modes at BEg):

The investigation of the collective atecular motions in (1)

biosystems constitutes a very active field of research S(Q,E) = S(Q)[ A I N

since they are believed to be essential for the biological ' T E2+17

functioning. Molecular dynamics (MD) simulations and

neutron scattering (NS) spectroscopy are powerful A, Is+(E+E/)tang

techniques for studng short wavelength collective (E+ ES)2 +1"S2

density fluctuations. In this work we report a MD I, - (E-E.)tang

simulations and NS study of the collective dynamics of A S ]

the maltose binding protein (MBP) and we present a (E-E)"+T5

comparison between MD and NS data. where Q and E are the momentum and energy transfer,

A crucial challenge of moderndgphysics is to understand As(Q) and A(Q) are the areas of the Brillouin and
the interplay among structure, dynamics and functionalitRayleigh lines, I's(Q) and I'n(Q) the corresponding
of biological systems. Motions in biomolecules span #newidths, E(Q) the sound oscillation frequepcand
wide range of length and time scales. Among thos&(Q) determines the asymmetry of the Brillouin lines. For
motions over the picosecondagstrom time and length Q—»0, the parameterssatisfy A=[(y-1)k], As=1/2y,
scales, chaderized by thermal energies (few tens ofe=ck, I',=D;k?* and I's=ak?, where g is the sound
meV) and THz frequencies, are considered of primarypeed, R is the thermal diffusivityp=[v+(y-1)D{] is the
importance for the fulfillment of dynamically driven g5 nqg damping factoy=C,/C, is the specific heat ratio,
biological functions J]. In particular, collective _andv the kinematic longitudinal viscosity.

1r£|no|ecu]ar motlobns;. th?jt arel assoc_lat_?q W'tfh d?ns'ltew techniques are able to elucidate the short range
uctuations are believed to play a significant functionag.q|jective motions mentioned above: inelastic neutron

role. S scattering (NS) and Xays spectroscopy experiments and
For example, in lipid membranes correlated mOIeCUI%oIecular dynamics (MP simulations give a direct

motions of the lipid acyl chains and the corresponding,q s rement of the dynamical structure factor and allow
density fluctuations in the plane of the bilayer arey focus on the collective dynamics.

believed to play an important rolerf the transport of Neutron scattering (NS) is the most powerful

small molecules through the bilaye][ In proteins o erimental technique for studying density fuations

changes in the conformation, that are needed for triqu the low QE region [3. The dasity fluctuations are

specific task the biomolecule will perform, require the)pgereq directly because the fl(J)Pdamental scatterin% .
eir
n

collective motion of a | rﬁo(:egseis Hedtrénfictelis Sriteraction. Tﬁehirﬁeracfﬁdn,o

atoms. Moreover, tanake a conformational transition being nuclear in nature, depends on the spin of the

from one structure to an_other, the . Correspondmgucleus and varies from one isotope to another. This
collective modes must be excited up the vibrational ladd roperty results ri two types of neutron scattering
in order to cross the transitional energy barrier. It ig ’

) . ) . . ._'toherent and incoherent. Coherent scattering is associated
believed that collective density fluctuations in proteingyii, density fluctuations while incoherent is associated
assist a number of vital b'OIOQ'Cf”II processes such ith fluctuations in the singlparticle density and yields
electron transfer and enzyme actid]. [This complex ;¢ ation on seltiffusion.

picture is even more entangled, as the thermalyqgiher methd which also provides information in the
fluctuations of biosystems are coupled with those of thﬁ\olecular dynamics region is computer molecular

surroundlng _solvent4{|. . . dynamics (MD) simulation. The simulation consists of
The description othese collective phenomena constltutegowing numerically the Newton equations of motion in

the object of molecular hydrodynamics. discrete time steps for a system of N particles, with N at

The key quantity, from both the theoretical anjoresent being typically several thousands. By using

experimental points of view, for the determination °§eriodic boundary conditions it is assumed that the

collective dynamics associated with density fluctuation ehaviour of molecules in the computation cell simulate

is the dynamicabtructure factor S(Q.E), the space anqnq 40ryal molecular behaviour in a region of comparable

time Fourier transform of the particle pair correlatior\/olume in the bulk of the system. In tr@mulation

Lur;jctl?jn. In the fmgte E reglog describable by ?enerfal'zegrocess the molecules are first given initial positions and
ydrodynamics, S(Q.E) reduces to a triplet of OnGejacities 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 correlatio
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 valuableouwrce 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, 1(Q,t), is readily computed from a ! _/J !

molecular dynanuis trajectory by using the following el el 0 1 =l

equation: o . Figure 2. Coherent dynamical structure factors S(Q,E)
I(Q,t)=iijbj.<exp(—iQRj (0))equQRj,(t))> for the protein hydration water in simulations of the
N5 MBP crystal at 150 K for selected values of the
where R(t) is a position vector and; 5 the scattering momentum transfer (Q=0.4, 0.6, 0.8, 1.4, 1.8 Afrom
length of atom j. The result may be numerically Fouriebottom to top).
transformed to give the dynamical structure factor
S(Q,E): The MD results that we report here are obtained from MD
1 ; simulations of maltose binding protetmystal at 150 K,
SQ. E)_%II(Q’t)eXp(_IEt)dt and a hydration level of 0.492 pgztB{dr);/ protein. The
A time window corresponding to a particular instrumentasimulated system is shown in Fig.1. CHARMMZ2Z |
resolution is used to avoid truncation artifacts in the FT. force field has been used for the protein and the SPC/E
In this work we report a molecular dynamicsmodel for water. MD simulations were carried out at
simulations study of maltose binding protein (MBP) andtonstant temperature andepsure. A multiple time step
we present a comparison besn MD and NS data. 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 theyaisl
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 comparisomith neutron and xay
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. toprobe water dynamics specifically, it is possible to
Figure 1. Snapshot of the model hydrated MBP jsqiate water scattering by simply ignoring contributions
powder used in the MD simulations. The model 5 the dynamical structure factor from the protein atoms.
consists of four MBP molecules (drawn in surface | this extent, MD simulation is a powerful tool for the
representation and colored yellow) and 3,460 water interpretation of experimentehta.
molecules (colored blue) in a triclinic wit cell thatis g 2 reports the coherent dynamical structure factor
replicated by periodic boundary conditions in three g E) for protein hydration water generated from the
dimensions in the MD simulations. simulation of the MBP crystal at 150 K for selected wave

. . vectors Q.
MBP, also called malE protein, is a wetlidied soluble ~, the experimental side, Brillouin spectroscopy at

proteir_l that plays_an impor_tant role in the metabolism qhermal neutron eneigs is a powerful technique for
E. coli [6]. MBP is essential for thenergydependent onhiaining quantitative  information about — atomic
translocation of maltose and maltodextrins through thgieractions in complex systems. Here we present the
cytoplasmic membrane. MBP is a model system fofogyits of a Brillouin NS investigation on hydrated
protein science and the subject of several ongoingowders of MBP. The sample was measured by the
Investigations. BRISP spectrometer at eh Institut LauelLangevin
(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)Aand thermal

S(Q.E)

L

exchangedenerges (130 < 8 < 30 meV).
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the protein macromolecule and its hydration shell may b 50

in naturally abundant proteins, the contribution to the = 34

uniformly present in every protein and have a very larg 10

component (~ 2 barns) and the mainly coherent eros:

information about the singlparticle protein dynamics.

contribution reduced to 2.05 barns, thus highlightingh® Simulations of the MBP crystal.

the incoherent crossection of oxygen atoms is Zero,correlation functions, an estimate of dynamic and
DeuteratiorLaboratory (Grenoble, France) to perform the/ISCOSity can be done.

hydration degree and temperature of the simulatdgtroduction to the very active field of research of the
NS spectrum. The results show that MD simulations afd9hlighted —the power of these techniques for

properly studied only provided that a fully deuteratec 5
neutron scattering signal would come mainly from &
incoherent neutron crosection (about 80 basn for "
0.5 1 1.5 2 25 3

sections of all other protein atoms (C, O, N and S). Th Q (&)
On the contrary, deuterium atoms predominantly diffusEigure 4. Contour plots of the longitudinal current
collective dynamics. On the other hand, the scatterin
while the coherent one amounts to 4.23 barndh€rmodynamic properties of the systémsuch as the

g conclusion, in this work we havéurnished an
system. collective dynamics in biological systems. By presenting
in good agreement with the experimental data. characterizing the short wavelehgtollective density

The propagation of coherent density fluctuations through

sample is available and deuterated water is used. In fa

hydrogen atoms. These atoms are abundantly ar E 20

thermal neutrons), that overcomes by far both its cohere 0

dominative incoherent signal would then provide

neutrons coherently (5.59 barns), with an incoherefPectra G.(Q.E) for the protein hydration water from

signal produced yoD,0O molecules is mostly coherent, aslginally, by adoptingsimple models for the analysis of the

Perdeuterated MBP was expressed in the-EMBL- sound speed, the thermal diffusivity and the kinematic

NS experimenh The sample was measured at the sam

In Fig.3 we report a comparison between MD data and® MP and NS study of a soluble protein, we have
fluctuations.

10— T T - : :
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The presence of collective modes in the system can be
easily seen in the longitudinal current
C.(Q.E)=(F/IQ)S(Q,E) ad is signalled by the
appearance of peaks in the(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 & small wave vectors, it indicates its
acoustic originA 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 dispeesand the
second one around 9 meV is weakly dispersive in the Q
range studied her@]|
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ION IMPLANTATION BY POST -ACCELERATION OF IONS PRODUCED BY LASER -
GENERATED PLASMA
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Abstract The new generation flaser ion sources and even T\ p
_lasers permit the generation of energetic ions with high
A Nd:Yag laser, 1064 nm wavelength, 9 ns pulse widthenergy, directivity and current. Although in these cases
900 mJ maximum pulse energy30 Hz repetition rate, the jons extracted from the lasgenerated plasma are
is focused, at an intensity of the order of*My/ent, On  multi-energetic with Boltzmantike distributions, the fast
different solid tagets placed in high vacuum. The ion gng intense ion emissigocess permits the implantation
emission is characterized t+)y high directionality, currentos gifferent substrates placed in front of the plasma
and charge states up to "l asergenerated plasma pjume. Lowintensity laser beams, of the order of*%0
occurs inside an extraction chamber placed, together tv/cnt?, produce keV ions which need to be post
the target, to +30 kV potential with respect to the sccelerated up to energies of the order of 100 keV to be
chamber ground. The post acceleration field is apP“edsignificanly implanted in the substrates [3]. This
along the normal to the target surface. Its effect is tGechnique of implantation results very interesting properly
acqelerate the ions proportionally to thellr charge statepecause the ions are medthergetic, this means that in
An implantable ion dose of the order of lonsient  this case is possible to obtain muiftiplants without
can be obtained by working in reftion rate and change the energy of the ion source likppens in the
irradiating the target with thousands laser pulses. case of the traditional implanter. These mattergetic
The system is employed with success in the field of thgyg permit to obtain implant at high depth, depending to

ion implantation, in order to modify the chemical and {ne ion energies, to the distance tarsgmple and their
physical surface properties of many material substrates. angle with respect the target.

Keywords: Lasergererated plasma, posicceleration
ion implantation and deposition, chemical and phySicaExperimentaI setup

surface properties. This experiment waperformed using the Nd:YAg pulsed

) laser at INFNLNS of Catania. This laser operates at the
Introduction fundamental wavelength of 1064 nm, 9 ns laser pulse
lon implantation allows the introduction of dopingw'dth' 500 mJ pulse energy and a laser intensity dt 10
elements in a substrate at concentrations which are hig (C : . . : o
orders of magnitude &m the equilibrium solubility [1]. . € pulsed laser |rraQ|ates a Ge solid targmted at 30
All combinations of ions and substrates can be used a idence angle and insert inside a vacuum chamber. The

the total number of implanted species can be precis stacceleration s_yst_em consists ian  extraction
controlled. chamber, placed inside the vacuum chamber. The

The ionimplantation is used in semiconductor device?XtraCtion chamber is placed on an insulator base (made

fabrication and in metal finishing, as wels in various of polymeric material) to insulatthe extraction to the -
applications in materials science research. vacuum chamber. The extraction chamber is made in

L luminium with the shape of a parallelepiped of
At a high ion energy and dose, the process can mod ) ) !
significantly the chemical and physical properties of th mension of 25 ¢m long with 11 c¢m large and high. The

implanted surfaces. For instance, the hardness, the we get is conne.c_ted by a target holde_r, thgt permits to
the chemical reactivity anthe wetting ability can be change the position dhe target surface irradiated by the

substantially modified by the implanted atoms. laser and the target rotation with respect to the laser

The ion penetration in the substrates depends on the i france. A lateral hole per”.“ts the laser to enter inside
mass and energy and on the nature of the implant extraction chamber and hit the target. The frontal base

substrate [2]. of the extraction chamber is totally operdan front of it,

Traditionally, ion implanters use monoenergetic ior2 metallic discs 2 mm thick and 10 cm diameter, are
beamswith energies of the order of 100300 keV and aligned (parallel along the normal to the target surface) to

: : : the axe of the extraction chamber, maintaining 5 mm
lon currents of the order of 1000 uA. lon implantation ﬂistance one another. Each disc has a central hole with 8
via laser can modify thick superficial layers, up to a de‘ptmm diameter. A discs are connected one to the other by

of the order of 1um, by using multiple ion implants ; : ; : N
performed at different ion energies on the same substr eMg.2 resistor, in this way the first disc is connected to
material € 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
35
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resin was used to cover the metallic emts of all the It was found that, without posicceleration system, with
resistors in the collimator system. a laser intensity of ¥® W/cn?, the ion energy reaches
The maximum high voltage applied to the system waslues of the order of 100 eV/amu. These low energies
+30 kV and it was applied to the extraction system (targate not sufficient to produce ion implantation effects but
and extraction chamber); the distance betweenrend sufficient in order to obtain a good adherent deposited
the last disc was 6 cm that corresgds to the maximum film. RBS analyses carried out at CEDAD of Brindisi
electric field of 5 kv/cm. showed the differences between ion implanted and
Fig. 1 (a) reports a sketch of the experimental apparatdeposited films on substrates [5]. Bying the post
employed in order to accelerate Ge ions emitted from tlaeceleration system it is possible to reach energies higher
lasergenerated plasma. more than 100 keV, useful to produce good implants.
) This paper is focused mainly about the study of the
a) //// “\\ behavior of different physical properties of implanted and
/ \ deposited film obtaied 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 exate 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 thelegree of vertical deviations from the
planar surface. If these deviations are large, the surface is
rough; if they are small the surface is smoolihe
roughness has been measured by using a Tencor P10
surface profiler, as reported in Fig. 1 (Measurerants
showed that the higher roughness is in @& implanted
PE substrates, at about 3000 A, while the roughness
values decrease to 2500 A and 2000 A for the pure PE
and Ge deposited substrate, respectively. The pure Ge
Fig. 1: Sketch of the experimental apparatus eroped roughness is about 250 A.
at INFN-LNS laboratory for the implantation and the One of theimportant surface characteristics of a material
deposition (a). Photo of the Tencor P10 profiler (b) andis its ability to be freely wet by a liquid. At the liquid
photo of the apparatus employed in order to evaluate theolid surface interface, if the molecules of the liquid have
wetting angle of the samples (c). a stronger attraction with the molecules of the solid

surface than the wetting of thairface occurs. On the
contrary, if the liquid molecules are strongly attracted to
The substrates employed in this experiment were PE each other more than the molecules of the solid surface,
sheets at high molecular weight (UHMWPE), that weréhe liquid beadsup and does not wet the surface of the
implanted and/or covered by Ge ions, generated by the @art [6].
lasergenerated plasma. The PE substrates placed insiiee apparatus employed in order to evaluate thtinge
the extraction chamber, to 15 cm distance from the targatgle, consists in a micigyringe that puts on the sample
laser spot and at differeangles with respect to the targetsurface 1ul drop distilled water. The contact angle was
normal direction, were covered by a thin deposited G@easured by a CCD camera connected directly to a
film. The PE substrates placed externally to the-fst computer, where the images of the ligsinlid interface
acceleration system, to 100 cm distance from the lasare recorded in order to kmnalyzed successively. The
spot, were placed along the normal to the targetserf experimental apparatus is showed in Fig. 1 (c).
direction in order to be ion implanted on a circular area dfhe wetting analyses are reported in Fig. 2, where the
about 8 mm diameter. In this last case the Ge atoms daghavior of the wetting angle is correlated to the change
be accelerated up to about 100 keV or more kinetiof the roughness in each sample.
energy. The measured Ge ion dose resulted arounds evident that the wetting aliif changes by varying
2,9x10° ions/cnd. If the total iondose is divided for the the substrate treatment. In the case of pure PE the mean
total number of laser shots of the implantation (16000yyetting angle is about 67°. This value decreases when the
the Ge ion dose per pulse results around 1.8x10Ge is implanted in a PE substrate at which it assumes
ions/cnf/pulse. about 63°. When the Ge is deposited on the PE substrate
Results the weting angle decreases more and it assumes about
Previous experiments permitted to have information abof®°.
the ion energy and charge state distrimgioand to The wetting angle of the pure Ge is at about 51°; this
understand the total ion dose extracted from the Jaséneans that when the PE is covered by a Ge layer and
generated plasma [4]. when the Ge is implanted, the final sample tries to

— /
“{/~f— Laser beam
Lens ™ o
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decrease the wetting angle to approach tHeevaf the
pure Ge.

that the Ge ions implanted in the PE surface change the
surface structure of the sample.

Literature results show that the water wetting abilitf”hen Ge is deposited as a thin film (Bt thickness),
decreases with the implanted ion dose, as reported in abe substrate shows a reflectance increases with respect to
previous papers [7, 8]. the pristine oneThe reflectance in this case is about
The change of the behavior in the surface reflectance h@%,very close to the Ge reflectance (about 55%).

been analyzed by using a visible lasgéth a well known

energy §, that works in continuous mode, it emits a light
beam that hits the samples with an incident afglét

the reflectance anglg=6; is placed a detector in order to
measure the reflected laser energyrl these experiments
a joulemeter was employed. The angle of incidence
lasersample and the angle of reflectance labetector

was 45°.
67 PE i
66 -
g 7 Fig. 3: Reflectivity at the variance of the roughness for
> 647 PE, PE deposited by Ge and PE implanted by Ge.
; 63 [ ]
% 6] PE + Ge Last surface analyses were performed in ordestonate
2 mpl the value of the electrical resistivity of the polymeric
g o1 substrate.
60 The electric analysipermitted to evaluate the change of
| "PE+Ge, the behavior in the surface PE when it is doped or
deposited by Ge ions.

2000 2200 2400 2600 2800 3000

The results, showed in Fig. 4, represent thee/af 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 thaf®Zom).

Roughness (A)

Fig. 2: Wetting ability at the variance of the roughness
for PE, PE deposited by Ge and PE implanted by Ge.

The measuredbnergies were used in order to find the  1x10°-
component of the reflected light by using the following  gx10°-
relationship: \

8x10" -
1)

The results were used in order to obtain a plothef
reflectivity as a function of the surface roughness, asg
reported in Fig. 3. These values are agree with ther
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 dos&,8k10°

ions/cnf shows a reflectance increases up teig. 4: Resigivity PE deposited by Ge, PE implanted by

Pl\Jre PE

|
| PE + Ge,
n

impl.

