>4
s ~ ‘ d
Gs” PEKING UNIVERSITY

2016 JEFHEEIHR N FEFS

HEEER R AN
FARMHS
LRk

2016 &£ 11 A 26-27 H




;ﬂtiiﬁJii?

PEKING UNIVERSITY

2016 IEFE &R FEMSTHEE I R EHMN B
FARHATES
bRk, 2016 4 11 A 26-27 H
LA

IERE AR L, HEES2H ZREHIRET, JERKE

SWERERS:
* BRBE, bk
+ HER, HEAEHRGO
+ KFE, bRk
+ %%, JLEKEA IBM
+ 4 %k, University of Washington

2WHZER:
+¥ F JbmK:
4k, JbRAR
B, R

2UBFERE A
L & F, EETERF
WREEAR , THARHBEE Y ELAT 58
= B dERKE#
BB, dERReE
=EE, JEREREASE
B JEERERR R
X7, ARNAMES R TR
RRFH, dER K
S, LR
LER, BBRAEKE
. EBK, BRMEKE
WRE, ks
B W, BITRE

O 0 N o Ak w0

— - e
w N = O

&



14. B B, WILKE
15. HERI, LHFERE
16. # L, Huliks
17. ABE, FRBRERYET R
18. A B, FRBERE¥

WERA:
B B, Email: haoge@pku.edu.cn
£, Email: htquan@pku.edu.cn
ERRYE, Email: xntan@math.pku.edu.cn

S FE:
EEASENEE S S8 3 E S S
AT ANEE
Bz 863 T H
J6 5 [ BRE A e 0
JE R R 2B

S RALE :
http://bicmr.pku.edu.cn/content/show/17-1748.html
I3 :—‘—rﬁ
HE =5k

11 A 26 H L%
EFAN: BF

8:45-9:00 FEX, ¥

9:00-9:30 B B i YRR RAFRIREE S

9:30-10:00 BRI Criticality ar.1d Universality classes ?f d-dimensional lattice

networks with long-range connections

10:00-10:30 R Landau-Lifshitz-Gilbert equation and phase transitions
10:30-11:00 Break

SOL G
L



mailto:zhangl@math.pku.edu.cn
mailto:htquan@pku.edu.cn

ERFAN: BB

11:00-11:30 FRENI Interface Facilitated Energy Transport in Coupled Nonlinear Lattices
11:30-12:00 &h N, Theory of Driven Nonequilibrium Critical Phenomena
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14:00-14:30 B Dynamical relations in nonequilibrium processes
14:30-15:00 GEM Energy dissipation in time-scale separated Markov systems
15:00-15:30 WEIEAL Nonequilibrium fluctuations of some Markov systems
15:30-16:00 Break
ERFA: HEB
16:00-16:30 sl THEBEHRIT LR
16:30-17:00 I Quantum Feynman-Kac formula
17:00-17:30 éf@% Stochastic Thermodynamics of a Particle in a Box
17:30-18:00 B Nonequilibrium thermodynamics of stochastic chemical reaction
systems
11 A 27 HEF
ERA: B
9:00-9:30 fﬁf@ﬁ Cycles and feedback interactions in directed biological networks
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10:30-11:00 2 EE Identification of Bacterial community with Legendre expansion

11:00-11:30 BHRER TBD

11:30-12:00 T Effe-c'.civ?ly exp.lo.re m?tasta?le states of proteins by adaptive non-
equilibrium driving simulations

12:00-13:30 FR BFHE

SRk
@B : Dynamical relations in nonequilibrium processes
REA  BER(EBRIBEXE)
#E : Within last 2 decades there have been un-anticipated important progresses in nonequilibrium
processes. One of them is the free energy equality or Jarzynski equality, in which the difference in
stationay state free energy can be found by a dynamical measurement. While such equality is
powerful, it leaves the real dynamical structure untouched by the implied assumption of pre-
existence of "hamiltonian". My lab has been focusing on dynamical side of the problem. Here |
would like to discuss the generic dynamical structure for nonequilibrium processes and other types
of stochastic dynamical equalities, such as the generalized Einstein relation (GER). In particular, | will
reason that GER and free energy equality are two sides of same process. The experimental
implications will also be discussed.

