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Intersection of nuclear structure and high-energy nuclear collisions

Organizers: rd th
Jiangyong Jia (Stony Brook & BNL) Jan 23 - Feb 24" 2023
Giuliano Giacalone (ITP Heidelberg) v

Jacquelyn Noronha-Hostler (Urbana-Champaign)
Dean Lee (Michigan State & FRIB)

Matt Luzum (S&o Paulo)

Fugiang Wang (Purdue)

[G. Giacalone Wed@9:30]

-2 Many-body theory: a general framework across the energy scales
i -& Understanding correlations / interactions
il > The role of nuclear shapes in RHIC [G. Giacalone Wed@9:30]

\ -® Giant resonances in cold and hot nuclei (peripheral RHIC) [D.

Brandenburg]
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6"»7?’/‘77’5 Gl A

© L. roII\ o _ : :
-& Transport theory, emergent hydrodynamics and (linear) response

[X. Du Mon@16:30, Q. Wang Tue@11:30 eftc.]
-& Quantum computation [J. Barata Tue@9:30]



_ Hierarchy of energy sca;es and n‘tfoleaif’ many-'body proble e

G

e The major conflict:

Degrees of freedom Energy [MeV]
Separation of energy scales => effective field theories
String 3 ; >106 VS
theory ’t_ The physics on a certain scale is governed by the next
STnes | higher-energy scale
O %° O
quarks, gluons Hamiltonian:

QCD g9 940
- H=K+V

cw\sl'[uentqﬂ'atks m, ~ 783 MeV v\
o 6 .. m, = 770 Mev R o
oL s sar_s BEna ._::mU ~ 500 MeV internal degrees of freedom:
ab initio : O center of mass next energy scale
E baryons, mesons : "
Configuration 8 Standard Model: String theory:
Interaction (Cl) | E BiCHolsefaton free propagation and merging Strir?gs
: \ interaction, singularities & NO “Interaction
o : renormalizations
Density Functional . : s .
Theory (DFT) ; : vibrational |:> w,. ~ j__j
' : state in tin -
- : ), -
: nucleonic densities : ‘
Collective : = ;
coordinates o . 0043
. 1 rotationa
(CC) i * Possible solution:

- == y
~ . o
N ~ collective coordinates .
P

-® Keep/establish connections between the scales via
bindi‘rlwgsér?er;(y 11‘0I—fatom emergent phenomena
-& A universal approach to the strongly-coupled QMBP?

electrons
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LS The underly ng mechanl‘sﬂh of NNn/ntéract/on

Quantum Quantum Nuclear
Chromodynamics Hadrodynamics (QHD, Structure
(QCD, high energy) intermediate energy) (NS, low energy)
udu dud
n n
d P
P ™.
M = >’p_ < L=
n p n p
udd uud Relay of EFTs:
> - -
QCD QHD NS
/ In implementations: \
/ Formalism: \ « Meson-exchange (ME) at leading
» Generic bare “interaction’: order
model-independent, all channels « Effective coupling constants/masses
. zglzdf-grders are treated via in- [~ v < (adusted.on the mean-lield (MF)
'9 .e level, NL3(*)) + subtraction of gPVC
medium propagators 4  Bare ME + subtraction of MF artifacts
No perturbation theory

& / \(in progress) /




A strongly— Qgre/ated mén ody ,qysterrl

-singlé%rm/on propagator, pan‘/cle-hole.pm e{gator arfd related observables
7 Dl |

Hamiltonian,

H = i% SV s i 112012343 =T + VO extendable to 35 forceg

(3BFs are minimized in
1234 covariant theories)

Single-particle propagator

G (t—1t') = < P(1)p(1")) 1= {¢&,1)

Fourier transform:
Spectral expansion

nSmn* m.—m*
e . 1M X1 X1/
1(€) = 5 8++i5+ €+ 6Em—10
e ) e
e Residues - spectroscopic
(occupation) factors

N-1 N
nt = (0 |y [n VD) e 0 . . .
P Poles - single-particle energies
Ground state of N (Excited) state
particles of (N+1) particles
AN . n 7. / Particle-hole response function
Rig 1o (t — 1) = —i{T(1eh2) (1) (Y2 p1/) (')
Fourier transform: Spectral expansion
V AUk ~Ux U
S Z[ P21P21r  P12Piry ] _ 3 3
; - oo i S W+ w, — 1 S Residues - transition densities
Excitation ' Poles - excitation energies

energies P12 = <O|"‘Z2¢1|V )
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FEXxact equalions of motion (E @M}‘Tor bmary”/qiteraéz‘lons Ic}he-body pro

d"‘_"q

g |
One-fermion propagator Gy (t — t/) :—Z<T¢(1)@E(1,)>
EOM: Dyson Eq.
G(w) = GO (w) + GO (W)D(w)G W) L (w) =2+ 20 (w)

Irreducible kernel (Self-energy, exact):

Instantaneous term (Hartree-Fock incl. “tadpole”) t-dependent (dynamical) term (symmetric version):
Short-range correlations Long-range correlations: connecting scales

Symmetric form

. 2 = {TO [V, () [V, o J(#)70) "

(3)irr /N —
—— ; ; U1234G432/ 3/4/( _t)v4/3’2’1’

_ P2/2 234 21374
= E V121727 (athar) = — ,
22/ v =
ST 4
Koltun-Migdal-Galitsk le: the bindi
P11 = i lim Gllf(t - t) oltun-Migdal-Galitsky sum rule: the binding energy
t=t’"—0 e
is the full solution of (*): “Ab-initio DFT”: 1
includes the dynamical term! Eo = o de Z(le + €d12)ImG2; (¢)

e 12

—
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e~
e oo™ Ryg 1o (t — 1) = —i{T($1p2) () (Portpr)(t'))  spostofoxiations
EOM: Bethe-Salpeter-Dyson Eq.

Rw)=ROW) + ROWFWRw) ¢ Ft—t)=F9t—t)+F"@t-t)

Irreducible kernel (exact):

fbi“‘mé pé}ftieles?éle respons
|

Instantaneous term (“bosonic” mean field): t-dependent (dynamical) term:
Short-range correlations Long-range correlations
4 2’

2% :2 ' ' ‘7 - 7 Y 'b j i
r A P .
FO - _ _ 1 a 1 b 1
< P Y # ’ 2 —>== ; ! a. 4

1

]

N
N

-~
_}\&
e
)
<l
-
-~
~n
N =<
-~ .
'\5 -~
)
N
W
¥
Q.
N
N—
i A A
W QW §)]
Qo Ay AT A~ R >

<I

(I','21) 4
* + 5 Forz 1 2 G¥
1 | P 5
2 .
. 4 4N 2
F(r:22) _ | (4) XV
_ _ 121°2’ - - G _>%/
Self-consistent mean field F©), where o < =
. Y /
pi2172 = Qo pr1r — & lim Roq 91/ (t — 1)
’ t'—t+0 ’ (r) N o (r5i7) /
F12,1'2'(t —t) = E :F12,1'2'(t — 1)

contains the full solution of (**) including the dynamical term!



= Dynamicatkernels bridging the’seale’s’
3 = > | 5 |

-+ Quantum many-body problem in a nutshell: Direct EOM for ("') generates G(+2) jn the
(symmetric) dynamical kernels and further high-rank correlation functions (CFs); an equivalent of

the BBGKY hierarchy or Schwinger-Dyson equations. Nequations = Nparticies & Coupled §3 !!!
> Non-perturbative solutions:

ol

[ )
+ GO =GN GMN G+ + =6

Cluster decomposition

+GE@) = @(7) G((1) G(1) G(B HG(2) G(Z)/+ GO G(1) +=(4)

Leading at: weak intermediate strong coupling
self-consistent GFs phonon coupling Faddeev +
second RPA efc. this work future work

(ph) i : -+ P. C. Martin and J. S. Schwinger,
e ] (3) |—e— ~ R + (PP) | —«—
G = ) G Phys. Rev.115, 1342 (1959).

Beyond — > > g g + N. Vinh Mau, Trieste Lectures
weak , , . , . , 1069, 931 (1970)
coupling: —— L L R" . \ Ggoer) -+ P. Danielewicz and P. Schuck,
e | s 4 +% o) Nucl. Phys. A567, 78 (1994)
) ) _ L R®V | . ) < =
Exact mapping: particle-hole (2q) quasibound states  Quasipatrticle-vibration coupling (qPVC)
Emergence of effective in nuclei. Cf. NFT
oosons” OVWWWACT = v | [ Ren ] [
(phonons, vibrations): # ~ vl IR Y

Sound modes Diquarks in hadrons

Cf. C. Popovici, P. Watson, and H.
Emergence :@ Q@ = |V GPP| v Reinhardt [PRD83, 025013 (2011)]
of superfluidity:

Y

Y

Y
Y

Cooper pairs
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Emergence of effect/ve deﬁ“rees of fréfdom’ t mtelrMed/ate cou

d";"ﬂ

\

Dynamical self-energy 3(): “Radiative-correction” “Second-order”

1‘ E ) :3 1’ 1’
4
| |

Can be treated in a unified way (see below):
qgPVC in nuclei, ? in hadrons / matter

Emergent phonon vertices and propagators: calculable from the underlying H, which does not contain phonon degrees of
freedom

H = Z h12¢1 2+ — Z U1234¢1¢2¢4¢3 Ab-initio”
1234
H = Z h12¢1 o + Z W)\)\/Q)\Q)\’ + Z [@ 2¢IQ)\¢2 + h.c. Effective gPVC
AN 12\

Cf.: The Standard Model elementary interaction vertices: boson-exchange interaction is the input:
Possibly derivable?
m 0
Y, 9, W=, 4

E.L., P. Schuck, PRC 100, 064320 (2019)
E.L., Y. Zhang, PRC 104, 044303 (2021)



. agblems with appi:ox.@mate treag ents,‘polel m/smatch”

(non)-pos:t/wty and o) tlcal theorem

“Radiative-correction” “Second-order”
. m
=~ Lw - @L + !
Approximate: /
| « p(+) p(+ k k
E(T)‘L Z Z 39139133 > il L k Z wi " wy
11/ G s * Gl ) L W—em —ef —&; +1i6

33’ vn =W = en ) 22/ pum W — Wp ? mnk m n L

Exact: 5 Watson-Fadd -

r)4 3 atson-Faddeev series:

251)/ (Cd) ~/ <’UG( )+(w)'U> 11/ P. Danielewicz and P. Schuck, Nucl.

Phys. A567, 78 (1994):

G(3)+ 3,4,( ) - Z <O|"Z2¢4¢3|%><%|QZ3”‘Z4’¢2’|O>

w .
it - W — W, + 10 ‘<E ~ + + ..

-2 2p1h-RPA
P. Schuck, F. Villars and P. Ring “
Nucl. Phys. A208, 302 (1973) + (Q @

Scattering amplitudes in particle physics
(Yang-Mills theories etc.):

S |8

Amplitude is a Each face
N L volume of labeled by
+ P_os:tlwty p_reserved when eliminating all the polyhedron (abed)
virtual particles
-+ Amplitudes <=> Polyhedron “living” in the
' - , 1345)3 1356)3
kinematic spe.zce' N. Arkani-Hamed, J. Trnka, g ) {1356)
-+ Emergent unitarity

A. Hodges et al. (1234)(1245)(2345)(1235)  (1235)(1256)(2356)(1236)
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Superfluid dynamical kernel: adding particle-number violating contributions

Mapping on the gPVC in the canonical basis

> 4 . o
OWWWADL = v o . EED & e L
. € - v Yrpyty v / O ol | v -
. s ) ) ¥
- il v wytpt v \;O’\/\/\A,:(: F v yropy - 4
> ., < > N
> e > >
—_ ——) — + v
P o - % YYpyY v P @ VI el v
AN “w
-« o / € >
= v yrytytyt % :":'\/\/\/\)( L= % yrytyty v
< » \ < \

Quasiparticle dynamical self-energy (matrix):
normal and pairing phonons are unified

SV P SV 1 oy =" —_—
. W 9 Ve X { \z @/ / N\ “’
»{ ) > —O» + > @ —<—@> + » »> + > -« > bR - + >-@—<—— '® + A -« + >0 O <

/‘::::‘% ';‘I\Nt‘ /‘_ l\/\/ll
<@CH< >+ ,,6_,33* + <®/ >

N oM

Bogoliubov
transformation

i "R NS 3.

Compact form,
(almost) as simple as
non-superfluid

Cf.: Quasipatrticle static
self-energy (matrix) in HFB

g (o
T e 1 _211’

E.L., Y. Zhang, PRC 104, 044303 (2021)
Y. Zhang et al., PRC 105, 044326 (2022)
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ard'a ccomplate gheory

\

— = -
WSS Nuclear-response: to

~

ab initio <= static kernel

dynamic kernel => higher complexity

ki ks kq ke Ky ks k3 ki ks ks
— == - —= —= = = =
R| - + X R| ~+ [|ew-e0| |R
kgi = ky ko ) ky kQ: kg X k; kg1 L; ) k,
Dyson-Bethe-Salpeter Equation:
R(w) = R0(w) + R%(w) [V+D(w)-D(0) | R(w
Conventional NFT: derived ( ) ( ) ( ) [ ( ) ( 3 ] ( )
as the leading approximation a
Cf. P.-F. Bortignon, ’ ’ ’ Subtraction
G. Colo, E. Vigezzi, 2 > 2 i%_i = e = 2 for effective
G. Potel, F. Barranco o = + + v + y interactions
P 21,2'1 ﬂ% 5 | % M\H:/\P‘ (Tselyaev 2013)
V. Tselyaev (t-blocking) 1 ’ ro o o ’
2 2 W”’O—i 2 2 2 2
Extended NFT: Q" = R" + R" + v § R + R ;V
1 v 1 T NEE " l/\/\/\p_(; _1<_OV\/\/\1\' K
G lized b for th Inted o7 - o« Included automatically:
eneralized approach for the correlate
& L

propagators
n-th order: E.L. PRC 91, 034332 (2015)

Ab-initio formulation,
@) implementation; 2q+2phonon correlations:
E.L., P. Schuck, PRC 100, 064320 (2019)

6~

. .
P ﬁ

+*%+”m+%ﬁw+w
+*%+*%+%M+%M+m




- Giant.Dipole Rfesonan?e a N
W/l‘h/ﬁ%tlwstlc Quasiparticle T/maBl king A,dprox:matlon (RQ
N — 7 A AL =1
) 2\, =
Response to the operator: P = ;( 5 A )7“ i Y10 (75) AT = 1
z AS =0
Accurate GDR description is important for the analysis of ultra peripheral RHIC [D. Brandenburg]
800 I 1 I | '{il 1 I | 800 I | I 1 I Ii 1 I
- 4 Static only - ]
600 | 120 Y - 600 116 -
Jg Sn j / . Sn i
— 400 Static + leading ,'l I’, ‘ 1 4% B
© dynamical 26 Y )
200 ﬁ 5 AU 200
. | | 0
5 10 15 20
L T I L [ [
600 — 600 —

400

200

5 0
E [MeV]

E. L., P. Ring, and V. Tselyaev, Phys. Rev. C 78, 014312 (2008); Phys. Rev. Lett. 105, 022502 (2010)

15
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E [MeV]

10!

- _=

. Isoscalar glant»monOpol‘ég sonance (ISGMR):

The “fluffiness” puzzle _and n clear mcompress:blllty

@)
T

S [10°fm” / MeV]

N
T
[E—
(\®)
-

S -

— RQRPA
— RQTBA
e EXp

i 208

258.28 MeV

~__Pb

A =0.5MeV
15-

E.L., Phys. Rev. C 107, L041302 (2023)

2 Kim =
0 PR S T R A SH b
5 10 15 20 25
E [MeV]
1 1 ! ! I | I 5'_ | I ! ' ! | 1 : y )y s
<E>omr Ni o 0AE> _: Softness” increases:
NL3* :
i i T +oEQ2 ) 1 -#with the neutron number
1 3F . : s
_ ! -2 with superfluidity
12F /,’ 0 e 1  -zwith correlations beyond
' | @@ RQRPA 1 v QRPA (q)PVC
@@ RQTBA 1E ¢ @ ]
e Expl % . L 2 . .
o Exp2 | () 1of o (b) 1  Stiffer EOS can be used
55 60 65 70 55 60 65 70
A A Cf.: Skyrme HFB+qPVC

G. Colo & Y. Niu
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dv_aq

= “Towape6omplete theory: correlite
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Giant Dipole Resonance in Ca isotopes

250 L e I B S e 250 N B A

-2 The new complex configurations

2q+2phonon included for the first
2 .

I 4“C a | R(QRPA:2q 48C a time enforce fragmentation and

--- R(Q)TBA: 2q+phonon spreading toward higher and lower

S 3, E1l energies, thus, modifying both

E(Q.)L?\ﬁ;('qu_'-zp onon giant and pygmy dipole
R & , l resonances;

150 - - 150 -

-2 Exp. Data: V.A. Erokhova et al.,
Bull. Rus. Acad. Phys. 67, 1636
(2003)

O [mb]

100 - 100 -

-» RQTBA3 demonstrates an overall
systematic improvement of the
description of nuclear excited
States heading toward
spectroscopic accuracy without
strong limitations on masses and
excitation energies.

50 - 50 -

E.L., P. Schuck,
PRC 100, 064320 (2019)

A hierarchy of the
dynamical kernels:

n = 0 (no dynamical)

> > —{>— > >
n=1 R(n) + R(n) + v R(n) + R(n) y
= : , < , —Q T
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. = rr o 1 ? T I | \
LM Boyond-MFdynamicalfliclear shapes: 96Zr

I. First (reference) approximation: Mean-field (MF) theory ATAE ~ 1
(covariant density functional theory, CDFT) At~ 0.01 fm/c (?)
in the lab frame
9%6/r MF ground state : LOW_energy levels
J7 =0, 'B 2= 'B 3=0 (difficult to resolve
96 by the NS theory): Mixing phenomenon
Zr [G. Giacalone
Wed@9:30] 3 Es = 1.90 MeV
2+ E>=1.75 MeV
0+ E =158 Mev | 4AE

0+ Eo=0

‘& MF solutions (with geometrical and/or other constraints) may violate symmetries
‘& Beyond-MF extensions can restore symmetries

Il. Beyond MF: Shape vibrations around the static density: (quantum fluctuations)

Time-dependent density: Retaining only low-energy
“ —— _ vibrations
p(r,t) = po(r) + > > p%,(r)e" E, — Ey| < AE
N AU

may look like a nearly static shape



atfhﬁfand be-yond

d"‘_"q

.-
Exact “ab-initio” self-energy : >
0 7 _
Siv(w) =S + 20w =T +

Y

il /
—-—)

Mean field approximation (density functional theory, DFT)

Adjusted to nuclear
P 2 , 2 P ground states

_ => absorbs qPVC dynamics
211’ (w ) — — t ~ in a static “approximation”
v V in the
> > parameters
1 1’ —> >»—
1 1’
static w-dependent DFT: static [w = (?)]

Beyond mean field: quasiparticle-vibration coupling (QPVC), leading approximation:
2B ~
’5 2 ' 2 P

1 1’
vy — —_ 2B
211’(w) T T - ®(0) /
> >1—,
1

DFT: static, basis qPVC w-dependent  qPVC double counting removal

<

> >—
1 1’ 4
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Adding angular dependence:

R

| ;);ir-: 18 i ! I |
al”filiclear shepes: 95Zr

0.1
008l
E .

~5 0.04

1 0.02
40.015
10.01

< 0.005

-0.005

H0.02
R
H0.015
E
—~-0.01
N
=S
O

-10.005

5

r [fm]

10

0p

150

n

AL

r [fm]

10

15

(r) = 0p" (7)Y (Q)
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S Beyond—MP”dynamical”‘ﬁl?:deaﬂ’shapels los7r o

d— - |

SVn=§

Neutrons

Constraints:

> E1 = E> = Es
-& Oscillations are in phase
‘& Only u = 0 components

Further Refining:

-® Relaxing the constraints

- Including more
correlations in 6p (r,t)

