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The most remarkable progress

Inclusion of pairing - TDSLDA



TDSLDA (Time-Dependent Superfluid Local Density Approximation)

TDSLDA: TDDFT with local treatment of pairing

Kohn-Sham scheme is extended for non-interacting quasiparticles

» TDSLDA equations (formally equivalent to TDHFB or TD-BdG equations)
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A large number (104-10°) of 3D coupled non-linear PDEs have to be solved!!
# of qp orbitals ~ # of grid points
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*The number indicates the rank according to the TOP500 list (June 2018)

Piz Daint, CSCS, Switzerland (No. 6) TITAN, ORNL, USA(No.7) TSUBAMES3.0, Japan (No. 19)

The fastest machine:
Summit, ORNL, USA
GPU, 188 PFlops/s

Present computing capabilities:

/‘
v Full 3D (w/o symmetry restrictions)

v" Volume as large as 1002 lattice points

v" Evolution up to 10° time steps (as long as 1019 sec) = MP! communication =FFT

Multiply vectors by momentum (kx.ky kz) ™ Compute and subtruct gpe
~ W Other Normalize wave-functions
m ABM formulas (predictor, corrector) construct densities

H Compute potentials /




Applications of TDSLDA: Nuclear systems

TDSLDA is a versatile tool!!

Vortex-nucleus dynamics
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Phys. Rev. C 84, 051309(R) (2011)
I. Stetcu, A. Bulgac, P. Magierski, and K.J. Roche LOW_energy heavy lon reactions

. Ti Ap =
Induced fission of 24°Pu e OO "0

ime= 12235.5 fm/c . ‘%7

Phys. Rev. Lett. 116, 122504 (2016) Phys. Rev. Lett. 119, 042501 (2017)
A. Bulgac, P. Magierski, K.J. Roche, and I. Stetcu P. Magierski, K.S., and G. Wlaztowski
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What are the effects of pairing on reaction dynamics?

K. Sekizawa
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More adiabatic dynamics
Neck formation

Contact time

Scattering angle

Total kinetic energy
Transfer processes
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Dynamic excitations of the pairing field

The Pairing field provides a variety of dynamic excitation modes

Im o (r 1) *Superfluid velocity
o |A(T’, t) |6 o vs(7r,t) x V(r, t)
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Topological excitations in ultracold atomic gases

Result of TDSLDA simulation:
Phase discontinuity creates a vortex ring which decays into a vortex line

32 x 32 x 128 lattice
N ~ 1000

.:\ ))

Tihe“eF= 0

G. Wlaztowski, A. Bulgac, M.M. Forbes, and K.J. Roche, Phys. Rev. A 91, 031602 (2015)
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Topological excitations in ultracold atomic gases

The cascades of solitonic excitations have been identified experimentally
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M.J.H. Ku, B. Mukherjee, T. Yefsah, and M.W. Zwierlein, Phys. Rev. Lett. 116, 045304 (2016)
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What we have investigated

3D, TDSLDA calculations (Fayans w/o LS) predicts
novel phenomena associated with solitonic excitations!!

¢). What happens when two superfluid nuclei with different phases collide??

Ap (= ¢1 — ¢2)
Ar(r,t)|e [Ag(r, t)|e?2 (™0
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TDSLDA results: 24Pu+24Pu head-on collisions (E/V
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The phase difference changes kinetic energy of the fragments
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P. Magierski, K.S., G. Wlaztowski, Phys. Rev. Lett. 119, 042501 (2017)
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TDSLDA results: 249Pu+24Pu head-on collisions (E/Vg,..=1.1)

Bass

The phase difference changes kinetic energy of the fragments ?

Note:
It cannot be explained by Josephson effect! sin’ ¥ Why??

o sin A

l ,5 T I T I T [ '/V T
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A ()

P. Magierski, K.S., G. Wlaztowski, Phys. Rev. Lett. 119, 042501 (2017)
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Solitonic excitations

Additional energy is required to attach two superfluids with different phases

» The additional energy (derived from Ginzburg-Landau theory)

L
e

S h? A S
E = ——nssinz—(p e
L2m 2

*|t does not depend on the absolute value of the pairing! ~ S: Attaching area

L: Length scale over which the phase varies
e.g.) S=nR?, L~R=6 fm, n;=0.08 fm= — E~30 MeV n.: Superfluid density

P. Magierski, K.S., G. Wlaztowski, Phys. Rev. Lett. 119, 042501 (2017)
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Solitonic excitations

Additional energy is required to attach two superfluids with different phases

An(’f’, t) (1\*’16\/) 24OPU+Z4OPU (E/V :1.1), A(,O — T

Bass

Pairing field is vanishing!
(due to phase discontinuity)

P. Magierski, K.S., G. Wlaztowski, Phys. Rev. Lett. 119, 042501 (2017)
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TDSLDA results: 99Zr+°Zr head-on collisions

Fusion reaction iIs suppressed by the phase difference

E/VBass = 1.0
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P. Magierski, K.S., G. Wlaztowski, Phys. Rev. Lett. 119, 042501 (2017)
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TDSLDA results: 99Zr+°Zr head-on collisions

Fusion reaction iIs suppressed by the phase difference
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P. Magierski, K.S., G. Wlaztowski, Phys. Rev. Lett. 119, 042501 (2017)
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TDSLDA results: 9Zr+97Zr head-on collisions

Fusion reaction Is suppressed by the phase difference

*E¢sion: the lowest energy at which fusion reaction is observed
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P. Magierski, K.S., G. Wlaztowski, Phys. Rev. Lett. 119, 042501 (2017)
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TDSLDA results: °Zr+2Zr non-central collisions

For non-central collisions, contact time & scattering angle are also affected

K. Sekizawa
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P. Magierski, K.S., G. Wlaztowski, Phys. Rev. Lett. 119, 042501 (2017)
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TDSLDA results: 240Pu+249Py head-on collisions

Phase difference prevents ternary quasifission
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P. Magierski, K.S., G. Wlaztowski, Phys. Rev. Lett. 119, 042501 (2017)
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TDSLDA results: 240Pu+249Py head-on collisions

Phase difference prevents ternary quasifission
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P. Magierski, K.S., G. Wlaztowski, Phys. Rev. Lett. 119, 042501 (2017)
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Things to be clarified

Y. Hashimoto and G. Scamps, Phys. Rev. C 94, 014610 (2016).
G. Scamps and Y. Hashimoto, Phys. Rev. C 96, 031602(R) (2017).
G. Scamps, Phys. Rev. C 97, 044611 (2018).
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B®. Conclusion




Conclusion

When two superfluid nucleil with different phases collide
solitonic excitations might be induced

Ap (= o1 — p2)
|A1(T,t)|ei |A2(T’t)|eiipg(?"?t)
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Conclusion

When two superfluid nucleil with different phases collide
solitonic excitations might be induced

Ap (= 1 — p2)
[Ao(r,t) |€i~;02(?"at)

It may erfféct:
O TKE (~10-30 MeV)

Fusion dynamics
Neck formation

Contact time

OO0 0

Scattering angle

K. Sekizawa Recent progress of nuclear dynamics studies with TDDFT Tue., Dec. 11, 2018



Kazuyuki Sekizawa

Specially Appointed Assistant Professor

Center for Transdisciplinary Research

Institute for Research Promotion, Niigata University

8050, lkarashi Ninoho, Nishi-ku, Niigata City, Niigata 950-2181, Japan

sekizawa @ phys.sc.niigata-u.ac.jp


http://sekizawa.fizyka.pw.edu.pl/english/