\PE + Ge,
ep.
L}

7x10" -
6x10°
5x10"
4x10*
3x10"

% reflected =1, %

tivity (Qm)

2x10" -
1x10* A
04

Ge

Element

1Ge  10% with respect to the pristine one. Ge and pure Ge.
" Measurements demonstrated
50 that the ; Lty ; i
PE + Ge The electrical resistivity goes to increase, with respect to
. dep. fq the Ge one, by considering, respectively, the deposited
T e ecta\?;te and the Ge implanted substrate.
S '?hcrea§83| ted When the Ge is only deposited the Ge layarecdotally
E E de imp a[]”?_ the PE surface and the sample try to approach the
3 0se. IS" behavior of the pure Ge and the sample begins more
& 2 Means  conductive.
PE + Ge
impl.
10 n 37
pE
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Chemistry Series, Vol. 43, American Chemical
Society, Washington, DC, 1964, p. 1.

Conclusions [7] L. Giuffrida, L. Torrisi, S. Gammino, J.Wolowski

In conclusion, this work shows how a laser ion source can and J. UllschmiedRadiation Effects & Defects in

be used in the field of the ion implantation. Althoubk t Solids: Incorpoating Plasma Science & Plasma

ion emission from the plasma is not meewergetic but Technology. Vol. 165, Nos. 10, JunéOctober

made up by different Boltzmarike distributions for 2010, 534542.

each ion charge state, the simultaneous implant 8] A. Lorusso, L. Velardi, V. Nassisi, F.

different surface layers can be obtained with success. In Paladino, A.M. Visco, N. Campo, L. Torrisi,

fact, ions penetrating at differeranges modify different D. Margarone, L. Giuffrida, A. Raino.

layer depths and change the surface properties of Nuclear Instrumentand Methods in Physics

implanted substrates. Research B 266 (2008).

Preliminary studies in the field of the modification of[9] Qi-ChuZHANG, J.C. Kelly and M.J.

different surface properties, such as the optical Kenny.Nuclear Instruments and Methods in

(reflectivity), mechanic (roughness, wetting abjlitgnd Physics Research B Vol. 47, Issue 3. 1990.

electric (resistivity) have been analyzed. [10] Website Syntecoptics.

Pure PE, PE doped with Ge ions with a total dose of http://www.syntecoptics.com.

2,9x10" ions/cnf and PE covered by a Ge layer of 80

[Im thickness, were analyzed with different techniques.

The preliminary results show for the momenttthiae

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 th 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 ef th

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 weatr.

Further research will be pursued in future experiments in

order b 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 saturatéaido

maximum value.
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Abstract 355 K, lysozyme denatures irreversiblyhe process i

Proton Nuclear Magnetic ResonancéH (NMR) folding corresponds to the whole of complex phenor
experiments have been erl_ﬁ)rmed to measure the throughout which the chain of amino acids assume
properties of water in ther§it hydration layer of the native state of therotein. In spite of their complexi
protein lysozyme in the temperature rang295K <T< Proteins have a well precise native state and "they
365K. In particular,we focus our attention on the thermafthrough a rapid and sure process of folding. Howeve

evolution of the chemical shifif the signal relative to the €very protein is a good folder. There are cases in \
hydration water. the kinetics of folding can present some anbtes. Thi

) ) ) ] alteration of the folding of a protein characterizes ¢
From this study it emerges thabe folding/unfolding  neyrodegenerative illnesses like the Alzheimer an
process of lysozymecharacteristic of this thermal range,parkinson diseases, in which conformational variatio
is governed by the dynamics of itgdrationwater. the proteins occur (frontJ helix or random coil top

Introduction sheets). Thesevariations cause aggregation v
subsequenyl formation of insoluble fibrils. The questi
Understanding the relationship between the structure ardin which conditions these conformational variat
dynamics of proteinand the water associated wittem that determine the kinetics of the folding/unfolc
is an ongoing challengg¢l]. Without water a protein equilibrium acur
cannot function but just a single layer of wasarround In this work a NMR study on the properties thfe
ding it (called the first hydration layer) can restore th@ydration wateof lysozyme is presented as a functio
biologicalactivity [1]. In a hydrated protein there are twotemperature.The aim is to show that NMR prot
categories of water molecsle identifiable in tose chemical shift measurements may dm@nsidered a ne
proximity to the proteini) the bound internal water that method for estimating the configuratidmart of the he:
plays a structural role ithe folded protein itself, ani)  capacityCp (T) that resultdrom the hydrogen bonding
surface water usually called hydration water that playswaater molecules.
biological role. . .
Recent NMR [2] measurements demormted the EXperimental Details

existence of two yhamical transitions for the lysozyme Thermodynamical properties afiatermoleculesin the
hydration waterBelow the first one, at about 220 K it fj gt lysozyme hydration layerwith h = 0.3 gram o
exhibitstosat ridmoaaitireansi t i Qlef et érzii’n ofprofaifvieR &tdditd & 'étmosphe

loss of protein flexibility', that is of biological acti\(ity pressurein the temperature rang295K <T< 365K by
Above the seand transition, around46 K, the hydration using a Bruker Avance spectrometer, operating af

water dynamics is dominated byater molecules not \i4; H resonance frequenciden egg white lysozyn

involved in hydrogen bonds (HB) with a consequenjasoptained from FlukdL7651 three times crystallize

protein denaturation when the protein unfoId;. dialyzed, and lyopliized) and used without furth
QENS measurementS] confirmed the existence of | rification. Samples were dried, hydrated isopiestic

these wo trarsitions for the lysozymevater system ang controlledby means of a precise procedure [3].
moreover, the observation of identical dynamical 4, get into the microscopic details tfe foldingun-

transitions in different hydrated biopolymers such as folding processa series of measures have been pla
RNA and DNA,demonstrate thatthey do not depend on including cycles of warming and cooling in differ

the chemical nature of the biomolecules but on t mperature ranges, prejgy each time the samplén
intrinsic properties of hy_dratlon water |tseI?c [4] particular, NMR spectra were recorded along
A protein is in the native state up to a given temperatuE%mmete thermal cycles A and B in which the maxir

and evolves, on increasing T, into a region characterizgdyherature of heating is inside the irreversible
by a reversible unfoldindplding process. In the case of

the wateilysozyme system such a giomenon occurs
essentially in the temperature range ofi36D K. Above
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denaturation regionand different partial cycles in reversibilty can be observed for a thermal cycle wh
which the maximum temperature of heating is inside thesalized inside the Native region (scan G).
reversible intermediate region (scans C, D, E and F) of~or what concerns the thermal behaviour in the he

also before it (scan G)In more details phase for the cycles A and B, the chemical shift decr
e Scan A 295K and 365K with 2K step heating linearly with a sharp change of the slope betweg®
ead 10 min and further cooling to 297K; and 346 K. During the cooling phase it rises linearl

e Scan B 296K and 366K with 2K step heating decreasing temperature. For measures D, E and
each 10 min and further cooling to 298K; cooling path depends on the starting temperature b

e Scan C: 320K-347K with 1K step heating each slope is practically identical.
5 min and further cooling to 320K
e Scan D: 320K-343K with 1K step heating each 47

T

A Heating (A)
5 min and further cooling to 320K 2 leaing ()

e ScanE ed F: 320K-341K with 1K step heating  u| 2 i@ ]
each 5 min and further cooling to 330K with b Desa
consecutive measure in function of time by a ouma
acquiring a spectrum every hour for 20 hours. g i ! § EL’Z’:’%:‘:F:’, 1

e ScanG : 295K-320K with 1K step heating each £ B Cooling (G)

5 min and further cooling to 298K a4

Each NMR spectrum has been analyzed by using

Lorentzian function to fit the contribution correspondinc .|

to the protons ofhydration waterFrom the fit wehave
evaluated the intensity of the magnetization, the full widt

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

1 1 I
300 310 320 330 340 350 360 370

From this latter quantity we were able to obtain a quantit e Temperature (K)
proportional to the configurational part of the specific
heat[5]. Figure 1: The thermal behaviour of the proton NMR chemical shift

of hydration water for all scans.

Results and Discussion

The chemical shifts, that isthe msition in frequeny As above mentionedhé temperature derivative of -

measured chemical shiftallows to obtain th

g];lvitrgim\évr?tt eorf F:ﬁskcolr?si dseergzltg/eec;[gs t:reticucigren;;]ceal configurational part of the isobaric specific heat shov
P P ' igure 2, as a function of the temperature.

change' in temperature of the chemical shift is a quanti he vertical lines have been introduced for undenlg
proportional to the local order of the system an

consequently to its configurational esypy, S. Therefore e border amongthe Native and the Intermediat
q yto 9 Y. .7 Reversible region (green line), and between this latte
the NMR chemical shift measured as a function o

temperature, allows to obtain a quantity directlyhe Irreversibleenaturaon region (red line).
proportional to the configurational contributiosf the
specific heat at constant pressisp

>

T T T T T

A
.
ol 5(r)j (asj A
-T —Z ~T| — =C A Heating (A) 1
( ot ), ~Mer), =M o el £
A Heating (C)
. . . . 2 e a4
In figure 1, he chemical shifof the lysozyme hydration _ "°F A HeatingiF) & a ]

water for all the performed cycles is shown. Here, th
arrows indicate the versus of thigermalcycle. As one
can observe, all the heating paths superimpose wher¢ -
the cooling paths gtngly depend on the thermal history os ;
of the system. Bgan, A0R T
In particular, it is evident that for the complete therma O.A."" o

_o
&
T
Irreversible
Denaturation

(din 5 /dT)

cycles A and Bthe chemical shift values for theeating Native Intermediate
phasedo not coincide with those related tine cooling o3 . : . \ : :
phase so evidencing the irrevéibty of the denaturation 0 e 9 0 0 0 » a9

. . Te K|
process. If one considers a thermal cycle for which the SRR

maximum temperature of heating isell below the
irreversible denaturation regiorhet reversibility ofthe
folding-unfolding process is indeed evident. The total

Figure 2: Thermal behaviour of theconfigurational specific heat.
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The salient characteristic igust the presence of a
maximum at the temperature g (blue line), the same
temperatureat which a maximum has been observed in
the isobaric specific heat measured by traditional
calorimetrictechngues [6].

What finally emergs from this study is the
fundamental role played by hydration water in the
folding/unfolding process. In particular, it emerges that at
Tp the hydration water displays a sort of dynamic
transition froma lower density liquid that allows the
protein to renain 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 radius). Thecoupling mechanism due to dipaiipole

We study theoretically the quantum optical propertieiiteraction atvavelengths around the SP dipole resor
of hybrid molecules composed of an individual quanturt$ largely independenon the geometric details of -
dot and a metallic nanoparticle. The coupling between tRdNP, as verified by accurate scattering calculati
two systems gives rise to a Fano interfererftacewhich  beyond the dipoleapproximation [5, 1]l The quantul
strongly affects the quantum statistical properties of thdot is modeled as @wo level system with a dipc
scattered photons of orders of magnitude. This effect catPmente, that is a goodapproximation when studyi
be exploited for the realization of ukcampact single optical processes at frequenciesonant with the lowe
photon switches. Mreover we proposethe Concept of €nergy excitonic tranSitiOtﬂ.Z]. Calculatons are carrie
nanopolaritonsdemonstratingwith accurate scattering Out nonperturbativelyj.e. the QDMNP interaction ¢
calculations that the strong coupling regime of a sing#ell as quantum fluctuationare treated at all orderb
guantum emitter (a semiconductprantum dot) placed in this way, we take into account thgiantum nonline
the gap between two metallic nanoparticles can p¥ocessethatare at the basis of many important quar
achieved. The largestimension of the investigated optical effectssuch as optical squeezing [18onclassic:
system is only 36 nm. Nanopolaritons will advance ouphoton correlations [12] ancemission of entangl
fundamentalunderstanding of surface plasmon enhancehotonpairs [14, 1% We also investigate the statistic:
optical interactions and could be used as «tmpact the scattered photons which are strongly affected b

elements in quantwimformation technology. Fano effect due to the coupling betweenetltiscret
excitation of the quantum emitter and the broad
Introduction intense SPhand. As a result, the arrival of one photc

Control over the interaction betweesingle photons able tt(') su?pi:]essor %reatly eghance thet Iscatte:
and individual optical emitters deserves great importanf,péOper ies of thesecond one. QD ‘nanocrystals emi
;f;e promising candidates. foexample, chemical

in quantum science and quantum engineering [1]. : .
Recently,substantial advances towards the realization nthe5|zeq Cd.S@DS can be spmoat.ed ora flat glas
gbstrate with silver or gold nanoparticles][d6they ca

solid state quantum optical devices have been maé . . .
; : - € coupled in dully controlled way with the metallic t
coupling single quantum ats (QDs) to higHinesse of a neaffield apertureless optical microscop&elf

optical cavities [2,3. An inherent technologically . : A
limitation of these systems is that the size of the cavity @S‘Q‘mbled QDs, which can d|§play a very higptica
rguallty could also be exploitedvery recently self

at leasthalf wavelength and practically much more tha bled clust f diblectri h .
thatowing to the presence of mirrors or of a surroundin SSEMDIEC ~ CIUSIErs Oof MEWPBIectric  Spheres — wi
recise tailoring of the number and position has

photonic crystal. Unlike optical microcavities, metallic . . ;
nanoparticles and metallic nanostructures are able ?8monstrated [47This novel technique can beitec

focuselectromagnetic waves to spots much smaller than [ the realization of more complex nanophot
wavelength. Their ability to control the radiative deca); ructures.

rate of emitters placed in thaiear field has been widely

demonstrated [4 This ability stems from the existenoé Theory and Results
collective, wavelike motions of free electrons onraetal The artificial molecule is excited by an app
surface termed surface plasmons (SP)].[8ndividual ~electromagnetic field; = E, €' + c.c. polarized alor
noble metal nanostructures can function as nanoscdle system axigsee Fig. 1) The positive frequen
laser cavities [§ and elements in optical nanocircuj@.  component of theelectric field oscillating as exp(¥t)
Optical nonlinearities enable photphoton interaction felt by a quantumemitter, Eqp = Eo + E, is due to tr
and lie at the heart of several proposals for quantustperposition ofthe input fieldE, and the fieldE, =
information processing[1, 3, ],8 and singlephoton (S,Pn/4 &&R’), arising from the indced polarization -
switching [9, 1(. Here we investigatehe quantum the MNP [1§ Py, = 4 g0 (Ey + s,P/4" &&R’), wher
optical propertie®f a QD-MNP hybrid artificial molecule s,= 2 for an applied electrical field parallel ® (s,=11
(see Fig. 1)We consider a spherical QD interacting withfor a field orthogonal toR). The entire system
a sphericaMNP of radiusr,, separatedby a distanceR. embedded in a dielectric medium with awtar
Thereis no direct tunneling between th@NP and the permittivity s,. P, = (i is the positive frequen
singleQD (SQD) (RT ryl rop > 2 nm, beingqp the QD componentof the QD polarization, being (iithe
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expectation value of the lowerirtgansition operatofi =
l[guell The frequency dependecdmplex coefficienth =
(em(@)1 &)/(2epten(w)) determines the SP dipole
resonance frequencws, satisfying Re[en(asp)]= T 26,
Performing the first order expansiof Re[sh(@)] around
s, b can be well approximatedby the complex
Lorenzian b & 3ig, dfi(ws, T¥)+%42], with d =
(dRe[sn(w)]/d¥)'*  and % = 2dim[en(wsp)]. This

(meV)

g
SP-QD | coupling

1 1 1 1
16 17 18 19

a(R)

15

3
14

20
R (nm)

approximation enables the description of SP resonancesigure 1: Interaction between a quantum dot anda silver

within the quasimode approach, largelgxploitedin the
framework of cavityguantum electrodynamic$QED)
[13]. The full quantum dynamics ahe coupled nano
system can be derived from the followingaster equation
for the density operator,

(|
i [{) Ha} +£\ ‘I‘L:sp- (I)

P = N

The system Hailtonian isHs = Hg + Hint + Harive With
Ho = kogd'a + ke, being a the Bosonidestruction
operator describing the SP field mode &ug the energy
of the QD excitonic transition. Thélamiltonian term
describing the interaction between @B exciton and the
guantized SP field, in the rotatingave approximation
readsHi =i k(@01 alf), wherek g €E beingiEa=E",
the positivefrequencyelectric field operator at the QD
position. The systerexcitation by a classical input field

can be described btyie=T EO(GaA+G an 8E0(0A+ﬁ). The
Markovian interaction with reservoirs determining the

decayrates, andas, for the QD exciton and the SP mode

respectively,is described by the following Liouvillian
terms[13],
— Yiodpdt — dTdp— pdid; .

L; = 5 (2d;pd] — d}d;p — pd!d;). (2)
with i = x, sp, beingl, = l andds, = a. Startingfrom Eq.
(1), the coupled equations of motion for tisRfield
expectation valuednil [ Tr[a;] and for the emitter
transitioroperator determining the QD polarization
Co Ul Tr[( ] can be obtainedlhe equation of motiofor
the exciton operator expectationlwa 0o Uis coupledto

higher order expectation values. A widely adopte:

truncation scheme is the one based on the smallnéiss of
excitation density which allows to truncate with resgect
the number of photon numbstates to be included.

At steadystate hemo t i equabios forlaiican formally
be solved, (il = (gloii + iGEy/K)/D(¥), with D(¥)=
i(¥sg ¥)+2y2. Equating the obtained electrifield
expectation valueE,, iHalu with E,, we obtain,
E=(3kdr’ /4 &)Y4s/R%) and 6 = (12 kd g r’n)Y2
Figure 1 displays the dependencegobn the QDMNP

distancer. Throughout the paper we use a dipole mome@found the QD transitiornergy ¥, is evident. For

€ = ery with ro= 0.7 nm (corresponding to 33.@&&bye),
beingethe electron charge argg= 3. We considea silver
MNP whose frequencglependent iglectric pemittivity
is taken from Ref. [1@ Comparing the classical
expression for the MNP polarizatid?), with the steady
state result for(ali we obtain P,= clal After the
determination ofE and 6, Eq. (1) establishes arecise
theoretical frameworkor nonperturbative quantum
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nanosphere and dependence of the couplingg on the metallic
nanoparticle-quantum dot distanceR.

plasmonics. We calculate the Rayleigh scatteaigigpting
the standat method which is valid when trsze of th
scattering objects is much smaller than wevelength c
incident light [18. In this case the scatteringtensity i¢
proportional tds = (PP} whereP” = Ga + ¢ (s the tote
polarization operator ang = (P*)" It is worth noticin
that the scattered intensitpntains a coherent pdgf°'=
[(P*i? as well asincoherent contributions with th
frequency of the scatteregphotons not necessal
coincident with that of incideriight 1:"°" = (P, P*ufl I,
T 1" Figure 2adisplays scattering spectra as functio
the frequencyf the incidence light obtained for differ
QD-MNP distance® as indicated in the panel.

