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» The major conflict:
Separation of energy scales => effective field theories
Vs

The physics on a certain scale is governed by the next
higher-energy scale

Hamiltonian:

H=K+V
\

internal degrees of freedom:

center of mass
next energy scale

String theory:

merging strings
NO “Interaction”

Standard Model:

free propagation and
interaction, singularities &
renormalizations

P

* Possible solution:
Keep/establish connections between the scales
via emergent phenomena



’yﬂ-

-2 Generates EOM'’s for time-dependent field operators and correlation functions,
I.9., in-medium propagators.

-2 Propagators are linked directly to observables.

-2 Two-time (one fermion and two-fermion) propagators are most relevant ones
for nuclear physics applications.

-2 Interaction kernels: static (short-range correlations) + dynamical (long-range
correlations).

-2~ The exact EOM'’s for the propagators are coupled into an N-body equation
hierarchy via dynamical kernels.

-2 Practical implementations: full or partial decoupling via various approximations.

EOM method:

> D. J. Rowe, Rev. of Mod. Phys. 40, 153 (1968).

2 P. Schuck, Z. Phys. A 279, 31 (1976).

> S. Adachi and P. Schuck, NPA496, 485 (1989).

> P. Danielewicz and P. Schuck, NPA567, 78 (1994)

> J. Dukelsky, G. Roepke, and P. Schuck, NPA 625, 14 (1995).
> P. Schuck and M. Tohyama, PRB 93, 165117 (2016).

> P. Schuck et al., Phys. Rep. 929, 1 (2021).

Nuclear physics implementations beyond (Q)RPA: 2p2h, 3p3h

> Nuclear field theory, NFT (P.F. Bortignon, R. Broglia, G. Colo, Milano-Copenhagen; V. Tselyaev, S.
Kamerdzhiev et al.,St. Petersburg)

2 Quasiparticle-phonon model, QPM (V.G. Soloviev et al., Dubna; V. Ponomarev, TU-Darmstadt)

o Multiphonon approach (N. Lo ludice, G. De Gregorio et al., Naples & Prague)

o Self-consistent Green functions (W. Dickhoff, C. Barbieri, V. Soma, T. Duguet et al.)

o Second RPA, SRPA (C. Yannouleas, P. Chomaz, S. Drozdz, P. Papakonstantinou et al.)

> Relativistic NFT (E.L., P. Ring, P. Schuck, C. Robin, H. Wibowo, Y. Zhang)
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meson excharge and.EFTs

Charged mesons {m, p}:

EFTs
Quantum Quantum Nuclear ) > > P
Chr oquynam/cs Hadrodynamics (QHD, Structure QCD QHD NS
(QCD, high energy)  intermediate energy) (NS, low energy)
udd uud udu dud
p n P d ! p 2
; n Tt p mo.
a = >b,+ = g = >’,§— =
p ! P a n p n p
g v dud udd uud
Neutral mesons {o, w, 1, p}: Generlg interaction:
model-independent,
QCD QHD NS ALL channels included:
duu udd uud ddu
n
u d b . p n
u d = o - v
p " p g

udd uud ddu /



A strongly—cogelated mé {bod systelv ‘

smglé‘f&‘ mion propagator, pamc/e-hole.pno égator ahd related observables

H = t1oth T by + = T Tt Hamiltonian, non-relativistic
Z 1207102 1221 V124919 2 VaYs or relativistic, extendable to 3-body etc.
t— ) — Ty , Single-particle
E.”,(t ) Z<T¢1(t>w1'ﬁ)_> ! > ! propagator
Fourier image:
e 77 Residues - spectroscopic
G (e) = 17 + 1 (occupation) factors
27; £ — (E,(lNH) E(N) ) + 10 ; e+ ( E(N (()N)) — 0 _
- single-patrticle
N+1 N-—1 energies
= (0] [n VD), " = (mN D]y |0)
N — i (! f / 2 2
Rig o (t = 1) = —i{T(¥14h2) () (g /) (1)) = Particle-hole (ph)
1 5 . T response function

Fourier image:

v Uk Uk U Residues - transition
R 179/ (w) - Z [ e g - P2l ] densities
’ W—w, +10 wtw, —10

Yy = (0| |v)

- excitation energies



"Exact equatiéons of motion (E 67(7) foF bih’é‘ﬂj/}inté}faqtl:o!né.' one—body&%&m
- = |
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Gy (t —t') = —i(Tyr (D)), ()

EOM: Dyson Equation — —
O(w) = 60 () + ¢V W) WG () S(w) = 2O + £0) ()
Free propagator Irreducible kernel (Self-energy, exact):
t-dependent (dynamical) term
Instantaneous term (Hartree-Fock incl. “tadpole”) Long-range correlations
Short-range correlations i
St — 1) = =Tl VIOV, ol ()
B0 = 8t — [Vl ot ] 1
_ 9 ) 1/ + - _ - = GiT‘?‘ 432/ 23/4/ Dararon s
4;2;11@1234 ( ) )0qr3r911

AV 1
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= _E @ljl’lplj = P 1
jl )

Mean field, where p;; = —1i t—htlfmo Gi;(t — t') s the full solution of (*): includes the dynamical term!

The self-energy and the one-body density
are fully determined by the bare (antisymmetrized) interaction
and by the three-body correlation function



“EQUation of motlon (EOM) fdﬁ the balt/cfe-hole respoﬁ&i

Particle-hole response (rh)
(correlation function): R 12,172/ (t —1 )

EOM: Bethe-Salpeter-Dyson Eq.

Rw) =RYw) + RO(W)F(w)Rw) ()

h

Free propagator

Instantaneous term (“bosonic” mean field):
Short-range correlations

FO _

ZQ

Self-consistent mean field F(©), where

. . /
P12,172 = Og2rp11r — ¢ lim R o1/ (t —1 )
t'—t+0

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

’i(T(wIwQ) (1) (1/)511/)1')(?5’))

Ft—t)=FOst—+¢

spectra of excitations,
masses, decays, ...

)+ FO (¢ —¢)

Irreducible kernel (exact):

t-dependent (dynamical) term:
Long-range correlations

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

of the BBGKY hierarchy. Nequations = Nparticies & Coupled ‘ I Truncation on two-body level

-+ Non-perturbative solution: 4 GG =G(1) G(1) G(1) + G2 G1) +

Cluster decomposition +GMH) =G G G G+ G2 G2
i (ph) . .
—— g® = = < il — + < > G(PP)>—<— -+ P. C. Martin and J. S. Schwinger,
‘ X ‘ Phys. Rev.115, 1342 (1959).
- N. Vinh Mau, Trieste Lectures
, , , , , , 1069, 931 (1970)
h
.| R (ph) . ) \ G(PP) \ -+ P. Danielewicz and P. Schuck,
G ~ + >< ( Nucl. Phys. A567, 78 (1994)
—>— —— > > —G—pll)
R(Ph) ) T

Emergence of effective
“particles” (phonons, vibrations):

Emergence of superfluidity:

Exact mapping: particle-hole (2q) quasibound states

OWVWWWWWCY = v Tren v

< <
< <

3\(} = 5 O< - vV g G(PP) g %

3> 3
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"Fish” diagrams Second-order

Quasipatrticle-vibration coupling (QVC)

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

1 _ 113 _' A~
H = ) hotigs + 1 > Drosah] bt Ab-initio
12

1234

H = Z ﬁlgwiwz + Z W,\)«QI\Q)« + Z [@i‘ﬂbi@i% + h.c.} Effective
12

AN 12

Cf.: The Standard Model elementary interaction vertices: boson-exchange interaction is the input:

Possibly derivable?

+ -0
Y9, 1 ) A E.L., P. Schuck, PRC 100, 064320 (2019)
E.L., Y. Zhang, PRC 104, 044303 (2021)



Induced (exchange) terms:
Consistency condition

Leading approach
(this work):

Iterated kernel:

“Nested”
configurations
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< Isoscalar g?énmanopc;?’g son,ance QS‘GMR)

-3
In medium-mass-and heavy.p (e/ comparison to data
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-2 A Is consistent with the experimental resolution: A = /2
-2-Phonon subspace of RQTBA (2q+phonon): Jt = 2+, 3, 4+, 5, 6+ below 15 MeV
-2-Further improvable by extending the phonon subspace
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ISGMR i tin: open

NL3* vs NL3?
A similar downward shift
in the open-shell Sn

Ready for comparison
with data
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“Softness” increases:

- with the neutron
number

-»-With correlations
beyond QRPA (q)PVC

Effective nuclear
compression modulus
(incompressibility)

U. Garg, G. Colo, Progress in Particle and Nuclear Physics 101 (2018) 565-95
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Superfluid dynamical kernel: adding particle-number violating contributions
Mapping on the QVC in the canonical basis

P ™ d
TOVWMMOL = JV\ [vetw | \Vl\ PoV——e - /|\7| [wvuv] |"|\

N Ve
——0 - |v| [www] [v] OVW\——8(
x A

) - Tl Ivwm v
e - [ Tww] [v]  =—wwo{ - Jv[ Tewr] [7]

e - L[ wwl [r]  ®—=—wwct - [ Jvww] [v]

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

SV RN NV 4 L —— —~
N “ 7 AN N N\ O%' L, 7
> > O + > @—<—P>» + >0O—> + > - (> > + >0 <— + » Q< + <

,‘"\/\/m““,\ /‘: = ({j\/\/v: /‘, !\ﬂ,/lz e "v\/\é‘
«Se—> D> + <OCH?%> + <<S—<—§)» + <O/ O <(S—:/\/<—<I/L).¢ + @Z > X}¢ + %ﬂﬁ& & 4@

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

0 5311' A1y
EREn N
11/ 11/

E.L., Y. Zhang, PRC 104, 044303 (2021)
Y. Zhang et al., PRC 105, 044326 (2022)
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Transformation“to’ quasiparticle -basis
A

Bogolyubov
transformation: 1= Z(U1ya,,+V1*,,al), @DI - Z(V1yay+U1*,,oz}:)

¢Sy =D (Ul Vh)Gu) ( “ )
12
6e) =S (VA UR)6ut (1)

12

Propagator becomes diagonal

Dyson Egs. decouple
for n=1 and n=-1: G (e) = G () +ZG(") DG e )

! vy’ 1/1/’ u'v’
Eq. for n=-1 is redundant

(A p (A1) px (02)px (02) v ,
2r D Z z-:—E,,/z—wu—l—z5+5+E,,u—|—w“—zc5 r

I/”/.l: V” r

HFB basis Dynamical self-energy: acquires the
same form as the non-superfluid one!

Superfluid O = SO [Uh6toUns + Uit DVau —Vihi(08) Vew = V(™) V|

quasiparticle-vibration 12

coupling (QVC) vertices: pfj‘f)# Z [V Lo Usy + V7 17f2(+)V2u' ~UZ (¢%) Vo — UL (fyfz(_))TUQ,,,]
12

E.L., Y. Zhang, PRC 104, 044303 (2021)



(i) Relativistic meson-nucleon Lagrangian + (u) Relativistic Hartree-Bogoliubov (RHB) + (iii)
Quasiparticle random phase approximation (QRPA): J = 2+ - 5, K = [0,J]. Finite amplitude
method (FAM): A. BjelCic et al., CPC 253, 107184 (2020). Relativistic DD-PC1 interaction.

oS (103fm®/MeV)

o S(10%fm*/MeV)

(a) (b) (c)
1=2 K=0 1=2 K=1 1=2 K=2

[
o

ON BN»MO ®
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15

10 ' 10
N 0.4 )
u) k\1\6 ,5’3 0.30.2 Ql\e

Variation of the HFB
Hamiltonian at the
QRPA pole

(v) Dyson Eq. solution

[E.L., Y. Zhang, PRC 104, 044303 (2021)]
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A. Afanasjev et al.: Long-standing problem
of the description of single-particle states
in deformed nuclei.

Systematic studies for 249Bk and 251Cf in
the mean-field approximation:

~

\
\ A\
4
L 251 @ || () 249 ]
3.5 Cf Cft
3t RHB: DD-PC1 |
RQRPA phonon subspace:
L T — =[2,5] K=[0,]] ]
2_ ) \ 4 E .
Sl 3/2 —\ 1l — _
) 11/2 \ i ,(1/2_)_ _1/2"—\‘\\\
bt —-(3/2_ M+ Ne— |
- \— 327} ——
0512 — Tt N %j% ]
3/2 — 312" + —_
or \ 5 =52
—_— 7/2 ; -
9/ ——--—— o
05t RHB Exp 12 RHB Exp
RHB+PVC RHB+PVC

Smgle-pa /cle statéﬁfm 249 257bf

Deformed one-quasiparticle states: covariant and non-
relativistic mean-field calculations vs experiment:

»-quasiparticle energies [MeV]

[

UNEDF2

DIS
DIM
NLI1
NL3*
exp.
SLy4

exp
SLy4
“|UNEDF2

DIS
~|DIM

Beyond mean field: RHB+QVC
calculations. Dominant fragments in 251Cf
and 249Cf.

:

The spectroscopic factors are quenched even
stronger than in spherical nuclei. Can this be
measured?

