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$OWUH LQIRUPD]LRQL

due laboratori presso il Dipartimento sotto la responsabilità di F. Barocchi

- uno attrezzato per la gestione di gas e la preparazione di campioni per scattering di neutroni

- uno attrezzato per spettroscopia Raman e Brillouin

/DERUDWRUL �

Congresso del Dipartimento di Fisica e Astronomia
Università di Firenze,  Febbraio - Aprile 2010

Progetto BRISP dell’INFM-CNR (ILQR DO�����)

H[�����
)LQDQ]LDPHQWL�

1HFHVVLWj GL SHUVRQDOH� un posto di ricercatore a tempo determinato



3ULQFLSDOL DUJRPHQWL GL ULFHUFD H�DWWLYLWj
3URSULHWj GL LQWHUD]LRQH��VWUXWWXUD H�GLQDPLFD GL IOXLGL
)OXLGL VHPSOLFL FODVVLFL H�TXDQWLVWLFL
/LTXLGL PROHFRODUL H�PLVFHOH ELQDULH
0HWDOOL OLTXLGL H�OHJKH IXVH
6ROX]LRQL PHWDOOLFKH

6YLOXSSR�GL�PRGHOOL��SHU�OD�GLQDPLFD�FROOHWWLYD�H�GL�VLQJROD�SDUWLFHOOD�QHL�IOXLGL
5LIRUPXOD]LRQH XQLWDULD GHL PRGHOOL HVLVWHQWL EDVDWL VX IXQ]LRQL GL PHPRULD DO�VHFRQGR RUGLQH5LIRUPXOD]LRQH XQLWDULD GHL PRGHOOL HVLVWHQWL EDVDWL VX IXQ]LRQL GL PHPRULD DO�VHFRQGR RUGLQH
8Q¶XQLFD GHVFUL]LRQH VHPSOLFH GHOOH HFFLWD]LRQL DFXVWLFKH�

5HDOL]]D]LRQH�H�VYLOXSSR�GL�JUDQGH�VWUXPHQWD]LRQH�SHU�QHXWURQL
/R�VSHWWURPHWUR %5,63#�,//, Grenoble

RVFLOODWRUL DUPRQLFL VPRU]DWL ULQRUPDOL]]DWL
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7HFQLFKH XWLOL]]DWH

6SHWWURVFRSLD QHXWURQLFD
6FDWWHULQJ�DQHODVWLFR GL QHXWURQL �,16�
6FDWWHULQJ�%ULOORXLQ GL QHXWURQL �1%6�
'LIIUD]LRQH GL QHXWURQL D�EDVVR��6$16��HG�DOWR�DQJROR

6LPXOD]LRQL DO�FDOFRODWRUH
'LQDPLFD 0ROHFRODUH FODVVLFD
3DWK�LQWHJUDO�0RQWH�&DUOR�TXDQWLVWLFR
6LPXOD]LRQL SHU�VWUXPHQWD]LRQH QHXWURQLFD �0F6WDV�
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6WXGL UHFHQWL��TXDOFKH HVHPSLR
&'��OLTXLGR
&2� OLTXLGD

Studio della dinamica collettiva
(su tempi tipici dell’ordine del picosecondo e  scale spaziali attorno al nanometro)
tramite INS e simulazioni MD

GHWHUPLQD]LRQH GL SRWHQ]LDOL DQLVRWURSL DGHJXDWL
FRQQHVVLRQH IUD DQLVRWURSLD GHO�SRWHQ]LDOH H�FRQILJXUD]LRQL IDYRULWH GDOOD GLQDPLFD GHO�OLTXLGR
FDUDWWHUL]]D]LRQH GHOOD GLQDPLFD GHO�FHQWUR GL PDVVD ILQR D�4>60 nm-1 H�HVWUD]LRQH GHL
SDUDPHWUL GHOOD IXQ]LRQH GL PHPRULD GLUHWWDPHQWH GDJOL VSHWWUL GL 6�4, Z�
IHQRPHQRORJLD GHL SURFHVVL GL ULODVVDPHQWR��SURSULHWj GL SURSDJD]LRQH GHL PRGL DFXVWLFL
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IHQRPHQRORJLD GHL SURFHVVL GL ULODVVDPHQWR��SURSULHWj GL SURSDJD]LRQH GHL PRGL DFXVWLFL99



6WXGL UHFHQWL��TXDOFKH HVHPSLR
$VSHWWL JHQHUDOL QHOOD GLQDPLFD GL OLTXLGL PROHFRODUL

99 5HOD]LRQH�JHQHUDOH�IUD�WHPSL�GL�GHFDGLPHQWR�QHOOD�IXQ]LRQH�GL�PHPRULD�H�YLWD�PHGLD�GHL�PRGL�GHOOD�
IXQ]LRQH�GL�FRUUHOD]LRQH�GHQVLWj�GHQVLWj�GL�XQ�OLTXLGR