L
1T Fa—2x 102 mev

A= -30meV

Scattered Intensity

2800 2900 3000

Energy (meV)

2900
Energy (meV)

2800 3000

Figure 2: (a) Scattered light intensity spectra (red continuous
line) calculated fa different QD -MNP distancesR at low density
excitation power. (b) Scattered light intensity spectra calculated &
= 14 nm. Plots are pealnormalized. The plot at [ = 0.4 meV was
vertically shifted by 0.2; the one at J =1 meV by 0.4

The spectra in Figgahave been calculated in the limit
very low excitation intensity, where the excitor
populationsioc“oii0l (At R=14 nm a Fandike lineshap

particular input frequencyhe scatered light is higly
suppressedyhile atslightly lower energy &nhanceme
of scattering due toconstructive mterference can |
observed. For comparisdime plot atR = 14 nm shows tt
scattering spectruim the absence of the QD (dadbtted
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line). Increasingthe distanceR, the Fano resonance

. . . I —dip
narrows, due to theeduction of/" lp. While atR=18 nm 20l A paak
the destructiventerference remains almost complete, a | A
larger distance¢R = 25 nm), the Fano interference effect . 15 ) Mg

lowers and thesuppression agell as the increase of the -,
scattered lightare reduced. Figure 2b displays scatterin _
spectra obtainefbr QDs with different excitonic energy 5.

0 =2x107 mav

levels. Inparticular, each panel corresponds to differer a=-60mev
excitonSP detunings A= ¥,0 ¥ Interestingly, the Lo 10 20 0 0
interferenceeffect determining a strong suppression o Time (ps)

scattering atspecific wavelengths of the input field Figure 3: Normalized secondorder correlation functions.

requires no specialuning unlike analogous effects in_ =~ ]

cavity QED.While SPssupported by the MNP can be Thisstriking effect can benderstood observing that o
described as harmonic oscillatotise sirgle QD displays ©One of the two detectephotons is affected by the Fe
nonlinearities at singlephoton level. Panel 2b puts interference: the firsphoton saturates the QD transit
forward the dependence kight scattering on the intensity causing the absencef any inteference effect on
of the input field. Thesontinuous lines describe lefield ~ Sécond one.The ultracompact hybrid system h
spectra obtained foa Rabi energy2 = 26E, = 2x10'2 investigated is irexperimental reach. The Fano reson

meV. Increasinghe input field taQ = 0.4 meV, saturation 25 well as thé~aneinduced photon statistics occurs ¢
effects appeafdashed line). A2 = 1 meV saturation is ge\s/gi)ilaelgrgzzkr);rs]gwllaithoéii?vel:dlg;/vif%. -Lr:}ntlejfr;ecet?ni:
almost complete.The hybrid artificial molecule thus 7. : S 4 .
behaves asfaequency dependent saturable scatterer. displaying significantly larger speciral broadening
The enhanced miinearoptical response of an individual ?;:g?gtioan;efguréfna:riﬁ tz;t t?ﬁe pr;gors]g:i rephlj
emitter leads to pronouncethodifications of photon y q

statistics that cannobe captured by only considering mtaelz:ansgs:tjtifﬁt:hu?t tﬂ?kr?rzgac:}t:?‘c‘éﬁmce%rtnsp[g}nT:r:ﬁo\llivli]eh
average intensities, butappears in highesrder P j

correlations of the emitted andscattered fields. risc;?(?gcsesstzgseint::?lfj?rfelg\;ergorl\?c ﬁazgngti\‘c?gs[oli
Specifially, we focus on the normalizedtedystate \F/)Vey demor?/strated theuge iEr!'n act that the Fpano effect
secondorder correlation functiong® for the scattered 9 P

field which for a stationary process can be expressed ga;/i?:alo nngﬁnzgﬁtogtagrsﬂ“ecss' Jehr(; 'gté'ggr'ig% dquarnot\L
terms of the total polarization operators @ = ©°P Prop P

i T P PASIE M SR indications that thesesystens could be used as uH
P (1) P +OP +OP (0)if|(P PP Figure 3 shows the at . . .
normalized secondrder correlation functions for compact building  blocks in quantursinformatior

scattered photons calculated at low excitapower = technology, and for singlphotondevices.

0.02 meV) for two specific frequenciexf the driving Nanopolaritons: the dimer case

field indicated by arrows ithe inset. Thénset displays a : )

detail of the lowexcitation power scatteringpectrum [0 the folowing, we present detailed stinc
obtained forA = 160 meV.The continuousine in Fig. 3 c@lculations fom single quantum dan between a pair
shows a huge bunching effect. It descrittes behaviour SilVer nanospheres. The optical properties of |
of an efficient singlephoton switch. Scatteringf single  couPled systems cabe exactly calculated through

photons at this frequency is highly suppressee to formahsm of the multipole expansion o_f tields [20].
destructive interference, but the arrivdlthe first photon 1NiS formalism based on generalizations of the

saturates the QD transition thus enabling scattering of theory is indeed able to take insocountall the multiple
the second one. For delay timesong the two detection SCatiering processes that occur among the inv

events larger thame excitordecay rateg®((JY 1, which scatterers. Iparticular the optical properties of core/s
is the standard level forcoherent classicalight. SPheres are calculated using the extensiorthef Mie

The dotted line in Fig. Xescribesthe seconarder (heory to radially nofomogeneous spheres by W

correlation functiong®((J obtainedfixing the frequency [21- We consideras incidentfield a monochromat
of thedriving field at the Fanepeak correspondingto  lInéarly polarized plane wave. Thecattering cros
constuctive interference. Ithis caseg®(() drops below Se€ction and aprption crossections are definedia
the classical level and displags antibunching effect. Poyntings theoremThe scattering crossection ogcar i
Second order correlatidanctions of the electromagnetic défined as the total integrated power contained ir
field below 1 cannot belescribe by classically and are aScatered field normalized bythe irradiance of tr
signature of the quantumatue of light. The MNPQD |nC|_dent field and the absorption cresaction Oaps 1S
system thus is abléo affect dramatically the photen defined by thenet flux through a surface surrounding
statistics of scatteredight. A small variation of the Scattering system normalized by the incidefnld
excitation frequency determinesvariation ofg®(0) for irradiance, and is thus a measure of howcimenergy i
scattered light beyonithree orders of magnitude. absorbed by the system.time following we calculate
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extinction cross sections.y: = Oscait Oans @S a function of (a)
the incidentfield wavelength, being extinction %
spectroscopy a widely adopted technique for th
characterization of nar@nd micreparticles.We exploit

this socalled hot spot phenomenon imrder to K
demonstrate that the vacuum Rabi splitting with a sing
guantum emitter withira subwavelength nanosystem car
be achieved. We employ a pair of silver spheres of radi E— -
rag= 7 Nm separated by a gap= 8 nm embedded in a - ’
dielectric medium with permgvity & = 3. Individual — 20

nanoparticle plasmons hybridize to give two newttgul R . /
modes a bonding andan antibonding combinatiormhe L YT v T
net dipole moment of the antibondirmpnfiguration is _ faveterath (o) Exciton wavelength (nm)
zero, this mode is not easily excited by light (dark mode)i Figure 4: (a) Sketch of the system and of the excitation. (

In contrastthe bonding confiquration corresponds to two alculated o for different dipole moments of the quantum dot. (c
! 9 g P O Spectra obtained for different resonant energiesk, of the

dipole moments moving in phasi.is easily exited by quantum dot exciton ¢/e = 0.5 nm). ¢) Dependence of the tw
input light and produces an extraordinary enhancement Rébi-peaks @ex) wavelengths on the exciton transition waveleng
the field mode density ithe gap between the particles.4 =h ¢/Eq (e/e= 0.5 nm).

We consider a spherical quantum dot wildiusrqp =2 _ _ _ _

nm, whose lowest energy exciton is resonant with tHight field confined at metallic nanoparticles can
dimer bonding mode. Because of isymmetry, a achieved in systems a few teosnanometers wideThe
spherical quantum dot has three bright excitons witfivestigated systems are also expectedsignificantly
optical dipoles parallel tahe three directiorxy, andz ~modify the concept of optical nanoantennas with me
respectivelyFig. 4a displaya sketch of the system and ofhanostruatres Along this road it will be possible
the input field polarizealong the trimer axis in order to implement  scalable photonic  (plasmonicjuantun
provide the largest field enhancement at the dot positioomputation without renouncing to the nanometric si:
Fig. 4b showsoey Spectra calculated for different dipolethe classicallogic gates of the present most com
momentse = er,. For re= 0.1 nm a narrow holenithe €lectronic technology.

spectrum occurs which could be confused with thereferences

appearance of a small vacuum Rabi splittihgtually this

hole appears when the exciton linewidth is smaller thahl] C. Monroe, Naure416, 238 (2002).

the e_xcitor-lfield coupling.strer_]gth (owiceversa which in _ [2] K. Hennessyet al, Nature445, 896 (2007).

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

effect can be understood in terms of interference betwef# |. Fushmaret al, Science320, 769 (2008)

the continuous .SP field aqd thearrow excitonic [4] J. Yongdong and G. Xiaohu, Natute571 (2009).
resonancegiving rise to an artiesonane or to a Fano _ _

like effect Only for higher dipolenomentso=03 atrue [5] S.A. Maier, Plasmonics: Fundamentals
splitting can be observedrig. 4c displayscex Spectrafor applications (Springer, 2007).

o= O.5_nm obtained chang_lng the energy _of the quantu[@] M. A. Noginovet al, Nature460, 1110 (2009).

dot exciton. At large detuninthe peak arising from the _

quantum dot is significantly narrower from that[7] N. Engheta, Scienc&l7, 1698 (2007).

originating fromthe SP bounding modé.owering the (g Turchetteet al. Phvs. Rev. LetfZ5. 4710 (1995
detuning increases the linewidth of the excilitie peak 8] Q. » PYS: ' ' ( )
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consequence of the stromgupling betwen'the modes. [10] D. E. Chanet al, Nature Phys3, 807 (2007).

Fig. 4d show the gpendene of the two Rabpeaks 6y

wavelengthson the exciton transition wavelengty = [11] S. Saastaet al, ACS Nano. (In Press).

tho .(sle = 0.5 nm). The_ anticrossing behaV|our[12] E. B. Flageet al, Nature Phys5, 203 (2009).
certifying true strong coupling is evidenThere are _ _
seweral types of quantum dots which efficiently emit ligh13] M.O. Scully and M.S. ZubairyQuantum Optic;
at the wavelengths here adressedeasZnS and CdS (Cambridge University Press, 1997) 1st edition.
nanocrystals. In addition the wuse of differen 14] K. Edamatstet al.Nature431 167 (2004
nanostructures as nanoshelisd/or embedding dielectrict[ IK. ' ! ( )
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Abstract Materials and methods
We report on the implementation of a Surf&ghanced
Rf?c:?cz)itr;]ermsig;tlter:g re (itESS)oldsigsnoorkr)gjgdin ﬁnui ontaining  <0.1%  ascorbic acid ~and <0
pho! y aggreg 9 . q etyltrimethylammonium bromide (CTAB) surfacta
environment. The thermal effects and the optical forces . : ;
involved during tle laser irradiationresonant with the capping preventing spontaneous-aggregation. The
: . fqature a localized surface plasmorSR) resonance
Localized Surface Plasmons (LSP) of the single met = 687 nm [4.The BSA buffered solution is prepa
nanostructureslead to the formation of nanoparticles Spmixing the .Iyophilized powder of BSA p(Sign
aggregates under the laser spot. The creation of higrﬁ?drich) with a 200 mM of Phosphate Buffer Solut
efficient hot spot regions enable the Raman detea:tfonépH 7.2): then it is mixed with gold nanorods solu
Bovine Serum Albumin (BSA) molecules dissolved in & .., 7. . . )
Phosphate Buffer Solution (PBS) at concentratidown with a ratio of 7:1 v/v. Adroplet of the mixed solution

to 10° M to be compared to a detection sensitivity of 10 put in_side a glz_iss cell (a model typically used for of
M for BSA in PBS The methodology and the trapping experiments) and placed under a Raman A

) o " Spectrometer (LabRam HR800 Horiba JobinYvor
experimental conditions thus allow for highsensitive coupled to the 632.8 nm line of a M laser: the bea
vibrational spectroscopy analysis of biomolecules in thetrP :p63 mwW) is foc.used on a 500 nm diaméter spot
natural habitat. 100X microscope objective (OlympuNA=0.95) in th
Introduction liquid, close to the bottom of the cell. The same obje

) is used to collect the backscattered SERS radiatic

SERS has shown a huge potential for laliele figure 1 is shown a schematic picturthe experimente

chemical detection down to the single moIeCL_JIe Ieve|3y manually changing the fine focus inside the solt

Molecules adsorbed on noble metal nanoparticles (Agnd setting it at the bottom of the cell close to the rin

Au, Cu, etc.) experience sirong fieldamplification (Up  intercepted gold nanorods are mechanically constrair

to 10 0) both the excitation and the Raman photong confined region; the aggregation process is activa
frequencies do match the localizethsmonresonances gome seconds.

(LSPR) of the nanoparticles (NP) [1,2]SERS from
isolated metal NP usually muchweake comparedto
what is observedon aggregates due to the strong field
enhancement occurring in the gap regiohst (spot}
between adjacent nanoparticld8]. The controlled
creationof highly efficient hot spotsespecially in liquid
() is of utmost impornce since itallows for highly
sensitive vibrationalspectroscopyof many biological
systemsin their natural habitat

In order to develop a high sensitive and specific
nanobiosensomased on surface enhancedvibrational
spectroscopyedicatedto the in \tro proteins detection
and diseasdiagnosis we report on the implementatidn
a SERS sensowith photothermicallyaggregatedgold
nanorods in liquidenvironmentthat enables the Raman
detection of Bovine Serunilbumin (BSA) molecules
dissolved in a Prgphate Buffer Solution (PBS) at very
low concentration (up to 1).

Commercial gold nanorods (35x90 nm) are purck
from Nanopartz. They come in a DI watery solu

Coverslip (170
pm thick)

e

a
o o 18

Glass holder

Figurel: Schematic experimental set up
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stabilized by electrostatic interaction between
positively charged capping agent of the rods and
Due to the blue shiftggthe eNe@aiive ghargeoaf BSA The sizeedisprituiion ofy
gold nanorods are not trapped in the laser focus but #8ld/BSA aggregates at 60°C shows an evident inc
pushed by the radiation forces towards the bottom of ceftf the aggregate mean sizéigure 2.c) already ter
The relatively high energy density (~ 25 mWA)rm the ~Minutes after stabilizing temperature. This aggregatic
focal spot ad the quasiesonant laser excitation of the Mediated by BSA

LSPs modes causes a non negligible light absorption HyPProaching the laser focus towards the cell botton
the NPs which is partially converted into heat; as RUSh theparticles towards the glass substrate where
consequence of the higher temperature a chemicafiick andaggregatdorming highly efficientfi h ¢ tp o.’

Discussion

reactive region is formed around the metal nanosires.

his enables us to observe a strong SERS signal of

By Stokes/AntiStokes Raman measurements we hav@oleculedaying in the nanorods interstices even a\i

estimated a teperature increase of about 60 the
irradiated zone after 10 minutes of laser focusMie

(Figure 3a, red line), while in absence of the nano
only the Raman peaks of PBS and water (~ 1656) @re

have carried out furtheDepolarized Light Scattering Visible (Figure 3b) foBSA concentrations of 0.1mM, tl
(DLS) measurementshowing usthat d this temperature detection limit being 1mM.

the local interaction between CTAB and rods is modified
with a detachment of the surfactant and a local
photothermal rerganization of the rods into small
clusters, stabilized by BSAhe polarization analysis of
the light scattered byhé 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 o%
about 35 nm is obtained (which is consistent with thes ol
value theoretically expected) and the size distribution is ' ' ' L '

shown inFigure 2.a. BSA in solution, on the other hand,  .x] e [ SRR ()
has a mean hydrodynamic radius of about 6 nm and the ] ~

scattering is almost totally polarized due to the folded 600 a0 1000 1200 1400 1600
conformation at the investigated pH. .

10000

SERS of BSA 10 M in PBS
SERS of BSA 104 M in PBS

)

8000

6000 4

itr. units

4000

2000 4

Raman shift cm™)
Figure 3: (a) SERS of buffered BSA molecules at 0.1 mM (blac

—e—BSAInPBS - line) and 1 pM (red line). Integration time=10s, 4 accumulations
O A s with AunRS & 6snm (@) spectrum taken after a NRs aggregatiortime of 30s. (b) Ramar
E 014 N 33/”2( ‘-\ scattering of buffered BSA solution at 0.1 mM without nanorods.
e
LIS I LN e S
@ o T We note thaunder tle same experimental conditic
2 o3 ./ \. —e—BSAInPBS 60°C (b)  (integration time, laser power, nanorods concentra
5 gi 3 6 /’zenm‘ the intensities of the SERS spectra are not dependi
< o aaeu o \ the BSA concentratiofcompare black line, 0.1mM, ai
B 03l e osam raswi AnRs zzoc‘ e red IineZ 0.001 mM, in Figure 3&Jhis confirms thathe
D o[ emBsAnPESWINAINRS60'C | e [ 100 (c) SERSsignal detected comesom BSA located inhot
& o1 AN \ spot regiors in nanorods aggregates having dimens
0.0 ; AR MY comparable or larger than the focused laser. spot
! 10 " 100 1000 We measure aenhancement factor of 10This is done
w (Nm) by comparingthe SERS intensity of the phenylalan

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, ¢)

ring breathing at 1004 c¢hin the buffered solution fc
BSA at1 uM concentratiorwith the same Ramasignal

from a buffered solution of BSA 1M without gold

As can be seen from Figure 2.4t 80°C there is an Nanorods addition. .

evident temperaturinduced aggreafion among BSA The temporal dynamics of the photothermal creatio
molecules giving rise to oligomers with hydrodynamic the hot spotscan be followed by acquiring consecut
radius of about 26 nm. This population increases witRERS spectra (figure 4a) and nitonng the tempore
time if the solution is kept at 60°C, likely as a result of'créase of the Phe aromaticeathing mode intensity
partial protein conformational changddpon adding gold 1004cm”™ (fig. 4b). We observe a preferential increm
rods in the BSAsolution the depolarization ratio becomeLf the features attributed to the aromatic residues in tt
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 aggregatdikely
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Figure 4: Consecutive SERS spectra of BSA in PBS solution and gold nanorods (a). Trend vs tirok the breathing made
phenylalanine aromatic ring (b), COO streatching mode (c) and Amide | band (d).

structue (Phe, Tyr, Trp), due to thatercalation of the close to that of protein conformational changd€).[
hydrophobic side chain into the CTAB layer. The high Compared to the aromatic side chain residues Re
enhancement of th&39%m* COOsymmetric stretching features, the non efficient enhancement of the 1656
is due to the strong electrostatioteraction with the amidel band and of therhelices CGC skeletal vibratior
surfactant bilayer. A similar iavior has been observedpeak at 940 cih and the strong @rement of the bani
by Kaminska and coworker in the interaction betweenpentered atl240cmiin the region of amide IIl, couls
bovine pancreatic trypsin inhibitor (BPTI) and CTAB reveal a partial unfolding of lieoidal conformations;
protected gold nanoparticles deposited on functionalized

silicon surface$, 6. In figure 5 is shown the comparison 15000 -———t ;i f
between B8 SERS and BSA powder spectiere we | o memmsoom )
can assign the bands origin

The intensity ratio gk4lgsy of the doublet of tyrosyl
residues at 854 and 830 ¢ris a good indicator of the
nature of the hydrogen bonding of the phenolic hydroxyl
[7], in paricular 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 = su /\/w/\/\ 1(b)
doublet intensity ratio is 10:9, while in SERS spectra here ,/"\__,wj\_ W«M
shown wenotice a strong enhancement tife higher ° o o 1000 1200 1400 1000 1800
frequency peak (854 cth with an estimated intensity Raman shift cm™]

ratio of 10:1, that confirms the conformational change ofFi ura 5: (2) Comparison between BSA SERS (red line) and BSA
proteins with  thetyrosyl residues and the CO@roups pogvder (b|ack|ine;o spectra. (b) SERS spectra of PBS and nanoroc
no more Hbonded between them and interactinghvitie solution.