Y. Zhang et al., PRC 105, 044326 (2022)




Extendsa FAM (Stelimibary)- -
P et

<~

o

N o [ s Variation of the HFB
SX\;EC‘;?;;?X I‘,(},f,) = %i_I)I(l) T @ )Im () Hamiltonian at the
' ¥ QRPA pole

QVC
SHZ (W) + & @), (0)dRED (W) + F2
(20) — n
CGeneralized FAM (FAM-OVCD R (w) = — 7 %
" FHO2 (W) + : ,QL;?W, (@)oR) (W) + F2
6R/"‘l/ (w) = —w — Ey, - EV
f(ll)nf(ll)n* 1-\(112”1'\(1/1),'/”*
(I)(+,) ) — [5 , | a2 7 %k 5 [l o [l _
uyup(w) ; jo ;W—E#—Eyll—wn_F v ;w—E,u”_El/_wﬂ
[ QVC amplitude. ) o Ey — B, —wn - E,— By —wn)

E.L., Y. Zhang, in progress (2022)
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E.L., Y. Zhang, in progress (2022)



Einite=teémperature re

sponse:the ph+pHnen'tynamical kéka

Rigio (t—t') = =i < T(lho) ()0 01) (') > =  Raguo (t—t') = —i < T(le) ()0 v1) () >

QO —FE, —uN
<. >=<0.]0> = < .L>r= Zemp( ; a ) < nl...Jn >
n
averages = thermal averages
Ria23(w, T) = Riyo3(w, T) +
Method: EOM < -
for Matsubara + Z Rz o1/ (W, T) [Virgr 213 (T) 4 @114 3 (w, T) [ Rara ar3(w, T)
Green’s functions e
0Py o3 (W, T) = Prrgr 23 (W, T) — Prryr 2r3(0,T)
T>0: 1p1h+phonon dynamical kernel: T=0:
oP") T) = 1 5 Ky 1 3
1493w, T) (D) #n;ﬂﬂ [ 13 26:%,62%,64 X —’—H <I>§Z72’§h> (W) = Z v
» (N(%Qu) + nG(T)) (n(gfi - anuaT) - nl(T)) 4 2 2 4 — ®
w—E&1 +€g— nMQH |: /762764:(
i . X |0 -
+ 024 272?157255 X +&5%‘*3 b ; w—¢€1+¢€E— Q,u
5
(N (,2,.) + na(1)) (ne2 = 1,2, T) = ns(T) 2 — 5 V1535
8 w— €5+ — N, 1 s +2425:w—55+52—£2ﬂ
um My *
- 7[“137#;24 X h 'YM fyp*
y (N(1.2u) +n2(T)) (n(e2 — 1,924, T) — ns(T)) B 2__+__; ) _ 13124 T
w—e3+e2— M, w—¢€3z+ée2— I,
= 72ﬁ3*172§212 X 1 ? A ’Ygf 752 ]
¢ (N (1,9) +14(T)) (n(eg — 1,0, T) — n1(T))] 5 w—e1+eq4—Q,
w—=¢1+€4— N0 ’ 2 4



1/(1-exp(-E/T))

S(E,T)=—— lim Im (VO'R(E +iA, T)V°) Thermal unblocking:

ﬂ- A_)_*_O n(s) ph . ph . ph
The final strength S(E) = S(E
function at T>0: (£) 1— e—E/T (E)
. wT=0)=ep
lim S(E,T)=0
E—0 Dipole strength: absorption at T>0:

37H"|v"I\"I!|Il'l|v"l\"l!_ 1005""|""|""|""|""

The generic exponential factor: | vithont DB prRrBA | | FT-RTBA
251 48 i 10E 48 3

B LR AR RARS RN LARE RRRN RAAN RS RS RARE i Ca | Ca |

9 7 ;‘ r 1 r

d =

7H o

6F £

sE e

4f «

3k

2F

IE

Y =T NI P N AT W NN W B

- The exponential factor brings an additional enhancement in E<T energy region and provides the finite

zero-enerqy limit of the strength (reqardless its spin-parit
Y g ( g il y) E.L., H. Wibowo, Phys. Rev. Lett. 121, 082501 (2018)

