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Nobel role of pairing: soliton-like excitation
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How can we create yet-unknown neutron-rich nuclei?

Theory: ~7,000
Expt.: ~3,200

New magic numbers?

Impact on r-process?
Heaviest element?

Island of stability?
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M. Thoennessen, Rep. Prog. Phys. 76, 056301 (2013)



Remarks on TDHF (or TDDFT, TDEDF)

v There is no adjustable parameter on reaction dynamics
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How to compute production cross sections?

K. Sekizawa, Phys. Rev. C 96, 014615 (2017)

We have developed: TDHF + PNP + GEMINI

TDHF GEMINI++

., or fission
o©

evaporation, fission

and y-rays
Reaction dynamics De-excitation
(1021-1020 sec) (10-18-10-1¢ sec)
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How to compute production cross sections?

K. Sekizawa, Phys. Rev. C 96, 014615 (2017)

We have developed: TDHF + PNP + GEMINI

TDHF GEMINI++

... or fission

’0}
. .

v Other groups also adopted GEMINI for TDHF:

A.S. Umar, C. Simenel, and W. Ye, PRC96(2017)024625

Reaction dyng MIiCsS X. Jiang and N. Wang, Chin. Phys. C 42(2018)104105
(] 0-21-10-20 sec) Z.Wu and Lu Guo, PRC100(2019)014612
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Typical example: ®*Ni+238U (E. , =307 MeV)

K. Sekizawa, Phys. Rev. C 96, 014615 (2017)

Production cross section for lighter fragments
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Expt.: L. Corradi et al., PRC59(1999)261
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Message 1

v TDHF can reproduce overall trends without empirical parameters other than the EDF

» However, it underestimates cross sections for channels far from the average values

(well known problem of the mass width)

-

We should improve the description of fluctuations and correlations




We put one step forward along this direction:

PHYSICAL REVIEW LETTERS 120, 022501 (2018)
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performed in collaboration with Australian National University (ANU)
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Method: Variational principle of Balian and Vénéroni

Variational space can be controlled by both “state” and “observable”

~ R
> The action-like quantity proposed by Balian and VVénéroni

J=Tr[A(t})D(t1)] - /tl Tr [A(t) (d?zf) +iH (L), f)(t)})} dt

to

D(t) : describes the state of the system

A(t) : describes the evolution of the observable in the Heisenberg picture

R. Balian and M. Vénéroni, Phys. Rev. Lett. 47, 1353 (1981); Ann. Phys. 216, 351 (1992).
C. Simenel, Phys. Rev. Lett. 106, 112501 (2011); Eur. Phys. J. A48, 152 (2012).J

4 A
* Unrestricted variation (w.r.t. either A or D) # TDSE
« Slater determinant & one-body observable # TDHF
« Slater determinant & fluctuations of one-body observable TDRPA

\ Wy,
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Numerical implementation of TDRPA for the mass width

Forward TDHF

~

oh = (V%) — (W)

O Aften: t,
TDHF: 6, ~1.5

to Experiment: o, ~ 7.1 Initial state: t,

R. Balian and M. Vénéroni, Phys. Rev. Lett. 47, 1353 (1981); Ann. Phys. 216, 351 (1992).
C. Simenel, Phys. Rev. Lett. 106, 112502 (2011); Eur. Phys. J. A 48, 152 (2012).



Numerical implementation of TDRPA for the mass width

The Balian-Venéroni prescription (TDRPA):
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Backward TDHF

After collision: t;

2 _ /AT2 7\ 2
o5 = (N%) = (N)
TDHF: 0, ~1.5 N >
: €
t(] Experiment: o, ~ 7.1 Initial state: A,
TDRPA: 6, ~ 7.5

R. Balian and M. Vénéroni, Phys. Rev. Lett. 47, 1353 (1981); Ann. Phys. 216, 351 (1992).
C. Simenel, Phys. Rev. Lett. 106, 112502 (2011); Eur. Phys. J. A 48, 152 (2012).



58,60N\| 140Nl 1 — - : i
NI+°°NI at E/VB_]--4 E. Williams, K. Sekizawa, D. Hinde et al., Phys. Rev. Lett. 120, 022501 (2018)

TDRPA quantitatively reproduced the experimental mass width

Width of the mass ratio distribution, o,,: EXpt. vs Theory
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Message 2

v" The results indicate that the one-body dissipation and fluctuations are sufficient

» However, the TDRPA formula can not be applied for asymmetric reactions

-

One needs to extend the derivation of the TDRPA formula
or use alternative approaches, e.g., stochastic extensions




Then, what would be the next step?

Stochastic extensions




Stochastic Mean-Field (SMF) approach

v"In the small fluctuation limit, SMF approach
formally reproduces the TDRPA formula

TDHF

0 Pij : Stochasticity in the density matrix

A
Py = 0jillj
— 1
épj.‘ic?pi‘,j, = 553'@'53'3"[”::(1 ny) 4 mn;(1 —n;)]
K. Sekizawa

Time-Dependent Hartree-Fock Theory for Multinucleon Transfer Reactions

S. Ayik, Phys. Lett. B658, 174 (2008)
D. Lacroix and S. Ayik, Eur. Phys. J. A50, 95 (2014)

O Multinucleon transfer processes are described
as diffusion processes through the neck:
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v" Drift and diffusion coefficients can be obtained
with occupied single-particle orbitals in TDHF

» For details of the latest formulation, see, e.g.:

S. Ayik, B. Yilmaz, O. Yilmaz, and A.S. Umar
Phys. Rev. C 97, 054618 (2018)
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Stochastic Mean-Field (SMF) approach

SMF has been successfully applied also for asymmetric systems

136X e+208Ph (E, . =526 MeV)
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SMF: S. Ayik et al., PRC100(2019)014609
Data: E.M. Kozulin et al., PRC85(2012)044611

 B. Yilmaz et al., PRC98(2018)034604
. E. Williams et al., PRL120(2018)022501
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Stochastic extension of TDDFT

PHYSICAL REVIEW C 100, 014615 (2019)

Unitary evolution with fluctuations and dissipation

Aurel Bulgac.! Shi Jin.! and lonel Stetcu?
LDepartment of Physics, University of Washington, Seattle, Washington 98195-1560, USA
2Theoretical Division, Los Alamos National Laboratory, Los Alamos, New Mexico 87545, USA

M (Received 24 May 2018: revised manuscript received 23 April 2019: published 24 July 2019)
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» Mean-field evolution is augmented with
fluctuations and dissipation: 0164 04-
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Summary

v" TDHF can describe overall trends of MNT processes
» It underestimates cross sections far from the average values
» Needs better description of fluctuations and correlations

v' TDRPA guantitatively reproduced the experimental mass width
TDRPA | » Itcan not be applied for asymmetric systems
Needs to approaches applicable to asymmetric systems

v" Stochastic extensions may be helpful to
construct a predictable microscopic theory
for the multinucleon transfer reactions
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