CTAB chains.In the 500550 cm enhanced region, the

presence of the £5-SC, disulfide bridges spectral

features (peaks at 507, 520 and 540 @scribed to the

different SS stretching mode frequency) is an indication

of the BSA in solutionin the native form§, 9 despite

the local temperature during the SERS experiment is

(€00)
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however a quantitative estimation of the loss of BSA
Uhelices is quite hardly due to the overlapping of the
amide Ill peak typical of thB-shees conformations with
the enhanced Trp band at the same frequency.

Conclusion

In summary, w have shwn the implementation of a
SERS sensobased on phototheatly aggregated gold
nanorods operatingin liquid environment. This in situ
methodology has beapplied forthe Raman detection of
Bovine Serum Albumin (BSA) moleculea Phosg)hate
Buffer Solution (PBS) atconcentratiordownto 10° M.
The methodology and the experimental conditions allow
us for highly sensitive vibrational spectroscopy analysis
of biomolecules in their natural habifatl].
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Abstract

Nearby structures displaying optical absorption or gain

the definition of the photonic local density of states needs p(r,w) = Y, pi(r,w), (2)
to be revised. In this case twdifferent definitions can

be adopted to characterize photonic structures. The fiigim the scattering theory of scalar waves, it is well kr
(pa(r, w))describes the light intensity at a pomtvhen that the LDO®%(r, w) can be formulated as a function of
the material system is illuminated isotropically arichaginary part of the Fourier transform of the field G
corresponds to what can be measured by a-fieddr function [6]. In the case of vector fields:

microsope. The seconfpg(r, w))gives a measure of

vacuum fluctuations, and coincides wigy (r, ®) in pi(r,w) = _2_‘*;3[61,1,(,3,,’ w)]. (3)
systems with real susceptibility. Scattering calculations in T

presence of dielectric and metallic nanostructures Sn?]Wthis paper we show that, in the presence of ampli

that these two definitions can givehat different results : : . . .
. : . .~ media, the LDOS (3) displays regions withgative photc
the difference being proportional to the thermal em|55|f sities thus failing in describing a power signal.

power .Of the photonic structure. We present a detai %(L]trast the LDOS 2 is positive definite and prope
gg:}'g‘:'r?Jr;tS:etshljsisr?;uiI; agdti(r:;lmzrilr?al calculations fatrascribes the nedield optical properties of these structul

playing op gain. The theoretical and numerical framework here propose
Introduction be useful for the nedield characterization of active me:

i with inverted populations in the presence of mel
The local density of states (LDOS) of elementapinostructures.

excitations is a basic concept underlying the description
of a wide variety of physical phenomena. The conceqtﬁeory

of dgnsity of states and_ of LDOA(r, w)_gre _mostly Let us consider a attering system described by a com
applied to electrons. This scalar functiam directly

R . . . S
related to the square moduli of all electronf€lative dielectric tensog(r, w)with componentsT (r, ).
wavefunctions associated with this energy: For the sake of simplicity we consider a local diele

tensor; all the presented results can be directly generali

the case of nonlocal tensotyj(r,r’, w)[7]. We start b
introducing the following physical quantity:

prrw) =) sw-w)umF O
wheren may stand for a set of quantum numbers which
can take either discrete values and/or continuous value€
and y,(r) are the complete orthonormal set of
eigenfunctions. In  electron scanning tunnelinghereUspans all the degenerate light modes associate
microscopes, for a weak coupling between tip attik same energy. The fieldsiy, (r, w) obey the wav
surface, the tunneling current is proportional to the vakguation. In optics realistic finitgize scattering systel
of the electron LDOS at the tip positioh, [Z. In optics display a continuous spectrum of eigenmogigér, w). The
the local density of states plays a key role in a wide rargecific ideal case of bound modes is discussed later. V
of phenomena of continuously increasing interest. rbwrite field wave equation in compact operator notatior
particular it is the quantity determining the radiation
dynamics of fluorescent sourcgss 4. Very recently the (L+ey+e)E=0. (5)
photon LDOS has beethe object of interest in the
context of scanning nedield optical microscopy By using the Green tensor technique, the light modes
(SNOM) in illumination mode (where the light ipresence of the scatterimystem can be calculated star

incident through the probe). It has been suggested thsh the light modes of frespacep, (1, w)as
the photon LDOS might be the key to understanding such

experiments [5]In the case of vector fields, the LDOS P (w) = Qe (), (6)
can be written as the sum of three partial LDOS each of
them being related to each Cartesian direction: 51
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where® = [1 — G(w)e,(w)]is the Maller operator [8] g0 as DO = iw[6° — 6*']/nc2. By inserting thi
with the Green tensor solution of the following equatioRsxpression foD?into equation 10), and using the Dys
equation,¢G = G° — G%¢,G, we obtain after simple algek

(Lte+e)G=1, (7) " in the realspace representation we obtain

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

it can be shown that the Mglleperator is isometric [8] D;(rr,w) = e [G;(r 7', @) — G; (Y, Tw)]
and, as a consequence, the set obtained by equation (6) is

a complete orthonormal set of eigenmodes. The k2
unperturbed modep;(w)can be interpreted as the input ~ ez
light waves seeding the sample. Inserting equation (6) ) ) )
into (4), he latter acquires a clear physical meaning.Exploiting  the  reciprocity  relation G;(r,1', ) =
describes the light intensity at a painivhen the material G;;(1', 1, w), and tracing both members of this equation
system is illuminated isotropically and incoherently [$ihally obtain the following relationship betweg¢nand] s:
(i.e. with incoherent input light arriving from all the

spatial directions). In the presen of a precise phase pp(r,w) — pu(r, ) = A(r,w) . (12)
relationship between the different input amplitudes

G«r, ¥ )he measured light intensity would be given hwyhereA(r, +¥i9 given by

X0 WPai (1) w)|’Let us consider a point detector which

is able to detect light intensity polarized along a giveny(r, w) = 2“’1;2[52@', )Gy (1,7, w)lzdr’. (13)
direction. If the detector is polarized along theh T

direction, it measurepAl.(r, w) . The experimental

observation, at optical frequencies, of the y (um)
electomagnetic  LDOS  established by  gold 1j5
nanostructures is essentially based on this physic: 0 . :
interpretation of equation (4and on the reciprocity ‘ . I» - e
theorem that permits us to exchange sources ar 1 . t_?J’
detectors [9]. In analogy with quantum mechanics, on 0a/Po VY\/“*
may expectthat the photon LDOS could be obtained ’

from the imaginary part of the trace of the Green tensc 0.8 '

(5. 8:

J Gy, w)e, (Y, )G, (1, v, w)dr’ (11)

pp(r,®) = =25 3[Gy(r, 7, )], 8)
Equation (8) is of great practical relevance for the

computation of the LDOS in open complex systenas th y (um)
otherwise should be obtained by summing up infinite

modes according to equatio?)( The choice to maintain 0 ,
equation (4) as aaperativedefinition of the LDOS has 14 ‘

several advantages and one important drawback: in tt

following we demonstrate that ilossy or gain media PB/Po

pa(r, w) differs from pg(r,w) and thus it does not e
describe the spatial variations of vacuum fluctuations. It 1

order to calculate the difference between the twc s _—
guantities we start by defining the followilgtensor:

D (1,1, ©) = T P (1, )P, (', ). ) X (um) 15

We observe thatD;(r,r,w) = pa(r,0) . We also
indicate byD?,-(r,r’,a)) the corresponding fregpace
tensor (written in terms of the frespace modes

- ; ; indrigure 1. Maps of ja(r, ¥and js(r, ¥at hw= 2.28 eVestablished by i
fgég:gsg”;?enﬁveeg_ua“on (6)’ the foIIowmg rela“Oﬁ;air of gold nanostructures §o(r, ¥i9 the freespace LDOS).

D = (1 - Ge,)D°(1 — e,tGh).
(10)

Following the same steps to derive the relationship
pa(r,w) = pp(r,w)[6], the tensoD(r,1’,w) can be
expressed in terms of tfiee-space Green tensor,
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Equations (12) and (13) demonstrate that, wherpair of gold nanostructures with the same dimensiol
&(r,w) =0, the weltknown relationshipo,(r, w) = the building blocks of thetructure considered irl{] (100
pg(r,w)is no more valid. The differencé(r, ¥ mMx100 nmx50 nm, at 150 nm from each other). The nr
betweerpg and p, plays a key role in thermal emissionwere calculated on a plane located 75 nm above
A(r, ¥ kan also describe théncoherent emissionstructures. Calculations have been carried out by sc
(photoluminescence) of excited molecules . numerically a discretization of the Dyson equation [5]c€
the Green tensor is deriveg, and J, can be obtained t

using equations (8) and (12). Figude shows evider

12 guantitative as well as qualitative differences betweemd
] Js. We find even more dramatic differences for mate
] and/or photon energies showing larger ratip&w)/¢&; (w).
0.8 In figure 2 we display the two quantities near to a point
- ——ld scatterer [11] with inverted populations. We consider
] AT case of a small diettric sphere of radius = 10 nm with ¢
sl 202w P,/ P, complex permittivity s, =2 —i5x 1073 . The real pal
2 corresponds to the permittivity of silica and the imagit
part can be thought of originating from doping of the s

0.2

i particle, e.g. with active dye molecul@he imaginary pal
: e =2-i5x10° can be derived from the formula
0.2 s
. L . @ &2 = - VEOem (DDA, (14)
distance (nm) T

Figure 2. Normalized JA(r, ¥gnd 45(r, ¥fpr a small amplifying \yherep is the density of active molecules add < 1is the

dielectric sphere of radiusa = 10 nm with a complex permittivity lati diff c ideri tvoical L

e, = 2 — i5 x 10-%at ha=2.07 eV. population difference. Considering a typical emission
section for dye molecules = 2.5 x 10~*cm~2, a doping

Numerical results densityD = 5.9 x 10**molecules x m~3and a populatio

The presence of a scattering object locally modifies {R¥ersion factorequal toi 0.3, one obtains, = —5 x 107°.

density of available electromagnetic modes. Fig[ureThe Green tensor in the presence of the small particl
displays the maps ¢f(r, ¥andy.(r, vegtablished by been calculated within the dipole approximation follow
the procedure deribed in [11]. The figure shows that n

to gain medigog ( & 500 nn) assumes negative valu
while }, remains a positive quantity. It is important to r

e=-0.8 that, in the presence of gain media, the power spectrum
gy
’ 204 P
& e pB
1.2 €=- 05 .
PA/PO { 4 /‘ : 154 - A =500 nm
» e=4+1i0.005
=-0.2 1.0 s
10 15 20
1.2 <3 i i d (nm)
1 £ Figure 4.} o and } g as a function of the distance from the scatterer fo
one specific wavelength and for a dielectric permittivity.
0 y (um)
X (um) 0 field fluctuations is no longer described joyand remains
1.5 positive quantity [10]. Figur8 displays the scattering LDC

pa(r,w) (hw = 207 eV) established by a pair
E 3 M f A, YOhw= 207 V) in th . nanostructures (150 nm240 nmx 120 nm) at 600 nm froi
igure 3.Maps of j o(r, ¥(hw=2.07 eV) in the presence of a naro -0
amplifier (calculation plane: z= 90 nm above the structure). The each Oth,er' The Strucmre on the Ieft has a real Pel’mlttﬂ
figure from the top to the bottom visualizes the evolution of the = 2, While the other is characterized by= 2 + ie, with
LDOS when increasing optical pumping. &, given byt 0.2,7 0.5 andi 0.8,
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respectively. The doping densiy required to obtain Figure5(b) shows that important differences betweganc
such values for the permittivity is of the order gfzare still evident at larger distances from the scatter
10%”moleculesx m~3. Such a value is more demandingarticular p, in contrast top,, may assumealues lowe
with respect to what is used before for the calculation khdinp,due to the losses caused by skatterer.

still of physical interest. Itequires us to have a highly

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

an active molecule. The f?gure vi§ualizes the evolution-ﬂ{e results presented here clarify the concept of local @
the LDOS p,) when increasingle;(w)l, 9. bY gensity of states in the presence of absorbing and
increasing the optical pumping. The amplification eﬁeﬂedia, and the relationship between scanning -field
is clea_rly visible. We gonsidered a small dielectric Sph%ﬁtical images and the local density of photonic state
of radiusa = 10 nm. Figure 4hows the twp, andpg 8 particular, p,,0, and A are useful and important physi
a function of the distance from the scatterer for Offaniities that characterize how the scatterers modif
specific wavelength and for a dielectric permittivitiiectromagnetic field. Each of these quantities is tie
& =4+1i5x 107 Finally we investigate the localifterent experiment  topologies: pg/p,measures  tt
density of s_tates near_to a silver point scatterer_ (raadius, giative decay ofin atom near to a dielectriéy is the
= 10 nm). Figures(a) displayg a andy g as a function of j,-sherent thermal or, eventually, fluorescent (if the me
the wavelength calculated on the surface of the scatterggiains optically active molecules) emission of a scat
— JA represents what is measured in a collection 1

(a) experiment at point [12] or, owing to the time revers
d=10nm property, it is the light measured in féeld by an emitte
located at the same placein addition it is very useful fi
studying gain media. Moreover the two LDOS desct
here can find useful application for the dcaerization ¢
lossy photonic systems as finiteze metallic photon
crystals. In addition, by means of LDOS calculations
have investigated the nefield optical properties of nar
amplifiers [13]. Open optical systems contair
nanostructured amifiers are attractive as they could be L
in order to dynamically control the optical LDOS in ful
photonic circuitry. LDOS calculations in systems constit
S T by naneamplifiers near to metallic structures display

’ T
=0 Ha =i localized surface plasmons [14fainder development.
wavelength (nm)

4000

2000

T
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Abstract measurements only the main transition
] o ) ) occasionally the pr&ransition are observed.
The investigation of the interaction between  Tpe interaction between lipid bilayer and s

phospholipid bilayer and shechain 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
calorimetic, 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 pcked 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
seveal 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
phase (b) , which shows
phase (B), in which the lamellar structure is deformed
by periodic modulations, and finally, at highest
temperatures, the Iiquid
phase (L), which is characterized by a liquiitte
disorder throughout the whole system.

The three transitions ¥cLb, Lb YPb and B YLUare
called the subpre 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
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amphiphilic molecules, such as shohained alcohol
presentsinteresting prospectives3][ concerning th
potential of lipid bilayer membranes to serve as
systems for studies of various biological procesd¢
including permeability of the plasma mébérane an
molecular mechanisms of agsthesia. As a gene
picture of alcoheimembrane interactions it is assut
that small alcohols (up to three Carbon atom) m
interact by competing with water for hydration site:
membrane surface, whereas alelshwith longer chai
preferentially bind inserting their tail within t
membrane. In both cases this results in the alterat
the compactness and the fluidity of the bilayer ar
an increase of lateral pressure on transmem
proteins b,6], by alcohols diffusing within the bilayt
These structural changes of the membrane
influence the conformation of proteins or o
structures embedded in the membrane, providi
route in which alcobl or other small amphiphil
molecules influence the function of a cell.
Experiments on phospholipid membranes have s
that alcohol can induce the interdigitated phadkarid
at high concentration, even promote the assemt
some lipids into notbilayer structures within tt
membrane interior 7,8,9]. In an ordinary membra
the hydrophobic thickness is approximately twice
length of the hydrophobic tails af phospholipid whil
in the interdigitated phase the hydrophobic thickne
reduced to the sum of the length of the hydropt
tails of a single phospholipid and the alcohol.

In such a case the normal bilayer structure change
a monolayer in whickwo alcohol molecules screen
phospholipid tails from the water phase.

crystal-/ subg¥kik kind lfassrecturg ¢ae be, understand ift
I i t-t | e codsider ohe Waation of thdr &cohdl rmolecplds ér

bilayer. Due to the amphiphilic nature, the hydroph
portion of the alcohoffavorably interacts with lipi

c hydrogdrbar thains,e and the podar toydroxyll ly

remains free to form hydrogen bonds with polar a
of the lipid head located near the water/lipid interi
So, lateral space is created between the head g
leading tovoids in the hydrophobic core. These w
are energetically unfavourable and thus the systen
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minimize the energy by the formation of an
interdigitated phase 1D,11,12] There is also an
entropic gain byphase 10,11,12] There is also an
entropic gain by replacing the highly ordered water
molecules at the interface with alcohol molecules
[10,1314]. This location in te 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 fahe 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
calorimetic (DSC), Nuclear Magnetic Resonance, X
Ray diffraction and volumetric measurements.

Materials and Methods

The phospholipid 1:palmitoylsnglycerc3-
phosphocholine (DPPC) was purchased from Avanti
Polar Lipids in powder form and hexanol frong&ia
Chem. Co. All chemicals have been used without
further purification.

Samples for HRMAS NMR and DSC experiments
were prepared by dissolving the DPPC and hexanol, at
1:2 molar ratio, in excess of 2:1 CH{ETH30H
solution. The solvent was removed under fux to
prevent oxidation and the lipid/alcohol mixture was
then diluted with DO to a 10% by weight
concentration. The solution was vortexed in order to
obtain multilamellar vesicle, and then sonicated and
subjected to temperature cycling betweérand50°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 respectiveljhe samples
have been sealeché then equilibrated at the lowest
temperature for a period of time ranging from-Qlb
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% relled humidity for
several days, the final water content was determinated
by weighting.

DSCscans have been carried out from 5°C to 25°C
using a PerkirElmer Calorimeter Pyris 1 at a scan rate
of 1°C/min and repeated three times to check for
reproduciblity.

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.
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High Resolution Magic Angle SpinnifR-MAS)
were carried out using a Bruker AVANCE NP
spectrometer operating at 700 MHz -tésonanc
frequency. Samples were spun at 10 kHz. P
experiments were carried out at the reson
frequency of‘H. Resonance peaks were well resol
with a typical peak line width of only 120 Hz.

X Ray Diffraction(XRD) measurements have b

performed with a D8DVANCE  Brukel
diffractometer inthe BraggBrentano geometry usi
theCukyd ine (o=1.542 ).
Each scan has covered
size 0.02°, one second per step.
During the measurements the samples have
hosted in a small chamber with 180° cylindr
Kapton windows. Temperature stability has t
controled by a PT100 and humidity has been adjt
by adding water solution into an open reservoir.