B : Nonequilibrium thermodynamics of stochastic chemical reaction systems

REA  BRIULRAS)

#E: Nonequilibrium thermodynamics and statistical physics in terms of stochastic models entered
a stage of vigorous development since 1970s, which well fit the development of advanced
experimental techniques in modern physical chemistry and biochemistry. | will discuss our recent
stochastic approaches to investigate the nonequilibrium thermodynamics of chemical reaction
systems. We show that the entropy production rate can be decomposed into the housekeeping
heat and the decreasing rate of relative entropy, both of which are nonnegative, followed by a more
stronger version of Clausius inequality. We further proved that in the macroscopic limit by merely
allowing the molecular numbers to infinite, a generalized macroscopic free energy and its balance
equation emerge. The balance equation is valid generally in isothermal driven systems. A general
fluctuation dissipation theorem for stochastic reaction kinetics is also proved. Such an emergent
“law" is independent of underlying kinetic details. The mathematical theory illustrates how a novel

macroscopic dynamic law can emerge from the mesoscopic kinetics in a multi-scale system.
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# B : Nonequilibrium fluctuations of some Markov systems

REA  BANAERKS)

#Z: Markov chains and diffusion processes are widely used to model various stochastic systems in
physics, chemistry, biology, etc. In this talk, we will present some fluctuation properties of
nonequilibrium systems modelled by such Markov processes.

More concretely, owing to a newly discovered symmetry of Brownian motion named as the
quasi-time-reversal invariance, we prove an equality for diffusion processes on the circle named as
the cycle symmetry, which says that the distributions of the forming times of the forward and
backward cycles, conditioned on that the corresponding cycle is formed earlier than the other, are
exactly the same. We show that the cycle symmetry leads to the large deviation principle of the
sample circulations of diffusion processes on the circle, in which the rate function has a highly non-
obvious symmetry. Further extensions and applications are also discussed, especially the fluctuation
theorems for the sample net circulation and the sample entropy production rate. Similar results
hold for recurrent Markov chains with denumerable states.

For inhomogeneous continuous-time Markov chains, we prove rigorously three types of
fluctuation-dissipation theorems (FDTs), thus extend the previously derived FDTs to the
inhomogeneous case. Further physical and biochemical applications are also discussed.

B : Identification of Bacterial community with Legendre expansion

REA | =EEACRIFEXS)

#E: With the rapid development of biotechnology, it becomes possible to identify the identity
and proportion of bacteria in a bio-sample through

an assay of nucleotide sequency. One such technique is by checking the 16RNAs segment of the
bacterial RNA. The multiple sequence alignment method is accurate but way too slow and several
more effiecient methods are proposed based on the k-mer statistics. Here, we propose an
alternativeway to extract the information content embedded in the RNA sequence based on the

Legendre expansion which is proved to be very efficient while retaining considerable accuracy.

#H : Quantum Feynman-Kac formula

REA I CALRIEARAS)

% Feynman-Kac ( FK) ARZEHBIEEN—ERLN. SEHEHD HDEMETIEEREKR T

—i2. T8, FK R FEEIEIe BRI THRNA | BRFFE TS RERMIN S mAsiTERA 7T —

MEBBERNGE. BBATEEFIFEEERES , EEHEEFIRAH FK AR ? ENRES , FoEEY | T
PEETARNTRE | BEHINEFRANDRRIXEFENE | FHIETLURGEESE | ZERIEF
FK Rz, HRIEEF-SREUNFEE , SEHREHETEN , XIMATVURMUAREENRA., BIEML , FihE8
MENSEF FK AXNEEEAIEEXER , LLIEEMEFIINEX ? IRE | sEBNATIHHRITE ?
BRI, RBSINFREERENEMNE FHRHTAES: | XLEREA (EBEE S EMREE.

