Transition Path Sampling for Semiclassical IVRs
David W.H. Swenson

Department of Chemistry and Kenneth S. Pitzer Center for Theoretical Chemistry, University of California, Berkeley
and Chemical Sciences Division, Lawrence Berkeley National Laboratory

Introduction Path Sampling Time-Dependent MC Test System 2: Anharmonic Morse
Calculations based on the semiclassical initial value represen- The goal of the current work is to relax that restriction at time
tation (SC-IVR) require a Monte Carlo integration over many t = 0. Sampling the initial conditions of fixed-length (deter- i‘; | W —
trajectories. Any algorithm that reduces the number of trajec- ministic) trajectories is equivalent to sampling from trajectory 40 | Harmonigl%{ggir;}zrjéﬁgﬁ o V(x) =30.0 (1 + (1 _ 6—0085‘3)2)
tories required can be useful. space. So we’ll use path sampling algorithms (Monte Carlo >

moves at arbitrary times along the path) to sample the trajec- 25 |
This project aims to provide such an algorithm by combining tory space. 20 |

recent work on time-dependent sampling functions for SC-IVRs
with a Monte Carlo move inspired by transition path sampling.

This method uses the same 10 |

sampling function as EP- LN
TDMC, but allows differ- s 0 s 20

Double Herman-Kluk IVR ent moves.  We will re- We'll calculate the survival amplitude, A(t) = /Cap(t) with
fer to this as path sam- A= B = ) (1.

. . . ling time-d dent Mont
Correlation functions in the double Herman-Kluk (DHK) IVR %;?i;) E?Se Tegﬁl C)e HY SO
are given by: ' Y
| | | | | IVMC -
: EP-TDMC TDMC methods fail to
Capl(t / dflo / dflo QO > <Qt >Ct Cpr e o PSTEME 1 reproduce the survival
s o8 | amplitude when the ac-
where (), is a point in phase space at time 7, |{2) is a coherent B|g P|Ctu re: IVMC VS TDMC < 06 4 tion term causes quan-
state, and C; is the Herman-Kluk prefactor. E ol N % i /| tum interferences.
Although we're testing the DHK-IVR, the methods described IVMCOC PRO: Sample once for all times ol | | 'We'll focus on what hap-
are not in any way restricted to it. CON: Wastes a lot of trajectories . | pensat timet=12.3.
0 2 4 6 8 10 12 14
Eg . 3 2 Time
Initial Value Monte Carlo TDMC PRO: Only S.amples re.levant traje(.zt()].mes
CON: Sampling function can split into _ _
Typically, the DHK-IVR integrand is sampled as: multiple domains Cha"enges N Sampllng Phase Space
<QO|A‘QO/> . 15 . . T . . 15 ‘ ‘ ‘ ‘ ‘ ‘ ‘ 15
CAB(t) X <Qt >th e’ 10 | 10 | I 10}
plflo, $dor) t (20,92
=007 . - 5 | 5 | i} - 5 |
Test System 1: lodine Morse
.................... ~ We’'ll refer to this method as initial- © " ©
value Monte Carlo (IVMC). The car- 0.1 ' ' ' o | | |
"""""""""" - . 0.09 | nitial Conditions :
toon to the left illustrates: we sample 008 | Harmoni'cip['g%;ﬁtgﬂgﬂ V() = 0057 (1 n (1 B 60.98(335.04))2) 10 | 10 [——ry
"""""""""""" in the initial phase space (red arrows). 007 | | S e v e T a2 e s i as s s T3 Toas i os o os i
--------------------- ~ After sampling, we launch trajectories oosl\ X , X , X
AT | IVMC Sampling Function TDMC Sampling Function What TDMC Samples
(dashed arrows). 004 141 14 | |
ool NS | (o) = (135> —68(w—4.54)2 +ip(z—4.54) Selecting a Monte Carlo step such that the acceptance ratio is
oot [\ - T around 50% results in a step too small to jump between domains
] ] ST s 8 7 8 8 10 in the TDMC sampling function.
Endpoint Time-Dependent MC N - |
We'll  calculate  the  position  distribution function,
Recently, we have explored the idea of including some of the P(R) = Cap(t) with A = [¢) (¢ and B = 0(z — R), DuaI-DeIta Sampllng
time-dependent function in our sampling. For example, we have .
sampled the DHK-IVR integrand as: Store two Monte Carlo S.tep sizes: one associated with the IVMC
envelope, and one associated with the TDMC sampling. At each
Canl( ) ) _ | - step, randomly choose which to use.
p=|(Q0|A|Qy V(| Bl i VMG~ L
( o) ) 6 | A EEIDMC 1 Lett: The position 1.2 7 " BigDelta 6 | e m——————
5 | distribution function at 1| Dual Delta - .l
where ¢ = arg (<QO Qt>) .l £ — 199 fs o
T 5| ] _ ' % 0.8 | |
Originally, the Monte - 2 | o i Below: RMSD for the § 06 1 2 0
/ Carlo moves used for this 1 | point at 4.59 au (the % 04| \ ol
sampling were in phase 0} | peak of the distribution). ” 05 | “
/ space at time t = 0. We'll i | 1
. 445 4.5 455 46 4.65 4.7 475 4.8 4.85 4.9 0 . . . . . . .
( refel‘ tO thlS methOd aS R 0 2 4 6 8 10 12 14 '6_2 _1'.5 _'1 _0'.5 O 01.5 1 1'.5 5
endpoint time-dependent 0.9 B Time X
Monte Carlo (EP-TDMC). 0.8 |, EP-TDMC ! 0.14 Vv To g
e or2 | 1
We still move in the initial value space, but now we include L 90 01| | e \*e e
information from the time-evolved distribution. S 8:2 o 008 |
03 | Z 006 | |\ Ex*”****ax%
; ; ; ; 0-2 | 0.04 ||
This work was supported by the National Science Foundation Grant No. CHE- 01| i P |
0809073 and by the Director, Office of Science, Office of Basic Energy Sciences, 0 ' ' ' ' ' ' ' ' ' 0.021 (ocomanss085e AH; |
Chemical Sciences, Geosciences, and Biosciences Division, U.S. Department of En- 0 1 20 30 40 50 60 70 80 90 100 0 0 10 20 30 '4"0 - 50 60 7080 90 " 1'00
ergy under Contract No. DE-AC02-05CH11231. 1000 Trajectories 1000 Trajectories