Volumetric measurement:n lipid/alcohol bilaye
mixtures were performed by the neutral flota
method.Within the range from ~ 0.9 to ~ 1.0 Y
this technique allows to determine specific volume
lipids with very high accuracy (+ 0.002 &fy) [15,16].
A small amount (10 mg) of liposomes was dispers
approximately 1 g of a #-H20 mixture anc
centrifugedat 25°C and at 3500 rpm for a period 1
up to 12 hours. Vigorous vortexing of the samp
resulted in visually homogeneous sample with a r
appearance.The multilamellar vesicles sink wh
suspended in a solution with a lower dengitan th
lipid and float if the solution has a higher density,
this process is facilitated by centrifugatidrhe densit
of the lipid was obtained by varying the®H20 ratic

until the suspension neither sank nor floated.
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DPPC-hexanol La
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Figura 1: 700 MHz magicangle spinning 1H spectra for DPPC:hexanol:D20 [1:2:40] (continuous line), an
DPPC:D20 [1:40] (dotted line) in the liquid and gel phase, respectively at 5° above and beltwe main
transition temperature.

DPPC-Hexanol
Dppcw L.

20 25 30 T (°C) 35 40 45

S = e =k

5 6 7 20(deg)

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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. . corresponds to the difference in t€hl2 units between
Results and Discussion P 2

_ DPPC and Hexanol acyl chains; assuming a length
The thermograms obtained for DPPC and DPPC:Hexanf'I0 Afor chain unit, on the basis of a molecular mod

[1:3] are s?own't.m the msetlof flg' I?) DPPglb(itBh ptre alkane R1,9]. From the found lamellar spacing D val
and main transition rh are cggry 0 serve. 118 a and the moleglar volumes, calculated by neutral flota
36°C and 42°C. The addition of a high hexanopethod, it is possible to

concentration results in a broadening and in a shifting to getermine the polar head area, A, for the investi

the lower temperature of 30°C of the main transitionsystems. In fact we can write for the volume of bil
whereas the pre transition appears to be suppressed.c%ﬁstituems (lipid and water) the relati

suggested by previoussults on DMPC 19, and on V|+nwVw)=AD/2, where \ is the phospholipid ¢
DMPC [20] at lower alcohol concentration, the Observej)hospholipid/alcohol volume, yp is the number ¢
decrease of chaimelting phase transition temperatur . ’ )

can be considered as indicative of a disorder ofi lipilydration water molecules andy)Vis the volume of

chains induced by hydrocarbon chains of alcohdtingle water molecule, this latter estimated to SoTha
molecules. procedure was applied to DPPC gel and DPPC:he
HR-MAS spectra for DPPC and DPPC:Hexanol [1:2] ifiquid phase where thentierlamellar distance is clea
both LL andLL phase are shown in f[gBy an ana|ysi3 identified, the results are shown in the fOIIOWing te

of the chemical shift ofH, the presence of hexanol in theThe obtained area c.)f DPPC polar head in_ge! phas
membrane is revealed by a peak at 3.55 ppm assigneog d agreement with literature23.23) confirming  the

the first CH in the alcohol chain while the signal from Validity of the method. T*;e increased value of /£
the remaiing CH, is merged with that of the presence of hexanol (+14°Asupports the location

phospholipid chains at 1.28 ppm. In the; lphase the alcohol head next to membrane polar hegldIp fact the

i ite simil Il modification is ob hexanol head area can be estimated as 6 #, Ifrém
Spectra are quite simifar, a small moditicalion 1S ODSeVeg o qqinle  surface  reconstruction of-héxanol.pdt

at 4.20 ppm and around 2.43 ppm that are related oreover we observe also a compacting of the al

[ﬁsﬁf‘?‘gce in the ?chetrol grotupbwgllle rt(:]sonalnCﬁs frota%:hin the bilayer. The hexanol neat volume is 2087
€ lipic core are almost unperturbed. In the gel phase Wig;q 1he value found in DPPC is 18F A9.3%). Thi:

main differences are observed in the lipid tail regionygect was also reportec24] in Molecular Dynamic

indicating that the alcohol induces a bigger disorder in ”Eqmulation of hexanol in DMPC membrane, although
acyl chains, consistent with an interdigitated phase. Th||§ '

is in agreement witthe result of Feller]2], who found Sser extent7.4%.
that methyl groups of ethanol have strong ciretaxation Concluding remarks We have investigated t

ith chain sianal tina that the alcohol | Iinteraction of biemimetic membrane with hexanol
with chain signa's, suggesting that the alconol MoleCUeza 5 s of Calorimetric, Nuclear Magnetieg®nance,
are oriented with their methyl groups towards th

hvdrophobic bil o this effect | ?ay diffraction and accurate density measurements. 1
ydrophobic briayer corén our case this elfect 1S even knowledge this is the first study that combine
stronger due to the longer chain of hexanol.

: different techniques to obtain detailed struct
The XRD spectra, shown in fig.for DPPC/hexanol/BO information on membranalcohol systems. The obtair

[1:2:7] were collected in the gel and liquid phase, angssyits support the evidenoé an interdigitated phase
were compared to that of DPPGD [1:7] in the gel the DPPC:Hexanol [1:2] membrane and confirm
phase. Several Bragg peaks from the lamellar structureigéertion of alcohol with the polar portion close
the multi bilayers are clearly observed, albeit in the cagshosholipid heads and with the chains in contact wit
of DPPC/hexanol/pO gel phase a distribution of bilayer hydrophobic core. The structure interdigit
distances seems more appropriate. From these data jphé@se shows greater disorder in the chains region
lamellar spacing D is obained and corresponds to 60.0that observed in the ordinary gel phase.

A for DPPC, 57.5 and 47.0 Afor DPPGhexanol in the

liquid and gel phase respectively. The shortening of D in

the gel phase of DPRIxanol accounts for an almost

complete interdigitation, in fact the difference found in

bilayer thickness amounts to 10.5 A. Such a length

sample Volume | % hydration number of D/2 Head area
P (A3 by weight | waters/lipid A A2
DPPC 1145+1 18+1 7.4+0.5 30.01 45,5
DPPC/hexanol | 15241 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 temperature dependence of the quenching amdthe

The experiments at the Relativistic Heavy ion collidemechanism of parton flavazonversion We find that a
(RHIC) have given clear indication of the formation ofenergy loss that increase a&Trc, the qz g in-mediun
Quark Gluon Plasma (QGP). One way to probe the Qanversion and the expansioooling of the fireba
is to exploit the quenching ohinijets. We studythe acording to a lattice QCD EoS allo in the direction ¢
correlation betweendifferent observablesof the jet improving the agreement with the three observables.
quench_ing like the nuclear modification factoraR (pr), MOdeling of the jet quenching
the elliptic flow and the ratio of quark to gluon
suppressions. We show that the temperature (or entrofyour model the density profile ohé¢ bulk is given b
density) dependee of the immedium energy loss the standard Glauber model while the hard pi
strongly affects the relation among these observables. fistributions in momenta space are calculated in the
particular the large elliptic flow and the nearly equaleading  Order (NLO)  perturbative — Quant
Raa(pr) of quarks and gluons can be accounted for only fromodynamics pQCD scheme. For the hadronizatic
the energy loss occurs mainly aroundahd the gz g Albino-KramerKniehl (AKK) fragmenation function ar
conversionis significant. The use of an equation of statélsed For futther explanation see ref.][2As regards tf
fited to lattice Quantum Cromo DynamicsQCD) Jjets energy loss we employ various schemes fo
calculations seems to contribute to both ¢dancement duenching, however to make a connection to the
of v, and the efficiency of the conversion mechanigve ~amount of effort to evaluate gluon radiation in a pC
have the intention, in the nearttde, of analyzing the frame we will use lso theGyulassylLevayVitev (GLV)
results of thesetsdies with a parton cascattet permits formula at first ordem the opacity expansion [3].4
to take into account both collisional anchdiative
contribution to the energy loss. AE_or. 3 |2E D
Introduction At 4 R%sPT99 yzr
The main subject of the heavy ion experiments at the
Relativistic Heavy Cliider (RHIC) at the BNL and at the where Gis the Casimir factor equal to 4/3rfquarks an
Large Hadron Collider (LHC) at CERN is to create a nevd for gluons,e = gT is the screening masgth g=3 ir
state of matter, th@uark Guon Plasma (QGI. One way agreement with lattice Quantum Cromo Dynat
to probe the created mattierto study the jet quenching (| QCD) results [5] and |
.i.e. toexplot the high energy jets {p>> T) produced in 0.2 fm. Furthermore considering massless parto
the initial stage of the collisionghey are internal probes midrapidity E=g. There are corrections t6q.(1) comig
propagating through the fireball and interacting with thérom higher orderthat can be approximately accour
medium, hence carrying informatio on its properties as for by a rescalig Z factor of the energy lossloweve
proposed long ago in Ref.J[1lt has indeed been shownthis not really relevant for the objectives of the pre
thatthe matte has a very high opacity respect to high pwork because we willenormalize the energy loss in or
partons that traverséngé hot medium in agreement withto have the observed amduwsf suppression R (pr) for
the expectations abbthe energy loss in QCD medium central collisionsUsually in the GLV, as well as in ott
This energy loss can be quaigif by thesuppression of approaches, the temperature evolution of the s
observed hadron spectra at high transvemseenta p coupling U is discarded. We will consider the impac
We have constructed a model that has permitted us soch a dependence to understand the amount
study the correlation between different observables of tigkependence that can come simply from the asym
jet quenching like the nuclear suppression facty(®), freedom in apQCD approachThe scale dependence
the elliptic flow \ and the ratio of quark to gluony]pt).  the strong coupling can be written as:

We suggest it thestudy of the correlation between the Ar
elliptic flow v,(pr) and the flavor dependence of the 2
quenchingRaa(q)/Raa(g) is rich of informationon the ﬂo'og(—Q /AQCD) (2)
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Wh e roe=2/2\ and the thermal scale’®2 ? Which 2 )
all ows to get a correct bevh(ST\f:iEWrCOS@@(d NﬁdBTchs)cr eeni
A =

on the energy scale. x 2 €)
In Fig.1 we show by dotlashed and dashed lines the f dg(d"N/dp;d®)

temperature dependence of the energy loss for the GLV

with a dependencef the coupling(GLV U(T )) and with  Unexpectedly, measuredv,(pr ) happened to |
a constant couplindl= 0.27 (GLVc). Moreover waave corsiderably larger thanwhat jet quenching mode
also shown two other opposite casesdoE / e thick predicted. We have explored the relation between
line that shifts the energyoss to lowertemperature temperatire dependence of quenching atheé value c
(hence | oaventtopyndsnisity)sas suggsted in  the elliptic flow and in Fig. 3ve can see that even if
[6, 7] and the other (thin line) that gives a dominante aamount of total quenching has been fixed to
qguenching at higf, considered hergist for comparison experimental value of R(pr) the amount of elliptidlow
respect to the opposite case. is strongly dependent on thentperatire dependence
We have applied our modeling of the jet quenghfor t h &P

Au+Au collisions at 2005eV for nucleons and ifrig. 2

we can see that, once the amount of querisifixed for 15 T T ]
the most centratollisions, the dependence on centrality o0.9F =
are correctly pedicted with a GLV formula for quenching s E E
with U, constant and also wittk dependent on T. Hence % E ]
looking at R one is not able to clearly discriminate the® 0-7;_ E
temperature dependence of the quenching. ,?V 0.6F =
& 05F =
(_g C ]
, —— 2 04f E
3 — = GLV (a=cost) ] < E ]
oL - — GLV «(T) B E
- —— Energy loss athigh T - 0.2F =
[ —— Energy lossatlow T | F e
. 0.1F =
1.5 4 E 1
e r 0 C | L 1 ‘ 1 1 L I 1 1 1 | 1 1 1 J
o | 0 100 200 300 400
w 1 N
© = - part
[ ] Figure 2: Nuclear modification factor as a function of th
number partecipant in Au+Au at 200 GeV for nucleons, obtaine
05F ] with GLV formula wi tdt odst ant a ndepeaders an”

This correlation is due to thiact thaf at variance wit
Raa(pr ), the w(pr ) has alonger formation time becat

. the minijets have to explore the shape of the fireb:
Figure 1: Temperature dependence of the energy loss for a parton l : | b . likel
at pr =10 GeV. By dashed and dotlashed line the GLV energy loss rea 'Z(_E Its asymmet_ry. t seems to_ e _qu!te Ixely
with constant aaoupling(sed exi)eTheltlick line Uexperiments are telling us thgtienching is likely tdoe
is the case in wich the energy loss take place only closer to the phasenot proportional to the matter entropy density
transition and the thin line represents an opposite case in which the temperaturebut a decreasing function of it. This is w
energy lossake place only athigh T. is essentially discusseadso in Ref.s[6,J where howeve
Angular and flavoudependence of quenching it was implicitely assumed that the amount of quenc

] ) ) ) o of quarks and gluonare equalamong them and to t
The first analysis of jet suppression has shown ithist haqronic one. Here weelax such assumptions show
very qllfflcult to have an agreement between models anfat the temperature (or entropy density) depender
experiments for the dependence of tRga on the of  modifies not only the xpr) but also the relati

azimuthal angleli regpect to the reaction plane mon  5mount of guenching of quarks and gluons.
central collisions Such a dependence arise frahe

fial mondo (el liptic) s hwopeQuarktoGluen Modikcaondpactor e gi on

colliding nuclei. In particular for larger > 6GeV where . . .
. ; ' The QCD due to its SU(3) Lie algebra gives a factpe
hard processes dominaeartons penetratinge firebal 9/4 larger for the energy loss of gluons respect to tha

in different directions lose different amount ehergy quarks. For this reason sometimes it is implicitly asst
rdin heir varyin hs that on averagelarger ’ X !
according to their varying paths that on averagelarge that the ratio between theuppression of the glua

in the out of plane direction. A measure of thfect is . )
provided by the second Fourier coefficient of th(fAA(g) and thesuppression ofuarks Ra(q)is such that

distribution, namely the efitic flow:

1 PR S N T | L n R n
0.15 0.2 0.25 0.3
Temperature [GeV]
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Raa(Q)/Raa(g) = 9/4. From this expectation one wouldgE.ssas in Fig. 1 We can see that the standard G
think that the (ant)protonsare more suppressed respecenergy loss does not give the expected ratio 9/4
to pions because they come more from gluoRaa(q)/Raa(g) but a lower value around.8 whict
fragmentationthan from quarks fragmentation respect toepresents already a non negligible deviation from
pions. The data at RHIC however has shawat even We can however sethat if the energy loss would |
outside the region where a&lescence should be dominantstrongly T dependent and dominated by theTE regior
[8, 9] the protonsand the antiprotons appear to be lesRaa(q)/Raa(g) can increase up to about 2.3 wt
suppressed than the piongdar! 10, 11]. Again we can oppositely if it is dominated by théigh temperatui
see that going beyond the simple amount of quenchimggion (thin solid line) the R(g)/Raa(g) can become
given by Ra(pr ) neitherthe azimuthal dependence norsmall as 1.5For a more detailed description of th
the flavor dependence of the quenching appear to be in observations see rd].

agreement with the datdVe call this open issues the

dazi manhbalt b epuzzle lespacivelyd Correlation between R(q)/Rsa(g) and elliptic

flow

0.12 - 'L\',C We have seen that an energy loss predominant at
. Exp Data .— GLV-oT) |  move v toward observedata but move the ratio betwe

0.1 — E, athighT7] the nuclear suppression factovay from experimental
. — E_atlowT - indications. This is evident if one look at the up

0.08F os 4 symbol of Fig 4. Infact this figure show directly t

(Raa(d)/Raa(9), W) plot. In light of this to solve tt
oflavor puzzleodinelastic

~0.06
g the flavor has been invoke 2, 13, 14. Such a proce

f

0.04 . ] would at the end produce a net conversion of quark
. — .__.\‘__.__.\'..__-‘\./.; .

- - _ —_ .7 gluons. Hence decrease of gluon suppression respe

0.02 = 7 the direct suppression and an increase ofjtlegk one. |

Ref. [17 it has been calculated the conversion rate
quark jetto agluon jet and vice versa due to tlody
scatterings. An enhancement factor cK= 4 the
accounts for noperturbative effect is needed to proc
a nearly equal suppression of quarks andogt. Th
lower symbols in Fig. 4 corresponds to the re
including the rate of inelastic collisions and we can

o
o
)}

[
—_
o
—_
[\
—
=
=l N
=)}

p,[GeV]

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 that this process allows to get closer to the experin
observed value of a,vw 0.1 and an R(q)/Raa(g) ~1
This happens because tfavor conversionchange th
o5l ] Raa(0)/Raa(g) without modifying the elliptic flow of
I 1 pions.
= 5
o AL L L B B B L
2 2 ] [ m E,.athighT 0O E,.. at low T - (EoS - IQCD)
S— E a_ —
é ~= Pl O g — PR # GLVc
o - , = 1 EGL-«om) 1
= 1.5E S 25- mE,atlowT e -
a L — = GlLVc o “\le‘iS\o -
g | c— GLV-a(T) | 3 «?C m
_ f i o 2+ 0 -
R — Egeathih T+ X wio
— E atlowT g 7 =
i ] O 1.5 -
0.5[ I I I I I | L @ ¢
1 1 1 1 1 L 1 1 1 1 1 1 L 1 1 1 1 1 E @ L}
4 6 8 19 12 14 16 1 with conversion T
™ |<->
] ] pT[GeV] ] L 4= o Exp.
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 0-5_‘0_10'2‘ — ‘01 — 0‘02 — 6.'0“4 — 6_‘06 — (']_bé — ‘0'_1' — 6_12

shows the value expected for the ratio according to experimental V

observations and using the AKK fragmentation function.