BE SR ERSPRIBEED T
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REA : BRPEMAERARE)

BE | EYIRHEAFFESRANZE Z AKX R AT FRARIFE SRS, ERNRTENRAETERS
BEEAT —LEsFTRE. RITKT SR IFNEMIERN M [RIANEYIIR SIRIFZRE | BINEEIE

YIRBREBEHADEN | ZRERTSREERBFESERX. MEETECEYHEMEMERRAZEE
. EYiRHE— M HEEREREE  SEMREE  £YTE  URESRENFPHARZEREENE,
XERMEE TIFHEARRENARR  BXDFHEEEER. BERKFIMNFSZIIMNENNG FEHE

P ERATEKE. BAIROREMRE , XERFAEKERINEPRIFEHAE FRIRSTH | (RIFXME
FRHERIBERHANT | IRMBEUFERRESERRRIREZBNEED . HNRARERTIHERET Kai RFERR
#1179, BRI, BEENEREERTEORENERAM LU B4R AR AR &)
BFtt.

SEE
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Biol, 2006. 362(3): p. 387-92.
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B : Stochastic Thermodynamics of a Particle in a Box

REA  £BF0ILRAS)

#E: The piston system (particles in a box) is the simplest paradigmatic model in traditional
thermodynamics. However, the recently established framework of stochastic thermodynamics (ST)
fails to apply to this model system due to the embedded singularity in the potential. In this Letter,
we study the ST of a particle in a box by adopting a novel coordinate transformation technique.
Through comparing with the exact solution of a breathing harmonic oscillator, we obtain analytical
results of work distribution for an arbitrary protocol in the linear response regime and verify various
predictions of the fluctuation-dissipation relation. When applying to the Brownian Szilard engine
model, we obtain the optimal protocol A:=A¢2 for a given sufficiently long total time t. Our study
not only establishes a paradigm for studying ST of a particle in a box but also bridges the long-
standing gap in the development of ST.

R  FEER

REA I RREALRITERE)

AR EREZESERREENRE N FESHURBIRAFERR. T 1MSERREEMIIRS , 5IN—
MBS REAFENS MRS EFRRAFHRREN SR | SFRERIAML TIHZNHEENZ AT |
MALBREFEER. ETHIANFNFRER IR T=1TRFHES 0 (1) BRSHEREER
FETRIARSTHRENRMAIT | 2) FRBEFRIETIFEETH SERHERIREMREL | (3) /X Jarzynski
F1l , HZAl5 Jarzynski FXERE , BRTLUMNESMIESHR. HETERIET = MFHESFITEM.
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B : TR

REA  BB(EIRE)

% : Einstein 1905 FH4AH T MBAEERIIIERA fE/E Uhlenbeck (1930)F &R T ZIEIHIZAIAY kinetics
(5FiEsme) fAm 1970 FEARIARAI kinetics EEHAERS o RIR FRUISENIE B BICIZL, RIM/IE
EBXEXREFER ERRRRMARZ kinetics ICTRSREEER. 1257910 BARH T—RFIRRICTAT,
B2 HEHMNEER —EICRTRE T

T+ VSR, SER AR R RS BN B B FAIRNRTEE AN B R I P 88, T nature,science FE L
HIL T KERISEIOHAR T R BIR FEshrCIZN B A N F RN R L TIENBine—. B,
FEMNFERCMIES RSN EMBEERILEN. MEEBRER L/ VR R EEIEE T E
YRR L6 H—ARMERYIEIAR B REXEREFNY AR ERIREIT AT

& H : Landau-Lifshitz-Gilbert equation and phase transitions

REA : FBREHIAF)

= We numerically solve the Landau-Lifshitz-Gilbert equation, and investigate the non-
equilibrium dynamic behavior of phase transitions, including the pinning-depinning phase
transition and order-disorder phase transition. For the first time, the transition temperature and
critical exponents are quantitatively determined.

