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ATOMICALLY DETAILED SIMULATION OF RARE STRUCTURAL 
REARRANGENTS OF MACROMOLECULES WITH QUANTUM 

COMPUTERS 

Starting from as early as the 70s, simulating rare structural rearrangements of macromolecules 
with computational methods such as Molecular Dynamics (MD) has been an outstanding problem. 
Despite many technological and theoretical advancement, simulations still struggle to surpass the 
millisecond time regime when many key rare events occur. In recent years, the potential utility of 
Quantum Computers (QC) for a multitude of problems has attracted a lot of attention both 
academically and from industrial companies.Are today’s admittedly suboptimal QCs -or at least 
the ones in the near future- good enough to help us sample the rare events in molecular systems 
more efficiently? To answer this question in this talk, I will introduce our newly devised hybrid 
path-sampling framework that combines a data-driven-based MD with QC (in the form of a 
quantum annealer). In contrast to the widely used Transition Path Sampling (TPS) approaches, the 
utilization of a Renormalization Group-based method (borrowed from nuclear physics) and QC 
enables us to sample transition pathways while reducing to a minimum the correlation between 
the paths. This allows the algorithm to search significantly different regions of the system’s free 
energy landscape while maintaining a high acceptance rate in the Metropolis criteria. After the 
introduction, I will explore and demonstrate the robustness of our method by presenting three 
distinct cases of its application, from a prototypically simple reaction up to a considerably more 
complex case of protein folding.


Svolgimento Seminario 

il giorno 17/03/2025 dalle 14:00 alle 15:30, presso U2-5017. 

L'invito è esteso a tutto il personale interessato, che è caldamente invitato a partecipare.

,VWLWXWR�1D]LRQDOH�GL�)LVLFD�1XFOHDUH
6H]LRQH�GL�0LODQR�%LFRFFD

� 35$7,&$�1��������

��3DJH���RI����

,1)1�6H]LRQH�GL�0LODQR�%LFRFFD���3LD]]D�'HOOD�6FLHQ]D��������������0LODQR��0,����3DUWLWD�,9$����������������&RGLFH�)LVFDOH����������������&RGLFH�,3$���)��(2
7HO�������������������(PDLO��DPPLQLVWUD]LRQH#PLE�LQIQ�LW���(PDLO�3(&��PLODQR�ELFRFFD#SHF�LQIQ�LW���:HE�6LWH��KWWSV���ZZZ�PLE�LQIQ�LW

$YYLVR�GL�VHPLQDULR

'U��'DQLDO�*KDPDUL

(7+�=XULFK

$720,&$//<�'(7$,/('�6,08/$7,21�)2�5$5(�6758&785$/
5($55$1*(176�2)�0$&5202/(&8/(6�:,7+�48$1780�&20387(56

$V�HDUO\�DV�WKH���V��VLPXODWLQJ�UDUH�VWUXFWXUDO�UHDUUDQJHPHQWV�RI�PDFURPROHFXOHV�ZLWK�FRPSXWDWLRQDO
PHWKRGV�VXFK�DV�0ROHFXODU�'\QDPLFV��0'��KDV�EHHQ�DQ�RXWVWDQGLQJ�SUREOHP��'HVSLWH�PDQ\

WHFKQRORJLFDO��SHWD)/236�VXSHUFRPSXWHUV��DQG�WKHRUHWLFDO�DGYDQFHPHQWV��HQKDQFHG�VDPSOLQJ�PHWKRGV
DQG�$UWLILFLDO�,QWHOOLJHQFH���VLPXODWLRQV�VWLOO�VWUXJJOH�WR�VXUSDVV�WKH�PLOOLVHFRQG�WLPH�UHJLPH�ZKHQ�PDQ\
NH\�UDUH�HYHQWV�RFFXU��,Q�UHFHQW�\HDUV��WKH�SRWHQWLDO�XWLOLW\�RI�4XDQWXP�&RPSXWHUV��4&��IRU�D�PXOWLWXGH�RI
SUREOHPV�KDV�DWWUDFWHG�D�ORW�RI�DWWHQWLRQ�ERWK�DFDGHPLFDOO\�DQG�IURP�LQGXVWULDO�FRPSDQLHV�$UH�WRGD\cV
DGPLWWHGO\�VXERSWLPDO�4&V��RU�DW�OHDVW�WKH�RQHV�LQ�WKH�QHDU�IXWXUH��JRRG�HQRXJK�WR�KHOS�XV�VDPSOH�WKH
UDUH�HYHQWV�LQ�PROHFXODU�V\VWHPV�PRUH�HIILFLHQWO\"�7R�DQVZHU�WKLV�TXHVWLRQ�LQ�WKLV�WDON��,�ZLOO�LQWURGXFH
RXU�QHZO\�GHYLVHG�K\EULG�SDWK�VDPSOLQJ�IUDPHZRUN�WKDW�FRPELQHV�D�GDWD�GULYHQ�EDVHG�0'�ZLWK�4&��LQ

WKH�IRUP�RI�D�TXDQWXP�DQQHDOHU���,Q�FRQWUDVW�WR�WKH�ZLGHO\�XVHG�7UDQVLWLRQ�3DWK�6DPSOLQJ��736�
DSSURDFKHV��WKH�XWLOL]DWLRQ�RI�D�5HQRUPDOL]DWLRQ�*URXS�EDVHG�PHWKRG��ERUURZHG�IURP�QXFOHDU�SK\VLFV�
DQG�4&�HQDEOHV�XV�WR�VDPSOH�WUDQVLWLRQ�SDWKZD\V�ZKLOH�UHGXFLQJ�WR�D�PLQLPXP�WKH�FRUUHODWLRQ�EHWZHHQ
WKH�SDWKV��7KLV�DOORZV�WKH�DOJRULWKP�WR�VHDUFK�VLJQLILFDQWO\�GLIIHUHQW�UHJLRQV�RI�WKH�V\VWHPcV�IUHH�HQHUJ\
ODQGVFDSH�ZKLOH�PDLQWDLQLQJ�D�KLJK�DFFHSWDQFH�UDWH�LQ�WKH�0HWURSROLV�FULWHULD��$IWHU�WKH�LQWURGXFWLRQ��,
ZLOO�H[SORUH�DQG�GHPRQVWUDWH�WKH�UREXVWQHVV�RI�RXU�PHWKRG�E\�SUHVHQWLQJ�WKUHH�GLVWLQFW�FDVHV�RI�LWV
DSSOLFDWLRQ��IURP�D�SURWRW\SLFDOO\�VLPSOH�UHDFWLRQ�XS�WR�D�FRQVLGHUDEO\�PRUH�FRPSOH[�FDVH�RI�SURWHLQ

IROGLQJ�

6YROJLPHQWR�6HPLQDULR
LO�JLRUQR������������GDOOH�������DOOH��������SUHVVR

8��������$XOHWWD�6HPLQDUL�7HRULFL��

/
LQYLWR�b�HVWHVR�D�WXWWR�LO�SHUVRQDOH�LQWHUHVVDWR��FKH�b�FDOGDPHQWH�LQYLWDWR�D�SDUWHFLSDUH�


