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Matrix transpose

@ Square matrix A
@ Transpose of A — Af = A;
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Matrix transpose

@ Square matrix A

@ Transpose of A — Af = A;

@ Example franspose.f0

@ Transpose conjugated of a matrix: example tconjug.fo0

E. Coccia (DSCF) Tecniche di programmazione



Matrix diagonalization

@ Square matrix A (NxN)
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Matrix diagonalization

@ Square matrix A (NxN)

@ Mairix diagonalization: A=UD U~!

@ D =diag(a;, a,...ap). g; eigenvalues of A
@ U. composed of eigenvectors of A
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Matrix diagonalization

@ Square matrix A (NxN)

@ Mairix diagonalization: A=UD U~!

@ D =diag(a;, a,...ap). g; eigenvalues of A

@ U. composed of eigenvectors of A

@ Link to math libraries mkl (only ifort!) for compilation
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Matrix diagonalization

Square matrix A (NxN)

Matrix diagonalization: A=UD U~

D =diag(a;, a,...ap). g; eigenvalues of A

U. composed of eigenvectors of A

Link fo math libraries mkl (only ifort!) for compilation
Example diag.f?0
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Euler propagation

@ Numerical method to solve

dy
y(f) = Yo
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Euler propagation

@ Numerical method to solve

dy
y(f) = Yo

using

Vier = Yi+hx{f(t,y)

to= fo+ixh
yi ~ y(h)
i = 0,..,n
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Euler propagation

@ Numerical method to solve

dy
y(f) = Yo

using

Vier = Yi+hx{f(t,y)

to= fo+ixh
yi ~ y(h)
i = 0,..,n

@ Global truncation error proportional to h

E. Coccia (DSCF) Tecniche di programmazione



Euler propagation

@ Numerical method to solve

dy
y(f) = Yo

using

Vier = Yi+hx{f(t,y)

to= fo+ixh
yi ~ y(h)
i = 0,..,n

@ Global truncation error proportional to h
@ Example euler.fo0
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Euler propagation: sin(t)

Euler
y =sin(t)
2 T ‘ T T
i —— 100 points 1
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10000 points
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Euler propagation

Euler
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Franck-Condon factors

Born-Oppenheimer approximation
Veu(de,an) = e(Ge: GN)Xy(AN)
Heve' v = /dQNXS’*(QN)Mee’Xs'I(QN)

Mee/ = / dQQTZJZ(QGy QN)ﬂwe’(CIei QN)
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Franck-Condon factors

Born-Oppenheimer approximation
Veu(de,an) = e(Ge: GN)Xy(AN)
Heve' v = /dQNX?*(QN)Mee’Xs’/(QN)

Mee/ = / dQQTZJZ(QGy QN)ﬂwe’(CIei QN)

Electronic contribution to fransition dipole moment not varying
with gp

Hev.e' v = Mee’(aN)/ dCINXS’*(QN)XS’,(QN)
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Franck-Condon factors

Born-Oppenheimer approximation
Veu(de,an) = e(Ge: GN)Xy(AN)
Heve' v = /dQNX?*(QN)Mee’Xs’/(QN)

Mee/ = / dQQTZJZ(QGy QN)ﬂwe’(CIei QN)

Electronic contribution to fransition dipole moment not varying
with gp

Hev.e' v = Mee’(aN)/ dCINXS’*(QN)XS’,(QN)

Sue,f'/ = /dQNXS’*(QN)XS/I(CIN)
FCos = IS5 P
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Franck-Condon factors

@ Harmonic oscillator
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Franck-Condon factors

@ Harmonic oscillator

@ Harmonic eigenfunctions

wo 1/4
wlan) = (T22) " expl-(mewe)di/2)
W@ = V2(T2) " (mewean) expl-(mave) a2
Slan) = o (7222) " [2maveqn)? - 1] expl-(mave) /2
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Franck-Condon factors

@ Harmonic oscillator

@ Harmonic eigenfunctions

wo 1/4
wlan) = (T22) " expl-(mewe)di/2)
W@ = V2(T2) " (mewean) expl-(mave) a2
Slan) = o (7222) " [2maveqn)? - 1] expl-(mave) /2

@ Example fc.fo0

E. Coccia (DSCF) Tecniche di programmazione



Variational Monte Carlo (VMC)

@ Expectation value of the (electronic) Hamiltonian # using
random numbers
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Variational Monte Carlo (VMC)

@ Expectation value of the (electronic) Hamiltonian # using
random numbers
e Monte Carlo integration
e Variational principle for the ground state
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Variational Monte Carlo (VMC)

@ Expectation value of the (electronic) Hamiltonian # using
random numbers
e Monte Carlo integration
e Variational principle for the ground state

[ axwE(X)H(X)Wr(X) CE
[axwrx)P =

J G V(X))
J axur(x)P2

o] L A(x)vr(x)
a N,; V(%))

E[vr] = (H)
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Variational Monte Carlo (VMC)

@ Expectation value of the (electronic) Hamiltonian # using
random numbers
e Monte Carlo integration
e Variational principle for the ground state

[ axwE(X)H(X)Wr(X) CE
[axwrx)P =

J G V(X))
J axur(x)P2

o] L A(x)vr(x)
a N,; V(%))

E[vr] = (H)

@ Trial wave function V; and # evaluated along N random
points in the configuration space (i.e., electronic
coordinates)
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Energy minimization

@ Choice of a specific functional form for W
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Energy minimization

@ Choice of a specific functional form for W
Q v; = v;({a}) a} — variational parameters)
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Energy minimization

@ Choice of a specific functional form for W
Q v; = v;({a}) a} — variational parameters)
© Minimization of E[W] with respect to the set {a} of parameters

@ Use of VMC to perform the necessary integration and minimize
E[\UT] for vy
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Energy minimization

@ Choice of a specific functional form for W
Q v; = v;({a}) a} — variational parameters)
© Minimization of E[W] with respect to the set {a} of parameters

@ Use of VMC to perform the necessary integration and minimize
E[\UT] for vy

Q@ vy is "better” than Vy, if E[Wr,] < E[Wy,]
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Energy minimization

@ Choice of a specific functional form for W
Q v; = v;({a}) a} — variational parameters)
© Minimization of E[W] with respect to the set {a} of parameters

@ Use of VMC to perform the necessary integration and minimize
E[\UT] for vy

Q@ vy is "better” than Vy, if E[Wr,] < E[Wy,]
@ Ground-state energy of the hydrogen atom

Rio(r) = (2)*?2exp[-21]
Vr = exp[—ar]
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Energy minimization

@ Choice of a specific functional form for W
Q v; = v;({a}) a} — variational parameters)
© Minimization of E[W] with respect to the set {a} of parameters

@ Use of VMC to perform the necessary integration and minimize
E[\UT] for vy

Q@ vy is "better” than Vy, if E[Wr,] < E[Wy,]

@ Ground-state energy of the hydrogen atom

Rio(r) = (2)*?2exp[-21]
Vr = exp[—ar]

@ Directory VMCH/ in your home
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