-& Extracting deformation
parameters

Similar calculations can be done
for deformed MF ground states

p(r,t) = po(r) + dpgg (r)e ! p(r,1) = po(r) + 0pS2 ()¢ P2 4 5pi) (r)ei




Rigpo(t —t') = —i<7'(%51¢2)(t)(1;2f¢1’)(t )) — —73<7'(¢1¢2)(t)(¢2'¢1')(t )T

O —FE, — uN
<. >=<0.0> — <..>7= ;ea:p( T = ) < nf...n >
averages — — thermal averages
R T RY w, ") +

Method: EOM 14,23(w, T') = Ry 23( ) ) )

for Matsubara + Y Ry op (W, T) [Virg 25 (T) + 6®1r4r 23 (w, T) | Ryrgara(w, T)
Green’s functions 11213741

0P 1rgr 230 (W, T') = Prryr 213 (W, T') — Pyrgr 213(0,T)

T>0: 1p1h+phonon dynamical kernel: T=0:
DY 25w, T) = m:(T) . Jia D i X SR P (W) =Y x
(N .8) + nw@)(_t(:zg 1) —m(T)) , oy — g
:524 25:727157273*5 X L%i % [513 ; W — 516—|2— g: -Q, +
0 00,) D) a1, ) nelT) e : o Y — 63@55 L

- ’YZ?13’YZ§L21 X
(V@80 + na(1) (n(ez = 1R, T) = (1))
w—€es+ex — .0,

[ ¥
713724

w— €3+ €2 —

VZE‘/\/H%
z . "4
* B
— V31V X 1 = y V31 Va2
(N(nuﬂu) + n4(T)) (n(&l - nuﬂpn T) —nq (T))] 5 W—E€1+E&4 — Qu
Ww—e1 + €4 — 0,8,

X

J 2 4



Static only (FT-RRPA)

N
n

L Dipole Strength st T>0;

!
——— -

@4 antd 1225

Static + dynamic (FT-RTBA)

3.5 e 480 g
" FT-RRPA
- 3_
- “ca : :
- El { 25F

S [e fm”/ MeV]

2

Sle" fm / MeV]

"

—
n ) {
T T T 1T T 1 T 1 7T

)
T T

0.5F

2t
1.5}
LE

0.5F

= ===

25}

o
o
T T

<o 4
1 T T T T ] T 1

11328

T[T rrr 1o

FT-RTBA

48
Ca

El

15

20:

T

HHHH A

MeV
MeV
MeV
MeV
MeV
McV

NN W — O

FT-RTBA

132

Sn

L1

|

w(T =0)=¢ep £
Oth approximation: ~ ) N Ny — T
Ry, o04(W) = 013024
Uncorrelated propagator 1 1,3.;( ) W — 1 + &9
O. Wieland et al., PRL 97, 012501 (2006):
GDR in 132Ce
"""" o] T
4 f F
T £
0,04} 0,08}
10° ¢

Yield [arb.un.]
2,

10'; -
10°;— =
F % _% 3
E" =200MeV JIE"=100MeV
10-1 L L L B T T frrrryrrrrrrrrrprrroet
5 10 15 20 5 10 15 20 5 1 15 20
Ey [MeV] EY [MeV] E7 [MeV]
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Two-level Lipkin (Meshkov-Glick), LMG, Hamiltonian:

A

A=el, -2 (J3+2) N 18

Quasispin operators:

N
Z(p+ap+ T a )7 N=2j+1

1

p=
N
G : L\
= Zap,Jrap,_ and J_ = (J+)
p=1
Excitation operator: Configuration complexity:

0= 33 | Xz 0K, Y (fcsﬁ

a fo High complexity:
Important at intermediate

and strong couplings

l\DIr—l

o1 ot 2 .
K, =a;a; K = ;G Ay

M. Hlatshwayo, et al., Phys. Rev. C 106, 024319 (2022)
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orrglianillim cbmpulr(Qc)
<= IRt .

LS ipkin Hamiltonian

The algorithm: Variational Quantum Eigensolver (VQE) + quantum EOM (gEOM)

-2-VQE: a minimal encoding scheme is found (“J-scheme”) and implemented, based on the symmetry
of the LMG Hamiltonian. Yields an accurate ground state 10>.

