
The Quantics Package: Using and Developing

Graham Worth

Dept. of Chemistry, University College London, U.K.

1 / 11



Install Quantics
Download from Gitlab (ask for access) to $QUANTICS_DIR

cd $QUANTICS_DIR/install
./install_quantics

Accept all questions - i.e. answer y. Or use

./install_quantics -y

source ~/.bashrc

Ready to Roll!
Documentation is found in $QUANTICS_DIR/doc/index.html

Can switch between versions with minstall VER_NAME.

See which you are using with menv.
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Steps for quantum dynamics simulations

1. Get the Hamiltonian
• Specify the system coordinates
• Work out the Kinetic energy operator
• Work out the potential energy operator

2. Define a primitive basis set to represent the Hamiltonian and
wavepacket

3. Define an initial wavepacket
4. Select a method to propagate the wavepacket (integrate the

TDSE)
5. Analyse wavepacket to obtain (time-evolution) data.
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Methods Available
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Butatriene photoelectron spectrum

18 modes D2h
X 2B2g ; A2B2u B2g × B2u = Au
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linear: 5 modes, 16 parameters
bilinear: 18 modes, 79 parameters
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∫ ∞
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KE for a torsion

Transform the “torsional” normal mode to an angle

ω5
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√
ω5mH sin(2α)
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Different Representations
5D: Q5,Q8,Q12,Q14,Q15

1. MCTDH multi-set
Ψ(Q, t) =

∑
s

∑
i1 i2 i3

A(s)
i1 i2 i3

ϕ
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ϕ
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2. MCTDH single-set
Ψ(Q, t) =
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3. ML-MCTDH Ψ(Q, t) =
∑

s Asϕ
1
s(Q5,Q8,Q12,Q14,Q15)|s >

ϕ1
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i1,j1 j2ϕ

3
i1,j1 (Q5)ϕ3

i1,j2 (Q14) etc.

4. vMCG (G-MCTDH)
Ψ(Q, t) =

∑
i1 i2s Ai1 i2,sG(1)

i1
(Q5,Q14)G(2)

i2
(Q8,Q12Q15)|s >

5. TSH {Ti (Qi ,Pi )} ; ρ(Q,P) dQdP =
∑

j Tj dQdP

6. DD-vMCG

7. DD-TSH
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Recipe for Direct Dynamics

DD-vMCG
Ψ(x, t) =

∑
J

AJgJ(x, t)

q̇j =
pj

m
+

1
2αj

Im
∑

m

C−1
jm Ỹm

ṗj = −V ′j + Re
∑

m

C−1
jm Ỹm

• Gradients and Hessians directly from quantum chemistry.
(Hessian update).

• Store results in a database (energy, gradient, Hessian)
• Shepard Interpolate between points
• Diabatise using Propagation Diabatisation
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Recipe for Direct Dynamics

DD-TSH

Swarm of trajectories sampled from initial distribution

q̇j =
pj

m
ṗj = −V ′j

• Gradients and Hessians directly from quantum chemistry.
(Hessian update).

• Store results in a database (energy, gradient, Hessian)
• Shepard Interpolate between points
• Diabatise using Propagation Diabatisation
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Code Structure

Quantics

EINGABE

run section

pbasis section

RUNDVR

sbasis section(1)

oper section

RUNOPER

sbasis section(2)

init-wf section

RUNINWF

integrator section

RUNPROP

auto
psi
check
gridpop
dvr
oper
steps
etc.

ANALYSE

POTFIT

natpot

dvr

oper

restart
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DB Structure
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GIT Usage

• git clone https://gitlab.com/quantics/quantics.git QUANTICS_DIR
• cd QUANTICS_DIR
• git branch newbranch
• git checkout newbranch

After making changes

• git add .
• git commit

You will be asked to give a log message on committing changes.

• git push

On gitlab make a merge request

Document, add tests, .....
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