We will show that even ifRaa for central collisions is
fixed to be~ 0.2 also the R\ (q)/Raa(g) is significantly
affectedbyt he t emper at uiEg,
In Fig. 3we show the ratio of the &R(q)/Raa(g) for four
different temperature dependences of tbeergy loss
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dependence

2
Figure 4: Correlation between the Ra(q)/Raa(g) and the elliptic
flow for pions (6 <pr <10 GeV). The squares refer to calculatic
without jet conversion while the triangle are results including je
conversion with a K=6 factor

of o
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| fth . f account thesdast considerations we are developin
mpact of the equation of state 3+1 dimensional Montecarlo cascade for on shell pa

We have observed that if the quenching is predominaR@sed on the stochastic interpretation of the tran
near the phastansition the question arises of the correciate. Moreover itis our intention to study how the lo
equation of state. In fact the free gas approximation is #igetime and higher temperatures reacla¢d HC energie
longer a reasonable approximation. We have nsaiee affects the correlation observed in the studies preser
explorative studieson the impact that a more correctthis paper.

equation of state (EoSgan have on the correlation

betweenRAA(q)/RAA_(g) and y(pr ). W_e haveobtained a References

more correct relationbetween densityand temperature

making &fit to the lattice QCD dat15] [1] Gyulassy M. and Plumer M., Phys. Lett. B,
B(T) T (1990) 432 ; Wang X. N. an@yulassy M., Phys. Re
T [ p] (,OJ,B( ) (4) Lett., 68 (1992) 1480
— = =|— [2] Scardina F. ,Di Toro M. anéreco V., arXiv:nucl
To £ T th/1009.1261 Phys. Rev. C, (2040)press
wh e r eis dténipdrature dependent coefficient [3] Gyulassy M. ,Vitev l.and Wang X. N., Phys. R
n Lett, 86 (2001) 2537
B(T) = }_a T_c T>T [4] Gyulassy M. \Vitev |. ,and Zhang B. W., arXiv:nt
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get s 1/B In-order toestimate the impact of this [7] Liao J.and Shuryak E., Phys. Rev. Lett, 102 (2
correction we have performed a simulatio for the 202302

aqE.s{T ) behavior represented lthe thick solid line in [8] Frles. R. J.,Greco V. and Sorensen P., Ann. Rev.
Fig. 1 which is similar to the delayed energy losg &'t Sci., 58 (2008) 177

proposed by Pantues][as a solution for the observed[9] Greco V., Eur. Physl. ST, 155 (() 2008) 45; Greco
large elliptic flow. Weconsider only this case because ifC C- M- and Levai P., Phys.

is of course the onendt is much more affected by the R€V- Lett, 90 (2003) 202302; Greco V. Ko C. M.

modification implied by Eq(4). The results are given by Levai P.,_Phys. Rev. C, §2003)034904
fl‘O] A. Sickles, Nucl. Phys. A, 830 (2009) 131c

open symbols in Fig. 4. The open square is the res
without the inclusion of the flavor conversion mechanis 1] Xu'Y. et al,, Nucl. Phys. A, .830 (2009) 76704c
Ruan L.et al. SQM2009 proceedings,

and shows a further increase of both(py) and

Raa(Q)/Raa(g), in line with the previously seen nucLex/lOOl.3347;

correlation. The enhancement of thépy) in itself isdue [12] Liu W.,Ko C. M.and Zhang B. W., Phys. Rev. C.
to the fact that with a EoS the system spend more ti %007)_ 051901 .

close to T, therefore in order to have the same amaiint [L3] Liu W.and Fries R. J., Phys. Rev. C, 77 (2!
suppression most of the energy lossursdater. However 05490_2 .

more interestingly the i d¥ltesW-ang Fres®R. J. Phys. RevyC, 7§ GC
results to be more efficient that in the previous CaS%L357]9P8§rsch F. et al., Nucl. Phys. A, 698:199 (2002) |
Eggg{ﬁg?ﬁe iarsrfg(g?)_decrease Oha)/Ra(9) while S Al ariv-heph/0511166

The stronger effect of flavor conversion is agdire to

the longer lifetime. The final result is a combination that

move the final value of bothy(pr) and Ra(Q)/Raa(Q)

much close to the experimental ones shown by théesha

area in Fig. 4.

Conclusion

We have pointed out the impact of peculiar T
depengnces of the |Ks on both y(p;) and
Raa(Q)/RaA(g) and their correlation. Moreover we have
spot the relevance that the EoS may have in casgof E
dominated by the T ¢ region. In any case our study
although already revealingeveral interesting indations

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
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Abstract

Membranes cover a very important role in the field Of.:rxperimental details
the biological transport processes, regulating the flux o
substances in and out of the cells. Actually survegs aSample preparation
underway with the aim to find applications in industrial )
and medical fields. Several studies have been performed®?PPQ&1,2-dihexadecanoysnglycero3-phos
in order to obtain a selective permeation of th&hoctoline) powder sampl has been purchased fr
membranes from some substances in respect to oth¥@nti Polar Lipids It has beemixed with a solution ¢
ones. To understand their functionalisyuseful to study Naphthalene/chloroform (1:nd then have been drie
the dynamics that characterize these systems. Our suri@y2 glove box under nitrogen gdsinally, the sample
is based on the investigation of aligned phospholipidigave beenhydrated with DO vapour to reach ful
multi-bilayers by means of quasiastic neutron hydration.Each samplehas been obtainedby stacking
scattering (QENS) oriented to examine dynamicgve sheet_s together forming awaf_er of about 100 mg
characterizing hydrophobic aits, distinguishing in @ Scattering power 08% (88% incoherent)The full
particular the dynaios parallel and perpendiculém the hydration of these systems (28,@® molecules p

plane of the membrane. phospholipid) has been verified by weighting the sas:
] The contribution of water molecules amounts to 8%.
Introduction alignment of phospholipids has been obtained

ydrating samples, at 40 °C, in high relative humidity
everal days and has been checked performingy
ﬂ“fraction on a Bruker instrument.

Membranes assume a crucial task in the Iiving
organisms[1]: they constitute a separation barrier betwe%
the inside and the outside of tbells and above all they
regulate the selective transport of substances from aBIbe:trometer

towards the cells, permitting a correct osmosis and _ )

forbidding some elements pass through the cytoplasm The INS, time of flight (TOF) spectrometer, at |
The complexity of these objects makes their study vefyacility (Grenoble), has been used to perform nel
difficult so we approximate them with more simpleScattering measurements on the phospholipids.
structures: phospholipidic bilayers. They are characterized This instrument is used to study lemergy transfc
from hydrophilic heads bound to hydrophobic tails an@rocesses as a function of momentum tremdipically
theyare invariably polymorphic, that is, they can exist idn the region of small energy and momentum tra
a variety of different kinds of organizestructures, Values, with arenergyresolutionof the order ofti E /-
especially when hydrated. Thegan form bilayer 1% (e.g. quaselastic scattering in solids, liqui
structures or spherical structures like liposomese Molecular crystals and inelastic scattering with s
particular polymorphic form that predominatdspends €nergy transfers the order of magnitude 0250 meV)
not only on the structure of the lipid molecule itself and®@mples were run in two orientations for the norm
on its degree of hydratiotut alsoon such variables as membrane plane and beam diien. o
temperature, pressure, ionic strength, and[281 Atd 135, the dynamicsremainly probed mainly i
Several techniques are used to investigate thiémgers: t h e me mb r a n=e45°ptlisprobed maily aloc
optical analysis like Raman and IR spectros¢gpy the normal (off plane) direction. All scarisave bee
NMR studie§s-7] and QEN$8-12]. These techniques Performed starting from an equilibrated I|_ql_J|d crysiee
permit us toobtain many information about severalPhase hydrated with 28,0 molecules per lipid
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:@imyristoylsnglycero3-

phosphatidylcholine), a phospholipid bilay@r orderto

investigate hydrophobic tails dynamics aodlistinguish

between slow and fast motions that characterize the

bilayer.
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Figura 1:Data fits

Data analysis

QuasiElastic Neutron Scattering data have been also
collected on IN5 at a resolution of 28V. We have
measured the same DMPC+28,( multi bilayer
sample at T = 307 K in the 135° orientation. The data
have been fitted by performing a linear lesgtiare
analysis and wusing Minuit program. We have
employed HavriliakNegami distribution functiomut,
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 paranees the areas of the three
functions and the half width at half maximum
(HWHM) of the two lorentzian curves:

| heo :(Ap‘ha)+Az Lo a1s

] (1)

ho®+TZ  “ho®+T2

As it can be observed in Figure 1 the data are fitted
quite well over a broad range of exchanged energies,
the smd 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 -3-4, the protons inhe 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
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slow motion can be assign to a rotation around the
carbon atom.

In the spectra, the dexasing 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 analye the obtained areas
consists of by the convolution of two, uncorrelated,
confined dynamics each described by a Delta function
and a Lorentzian

lqsow
| ho :(Aﬁlowﬁ ho + 1—Aslow m]@
Iﬂfa\st
ho® +T2

fast

[Afast5 ho + 1- Afast (2)

which expands, developing the produtds,

fast

| ho = AslowAfasé‘ ho + Aslow 1- Afas! hwz +r§|ow,, fast+
Fs ow
Arast 1= Ajon m“”
rS|0W+ fast 3
1- Afast 1- A%Iow ha? +T2 ( )

slow+ fast

Considering that, from an experimental point of view,
the second and the last term will have approximately
the same halidth, 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.

310°¢ |
% DMPC @135 T=307 K % a A
BN %‘}) %%%% o A;
210° | % %%%%% "
< 1510% | % %% o
pi 4 ¥;%%
110 | § @'5 b3 i
m@ élé
&
51070 0.'5 1I 1.I5 2l 25
Q (AT
Figura 3: Areas of the three components.
| ho =[A&5 ho +A2hw£iF2+A3hw£iF2] “)
where
Al = AlowAfast
AZ = Afast 1- A%Iow (5)

AS = 1- Afast
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Experimental results

From the above relations theagle of the slow at
fast EISF can be determined. A simple fit wit
Gaussian model will provide the following values
the root mean square displacement:

<u”>=0.37A"
<u*>=0.54A" (6)
<u®>=0.91A™"

This values are in agreement with the finding
IN13 experiment and moreover the ElS#ata
collected on the two instruments are very similar.
the amplitude of the motion is wider on IN13i& thi
higher resolution allw the observation of slow
motions which span wider regions.

[ Elastic incoherent structure factor |
Eisf_fast
08 L 4 S Eisrsiow
o eisfdelta
o
0,6 |- 5 g
04 | .
02 | ]
o
0 1 1 I 1
0 0,5 1 15 2 2,5

Q (A')
Figura 4: EISF of the motions.
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Figura 5: EISF comparison between IN5 and IN13 results.
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Our work has highlighted the presence of motions th
involve hydrogen atoms of the phospholipidic
hydrophobic chims. The model which we have proposed

hydrophol . ed™ 1995).
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Abstract with
We theoretically study the tireontrol of the &ong \
. . . A
coupling regime between a single cascade tlresls Hy, = Z w0, to,aa ©)
quantum emitter and a microcavity demonstrating that, i=g.1,2 '

depending on the arrival times of the control pulse,

different nonadiabatic quantum electrodynamics effects .

can be observed. In particularevghow the possibility to HI =go; 2aA+ H.c (4)
perform whichpath and quantum eraser operations, ’

allowing us to switch on and off coherence. and

Introduction

Quantum Physics and engineering greatly benefit from Hin :‘9p(t)a+‘9c(t)o-g,ﬁL H.c ®)

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

years, nevtechnical advances allowed the construction aflere & stands for the destruction operator for the ca
high finesseoptical microcavities [4]. This permitted
quantum emitters to absorb and spontaneouskmi¢ a
photon many times thus establishing a strong couplirgperator of the levels of a quantum emitter (figure
regime of lightmatter interaction. This regie was ¢ (t) and g (t) respectively are a Gaussian coher
investigated in many physical systems such as atoms,
quantum dots in optical microcavities, circuit QEDProbe pulse resonant with t|1'@>QE Axd |1>QE transition
systems [210].

In this letter, time control over strong coupling between
single cascade thrdevels quantum emitter and N
microcavity is stuikd. Attention is paid to the transition |1>QE . 2>QE 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 sufycle switchingon of the

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

quantum electrodynamics phenomena enlightening the

Physics of noradiabatic lightmatter interaction [12,13].

Our findings closely follow those of reference 11 as far as

mode and Ua'ﬂz|a><ﬂ| denotes the transitiot

and
Baussian driving control pws resonant with the

switchon i s studi edresent a detaiec d wedl | p
temporal study of switcbff showing a complex

behavior.

The model

The starting point of our study is the master equation for
the density operator

p=ilp,H]+Lp 1)
where the Hamiltonian reads

H=H,+H, +H, )
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Figure 1: Single cascade threéevels quantum emitter scheme. The

pump and control pulses are respectively resonant with2 <> 1 N | 3
and 1 <> g transition. [\ o =
AN | <
The Markovian interaction with reservoirs is F 1 2 (b)
described by théollowing Liouvillian terms A Mo
D ===\
1 SN — T S_
ex . _ A A A S = e V%)
Lop = _EZ (LiLp+pLL, —2L,pL) (6) 03 02 0.1 00 01 02 03'Q,
u energy (ueV) =~/

where various scattering channels are describeghre 2a: Exciton popuiation (G, )., photon popuiation a’a)
by different Lindblad operatorg,. The decay

channels 2—1 and 1- g are respctlvely (strong coupling) the arrival of the control pulse. Figure 2b
represented by L =7 |1> < 2| and Spectrum underlying the transition from weak coupling (one peak
251 = V72

to strong coupling (two peaks). The time window isA = 35ps
L., =+/72]9)(1]. The pure dephasiraperators

relative to the levels|l),. and |2),. are At t=25ps, we send a control pulse with a
7 and FWHM = 0.4 ps, which, being resonal

ith the transitior| g) <> |1), populates the lev

2
and its coherent part Ka)‘ before (weak coupling) and after

L,.,=+70,,. Starting from the master

equaton (1) we can derive on open hierarchy of’
dynamical equations for the cawpphoton and |1> This leads talmost instantaneous vagu
exciton populatioa and coherences whose
solution need some approximation. Becaate
the weakness of input pulses feeding the cavit
the excitation energy is small.eHce, we can dampingsy, =20ueV, y, =2ueV,y,=5ueV,

take advantage of a widely adopted schemgre dephasing® =0 and energies such tl

Rabi oscillatioss of periodT,. The paramete
yve use are coupling constantg =100ueV,

allowing truncation with respect to the numbera)l:1_3284&v’ 0, — 20, =-2.28neV. It is

of photon number states to be included. i _
plain a loss of coherence of photon field &

Results the switchon as a consequence of the dece

Figure 2a shows the intracavity photonthe effective coupling (aM) during the

population. At t=0ps the cavity is in the ,qqjiations. The evaluation of the pow

vacwm state and the QE is in the ground state. oA 2
At t=2ps, a weak pulse resonant with cavityspectrum S T, = j (ah)exp —iwt df of
is sentSince levels|2) and|1) are unoccupied, T

cavity photons decay exponentially inthe coherent part of the light fetlconfirms th

: . ) ransition from weak ling regim h
accordane with the cavity decay timé/y, . i‘,tarlorsé ?)ne omweak coupling regimeo the

7C
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minimum (figure 3b) the state suddenly
becomes

Vu(t)) = B0 Q) +7(t) 0|2 (6)

Such state evolves in

| |vm®) =a®D[H+O]9]g)+7 €] 0] 2 (6)

Voot ] because the emission of a light quantum fro
e the transition |2) _ —|1 . is allowed. This

implies that cavity photon population oscillate
while (y(t)|aly(t)) =0. This striking result is a

Re— direct consequence of guantur
100 125 complementarity principlgl14]. Peforming a
measurement of the quantum emitséate, we
Figure 3: A probe pulse is followed by two control pulses. If the can discriminate whether the ”ght quantun
second control pulse is sent in correspondence of the maximum (a), comes from the cavity or from the quantun
then @@ and its coherent part | (&) [ exponentially decay. it emitter Knowing which way the photon took,
is sent at the time of a minimum (b) then cavityphoton population  Means destroying the coherence. We obtain
Corines oxcling M e cfererce goes o zer. e ol an_hybrid coexistence of the two cases jus
(c) and an odd coexistence of (a) and (b) phenomdagy is seen. described by sendlng the control pU|S€th’lﬂ§
midway between the maximum and th
minimum as described byfigure 3c: the
coherent part of the transmitted light perform
an exponential decay charactéc of weak
coupling regime whilethe incoherent one

0 2I5 50 75
time (ps)

This is testified by thetransition froma single
peak centered at the energy of the caaiBabi
doublet(figure 2b)

After having studied the switebn, we turn to
switch-off by sending another control pulse with, ™ ) _

area 7 and FWHM =0.4ps. The quantum (a'a)-|(8) evolves following a strong

state after sending the probe and the first controbupling dynamics.

pulse can be approximated by We decided to investigate the possibility c
recovering thelost coherence, by sending

|¢//(t)>=a(t)|1>|]>+,8(t)|0>| 1)+),” Q| 2) (7) third, identical, control pulse in correspondenc
of a minimum. As shown byfigure 43 the

When the second control pulse arrives at %Ioherence is abruptly recovered if a thir

cavity maximum, the state suddenly becomes °°.“?f°' pulse is sent at _another_ photo
minimum. Instead, if theontrolimpulse is sent

in correspondence of the maximum of the cavi
v @©) =[a®[)+ A1) 0)]|9) (6) population therthe coherence is not recovere
while the cavity population performs a wea

which, being [1) unoccupied, follows a fee Coupling dynamics (figure 4b)

evolution. As described by figure 3the cavity

population exponentially decays while its
coherent part‘(a)‘2 is preserved. When the

seond control pulse arrives at a cavity
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Figure 5a: Robustness of the phenomenologicalnflings agains
state of art conditions; Figure 5b: phenomenology with respect
the FWHM of the control impulse.

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 reemerging of
coherence, in figure (b) the last contrb pulse is sent in
correspondence of the maximum and the coherence continues to be
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THE RESEARCH LABORATORIES OF THE PhD COURSE IN PHYSICS

F. Caridt, L. Torris?*

Facolt” di Scienze MM. FF. NN., Uni ve985B Messind,italyMe
“Dipartimento di Fisica, Universita di Messina, Viale F.§ta o d 6 Al ¢ 88166ir Messina, I&ly.
%INFN-LNS, Via S. Sofia 44, 95124, Catania, ltaly.

Abstract Warsaw; ASCR of Prague; PALS Lab., Prague; (
A brief description of the research activity performed iffelmholtzzentrum, Darmastadt, Germany.

the laboratories of the PhD courses in Physics of the

Messina University is reported. The research is develop&tief description of the Research laboratori
mainly in the areas of matter structure, applied Physics tised by PhD Physics Students

Cultural heritage and environment, theoretical and nucleghe |aboratories of the PhD course are summarize

physics. Table I.

The different Labmtories of the Physics Areas that are

used by the PhD student are the followitahoratory of Laboratory Responsible
acoustic and dielectric spectroscopy; laboratory of plasma Laboratoy of plasma physics Prof. L. Torrisi
physics; laboratory of spectroscopy, biophysics ant| gporatory of acoustic and dielectr| Prof. M. Cutroni
applied physics; laboratory of IR and Ramarn spectroscopy

spectoscopy; laboratory of complex systems Physicg Laboratory of spectroscopi Prof. S. Magazj
(optical ~ spectroscopy, thermodynamics, NMR) techniques, biophysics and applie

laboratory of dilatometry and ultrasourgpectroscopy; ' physics

laboratory of calorimetry, thermal conductivity and lo Laboratory for studying nuclear Prof. G.
temperatures; |aboratory of Raman and miReman reactions on nucleons and nuclei Giardina
spectroscopy;  laboratory  of  thin  films  and IR and Raman Spectroscopy Prof D
nanotechnology; laboratory for the preparation of Laboratory Majolliné
nanostructures and STM microscopiyn the field of Nuclear Physics Laboratories | Prof. R.C. Barng
theoretical physics is employed the laboratory of L aborabry of low lemperature Pro.f G éarini
informatics for simulation calculations, while in the field y hvsi P T

of nuclear physics that of the radiation processing, data b B;S'C.S v Prof F. Ner
elaboration and applied nuclear physics and the study |of Laboratoryq microanalysis, rot. = Nerl
nuclear reactions. SpeCtrOrfgr?grlrfefteecrmlsques and

Tab. |
Introduction
The Doctorate in Physics of the Messina Universityaboratory of plasma physics
focalizes its activities on four educational and scientifienstruments: Laser Nd:YAG, 1064 nm e 532 nm, 3 r
curricula with the aim to provide a satisfactory degree 08-300 mJ, mass quadrupole speoteter with energy
competence and professionalism in the field ofiter HIDEN EQP 300, classic mass quadrupt
Condensed matter, Nuclear Physics, -Blyysics and spectrometer BALZERS PRISMA 300, Faraday cup
cultural heritage and environmental Applied Physics.  time-of-flight measurements, optics and vacuum syste
The research activities are developed mainlytla® detection electronics, optical spectrometer (Fig. 1).
Physics Department and at the Matter Physics arResearch activity: the experimert setup consists in .
Electronic  Engineering Department of MessinaNd:Yag laser, operating at 1064 and 532 nm, with a p
University, at the National Institute of Nuclear Physicsvidth of 3 ns and maximum energy of 300 mJ. The be
(INFN) and at the Institute for Chemical and Physicaiks focalized through a optical lens at a distance of 50
processes (IPCF) of Messina CNR. in order to have, in the solid target, inside a vacu
However the PB student, during the 3 years ofchambera laser spot of around 1 mmt pressure of the
Doctorate, often uses also other National andrder of 1 mbar. The interaction of the beam with t
International Laboratories facilities. target produces an ablation and consequently pls
In the last three years (20@®10), for example, the generation [1].
International Laboratories where researches wewpplications: diagnostic of plasma lasgenerated,
conducted by Messina PhD Physiasdgints were: deposition of thin films (Pukd Laser Deposition), lase
Institute LauelangevirGrenoble; Universita di Nancy, welding, nuclear physics (Laser lon SourceDBusion),
France; Inst.Plasma Physics and Laser Microfusion,
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cultural heritage applications (compounds, isotopic ratiogaboratory for stalying nuclear reactions on nuclec
surface patina analysis). and nuclei

Research activity: study of barionic resonances
mesons photoproduction at the facility ELSA in B
(Germany) within the international cooperation BGO
The Messina group in BGOOD has the tasks
experimetal setup simulations (activity carried out
site) and of hardware and software administratio
hydrogen and deuterium cryogenic liquid target (act
carried out in site and at ELSA).