H. Wibowo, E.L., Phys. Rev. C 100, 024307 (2019)



Eas

Strength distribution

: : Centroids
(Exponential factor not included)
80_||||||||\| l|ll"|""_ 26 T T v T T T T T 48 T T T T T v T '726
[~ T=0 FT-RTBA [ NL3  E(10) s E(L-D) o
OF | — T=1MeV . [ ©-@ FT-RRPA (ph) ]
o |— T=3MeV Ca ; 2r GO FT-RTBA (ph+phonon) 1=
|~ T=5MeV IS EO
50 F ]
a0f
30
20
10
0 [
1000 ] 20 ‘ . . . . . . 20
t [---T=0 FT-RTBA | | NL3 E(1,0) | Sfl NL3 E(1-1)
L |— T=1MeV 132 1 L i
8001 | — T=3MeV Sn - - et (S o
— T=5MeV IS EO
=l ] [ ] —1
© 600 1 600f . >
<t M4
Eaoo 1 400}
w2 12+
200 | 1 200}
; 1 i N o
[ ] L T [MeV] T [MeV]
0 20 0

. -#Major effect: softening as T grows
E.L., H. Wibowo, PRL 121, 082501 (2018) ) L
E.L. H. Wibowo, EPJA 55, 223 (2019) -#Equation of State (EOS) to be modified
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GT+ Ltresponse and electron capit ire (EC) rafes at T>0 ey =S

the ne/ghborl”@g Qf 78NIJ*

GT+ response Electron capture rates around 78Ni
30 --- pnRRPA — FT-pnR(Q)RPA ]
Zn --- pnRTBA — FT-pnR(Q)TBA :__.——‘\ﬁ;z
- N S d 3 _
r=0 13 | leeY)=11
0.1  paiing —> 15 ] Zn
—_ - | i§ 10000 —4—m—m4————v+——7——71—++—+—+—+—+—++—+++——TT
% . _ 1002 «
z @z
: < 0.01? —
— : R S Y RS T
= 005 1 152 [ ] 005 1 152
@) T [MeV] ) ] T [MeV]
A 2 ) ]
E E
()
% E
P
S
=
Interplay of superfluidity and collective effects
in core-collapse supernovae:
-+ Ampilifies the EC rates and, consequently,
, -+ Reduces the electron-to-baryon ratio leading to
- —— E.L., C. Robin, H. Wibowo, PLB 800, lower pressure
——  2q+phonon E 135134 (2020) -+ Promotes the gravitational collapse

E.L., H. Wibowo, PRL 121, 082501 (2018) + Increases the neutrino flux and effective cooling

= Parametrization (LMP) ] . .
E.L., C. Robin, PRC 103, 024326 (2021) -+ Allows heavy nuclei to survive the collapse



Fermionic pair propagator: G (12,1'2") = (—)2(Ty (1) (2)yT (2)yT (1))

* 2k Qi /- (N) (N+2)
'I:G]_z 179/ (w) = Z aglag’l' - Z 1312 /3]_/2/ a12 <O |¢2¢1|,U: >
’ w-wi P tis Twtwl T —is % _ 10O [opt T2, N —2)
" Blo = (0V gty |2 » )
N+2 N-2

E.L., P.Schuck, Phys. Rev. C 102, 034310 (2020)
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Dynamical kernel 2 > 2 2
(“‘minimal” truncation): , i . v » 1 L | 1
2 v 2’ 2 H 2’ 5 ]

1-— ni1 —nog 1
S
EOM at w = ws: a5 = = E 01234 K 343747 (Ws) g3 A1 =2E;03,
34374/

A 1 r
ws ~ 2A: Ar==) Vg Visva = 5 (ng)l'2/+K§z)1/2/(2>‘))
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Averages redefined:
Rig oo (t—t') = =i < T(Jha) )3 p1)(t) > = Ragra(t—t") = —i < T(Ih2) ()], 1) (') >

. Q—E, —uN
Grand Canonical average: < ...>=<0[..[0> — <..>p= Zexp( T ) < nl...Jn >
n
Matsubara imaginary-time formalism: temperature-dependent dynamical kernel
Direct: Exchange:
- ;12
K§2’11/12)' (wn) = — Z Wy Wy ’ngyz)f (wn) = Z Wy Wy

it @y SR /T I o

X |: e v/ wv!! e 1 X |: (e vy uv!! = 1)
gu: Wy, — Wyy! — wl(j;j) ( ) ; Wy, — Wyy! — wl(;j)

vV v (=) sviv' v (=)

- Ola119 (e—(wwl+wf:y;))/T - 1)} . X919 (e—(w,,,,/+wf;;))/T . 1)}’
e tWn + Wy + wf;;) v Wn + Wy + w,(;;)
E.L., P.Schuck, Phys. Rev. C 104, 044330 (2021)
BCS-lik Eq., but with trivial T-d d in K f1(T) :
-like ga ., but with non-trivial T-dependence in K: 1 =
9= P exp(E1/T) + 1
Ax(T)(1 —2£5(T))
A(T) =~ ) Vi 1 /70 (r)
22: 2E5 Viorrar = §(K121'2'+K121'21(2)\)>
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E.L., P.Schuck, Phys. Rev. C 104, 044330 (2021)
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-+ Higher-rank configurations = higher accuracy? Can we quantify this? How accurately
we can describe the observed spectra, in principle?

& Spectroscopic accuracy in nuclear structure: experiment (laser spectroscopy [eV],
nuclear resonance fluorescence [keV]) ... no standards for theory. ~100 keV'?

- Chemical accuracy 1 kcal/mol = 0.043 eV is possible with the gold standard for
quantum chemistry calculations, namely the canonical coupled cluster (CC) expansion
truncated at the second order in the electronic excitation operator and including an
approximate treatment of the triple excitations (CCSD(T), where S stands for single, D
for double, and (T) for non-iterative triple) [P.J. Ollitrault et al, Phys. Rev. Res. 2,
043140, 2020]

-+ CCSD(T) includes up to (correlated) 3p3h configurations and scales as O(N’) with the
number of degrees of freedom N of the model Hamiltonian.

& In nuclear structure, there are relatively rare calculations with (correlated) 3p3h
configurations for medium-heavy nuclei (QPM, EOM/RQTBAS3, CC). The results are still
not ideal.

- Is the problem in the underlying strong “forces”, which are not weak and known with
limited accuracy? Or the many-body methods? Likely both.

-+ Working with model (solvable) Hamiltonians allows one to solely focus on the many-
body problem. Can be studied with quantum and hybrid algorithms on NISQ devices.
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Two-level Lipkin (Meshkov-Glick), LMG, Hamiltonian:

A

H = ejz — g (jJ2r + JAE) 'I| I €

Quasispin operators:

N
A 1 R R R ) )
J, = 5 Z (a;r),+ap,+ — a;;,_ap,_) , N=2j+1
p=1
A N A Nt Monopole
4+ = Z&pa+&P’— and J_ = (J+) excitations
p=1

Configuration complexity:

Kl = aTa,j, KELQ = aza;aj/air

M. Hlatshwayo, R. LaRose et al., arXiv:2203.01478, Phys. Rev. C (2022)
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The algorithm: Variational Quantum Eigensolver (VQE) + quantum EOM (QEOM)

-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>.

-»- QEOM generates efficiently the EOM matrix:

& 21 -m [ 2]

M. Hlatshwayo, R. LaRose et al., arXiv:2203.01478, Phys. Rev. C (2022)
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) + Less qubits ~ higher accuracy
M. Hlatshwayo, R. LaRose et al., arXiv:2203.01478, Phys. Rev. C (2022)
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Summary:

-2 The nuclear field theory (NFT) is formulated and advanced in the Equation of Motion (EOM)
framework, with the emphasis on emergent degrees of freedom.

-2 The emergent collective effects renormalize interactions in correlated media, underly the
spectral fragmentation mechanisms, affect superfluidity and weak decay rates.

-®'Relativistic NFT is generalized to finite temperature and applied to neutral and charge-
exchange response of medium-heavy nuclei as well as to the studies of nuclear superfluidity.

-® The presented study of the monopole excitations suggest that correlations beyond mean
field/QRPA are significant and enhanced in open-shell nuclei. Together with the finite-
temperature effects, they have important astrophysical implications.

Current and future developments:

- Deformed nuclei: correlations vs shapes; first results on quasiparticle states just released
(Yinu Zhang et al.);

-2 HFB pairing: EOM for the response function; formulation underway;
-» Toward an “ab initio” description: implementations with bare NN-interactions;
-2 Superfluid pairing at T>0 to extend the application range (r-process);

-»: Efficient algorithms for strong coupling regimes; quantum computing for increasing N and a
(Manqgoba Hlatshwayo);

-® Relativistic EOM'’s, bosonic EOM’s, hadron physics, neutron stars, ...
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Excitation spectrum:Hiérarch gbﬁt%bnﬁgufa%ibn comples

. . Giant dipole resonance in 4248Ca
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Data: O. Wieland et al., Phys. Rev. C 98, 064313 (2018)
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Spin-isespin excitations: Gamow-Teller Fésonahce in néutron-tich n
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