Towards the inclusion

of dissipative effects

in Quantum
Time Dependent

Mean-field Theories




Towards the inclusion

of dissipative effects

in Quantum
Time Dependent

Mean-field Theories

Dissipative mechanisms
in finite quantum systems




Towards the inclusion

of dissipative effects

in Quantum
Time Dependent

Mean-field Theories

Dissipative mechanisms
in finite quantum systems
An old story...

heutron on nucleus

/€61 ‘92UaIdS yog ‘N




Towards the inclusion

of dissipative effects

in Quantum
Time Dependent

Mean-field Theories

Dissipative mechanisms
in finite quantum systems
An old story...

heutron on nucleus

/€61 ‘92UaIdS yog ‘N




Towards the inclusion

of dissipative effects

in Quantum
Time Dependent

Mean-field Theories

Dissipative mechanisms
in finite quantum systems
An old story...

heutron on nucleus

/€61 ‘92UaIdS yog ‘N




Towards the inclusion

of dissipative effects

in Quantum
Time Dependent

Mean-field Theories

Dissipative mechanisms
in finite quantum systems
An old story...

heutron on nucleus

/€61 ‘92UaIdS yog ‘N




Towards the inclusion

of dissipative effects

in Quantum
Time Dependent

Mean-field Theories

Dissipative mechanisms
in finite quantum systems
An old story...

heutron on nucleus

/€61 ‘92UaIdS yog ‘N




Towards the inclusion

of dissipative effects

in Quantum
Time Dependent

Mean-field Theories

Dissipative mechanisms
in finite quantum systems
An old story...

Dissipation

Dynamical picture
Microscopic description
Finite systems

heutron on nucleus

/€61 ‘92UaIdS yog ‘N




(

\.

Nuclei at finite temperature

\

J




7

.

Nuclei at finite temperature

Measurement of
maximum deposited
excitation energy

E*/A o T?

(heavy ion collisions,
Fermi energy domain)




7

Nuclei at finite temperature

.

Measurement of noyaux-projecties

. . v R %y %o
maximum deposited 0 R Wopr. S
excitation energy

E*/A o T?

o Wxr

(heavy ion collisions,
Fermi energy domain)

[ASN] 2anjesadwa|

>
)
=,
<
>
(@)]
—
o
c
L
C
9
e
©
=
O
x
L

50

Nuclear mass A —_




(

Nuclei at finite temperature

.

Measurement of seyw-projeciios

. . v Ry %o
maximum deposited 0 R Wopr. S
excitation energy

E*/A o T?

o Wxr

(heavy ion collisions,
Fermi energy domain)

[ASN] 2anjesadwa|

>
)
=,
<
>
(@)]
—
o
c
L
C
9
e
©
=
O
x
L

150 o

c T/S, 2051 Nuclear massA _s
T/er ~0.1—0.2




(

\.

Temperature in clusters and molecules

~\

J




(

Temperature in clusters and molecules

~\

J




(

Temperature in clusters and molecules

~\

J




(

Temperature in clusters and molecules

~\

J




(

Temperature in clusters and molecules

<
S
+—
=)
N
| -
S
O
(a1
| -
Q)
\")]
w]
=)

0102 |[29dwp) :dx3




(

Temperature in clusters and molecules

~\

<
S
+—
=)
N
C
S
O
(a1
f .
Q)
\")]
w]
=)

0102 |[29dwp) :dx3




(

Temperature in clusters and molecules

~\

<
S
+—
=)
N
| -
S
O
(a1
| -
Q)
\")]
w]
=)

0102 |[29dwp) :dx3




(

Temperature in clusters and molecules

~\

Temperature [eV]

<
2
+—
o
A
-
S
o
(a '
-
Q
()]
o)
-

-
-

<€

. = —- -
N W o
) | 2 1 1

.

.

.
A

.
o

14 16
Deposited energy [J.cm?]

0102 |[29dwp) :dx3




(

Temperature in clusters and molecules

~\

Temperature [eV]

<
2
+—
o
A
-
S
o
(a '
-
Q
()]
o)
-

<€

. = —- -
N W o
) | 2 1 1

.

.

.
A

.
o

14 16
Deposited energy [J.cm?]

0102 |[29dwp) :dx3




(

~\

Temperature in clusters and molecules

Temperature [eV]

.
n
i

<
S
+—
=)
N
C
S
O
(a1
f .
Q)
\")]
w]
=)

. - —
PO
1 1

<€

-
w
2

c Thermalization
Dissipation:
collective (laser) 2> thermal

.

.

.
A

.
o

14 16
Deposited energy [J.cm?]

0102 |[29dwp) :dx3




(

Temperature in clusters and molecules

~\

Temperature [eV]

<
2
+—
o
A
-
S
o
(a '
-
Q
()]
o)
-

<€

- - - - —
M . . . .