Study of reactions induced by heavy ions for
. production of superheavy elements. The experime
Fig. 1: Experimental setup of the Laboratory of Plasma Physics of activity is carried out aChina Institute of Atomic Ener
Messina (a) and a CCD camera photo of a fast lasgenerated (CIAE) in Beijing (China). Activity of calculatiol
plasma (b). experimental data analysis and interpretation is c:

- ; ; out in site.

Laboratory of acousc and dielectric spectroscopy i . .
Instruments: setup for ultrasound analysis (MATECStudy of Brgm;sthralung radiation mited  during
TB1000 e MATEC 6000), setup for wide bangSPontaneous fission processes and alpha decay of
measurements, wave guides. elements [4].

Research activity: it is developed in the field of the
condensed states physics and concerns principa
problems of disorderly systems behavior. Differen
techniques, structural and dynamics, are employe
ultrasound (kHzZMHz), fully employed in physics and - .
engineering for nomlestroying tests (NDT), dielectric Reflectivity (ATR)' for FFIR mprospeqtroscopy al
spectroscopy (systems for wide band measuresrb? Raman scattering measurements in Fourier Transfor
Hz-2 GHz), that consents t F;%ylvetrﬁze?trﬁ ?yg@ugc p{e%s,etdl?paé%alcncgpaélg ?lte
and the imaginary part U ey wi eqeratyrﬁgonrcoo |<§ )pi

. - ; reparé and store salep.
of a material (solid, liquid) in a wide range of frequenc tabl X R E A | Xavsteri
10° Hz-2 GHz, at temperatures between 450 °K and 3 ° rta N halyz-23ystem
or X-Ray Fluorescence measurements (XRF).

using only one sampl&Vave guides (8.2 GHiz40 GHz) o S\
are also employed for measurements of the Complé?xesearch activity: complete characterization of dynal
nd structural and/or compositional properties of mi

ermittivity at a frequency in the microwave range wit Lo .
P Y q Y 9 ?th in liquid state and solid state by thse o

transmission lines at rectangular wave guides and mplementar ir c tecni Thanks t
temperatures between the room value and 10 °K [2]. compiementary Spectroscopic tecniques. anks
not invasivity of the techniques, these spectros:

; ; ; ; ethodology can surely find a large and na
;ggﬁ;ﬁ%g Czpectroscoplc techniques, biophysics ang]pplication in a lot of fields nowadays fundamental [£

Instruments: experimental setup for static and quasiApp“Cat'onS: archeometry, _charaﬂtlzanon, storage a
ESPOVEH of cultural heritage, biomedicine an

elastic scattering measurements, infrared spectrometer .
biophysics interests systems. lophysics.
Research activity: the laboratory disposes of tdable
devices (spectroscopic techniques of elastic type, quaa e .
elastic and inelastic of electromagnetic radiation) usef adiation pr.ocessmg laboratory .
to the dimensional and morphologic, qualitative,nStrumemS' Linac of electrons of 5 Me\{ (nomir
structural, dynamic and thermodynamic characterizatic'€"9Y 5 MeV, peak current200 mA, pulse time gsec
of a wide class of materials of ysical, biotechnological Pe& Power 1 MW, power 1 kW, repetition frequency
and industrial interest. The laboratory disposes O%OO.HZ’ frequency RF 2.997 GH;’ No. acceler:
instrumentations for measurements and analysis f8i"‘v't.'es 9 , N0 magngtlc lens, beam dlameter 4 mm).
ambient studies (electromagnetic pollution, air pollutior(,o‘ppl'cat'ons.: creactlon_ of new hydrogels, improvem
6) [3]. of mechanic properties of UHMWPE and w

Applications: investigations about the mechanisms oP'OPerties by impregnation and irradiation, study of
bio-protection, micreemulsion, gel micremulsion, 935 d|_ffu5|on in |rrad|a_1ted Black PE, filament wind
innovative materials, physical and chemical properties &ﬁjectlon O,f mzcoj(oxm.s ,Of ffO(.)f(fj flour, substfar
macromolecular and polymeric systems of biological€/€ased ding the irradiation of different types of F

interest and optimization of physical devices for energetf@diative treatment of adhesive joints for structiyak
and industrial fields. applications in the aerospace and automobile

recognizing of materials by non destructive tes
techniques, calibrations to recognize irrégléhfoods,

& and Raman Spectroscopy Laboratory

struments: Interferometry Spectrometer BOME
A8 for IR absorption measurements in Fot
ransform (FFIR), for measurements in Aftuate Tot:

uclear physics laboratories
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development of new dosimeters for radiation processirspectroscopy (XPS), the surface compositional ma|
and project of accelerating systems for industrieon the micrometer scale and the effects due tc
interested [6]. overlapping layers of different materials are analy
Informatics Laboratory through the depth profile analgsi The study ¢
Instruments: cluster of parallel computation (6 double compositional and structural properties of thin film:
processors + file server). Protocols of ParalleSRO (Silicon Rich Oxide) and silicon oxjtride device
Computaion : PVM (Parallel Virtual Machine), MPI for applications in power MOSFETs and tHilm
(Message Passing Interface). photovoltaic converters was recently approached [8].
Research activity: Monte Carlo Simulation of radiation Laboratory of spectroscaptechniques

processing treatments by MCNIEZ2 code (Monte Carlo Instruments: Raman spectroscopy systemBack
N Particle, version 4C2) and data analysis relative tecattering configurationlaser sources: muitine Argon
experiments carried ub with the CHIMERA diode pumped Nd:YAG (second harmonic), -Ne.
multidetector (LNS). Analyzer: flat field Triax 320 monochromator couf
Applied Nuclear Physics Laboratory with a BX 40 Olympus microscope and quped witt
Instruments: lecture systems for optical dosimetersgratings of 1800 and 600 lines / mm holographic filte
(Gafchromic) and rivelation system of cooling Ge(Li) +eliminate the elastic scattering componebtetector
spectrometet, Diode matrix CCD 1024 x 128, cooled with lig
Research activity: dose and doseate measurements, nitrogen.Mapping micrometer with lateral resolution 1
envionmental radioactivity measurements (Rado2 em) using automated XY dnslation. Setup fo
measurements on samples of aspirated air on poramgasurements on colloidal solutions using a 10X
filters, radioactivity measurements in drinking water andbcal length.

on building materials). Nonlinear optical spectroscopy <{&an technique
Measurement system in the open and closed configu
Laboratory of low temperature Physics of a pulsed laser beam transmission (Nd:YAG, 5 n

Experimental technigues: mechanical spémscopy and focuseal by a radiometric system with two sensors an
ultrasounds; low and high temperature calorimetryscanning engine of the sample along the optical axis.
Brillouin and Raman spectroscopy; low temperatur®esearch activity physicalchemical characterization
techniques; high magnetic fields; preparation of glassé®nding structures of materials in the form of thin fi
and polymers. and colloidal solutions of nanopants:thin films of
Topics: influence of the disordered topology on theSRO (Silicon Rich Oxide), silicenarbon alloys ar
physical propertie of materials; glass transition; low carbonbased nanostructured systems, colloidal solu
energy excitations; vibrational and relaxation dynamics. of nanoparticles of metallic oxides and met:
Research activity solid state physics. Materials: glassesianoparticles for applications SERS (Surface Enhe
and polymers [7]. Raman Spectroscopy). Agais of nonlinear optici
response of colloidal systems of nanopartitiase:
Laboratory of microanalysis, spectroscopic techniquesarbon and silicon: study of the absorption coefficien
and nanomaterials refractive index as a function of laser pulse repetition
Laboratory of microanalysis concentration and solvent.
Instruments: microanalysis, imaging and depth profiling Laboratory of nanomaterial
using XPS, high vyield (tens of analysis/day), visualnstruments: Nd-YAG laser pulse until the four
control of positioning for the microanalysis, argon iorharmonic (266 nm), power adjustable up to 180
gun for removing surface layers, electron gun to redugsecond harmonic), pulse duration 5 ns, repetition |
the effects of kectrical charging of insulating materials, 20 Hz optical beam focusindyandling and control of tl
software and libraries for the automatic recognition of thmetal target submerged in liquid (systefar lase
chemical composition (Thermo Scientific -AKlpha). ablation in liquids).
Automated setup for measuring dc electrical conductivitgystem for spraying deposition of thin layers of collc
as a function of temperature (:660 °K) using the volt  solutions: the technique of spraying by autome
amperometric method for voltage or constant current. Therbrush is a methodology used for the transfe
system is equipped with a cryostat cooled with liquichanoparticles in colloidal phase on surfaces of wa
nitrogen with  optical windows, to measurekinds (even flexible). The system consists o
photoconductivity. compressed gas atomizer with interchangeable noz:
Measurements of profilometry and roughness on surfacearious sizes. The nozzle is placed on a medium \
by scanning witHateral resolution of about 10 microns,ensures a movement for a uniform distribution
and vertically up to 10 A (Profilometer KL-Aencor nanoparticles on the surface to be coated. jEteis
Alpha Step 500). directed into a deposition chamber that houses a s
Research activity physicalchemical diagnostics, holder heated to a temperature higher than
morphological, structural and electrical engineeringevaporation of the solvent. A system for the remov
micro- and nanescale solid surfaces and nhifilm  moisture in the deposition chamber is also provided.
multilayer structures. By means of-rdy photoemission
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Research activity: synthesis, laser ablation in liquids,[6] L. Torrisi, L. Auditore, R.C.Barna et al. Radiatior
and characterization of nanostructured metal oxides for Effects and Defects in Solid§462 (12) 80981¢
the production of gas sensors and applications of metal (2007).

nanoparticles for SERS (Surface Enhanced Ram#n] Bartolotta, A; Carini, G; Carini, G, et ¢

Spectroscopy). Macromolecules4310, 47984804(2010).
[8] Trusso, S; Fazio, B; Fazio, E, et dlhin solid films
Other research facilitie 51819, 54095415(2010.

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 betweeother 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,
Radi ol ogy, é) atizaddLaboratdriesrof tiep e c i
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 acquiré 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 pguesan

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 processef ahange in the financial
world and tradeThe 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 andaching in secondary schools of physics,
mathematics, electronic and information technology.
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The Messina Unit of the Istituto per i Processi Chimico Fisici of Italian National Research
Council: A brief overview

F. Sajia & IPCF staff
CNR-Istituto per i Processi ChimieBisici
V.le F. Stagna 6 Al ¢ o n-B81%8 dMessira7

Abstract

The Istituto per i Procesi ChimicoFisici (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
I £ dyns 4EA AEOOET COEOEAA
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 s@ntific 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 lightnatter interaction at the
nanometric scale for imaging, manipulation,
modelizaton 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 patrticles), of glas$orming
liquids, of polymeric solutions and gels by using
basically light scattering techniques.

Laboratory of Spectroscopic TechniquesThe main
research lines of the laboratory concern on the study of
the thermodynamic proptes 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 prop&ies of some materials useful to
convert light energy in electrical energy represents the
main scientific subject of the laboratory.
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A brief introduction of the historical origin of the
Messina Unit and a short overview of the scientific
activities of he 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,
argd when words likeComplex fluidor Soft Matterhad , . . .
ﬁ@ﬁepéﬁ@ doffmoR & ge)aﬂd# Most %}Qaglﬁ A
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 thelita 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 functiolimit, 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 coordinath (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}hen
moved to Rome to fadw 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, polymes 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 wihconceived 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 namedTS (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 Messinat A
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 tirhere 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 ofaft, was grown and
self-operating. The spectroscopic equipment was by the
time renovated and expanded to new techniques. There
were also some weitlentified applications outcoming
from the research in the field of sensors and in the
spectroscopic investigion 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.

——

,-ll---.----.

>

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 $ites 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 sa 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 shoand not at all exhaustive
survey of the scientific activities carried out into the
Messina Unit of IPCF is presented.

NanoSoftLab: Nanobio-technologies are at the
frontier of scientific research, exploiting new materials
featuring intrinsic nanometescale dimensions with
unprecedented functionalities. This field requires the
development of novel technologies for the fabrication
of propertydesigned materials, new tools for analysis,
imaging and manipulation of narabjects in different
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environmentsnew 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 silicorbased semiconducting
nanostructures and of room temperature ionic liquids.
We developtools for optical manipulation (Optical
Tweezers), nanoscale imaging (N&aeld
Microscopes) and spectroscopic analysis (Raman,
Fluorescence, Force spectroscopy). Moreover, we
combine the unique features of each technique to
fabricate novel instruments thi better performances
aimed at immundluorescence imaging (Fluorescence

SNOM), nanoscale Raman spectroscopy (Tip
Enhanced Raman Spectroscopy), Force spectroscopy
with femtoNewton sensitivity (Photonic Force

Microscopy) and optical spectroscopy of individ
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), biomolscule
(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. Labefree molecular sensors, based on
SurfaceEnhanced 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 -Matrix
formalism.

Laboratory of Disperse Systems:The topicsof 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 systemsnda 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 struetufeatures 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 ofproper 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
devces, just to cite some examples. The experimental
investigation is mainly carried out by light
spectroscopy: elastic (also at small angle) and guasi
elastic light scattering (also electrophoresis), inelastic
light scattering, timeesolved fluorescence, msll
angle Xray scattering and Xay 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 meanof both
experimental and computational approaches. From
experimental point of view the use of the Brillouin
spectroscopy (Fab+tierot interferometer) and of other
spectroscopic techniques allow for probing the
structural properties of molecular liquidat the sane
rate, the computational approach to the modelling of
Soft Condensed Matter systems is also a active
research suline of the LATES cooperating with the
experimental work to interpret the results. In the last
period many efforts has been devotad 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 laboratoiy 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 beamf digh energy laser
(excimer, CQ, Nd:Yag laser).
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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 (OxfordK)U

i ntegrating a APenci l
apparatus and Energielective Neutron Imaging and
Tomography. The goal of this international project is
the building of a portable apparatus for Neutron
Imaging and Tomography tests.

Intensity [au]

SOLARE: Research atthe 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 produc acting as sensitizers in DSSC. The
properties of natural dyes depend on the organization
of their energetic levels, which aresponsible of the
absorption spectra and electrochemical properties.
Furthermore, the activity is also focussed on the
developnent 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 dlinination, photoaction spectra,
and absorption UV Vis Spectra.

Bibliographic sources
1. http://www.cnr.it/

2. http://lwww.me.cnr.it/
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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 relationgs 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, LatO1, LatO4]. The
EOS of asymmetric nuclear matter is also a quantity of
crucial significance in understanding the physics of
isolated and binary neutron stars, type Il 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 grounbased and satellite
observatories.

We propose to study neutron and proton elliptic flows
in isospin asymmetric heasgn collisions in order to
provide quantitative information on the syratry term
in the nuclear equation of state at sugaturation
densities. Simultaneous measurements of neutrdn an
proton directed flow, neutreproton ratios and light
fragment flows and ratios will also be made. The
systems 197Au+197Au at 400 and 800 AKe
96RuU+96RuU and 96Zr+96Zr at 400 AMeV will be
investigated.

To do this several detectors will be installed in GSI
(Helmholtz Centre for Heavy lon Research GmbH),
each capable of investigate different physical
observables.

Neutrons, protons and hydrogesofopes 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 Csl detexts of CHIMERA and the
ALADIN Time-of-flight wall. Light fragments will be
measured with a combination of the R3B CALIFA
prototype Si/Csl array and the Krakow telescope array.
The data from this experiment, together with previous
studies by FOPI at SIS/G®If charged particle, pion
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and kaon observables in the 197Au+197Au,
96RuU+96RuU 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 gulictions 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 stabland 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
nucleusnucleus collisions have constrained the
equation of statdfor 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
employingone 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 [KIi07]
resonances in nawinrich nuclei, isospin diffusion
[Tsa04], neutron/proton emission [Fam06] and
fragment isotopic ratios [Tsa01l, 1gl06] have provided
initial constraints on the density dependence of the
symmetry energy at stdaturation densities. In the
near future, refiement of these measurements with
both stable and rare isotope beams will provide further
stringent constraints at sugaturation densities.

In contrast, nearly no experimental constraints exist on
the symmetry energy at supsaturation densities i.e

P ® 20y and above. This is the domain with the
greatest theoretical uncertainties and the largest impact
on the understanding of neutron stars [LatO1, LatO4].
The behaviour of the symmetry energy at swupra
saturation densities can only be explored imetgrial
laboratories by using relativistic heaign 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 ntiged, including
neutron and proton directed and elliptic flows [LiOO,
Li01, Li02, YonO6a, Gre03], neutron/proton ratios
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[Fam06, Li97, Li06a, Liosb]," /x- ratios and flows

. K*y .
[LiO4, YonO06b], KU [Fer06] and fEI™ [LiO5a]
ratios. Itis 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 symmegpergy
behaviour at supraaturation 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

(H_mﬂ)h/(ff‘;m)h

ratio was measured IM°Ru+®Ru ard “°zr+°zr
collisions at 1528 AMeV using the FOPI detector at
GSI [LopQ7]. 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 thecollisions
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 © /fx~ ratio in “Ca+°Ca, *Ru+*Ru,
%7r+%7r and **’Au+'*"Au reactions using the FOPI
detector at SIS/GSI [Rei07] have been compared to
calculations using the isospinand momentum
dependent hadronic transport model IBUU04 [Xia09].
The results provide circumstantevidence suggesting

that the symmetry energy is rather soft/@& 27 .

This finding, together with existing constraints on the
symmetry energy at stdaturation densities, indicates
that the symmetry energy reaches a maximum between
Pa ard 2Pa and then starts to decrease at higher
densities.

Lastly, neutron and proton directed and elliptic flows
were measured i’Au+'*’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 #8pwheir
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 temination [Dan85,
Pos98] to extract the neutron and proton directed and
elliptic flows [Rus08, Tra08]. This is being confronted
with model predictions obtained with UrQMD [Li0O5a,
LiO5b, LiO6b, Li06c] with the aim of providing the first
constraints on theymmetry energy at supsaturation
densities from such observables.

