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A typical workflow in TurboRVB (in detail)

1. Prepare a structure and basis set

2. DFT

3. VMC-opt

5. LRDMC

Construct a reasonable initial WF!

Optimize the wavefunction

LRDMC with the optimized WF.

= Workflow =

makefort10.x

prep.x

turborvb.x

turborvb.x

4. VMC Do a VMC run. turborvb.x

Day1

Day1

Day2/3

Day3

Day4
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Input file

Itestr4 = -6: LRDMC

ngen: The number of iterations (branchings)

tbra: Projection time

etry: Energy shift for the projection

alat: Coarser grid size (Bohr).

alat2: Denser grid size (Bohr).

Important parameters:
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Lattice regularized DMC (LRDMC)

The projection technique to filer out the ground state from a trial wave function (typically, optimized by VMC).  

the projection filters out the ground state WF from a given trial WFSince

In TurboRVB, “etry” is the corresponding parameter. 

e.g., one can use a VMC energy for etry.
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Lattice discretization

To apply the GFMC method for continuous systems.

In TurboRVB, “alat” is the corresponding parameter.  The unit is bohr.

Since the Trotter-Suzuki decomposition is not needed in the LRDMC framework, the “time-step” error does not 
exist in LRDMC unlike DMC, but this “lattice-space” error exists instead. We need extrapolation for alat. (later)

M. Casula et al., Phys. Rev. Lett. 95, 100201 (2005)
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Fixed-node approximation

The Green’s function cannot be made strictly positive for fermions; therefore, the fixed-node (FN) 
approximation has to be introduced in order to avoid the sign problem.

The nodal surface never changes during the simulation! i.e., Only the amplitude is relaxed.

Projection.

Trial WF Fixed-node WF
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The most difficult part in practice

3. VMC Optimize wavefunctions and VMC run.

e.g., however, the optimization sometimes is stuck in a local minimum if the initialization was wrong etc…

Jastrow factor =

Electron-ion.

Electron-Electron.

Anti-symmetric part =

A wavefunction reads
Anti-symmetric part. Jastrow factor. To satisfy the cusp.

No effect on the nodal surface!!

Determines the nodal surface. Its initial guess is taken from a DFT calculation!! 

Stable nodal surface optimization Unstable nodal surface optimization

Only the Jastrow part is optimized.Both parts are optimized. 

Independent of an initial DFT guess!? Dependent on an initial DFT guess!!

TurboRVB: Other QMC codes:
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Branching and related parameters

- The branching is done every τnbra steps. (tbra).

- “ngen” is the number of branchings! (ngen).

weights and positions are updated. Branching!!

Walkers!

too small tbra ->

too large tbra ->

The weights are not update.

Only few walkers survive.

ngen=1 ngen=2 ngen=3

Check your output! Av. num.  of survived walkers/ # walkers in the branching 0.99 > 0.90!

1. Set the new weights

2. Select the new walkers



2021/7/16© Kosuke Nakano (SISSA/JAIST)10

Reblocking

pip0_fn.d=energy

forcefn.sh “bin”, “corr”, “init”, “pulay”, or
“bin”: the length of reblocking (binning) size

“corr”: correcting factor

“pulay”: the ratio of the pulay term (1 is OK)

forcefn.dat=forces

turbo-genius.sh –j lrdmc -post -reb “bin”, -eq “init” -col “corr”

“init”: the length of equilibration steps (init * bin)

“corr”: correcting factor (p)

The average weights are stored and are set to 
one for all walkers after each branching. 
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LRDMC

alat extrapolation with funvsa.x
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The extrapolation behaves well unlike the standard DMC!!
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Double-grid algorithm in LRDMC

Double grid algorithm

Double grid algorithm
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Key parameters

(alat)

(plat)

(alat2)

When you put a positive value for alat, TurboRVB
automatically sets proper parameters for plat and alat2.  

K. Nakano et al., Phys. Rev. B 101, 155106 (2020)



2021/7/16© Kosuke Nakano (SISSA/JAIST)13

Tutorials

Ansatz Level

JDFT JsAGPs JAGPu JAGP(JPf)

1. 
H2-dimer H2

01
DFT

Day1

02
VMCo
Day2,3

03 
VMC
Day3

04 
DMC
Day4

06 
Conv.
Day2

08 
VMCo
Day2,3

09
VMC
Day3

10
DMC
Day4

NA NA

2. 
C2-dimer

C2 01-01 
01-05
DFT

Day1

01-06 
VMCo

Day2,3

01-07
VMC

Day3

01-08 
DMC

Day4

02-01 
Conv.

Day2

02-02 
VMCo

Day2,3

02-03
VMC

Day3

02-04
DMC

Day4

03-01 
03-03 
DFT

Day1 03-04
Conv.
Day2

03-05
VMCo
Day2,3

03-06
VMC
Day3

03-06
DMC
Day4

04-01
Conv.
Day3 04-03

VMCo
Day4

04-03
VMC
Day4

04-03
DMC
Day4

C
03-01
DFT

Day1

04-02
Conv.
Day3

3. 
H2
on 

graphene

H2
+

Graphene

01
DFT

Day1

02
VMCo
Day2,3

03
VMC
Day3

04
DMC
Day4

NA NA NAGraphene
05

DFT
Day1

06
VMCo
Day2,3

07
VMC
Day3

08
DMC
Day4

H2

09 
DFT

Day1

10
VMCo
Day2,

3

11
VMCo
Day3

12
DMC
Day4
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