B : Interface Facilitated Energy Transport in Coupled Nonlinear Lattices

REA : BEREEFKZF)

= : It is generally expected that the interface coupling leads to the suppression of thermal
transport through coupled nanostructures due to the additional interface phonon-phonon
scattering. However, recent experiments demonstrated that the interface van der Waals interactions
can significantly enhance the thermal transfer of bonding boron nanoribbons compared to a
single freestanding nanoribbon. To obtain a more indepth understanding on the important role of
the nonlinear interface coupling in the heat transports, we explore the effect of nonlinearity in the
interface interaction on the phonon transport by studying the coupled one-dimensional (1D)
Frenkel-Kontorova lattices. It is found that thermal conductivity increases with increasing interface
nonlinear intensity for weak interchain nonlinearity. By developing the effective phonon theory of
coupled systems, we calculate the dependence of heat conductivity on interfacial nonlinearity in
weak interchain couplings regime which is qualitatively in good agreement with the result obtained
from molecular dynamics simulations. Moreover, we demonstrate that, with increasing interface
nonlinear intensity, the system dimensionless nonlinearity strength is reduced, which in turn gives
rise to the enhancement of thermal conductivity. Our results pave the way for manipulating the

energy transport through coupled nanostructures for future emerging applications.
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#B8 : Theory of Driven Nonequilibrium Critical Phenomena

REA  HA(PLLKRE)

EE : A system driven in the vicinity of its critical point by varying a relevant field in an arbitrary
function of time is a generic system that possesses a long relaxation time compared with the driving
time scale and thus represents a large class of nonequilibrium systems. For such a manifestly
nonlinear nonequilibrium strongly fluctuating system, we shall show that there exists universal
nonequilibrium critical behavior that is incredibly well described by its equilibrium critical properties.
A dynamic renormalization-group theory is developed to account for the behavior. We shall show
that the weak driving may give rise to several time scales depending on its form and thus rich
nonequilibrium phenomena of various regimes and their crossovers, negative susceptibilities, as
well as a violation of fluctuation-dissipation theorem and hysteresis. An initial condition that can be
in either equilibrium or nonequilibrium but has longer correlations than the driving scales also
results in a unique regime. The implication of the results on measurement will also be discussed.

B : Cycles and feedback interactions in directed biological networks

REA : BEEFERFR)

BZE : Many biological networks, such as neural networks and gene transcription networks, are
directed networks. A strongly connected component of such a network often contains a lot of
directed cycles. Such cycles make the non-equilibrium dynamical property of the system difficult to
study. In this presentation | will discuss the important issue of distinguishing feedforward and
feedback interactions in directed networks, and present a method to quantify the degree of intrinsic
directness of a network. Our work builds on "the principle of minimum-feedback" advocated by
Yueheng Lan and co-workers. Our work might be helpful in identifying the most significant arcs for
feedback interactions.

B : Effectively explore metastable states of proteins by adaptive non-equilibrium driving
simulations

REA : BER(FRBEAE)

#&ZE : Non-equilibrium drivings applied in molecular dynamics (MD) simulations can efficiently
improve visiting efficiency in conformational regions of proteins, but not suitable drivings might
make the systems go too far away from equilibrium thus mainly explore irrelevant conformations.
So far, ones often have to empirically preset smaller drivings to avoid the accumulation of non-
equilibrium effects. Here we proposed a method, named as adaptive non-equilibrium simulations
(ANES), to automatically adjusts the external driving on the fly, based on a feedback to the short-
time average response of system. The ANES approximately keeps the local equilibrium inside each
of metastable states but accelerates the slow transitions among these states and varies the
interstate equilibrium. Thus, the method can focus on stable and metastable protein conformations
while it significantly accelerates the transitions among states. We illustrated the application of the
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ANES in a peptide, deca-alanine and in a small protein, HP35, to show its ability in high efficiently
exploring metastable conformations of proteins.