N w o~ [+ (=2}

1 M 1 1 1 d

c Thermalization
Dissipation:

14 16 18 20 2 collective (laser) >
Deposited energy [J.cm?]

.

.

.
A

.
o

0102 |[29dwp) :dx3




[ Quantum mean-field : a « mother » Theory]




[ Quantum mean-field : a « mother » theory ]

e Time Dependent (TD) mean field theory (1-body : electrons/nucleons)




[ Quantum mean-field : a « mother » theory ]

e Time Dependent (TD) mean field theory (1-body : electrons/nucleons)

W =Rl o) = 3l )P {oilr,0),i=1,..)




[ Quantum mean-field : a « mother » theory ]

e Time Dependent (TD) mean field theory (1-body : electrons/nucleons)

W =Rl o) = 3l )P {oilr,0),i=1,..)

Nuclei




[ Quantum mean-field : a « mother » Theory]

e Time Dependent (TD) mean field theory (1-body : electrons/nucleons)

Dp; 5 .
ih—t = hlole or. 1) = 3 li(r. 1) {pir,t)i=1,..)

Nuclei Clusters and molecules




[ Quantum mean-field : a « mother » Theory]

e Time Dependent (TD) mean field theory (1-body : electrons/nucleons)

Dp; 5 .
ih—t = hlole or. 1) = 3 li(r. 1) {pir,t)i=1,..)

Nuclei Clusters and molecules




[ Quantum mean-field : a « mother » theory ]

e Time Dependent (TD) mean field theory (1-body : electrons/nucleons)

Dp; 5 .
ih—t = hlole or. 1) = 3 li(r. 1) {pir,t)i=1,..)

Nuclei Clusters and molecules
Skyrme Hartree-Fock TDHF




[ Quantum mean-field : a « mother » theory ]

e Time Dependent (TD) mean field theory (1-body : electrons/nucleons)

Dp; 5 .
ih—t = hlole or. 1) = 3 li(r. 1) {pir,t)i=1,..)

Nuclei Clusters and molecules
Skyrme Hartree-Fock TDHF Density Functional Theo. TDDFT




[ Quantum mean-field : a « mother » theory ]

e Time Dependent (TD) mean field theory (1-body : electrons/nucleons)

0p; ) .
ih—" = hlele or.t) = Y li(r. 1) {pilrt)i=1,..}

1

Nuclei Clusters and molecules
Skyrme Hartree-Fock TDHF Density Functional Theo. TDDFT

h2

—— A +tgo+ 30t + ..
2m




[ Quantum mean-field : a « mother » theory ]

e Time Dependent (TD) mean field theory (1-body : electrons/nucleons)

0p; ) .
ih—" = hlele or.t) = Y li(r. 1) {pilrt)i=1,..}

1

Nuclei Clusters and molecules

Skyrme Hartree-Fock TDHF Density Functional Theo. TDDFT

12 L
—%A + too + t3Q1+G + ... — —%A + Ucour.[0] + Uexch.corr.(0)
+cht.(ra t)




[ Quantum mean-field : a « mother » theory ]

e Time Dependent (TD) mean field theory (1-body : electrons/nucleons)

0p; ) .
ih—" = hlele or.t) = Y li(r. 1) {pilrt)i=1,..}

1

Nuclei Clusters and molecules

Skyrme Hartree-Fock TDHF Density Functional Theo. TDDFT
h? h?
h[Q] = —Z—A -+ tOQ + t3Q1+G + ... — _%A + UCoul. [Q] + Uexch.corr.(@)
" +cht.(ra t)

A

c ih0:p = |h, p] (/) 1-body density matrix)




[ Quantum mean-field : a « mother » theory ]

e Time Dependent (TD) mean field theory (1-body : electrons/nucleons)

Dp; 5 .
ih—t = hlole or. 1) = 3 li(r. 1) {pir,t)i=1,..)

Nuclei Clusters and molecules

Skyrme Hartree-Fock TDHF Density Functional Theo. TDDFT

h? h2
h[Q] =—-—A + tOQ + t3Q1+G + ... =-——A+ UCoul.[Q] + Uexch.corr.(@)
2m 2m
+cht.(ra t)

c ihdyp = [h, ] (0 1-body density matrix)

co Linear and non linear dynamics : Giant dipole resonance (n/p),
Optical response (electrons/ions), Fission, fragmentation ...




[ Quantum mean-field : a « mother » theory ]

e Time Dependent (TD) mean field theory (1-body : electrons/nucleons)

Dp; 5 .
ih—t = hlole or. 1) = 3 li(r. 1) {pir,t)i=1,..)

Nuclei Clusters and molecules

Skyrme Hartree-Fock TDHF Density Functional Theo. TDDFT

h? h2
h[Q] =—-—A + tOQ + t3Q1+G + ... =-——A+ UCoul.{Q] + Uexch.corr.(@)
2m 2m
+cht.(ra t)

c ihdyp = [h, ] (0 1-body density matrix)

co Linear and non linear dynamics : Giant dipole resonance (n/p),

Optical response (electrons/ions), Fission, fragmentation ...
e No « dissipation » beyond mean-field, constant occupation numbers...