-2 gEOM generates efficiently the EOM matrix [P. Ollitrault et al., Phys. Rev. Res. 2, 043140 (2020)].

) A B 1 [xn i C D | [xn] Generalized
. A | = Eon . . n Eigenvalue
_B A _ _Y _ __D —C _ _Y _ Equation (GEE)

-& Measured on QC:

A T A A
_ o B
Aﬂa’/ﬁ = (0] [(Kua) ’ [H ’Kwa]] 0) Quantum advantage:
A L 2NN

B.vs =— (0| [(Kg‘a) : [H, (K,?B) ” 0) Number of measurements

T depends on the g-number,
Chorry = (0 [( Aﬁa) | Kéﬂ] 0) | (almqst) nqt growing

with configuration complexity

Dypovs = — (0] [(Kga)T , (KEB)T] 0) .

M. Hlatshwayo, et al., Phys. Rev. C 106, 024319 (2022) M. Hlatshwayo et al., in preparation



s

Lipkin*Hamiltonian éﬁaﬁantum Com,

——

Y

ha rcI/vé re results

Interaction Strength

Interaction Strength
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-+ Higher-rank excitation ~ higher accuracy
-+ Stronger coupling ~ lower accuracy

-+ More particles ~ lower accuracy

-+ Less qubits ~ higher accuracy

M. Hlatshwayo, et al., in preparation: higher N, higher a, stronger couplings & response functions, error mitigation




Summary:

-& The dynamical interaction kernels of the EOMs have the potential to bridge
the gaps between the scales via emergent collectivity, solving burning nuclear
structure issues.

-® The emergent collective effects renormalize interactions in correlated media,
underly the spectral fragmentation mechanisms, affect superfluidity and weak
decay rates.

-® The response theory with the dynamical kernels can provide information on
nuclear shape oscillations.

-&- Configurations of growing complexity can be efficiently treated by quantum
algorithms.
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- The exponential factor brings an additional enhancement in E<T energy region and provides the finite

zero-energy limit of the strength (regardless its spin-parity)

E.L., H. Wibowo, Phys. Rev. Lett. 121, 082501 (2018)

H. Wibowo, E.L., Phys. Rev. C 100, 024307 (2019)
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Beyond the leading order:
Relativistic Nuclear Field theory:
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——  Parametrization (Lvp)  CF. (R)QRPA: E. Yuksel, N. Paar, + Allows heavy nuclei to survive the collapse

Y. Niu, R. Zegers et al.
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O- meson
self-coupling:

TABLE III: Parameters of the effective interaction NL3* in
the RMF theory together with the nuclear matter properties
obtained with this effective force. The values of nuclear mat-
ter properties obtained with NL3 are shown in parentheses.

Parameters of NL3* soma Bonn A
M = 939 (MeV)
me = 502.5742 (MeV) o go = 10.0944 o5
m, = 782.600 (MeV) 7z g = 12.8065 177
m, = 763.000 (MeV) 7 g, = 4.5748 3=
g2 = -10.8093 (fm_l) 0
gs = -30.1486 0

Nuclear matter properties
po = 0.150 (0.148) fm~—?
(E/A)s = 16.31 (16.30) MeV
K = 258.28 (271.76) MeV
J = 38.6 (37.4) MeV
m”* /m = 0.594 (0.60)
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~50+ works on various GMRs I.A. Egorova, E. Litvinova, Phys. Rev. C 94, 034322 (2016)
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Static only (FT-RRPA) Static + dynamic (FT-RTBA)
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0.5}
-»-New transitions due to the thermal unblocking effects

-#-More collective and non-collective modes contribute to the
PVC self-energy (~400 modes at T=5-6 MeV, cf. )

- Broadening of the resulting GDR spectrum

-2 Development of the low-energy part => a feedback to GDR

] -2 The spurious translation mode is properly decoupled as the
. mean field is modified consistently

15

-® The role of the new terms in the ® amplitude increases with
temperature

-2 The role of dynamical correlations and fragmentation remain
significant in the high-energy part

E.L., H. Wibowo, Phys. Rev. Lett. 121, 082501 (2018)
H. Wibowo, E.L., Phys. Rev. C 100, 024307 (2019)
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