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Full CI quantum Monte Carlo

FCIQMC is a Cl solver based on imaginary-time projection

FCIQMC master equation
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FCIQMC inherits Cl's difficulty in describing dynamic correlation
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Similarity transformation

Can a Jastrow factor ¢/ = eXi<i%i be used in FCIQMC?

Cl-Jastrow wave function

W) = efgcz Dy)

Yes, absorbed into the Hamiltonian [1]

Similarity transformation

~ YA 5 oA PPN lorn o 2
H=e¢"'He =H+[H,JT] +5[1H,7],J]

[1] A.J. Cohen, H. Luo, K. Guther, W. Dobrautz, D.P. Tew, A. Alavi, J. Chem. Phys. 151, 061101 (2019)
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ST-FCIQMC reference energy
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Projection step

FCIQMC starts at Egg = <D()‘I:I|D()>
ST-FCIQMC starts at Eof = <Do|e_JﬁIeJ]D0>

(VMC estimate can be used to check for correctness)
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Similarity transformed Hamiltonian

H is non-Hermitian, connects triple excitations:

Schrodinger Hamiltonian

H= th pO’aPG+ Z quz aqfa”a’f’
Pqo pqrs

Similarity—transformed Hamiltonian

H= th dpolpo + 5 Z Vi —KY) Z Gaqraﬂam
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Matrix elements

Matrix elements involving u to be obtained by grid integration:

hZ :<¢p|h|¢q>
Vqu :<¢P¢4|r1_21 |¢r¢s>
1
KPT =(¢p 0, 2 (Viu + Vaun + (Viun)* + (Vaurn)?)
+ (Viuiz - Vi) + (Vauiz - Va) | 9,0s)
Lo =(0,0,0:|Viuiz - Viurz + Vauoy - Vouns
+ Viuzi - Vauz| 950, 0,)

Storage for L": ~ 170-orbital basis needs 2TiB memory

stu
i izabili , evaluation
Embarrassing parallelizability of L5/
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TCHiInt library

@ The TCHint library [2] precomputes K% and provides
precomputed /on-the-fly /hybrid access to L

stu

matel = tc_matel(det, excit)

@ TCHInt uses the Jastrow evaluator from CASINO and orbital
evaluator from PySCF

@ TCHInt currently works with NECI (as library) and MolPRO
(via FCIDUMP); trivial to use from other ST-capable
packages; TREXIO supported

[2] K. Guther, A.J. Cohen, P. Lépez Rios, K. Ghanem, to be released

P. Lépez Rios Jastrow optimization for ST methods



ST-FCIQMC and TCHint

Choice of VMC optimization method

Variational Monte Carlo is a real-space method:
@ Slater-Jastrow trial wave function:
Vgi(R) = ¢/®)IDy(R)
using J of Drummond-Towler-Needs form [3,4]

e VMC generates {R} distributed according to W?

VMC-based optimization methods:

@ Minimize the energy
e Minimize var[E]
e Minimize Var[ESJ]D% = var|Ey]

[3] N. D. Drummond, M. D. Towler, and R. J. Needs, Phys. Rev. B 70, 235119 (2004)

[4] P. Lépez Rios, P. Seth, N. D. Drummond, and R. J. Needs, Phys. Rev. E 86, 036703 (2012)
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Choice of VMC optimization method

Binding energy of C, demonstrates need for variance minimization:
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Handling optimization noise

Wave function parameters o optimized by minimizing v():
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Finite random sampling adds noise
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Correlated sampling with M

real-space configurations:
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Handling optimization noise

Observations:

@ Correlated-sampling optimization yields more accurate energy
than the random sample resolves:

stddev[Erf] < stderr[Erer

o ST-FCIQMC energy is relatively insensitive to fluctuations in
the reference energy:

StddeV[EST_FCIQMc] < stddev[Eref] J

So we choose M assuming there is a universal constant r such that:

1
stddev[Est-Fcigmc] =~ ;stderr[Eref] ‘
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Handling optimization noise

Typlcal scatter p|ot: (this is for an assembly of He; H;)

Est-rciqguc (Ha)

—6.7348

—6.7350

—6.7352

—6.7215

—6.7210 —6.7205
Ehrer (Ha)

— we assume r x5
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Benchmarking ST-FCIQMC

Binding energy of C;:
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Multireference character

Spin gap in assembly of He; H:

Singlet-triplet gap (Ha)
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Multireference character

Singlet needs W = ¢’ (coDo +c1D1)

Singlet-triplet gap (Ha)
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Benchmarking ST-FCIQMC

Spin gap of CHy:
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Conclusions

More things to do

@ Periodic systems

@ Spin-dependent Jastrow factors

@ Get VMC optimizer into TCHInt?
@ Explore other Jastrow factor forms
o Work with other codes

Outlook

@ Extremely promising methodology!
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