[ Quantum mean-field : a « mother » theory ]

e Time Dependent (TD) mean field theory (1-body : electrons/nucleons)

Dp; 5 .
ih—t = hlole or. 1) = 3 li(r. 1) {pir,t)i=1,..)

Nuclei Clusters and molecules

Skyrme Hartree-Fock TDHF Density Functional Theo. TDDFT
h? h?

h[Q} = —2—A -+ t()Q + t3Q1+J + ... — _%A + UCoul. {Q] + Uexch.corr.(@)
" +cht.(ra t)

c ihdyp = [h, ] (0 1-body density matrix)

co Linear and non linear dynamics : Giant dipole resonance (n/p),
Optical response (electrons/ions), Fission, fragmentation ...
e No « dissipation » beyond mean-field, constant occupation numbers...

e Strongly decreasing de Broglie wavelength in high energy dynamics
Semi classics possible at high energy
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[ Beyond mean field : Boltzmann (+) ]

e Vlasov provides a sound starting basis for improving mean-field

by dynamical correlations (« Boltzmann-like » collision term)

ih0yp = [h, f] (0 1-body density matrix)  TDHF/TDDFT
- Wigner transform

poh f(r,p,t), h(r,p,t)

Ouf = {h(r,p,t), f(r,p,1)} Vlasov

O f ={h(r,p,1), f(r,p, 1)} + Leou|f] VUU/BUU
e Semi classical kinetic equation (plasmas, nuclear physics...)

e Collision integral (/; = f(r,p;,1)) 1

e

Icoll[fl] ~ /dPQdPBdP45 sz Zgz f1f2 1 _ f3><1 _ f4) BERE

In medium cross sec’ruon/
Screened Coulomb

Pauli blocking
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Fusion in nuclear collisions

Relaxation in momentum space
4OCG + 4OCG

b=0,E=60MeV/A

Quadrupole moment

In momentum space
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Standard classical kinetic equation is insufficient !

Sodium clusters may be OK... but certainly not a properly bonded C,?
c Caution with excitation energy £~
e verysmall [/": fully correlated quantum dynamics
e verylarge E™: drift towards (semi) classics

What in-between : standard moderate /¥* (ionization vs dissipation) ?

-

- 10 p = [ﬁ[ﬁ], p| + Lo D Quantum kinetic equation

Caution : p(r, 1" 1) is the body density MATRIX , not the standard
TDDFT matter density olr,t) (p+#o)

Involved object... Need of simplifications for realistic finite systems

Derive a quantum kinetic equation ?
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- Basic idea : Ensemble of TDHF states p — {po,a=1,....}
e Second order perturb. theory on top of

TDHF evolution (Fermi Golden rule) Pa — Do = Z Wagpp
e Coherence loss : occasional statistical — Tike —_—

reduction on TDHF states | TSTPHT Tsong
. Ve Stochastic reduction p ” P:ﬁ //
po B {ps, Was} =

{ ﬁao TSTgHF {pﬁy’ WMaov}

wel N

Propagatation Sampling

«

- Interests
e Reducible to a Quantum Stochastic kinetic equation

10p = [h[ﬁ]v pl + [Acoll[PA] + 5icoll

e Simple practical scheme ...
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[ STDHF in wavefunction form J

e STDHF directly in ferms of wavefunctions (Slater) po —— P,

e Ensemble strategy of stochastic jumps: |P.) — {|Pg). Wos}

e Assume 2p 2h excitationson |¢) @ |Dg) ~ ;2 N ap an|Pa

® Perturbative correlations on 7s7pur for residual interaction V...

Wap =~ TsTpaF|(Ps|Vies|Pa)|?0(Es — Ey)

e 1D typical «organic» system

h* /
_Q—A + Vea:t( ) + HQ(ZC)U Vies ™~ V05(37 — 4 )

e Random, initial multi particle hole (1ph, 2ph, 3ph...) excitation — £~

e Compute dynamics of the ensemble of «Slater» states

e Note the «forgiving» excitations (laser,...) in ferms of phase space
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Test case

e Compute dynamics of the ensemble of «Slater» states

(8o (), a=1,... N} Pa) = || lpas)

e Extract correlated 1-body density matrix 1=1,N

N
from the ensemble 1 Z .

P =N

e Extract occupation numbers ni from / by diagonalization

1 ph excitation - 100 events - E*=2.3 Rv 1-3 ph excitations - 100 events per E*
1.2 r r r ,

0.8 } 0.8 -

0.6 | 0.6 }

04 ¢t 04}

Occupation numbers
Asymptotic
Occupation numbers

0.2 f 02}

Energy [Ry] Energy [Ry]
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