The data discussed here have placed some tentative
initial constraints on the symmetry energy at supra
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saturation densities. However, as previously
mentioned, these data sets are inisidgiit 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 desegl to study the
symmetry energy at supeaturation densities. This
programme will study heavipn 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 eraple, the use of isotopic
chains of nuclei such as Sn will allow observables such
as double differential flow to be constructed [LiO8].
Such observables are predicted to minimise the
influence of the isoscalar potential but maximise the
effects of the symetry potential. The current GSI
facility has worldwide unique capabilities for studies in
this direction as beam energies of -Q.1AGeV are
available which can produce densities of up3@ae
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 G&tility 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 absolutelynigue 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-2L AGeV. Such
measurements will be made using R3B, which is one of
the new experiments der 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 thestm
interesting observables with measurable sensitivity to
the strength of the symmetry term [LiO8]. There are
several theoretical reasons for this. Symmetry
potentials act directly on nucleons, which are
abundantly emitted in heavwgn reactions at
intermediate energies. Squeezeat 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 natst
various quantities from the measured neutron and
proton elliptic flows such as ratios or differences. A
comparison of the neutron/hydrogen (elliptic flow
parameter) ratio for the existing’Au+'*’Au data set
has been discussed previously. By caordtng 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



Activity Report 2010 Dottorato di Ricerca in Fisica, Universita di Messina

potential acts equally on protemnd 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 neutromnd 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 diptic flows will also be of fundamental
importance in solving the questions related to neutron
and proton effective mass splitting in asymmetric
matter [DiT08]. Other nuclechased 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 neutrdoh relative to neutron
deficient systems. An important argument, besithes
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*’Au+'*"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 digpers

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 wlasssymmetric
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, systetigu+°"Au

at 400 and 800 AMeV°Ru+*Ru at 400 AMeV and
%7r+%7r 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 comparisns of the symmetry energy extracted
using several different nucledrased 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 eegrg
and observables. In particular, FOPI at GSI has made
detailed measurements of observables such as proton,
light charged patrticle, pion and kaon yields and flows

Ty K=y . .
and 7~ and K? ratios. The experiment
proposed here will add the nearproton 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 supraaturation densities. It will allow us to
make wideranging tests of hie predictions of the
transport theories and make a croesparison of
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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 densitieso be made. The'*’Au+*'Au
system is heavy and neutroch and our simulations
predict large effects of the symmetry energy on the
neutronproton observables for this system. As
mentioned previously, neutron and proton flows were
previously measured fdhis 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-amnalysis of this data
set in the previous section. However the statistics limits
the conclusionghat 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
errorswill be reduced by around-3, which will enable

us to put stringent constraints on the theoretical
calculations. Thé€°Ru+**Ru and®®zr+°°zr systems will
allow us to compare neutraich and neutrowdeficient
systems and so construct double ratios, swshtha
double neutrofproton differential elliptic flow. The
Ru and ®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 thew 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 neoit-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 withckei 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 tine 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 comglte a comprehensive set of
measurements for thé”’Au+*’Au, ®Ru+*Ru and
%7r+%7r 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 sgsts, 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 isqies. The use of rare isotope
beams from FAIR will be particularly advantageous in
this regard. For example, thé®sn+Sn and
1325n+2%Sn reactions can be studied using rare isotope
beams of%®*3%n,
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Experimental setip

A schematic diagram of the expmental 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
squeezeout. Kinetic energies ar obtained from the
measured time of flight. LAND will be positioned at
125 ~40°  s0 as to efficiently cover the mid rapidity
kinematic region for suitably high transverse momenta
p. Here the optimum compromise between particle
yields and the magnitle of collective flow which
grows with p will be determined from the existing
data.

Krakow phoswich

, Chimera Csl
Target, e
L

Beam o=~

ALADIN ToF

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 debecti
system with high effective granularity at forward
angles consisting of several Csl 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 impgetrameter vector.

A simulation of the experimental setup, taking into
account the finite angular coverage and the nfidfi
angular and identification resolutions,shheen 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 theeGor
method [Dan85] on the simulated data, a reaction plane

resolution of A@~21"  (resolution parameter

#~19) [And05, Oll97] can be achieved for an
impact parameter range of 55 < b < 7.5 fm in
¥Au+%"Au collisions at 400 AMeV. In addition, the
flow of light fragments will be measured with a
combination of the R3B CALIFA ptotype Si/Csl
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

84

backangle target hodoscope will be used to distinguish
interactions of the incoming beawmith the air from
those of the target. Fragments produced from reactions
of the **’Au, *Ru and®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 spaat backward centref mass
angles. The baekingle target hodoscope can therefore
provide a trigger for the reactions of interest. It will
consist of the FOPI standard reaction counter to cover

F125~90% and two rings of the Giessen hodoscope to

cover 70% < Gz < 90" | From the previous Adu
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 tH&Au+'*"Au system

at thre 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 rutis w
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 ringb-8-7 of
Chimera odoscope, which will serve to define the
reaction plane, and thethe 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
installedat GSI and tested using pulsers and cosmic
rays. Actually we are setting up an electronic chain
necessary to produce a general tisteemp, in order to
synchronize chimera acquisition system whit the other
ones.
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Abstract the AE are in the ultrasound frequency band, and

Every solid sample, when subjected to stress, alwaf{f§gquency gets progressively lower, while flaws coal
experiences ruptures of atomic bonds that originatBto larger ones. The yield of some bonds weakés
ultrasound emission, called acoustic emissioAE).( local response of the solid structure with respect to
Every additional stress causes the rupture of other bon@yentual additional stress. Therefore, the probabili
close to the ones already broken almost in a chafdpture of additional bonds will be greater where
reaction. structure is already weak. The entire process results
Consider a time series @& that are observed in a givenreal chain reactiorin general, let us call HF AE [LF Al
time interval, and suitably define some more markéd these emissions of comparatively higher [lo\
signals, and shortly tal tAEement so. S &qdeepcy, reppgciiviely dhe ageing process of the
their set the TdfAeventsod tSResimen gyegty fatigue: wikh Pg fpanifgsted flik
supposedly normal distribution: they are nansedliers — deterioration displayed by some typigsE morphology
Given a temporal series of outliers, their intrinsi¢vhich aught to be observed first in the HF AE and lat¢
periodicity is representative of some natural phenomenolF AE of progressively lower frequency. This trend h
In this way,AE provides with a measure and monitoringeither for a specimen stressed in the laboratory, or to
of natural periodic phenomena, which are typical of gtructures observed in the field. For instance
given physical system. This information can be obtaine#fismology, a precursor is to beserved first in HFAE,
by means of suitable algorithms. As far as the naturflen in LFAE, t hen &smset smhc
environment is concerned, it igected to find evidence Mmechanical structures, while finally, at frequencie
of the typical frequenci edoutdf 1kztheearthquake willlperyr. AE regok
of its seismic free oscillationsSFO. As far as appears much similar to a well known stan
measurements are concerned carried out on samples in$gsmogram, dtiough with a different scale range bot
laboratory, the periodicities can are eventually evidencdtine and amplitude . A most effective analysis of AE
are daracteristic features of the atomic structure of thee however carried out upon referring to mean s
material being analyzed. amplitudes averaged over a fmgosen moving tinr

The focus of the present study is the assessment of fAEerval.
logics and algorithms aimed at an automatic search for The dynamic evolution of the process candepicte
these periodicities. by noting that, while the micraupture is in progres#\E

The database relies oAE recordings (200 kHzand of different frequency are simultaneously emitted.
25kHz) carried out during past years by the Istituto dPrmer comparativelHF AE will progressively exhaus
Acustica e Sensoristica O.M. Corbino, CNR, of Rome athile their respective flaws are disappearing and coe

Orchi (Foligno). into larger flaws Hence, the comparativelyr AE will
) correspondingly increase their occurrence. This tre
Introduction qualitatively depicted in figure 1.

The application of a stress or strain to every givenUpon considering the probabilistic character of
isolido physical system g@ferementiepedechain geactipa, revery weiease of rg
atomic bonds, and, unless the material is ideally ang@s therefore tooflow a lognormal distribution, which
unrealistically fel ast i cocharagesizad by proasymgetrig fail. This as yrgc
Rupture of a solid sample, however, will occur only at &nplications.
comparatively much advanced stage of its ageing byln every observational data series the existenc
fatigue. anomalous values is normally encountered, origit

Whenever the rupture of someoatic bonds occurs, a €ither by a particular physical effeair only by
stress redistribution occurs inside the solid sample, thiigalfunctioning of the recording apparatus. TI
causing vibration of the crystal structure, and th@pparently anomalous data are called outliers. An o
consequent rupture of additional bonds. In this way Bowever is not an unreliable datum to be rejected a |
given amount of energy is also released. Thess it could just refer to some anomalous behavior ¢
mechanical vibrationsra called acoustic emissionaf).  given physical sysim. Outliers have therefore to be
When the flaws of the composing solid material are small,

87



Activity Report 2010 Dottorato di Ricerca in Fisica, Universita di Messina

singled out and investigated independent of thefespect to its background, and it will be singled out
Ainor mal 6 background. outlier.

An outlier series has to be analyzed apantlike
process [Brillinger, 1975]. That is, it will contain onl
series of information given either like YE® o r
ANOb . EVESr yevoent wi | | be

£ occurrence with no coWE«
can be conventionally put equal 1oand every event
supposed to have a constant duration. In the case/Al
20001z record, his YES/NGapproximation is very well suited,
the efficiency is unknown of the propagation from
unknown location of theAE source until the acous
transducer that monitors the event. That is, the amp
o0 the AE record is physically unreliablelue to th
uncertainty on its damping form source to receiver.
sose time instants of a series of outliers is eventt
characterized by typical periodicities. In the case
/ : e solid specimen stressed in laboratory, these period
are a diagnostic tdsuited to study its response to str
depending of its structure and composition.

ConcerningAE records in the natural environmen
planetarys cal e phenomenon is
tides or to the seismic free oscillationSFQ. On ¢
regionaland/or local scale size, these periodicities ¢
perhaps be associated with peculiar tectonic setting,
20044t The algorithm for the research of periodicity is ce

ARP (Automatic Research of PeriodiditjGregoriet al,

Figure 1. [top diagram] The bulk of the frequency of the 1988; Gregorj 1997 and 199B ard ARPis also the nan
released AE decreasesvs. time. As a first approximation, . . . . .

the phenomenon can be depicted in terms of Diradi- of the histogram which V.\”” be built the. series of oul

named P(t). It can be intuitively depicted as follo

functions. [middle] Every &-function ought to be . . . .
substituted by a lognormal distribution. [bottom] An (figure 2). Consider the first event of outlier serfe@)

50 kHz

EQ

eventual externally applied additional effect (such as e.g. and define the origin of time at the ins_tant of
tidal modulation) sometimes results into an apparent trend occurren Cc e . Adtld a0 n 6ARPhH lastogran
Iooking like a dampedoscillation. Figure after Paparo and Corresponding to the t|me occurrences Of a” rema

Gregori (2003).EQ means earthquake outliers that occur after the tinmigin event. Thel

Outliers can be recognized when they are clearly fourmbnsider the second event &f(t) and consider i
to occur outside the normal distribution defined by a&ccurrence time as the new time origin. In this way &
suitable data set close to them. In particular, the tail oftame occurrences of the remaining events w
lognormal dstribution always result to be a very clkacc ont ri but e +& taaddbei aARE
indication of an outlier, due to the aforementionedhistogram. lteratively repeat this same procedure mu
asymmetric tail. Differently stated, the search for outliersll events oP(t).
can be said to be equivalent to the search for the numbefall n(t) the values of theARP histogram (where t
of the chain reactions that charactersoene kind of very denotes a time incremeint the histogram, not the time
early or i pfradtunea orylelaks during rthe an AE event or outlier). Every relative maximum of
evolution of the system. ARP is a potential typical periodicitf. When aT is

. , opserved also its integer multiple® (k=1, 2,é Wi
OQutliers and the 0ARPHsenRd tho Jodchn I[!r;r'f‘r?ereff)re about) recogr

The search for outliers relies therefore on recognizinghysically significant relative maxima &RP.
data that partake to a given distribution (the Gaussidrhe distribution of thevalues that contribute to t
distribution due to central limit theorem), thus definition of onen(t) inside ARP follows a distributiol
distinguishing other data that reflect a different state afith a standard deviatio;:ﬁ. Hence, it is difficult t
the system. In addition, it should be pointed out thajssess the physical significancf a relative maximum
outlier definition depends on the sampling time A  the ARP. It can be easily shown, however, that if

recor.ds. In fact, no rgal physical event is aral@irac—J . considerq,-'ﬁ rather tham(t), the error bar is
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 sge datum will appear isolated with
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independent ofn(t), being just+1/2. Let us call Inthiswaythesocalledcy c | e dfipexiodf ia
\/ARF this new histogram. obtained of the given data series. A new datdes is tht

defined by putting together as manycle diagramsas
needed for covering the entire time interval spanne

Eventn. 1 I m vv VI VIVIIX X the original data series.
i e NN Then subtract from the original of the data series
b oo oo o ooo o) this new artificially generated data series posed @
¢ o oo - — e cycle diagrams of perio@l. Generate/ARP by means ¢
T - o - s - — - - = - this difference data s el
Y- 2 S - wher e it a relative m 8¢
e (o u] = = N = I ) ) —_— )
§ P — otherW|s.e. Then_ again computedRP and single out
ol - new periodT. This procedure should be repeated as
) 5001 as a new period can be clearly recognized.
h CoE The final result will be a set of typical periodiciti
oo which are objectively recognized in the time series,
y —nd which represent the primary micro fractures of
) physical system that releases the.
= It should be pointed out that, if a series of out
. Ak Jgg;?% 5o @o Bens i shows a periodT, then it will also show its integ
fobooonooobogoonnban oo mool ol multipleskT (with k integer r). Also higher harmonics
Figure 2: Definition of ARP referring to an arbitrary data T can be eventually expected to occur, that is al
series (e.g.vs. time) of 10 pointlike events (row a). All periods kT/h (with h integer). That is, all observ

events are supposed to have the same tirderation. per iodicities c fanmiliesh e o fg r

This algorithm is found to be very robust and reliable¢ Ve r y one ¢ h a rfaefathedr i pzedrdThi
even with severely incomplete data series (climatiean help for simplifying the final interpretation. 1
data).The presence of gaps in the database is notignificance of higher harmonics veell known in term
relevant perturbation (at least until the gap percent is ®§ mathematics, while it needs for suitable care v
exceedingly large compared the given time series. A dealing with physical measurements.
much critical parameter is instead the duration of the The purpose of the present study is the assessm
period T compared to the entire duration of the completéhe logical and interpretative procedures that are
data series. applied in order to get the finaket of intrinsi

A perfect periodical phenomenon has the 1009eriodicities of a giverAE data series. This should re:
probability to be represented by one periodicity alone. into an effective and reliable diagnostic tool for the s

Other phenomena in general display a superpositon®ff t he physical evoluti
different typical periodicities, of different comparableageing by fatigue. This should represent a rel
relevance (or amplitude), while a fraction of theinformaton for testing the security of different structt
observational data base can be characterized by a n@poth manmade and environmental) well in advance
periodic trend. The research is therefommcerned both respect to their catastrophic collapse.
with the identification of periodic components and o
their comparative relevance. heferences

When aT has been identified, cut the entire original Brillinger David R., 1975.Time series: data analy
observational data series into time segment, every onea&fd theoryHolt, Reinhart and Winston, NeVork.
duration T. Then, superpose all these segteeand

consider their averages.t, with its error bar. Gregori G.P., Santoleri R., Pavese M.P., Colacinc
Fiorentino E. and De Franceschi G., 198Be analysis t
R - - g oo a ooo O] pointlike data seriesin Schrdler (1988), ppl46-211.
- | — T -ie g -
! == ) Gregori G.P., 1997Historical data and global chanc
O = s - i e ' ' Case studiedn Schroer (1997), pp. 18220.
o C@ oo’ Gregori G.P., 1998Natural catastrophes and poitike

processes.Data handling and previsionAnnali di
Geofisica4l, (5/6), pp. 767786.

¢ @E. 8 _
Ol ocoololLial

t— Paparo G. and Gregori G.P., 2008ultifrequencie
Figure 3: Definition of cycle diagram of the same series of aCOU_SUC €emissions (AE) for monltquﬂm time eV0_|Ut|_O
figure 2 referring to a period To. of microprocesses within solidReviews of Quantitati\

Nondestructive Evaluatio22, pp. 14231430.
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STUDY OF THE PSYCHO-ACOUSTIC SENSATION AND ISO-PHONIC CURVES
REVISION

S. Scivolii V. K. Mannella- M. Federico

Dottorato di ricerca in Fisica, Universita di Messina

Abstract

Loudness is a psychological term used to describe the
magnitude of an auditoryessation.

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 thgast, this result is probably due
to the modified environmental conditions.

Introduction

An equatloudness contour is a measure of sound
pressure, over the frequency spectrum, for which a
listener perceives a constant loudness. The unit of
measurement foloudness levels is the phon, and by
definition two sine waves that have equal phons are
equally loud.

Equalioudness 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
equatloudness contours is the one reported by
Robinson and Dadson, which has been standardized as
an international standard, 1S0O226; they have been
widely accepted.

The purpose of this study was to determirew precise
and comprehensive eqdaludness contours over the
whole twadimensional (frequency and sound pressure
level) range of audibility.

We preferred to draw new eqtlaudness level
contours in earphone listening conditions, because we
supposed tht 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.

ProceduresWe sent to an observer the refererione
(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
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reference tone louder or softeaththe other soul
and indicate his opinions by operating the adjustm:
In order to avoid background noise the subjects we
an audiometry booth.

The test tone was 31i5407 507 637 807 10071 125
T 1607 2007 25071 3151 40071 5007 6307 80071
10007 12507 16007 20007 25007 31507 400071
50007 630071 80007 100007 12500i 16000 Hz
(third octave)

Materials

This is a schematic diagram of the instrumenti
used in our experience:

Reference Tone 1000Hz

4 v 92

Listening

: T- \\

Measurement

Variable Tone 31,5-16000Hz

Picture 17 Bloc Diagram

In particular we used:

1. n.2 pcASUS EEEPC 900 with Atom 1.6 G/
processor, one to generate reference ton
the other one to generate variable tone

2. NCH Tone Generator software, installec
both net books, that can generate pure
and permit to adjust frequency and sc
pressurdevel

3. Deluxe Digital TM701 stereo headpho
with 32 ohms + 10% impedance and 101
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:

120,0 -
100,0 -
80,0 -

600 | Picture 47 18 old year results

\\\__ In our experience we have reported systematicall
100 veee, differences between our data and the equal lest
contour by Fletcher and Munson; the deviation anc

200 age of the subject are not correlated.

If we consider the change in the level of intensity

0,0

20 200 2.000 20.000 !

Picture 27 Average Results

The following charts show the results obtained  a sensation of doubling or halving is obtained with

respectively in 30 and 18 old year subjects : 10 dB difference between two signals, thus o
claim to have found a significant deviation from
data of Fletcher and Munson.

Picture 37 30 old year results

92