99 2ULJLQH�GHL�YDUL�SURFHVVL�GL�ULODVVDPHQWR�H�FKLDUD�QDWXUD�FROOLVLRQDOH GL�TXHOOL�D�GHFDGLPHQWR�UDSLGR

s21 21111 WWWWW �� ��

,Q�FROODERUD]LRQH FRQ�LO &15��8��%DILOH�



6WXGL UHFHQWL��TXDOFKH HVHPSLR
/L��1'���� 6WXGLR�GHOOD GLQDPLFD FROOHWWLYD GL XQD VROX]LRQH PHWDOOLFD WUDPLWH ,16��

0HWDO�SKDVH

3HFXOLDULWj GHOOD IDVH PHWDOOLFD GL /LWLR�$PPRQLD
• Densità elettronica Uel ( v UV� �) molto bassa
• UV aggiustabile fra 7.4 e 11.3 (superiore al caso dei metalli alcalini ordinari) 
• 2NI� a�4P / 2 with 4P | 2 Å (in metalli alcalini vale 2N � a�4 �) 

,Q�FROODERUD]LRQH FRQ�O¶8QLYHUVLWj GL 3HUXJLD �)��6DFFKHWWL HW�DO��

/LWKLXP�$PPRQLD
3KDVH GLDJUDP

Expt. FV by US

Bohm-Staver prediction

X-rays

Neutrons



6WXGL UHFHQWL��TXDOFKH HVHPSLR
/L��1'���� Studio della dinamica collettiva di una soluzione metallica tramite INS  

99 3URSULHWj�GHO�JDV�GL�HOHWWURQL�DO�OLPLWH�LQIHULRUH�GHO�UDQJH GHOOH�WLSLFKH�GHQVLWj�HOHWWURQLFKH��GHL�PHWDOOL
99 $QRPDOLD�QHOOD�FXUYD�GL�GLVSHUVLRQH�OHJDWD�DOOD�IRUPD�GHOOD�IXQ]LRQH�GLHOHWWULFD�GHO�JDV�GL�HOHWWURQL�
99 $QRPDOLD�QHOO¶DWWHQXD]LRQH�GHL�PRGL�OHJDWD�D�LQWHUD]LRQL�IUD�IOXWWXD]LRQL�GL�GHQVLWj�LRQLFKH�H�HOHWWURQLFKH�

,Q�FROODERUD]LRQH FRQ�O¶8QLYHUVLWj GL 3HUXJLD �)��6DFFKHWWL HW�DO��

35/��VXEPLWWHG



%5,63%5,63
%5,OORXLQ 63HFWURPHWHU

È uno spettrometro a tempo di volo che sfrutta rivelazione a basso angolo e neutroni termici (20, 50, 80
meV), progettato, realizzato e gestito nell’ambito di una collaborazione italo-tedesca e installato presso
il reattore per la ricerca più potente al mondo : ,//� *UHQREOH

$�1HZ�7KHUPDO 1HXWURQ 6SHFWURPHWHU IRU
6PDOO�$QJOH 6WXGLHV RI 'LVRUGHUHG 0DWWHU

)DEUL]LR %$52&&+,��(dalla “gestazione” fino al  commissioning dello strumento reale)'LUHWWRUH GHO�SURJHWWR %5,63
)UDQFHVFR�6$&&+(77,*HVWLRQH JHQHUDOH

&DWHULQD 3(75,//2�(2000-2003)
(OHRQRUD *8$5,1, (2004-2006)

5HVSRQVDELOH WHFQLFR ��JHVWLRQH GHO�SHUVRQDOH



… alle prime installazioni nella hall del reattore di ILL
(Grenoble, 2002)

BRISP%5,63
Dal “GLQRVDXUR” …
(piattaforma per lo strumento – Italia, fine 2001)
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%5,63 � ILQH���������5K�5K� ��
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%5,63�LQVWUXPHQWDO 	�KXPDQ KDUGZDUH
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~  0.2 < (�� 100 meV

~  0.03 < 4 < 8 Å-1 

~  0.05 < W�� 20 ps

~  1 < U < 200 Å

[ 1 meV o 1.52 ps-1 o 0.24 THz ]



8Q�GDWR�GD�%5,63«
'LQDPLFD D�SLFFROL 4 GHOO¶DFTXD GL LGUDWD]LRQH GHOOD SURWHLQD 5�1DVH
0LVXUD�UHVD�SRVVLELOH�VROR�GD�%5,63�SRLFKp�SHUPHWWH�GL�UDJJLXQJHUH�SLFFROL�YHWWRUL�
G¶RQGD�DQFKH�FRQ�XQ¶HQHUJLD�LQFLGHQWH�UHODWLYDPHQWH�HOHYDWD��FRPH�QHFHVVDULR�QHO�FDVR�
GHOO¶DFTXD�GL�EXON�LQ�FXL�OD�YHORFLWj�GHO�VXRQR�q�GHOO¶RUGLQH�GL������P�V���

&XUYD�GL�GLVSHUVLRQH�GHL�PRGL�FROOHWWLYL
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1RQRVWDQWH O¶LQWHUD]LRQH FRQ OD VXSHUILFLH GHOOD ELRPROHFROD�
OD GLQDPLFD DG DOWD IUHTXHQ]D GHOO¶DFTXD GL LGUDWD]LRQH
ULVXOWD SUDWLFDPHQWH LGHQWLFD D TXHOOD GHOO¶DFTXD GL EXON�
,Q�FROODERUD]LRQH FRQ�O¶8QLYHUVLWj GL 3HUXJLD �)��6DFFKHWWL HW�DO��



3XEEOLFD]LRQL�QHO�TXLQTXHQQLR����������
���VX ULYLVWH ,6,�H���6FLHQWLILF�+LJKOLJKWV�QHJOL $QQXDO�5HSRUW�GHOO¶,//��WUD FXL�

M. Celli, U. Bafile, G. J. Cuello, F. Formisano, E. Guarini, R. Magli, M. Neumann, and M. Zoppi
“0LFURVFRSLF�VWUXFWXUH�IDFWRU�RI�OLTXLG�K\GURJHQ�E\�QHXWURQ�GLIIUDFWLRQ�PHDVXUHPHQWV”,
3K\V��5HY��%������������������.
E. Guarini, U. Bafile, F. Barocchi, F. Demmel, F. Formisano, M. Sampoli, G. Venturi
“&ROOHFWLYH�H[FLWDWLRQV�LQ�OLTXLG�&' ���QHXWURQ�VFDWWHULQJ�DQG�PROHFXODU�G\QDPLFV�VLPXODWLRQV”
(XURSK\V��/HWW����������������.
U. Bafile, E. Guarini, F. Barocchi
“ &ROOHFWLYH�DFRXVWLF�PRGHV�DV�UHQRUPDOL]HG�GDPSHG�RVFLOODWRUV��XQLILHG�GHVFULSWLRQ�RI�QHXWURQ�DQG�[�UD\�VFDWWHULQJ�GDWD�IURP�
FODVVLFDO�IOXLGV”
3K\V��5HY��(�����������������.
L. E. Bove, F. Formisano, E. Guarini, A. Ivanov, C. Petrillo, and F. Sacchetti
“(YLGHQFH�IRU�WKH�FRH[LVWHQFH�RI�WZR�GHQVLW\�IOXFWXDWLRQ�PRGHV�LQ�PROWHQ�/L %L DV�SUREHG�E\�QHXWURQ�VFDWWHULQJ”“(YLGHQFH�IRU�WKH�FRH[LVWHQFH�RI�WZR�GHQVLW\�IOXFWXDWLRQ�PRGHV�LQ�PROWHQ�/L �� %L 	� DV�SUREHG�E\�QHXWURQ�VFDWWHULQJ”
(XURSK\V��/HWW������������������.
E. Guarini, M. Sampoli, G. Venturi, U. Bafile, and F. Barocchi
”,QHODVWLF�QHXWURQ�VFDWWHULQJ�DQG�PROHFXODU�G\QDPLFV�GHWHUPLQDWLRQ�RI�WKH�LQWHUDFWLRQ�SRWHQWLDO�LQ�OLTXLG�&' �”
3K\V��5HY��/HWW�������������������.
E. Guarini, M. Sampoli, U. Bafile, F. Formisano, M. Jiménez-Ruiz, A. Orecchini, G. Venturi, and F. Barocchi
“3LFRVHFRQG�G\QDPLFV�RI�JDV�SKDVH�GLPHUV�LQ�OLTXLG�FDUERQ�GLR[LGH”
&KHP��3K\V��/HWW�����������������.
M. Sampoli, U. Bafile, E. Guarini, F. Barocchi
”&ROOHFWLYH�G\QDPLFV�DQG�PROHFXODU�LQWHUDFWLRQV�LQ�OLTXLG�&2 
 E\�LQHODVWLF�QHXWURQ�VFDWWHULQJ�DQG�FRPSXWHU�VLPXODWLRQs”
3K\V��5HY��%������������������.
G. Venturi, F. Formisano, G. J. Cuello, M. Johnson, E. Pellegrini, U. Bafile, and E. Guarini
“6WUXFWXUH�RI�OLTXLG�Q�+H[DQH”
-��&KHP��3K\V��������������������.
U. Bafile, E. Guarini, M. Sampoli, and F. Barocchi
“&KDUDFWHULVWLF�WLPHV�LQ�WKH�QDQRPHWHU�SLFRVHFRQG�WUDQVODWLRQDO�FROOHFWLYH�G\QDPLFV�RI�PROHFXODU�OLTXLGV”
3K\V��5HY��(���5DSLG�&RPPXQLFDWLRQ�������������5��������



$WWLYLWj�LQ�FRUVR
'LQDPLFD LRQLFD GHL PHWDOOL GLYDOHQWL OLTXLGL

5HFHQWL�GDWL�,16�SHU�TXHVWR�PHWDOOR�VRQR�LQ�IDVH�GL�DQDOLVL�SHU�VXFFHVVLYL�FRQIURQWL�
FRQ�FDOFROL�GL�VLPXOD]LRQH�H�HVWUD]LRQH�GHOOH�SURSULHWj�GLQDPLFKH�VDOLHQWL�����

LO FDVR GHO�&DGPLR

0LVXUH�1%6�XOWLPDWH�PROWR�UHFHQWHPHQWH�VX�%5,63�������LO FDVR GHOOR =LQFR

Effetti del comportamento non-relativistico degli elettroni esterni sulla dinamica ionica (differenze dal già studiato Hg?)

Determinazione di un potenziale efficace che descriva adeguatamente la parte repulsiva dell’interazione ione-ione tenendo 

2ELHWWLYL

,Q�FROODERUD]LRQH FRQ�LO &15��)��)RUPLVDQR��H�FRQ�O¶8QLY��3HUXJLD �)��6DFFKHWWL HW�DO��

Determinazione di un potenziale efficace che descriva adeguatamente la parte repulsiva dell’interazione ione-ione tenendo 
conto dello screening elettronico

Confronto del comportamento dinamico di liquidi molecolari isolanti 
e metalli liquidi: esistono SURSULHWj�FRPXQL�D�TXDOVLDVL�WLSR�GL�OLTXLGR? 7 900 K

7 600 K

L-Cadmium
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'LQDPLFD GL VLQJROD PROHFROD LQ�&'� H�&2�

Determinazione dei parametri della funzione di memoria  che descrive
la dinamica traslazionale di particella  singola

Effetti “ rotazionali”  nella dinamica  VHOI e loro evoluzione con 4

,Q�FROODERUD]LRQH FRQ�LO &15��8��%DILOH�
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,Q�XQ�SURVVLPR�IXWXUR«

1XRYH OLQHH GL ULFHUFD DO�GLSDUWLPHQWR

$VSHWWL JHQHUDOL QHOOD GLQDPLFD GHL OLTXLGL
5HDOL]]D]LRQH�HG�DQDOLVL�GL�VLPXOD]LRQL�0'�GL�DOWD�SUHFLVLRQH�SHU�$U�OLTXLGR�LQ�YDUL�VWDWL�WHUPRGLQDPLFL��

'LQDPLFD GHO�'�6�OLTXLGR WUDPLWH ,16
$QDORJLH�H�GLIIHUHQ]H�ULVSHWWR�DO�FDVR�GHOO¶DFTXD��DVVHQ]D�GL�OHJDPH�LGURJHQR��PD�VLPLOH�VWUXWWXUD�
PROHFRODUH�«�

LQ�FROODERUD]LRQH FRQ�O¶8QLY��3HUXJLD �)��6DFFKHWWL�

1XRYH OLQHH GL ULFHUFD DO�GLSDUWLPHQWR

FRPSUHQGHQWL�ULFHUFKH�VLD�GL�FDUDWWHUH�IRQGDPHQWDOH FKH�DSSOLFDWLYR
+\GURJHQ��DQG��+\GURJHQ��VWRUDJH��3K\VLFV�	�0HWKRGV

LQ�FROODERUD]LRQH FRQ�LO &15� �/��8OLYL��0��&HOOL��'��&RORJQHVL HW�DO��
QHOO¶DPELWR GL

0DWHULDOL IXQ]LRQDOL
&ODWUDWL

0DWHULDOL QDQRSRURVL

)LVLFD GHOO¶LGURJHQR
6WUXWWXUD H��GLQDPLFD GL LGURJHQL H�PLVFHOH +'
'LQDPLFD GL VLQJROD PROHFROD (p-H2 liquido)
'LQDPLFD GHOO¶LGURJHQR LQ�FODWUDWL LGUDWL
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WUDPLWH VSHWWURVFRSLD QHXWURQLFD �%5,63�HG�DOWUR«��H�5DPDQ
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