Particle number fluctuations
and correlations with the
Balian-Veneroni variational
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Balian-Veneroni
variational principle

Variational spaces
1-body observables 54A(t) = ala
R, PiEdgmik ®N:..
Independent particles  D(t) = |o(t))(o(1)

Neglected correlations:

collision term pairing configuration mixing
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Balian-Veneroni
variational principle

Time-dependent Hartree-Fock (TDHF) equation
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Deep-inelastic collisions

0Ca+49Ca at E.=128 MeV
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Deep-inelastic collisions

VCa+40Ca at Ec=128 MeV
L=80h
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Deep-inelastic collisions

Mass and charge distributions L=70h
-

40Ca+4°Ca at E.n=128 MeV
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C.S., PRL 2010, PRL 2011 *) data from Roynette et al., PLB 1977 and Evans et al., NPA 1991



Balian-Veneroni
variational principle

Variational spaces

Independent particles  D(t) = |o(t))(o(t),
1-body observables S4A(t) = a'a

=> TDHF
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Balian-Veneroni
variational principle

Variational spaces

Independent particles  D(t) = |o(t))(o(t),

exp(l-body observables) A(t) = exp(—ea'a)

R. Balian and M. Véneroni, PRL 1981; PLB 1984



Balian-Veéneéroni variational principle
R. Balian and M.Vénéroni, PRL 1981;PLB 1984

Observable @ = exp(—eX)
with X = one-body operator

small € => fluctuations o = \/<X2> — (X)?

N € 9

indeed In(exp(—eX)) ~ —e(X) + PR

Varlatlonal prmmple 5SBV = O + mdependent partlcles
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Numerical application of the BV prescription

standard forward TDHF

Troudet and Vautherin, PRC 1985
Bonche and Flocard, NPA 1985
Marston and Koonin, PRL 985
Broomfield and Stevenson, JPG 2008
C.S,PRL 2011
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Numerical application of the BV prescription

Troudet and Vautherin, PRC 1985
Standard fO rwa rd TD H F Bonche and Flocard, NPA [ 985
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Deep-inelastic collisions

0Ca+49Ca at E.=128 MeV
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Deep-inelastic collisions

VCa+40Ca at Ec=128 MeV
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Deep-inelastic collisions
0Ca+4°Ca at Ecni=128 MeV
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Deep-inelastic collisions

Charge fluctuations ier

40Ca+4°Ca at E.m=128 MeV

4] data from Roynette et al.,
PLB 1977
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Deep-inelastic collisions

Charge fluctuations ier

40Ca+4°Ca at E.m=128 MeV
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Deep-inelastic collisions

Correlations

onz2 = <NZ>-<N><Z>




Deep-inelastic collisions

VCa+40Ca at Ec=128 MeV
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Deep-inelastic collisions

80K r+799Zr (N/z= 1.22 and 1.25) 2K r+997Zr (N/z= 1.56 and 1.25)
E/A = 8.5 MeV E/A = 8.5 MeV
L=192 h L =223 h

Ozz = 5.3 Ozz = 4.7
INNEA ONN = 84
ONnz = 5.7 Onz = 8.5 (+50%)

C.S., PRL (201 1)



Balian-Veneroni variational principle

* Average of one-body observables: TDHF

* Their fluctuations and correlations: BV prescription




