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-® Nuclear structure theory has strived for decades to achieve accurate computation of nuclear
spectra, but this is still difficult

- We address this problem by developing the model-independent Equation of Motion (EOM)
framework in the universal QFT language, quantifying fermionic correlation functions (FCFs)

-® The theory (i) is transferrable across the energy scales, (ii) capable of identifying the
bottlenecks of the existing nuclear structure approaches, and (iii) opens the door to
Spectroscopic accuracy

-®- In this formulation, dynamical interaction kernels of the FCF EOMSs are the source of the
richness of the nuclear wave functions in terms of their configuration complexity and the major
ingredient for an accurate description with quantified uncertainties

-® Benchmarks and predictions: selected highlights for nuclear excited states below my

-® Open problems



Exacg“ezb initio” (EOM)Lf@-L the. twd;f HMign corlalaz‘/on funct/

with an unspecifiga:l \mteractlon

Bare
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1234 Hamiltonian

Particle-hole correlator

two-time propagator,  1012,172 (t — ') = —i(T(P1102) (£) (211017 ) (') cronrm of cxntations decaye .
(response function):

EOM: Bethe-Salpeter-(Dyson) Eq. (**) Irreducible kernel (exact): in-medium “interaction”
N __ 0 / T /
Rw) = RO(w) + RO (w)F(w)R(w) F(t—t") = FO5t—t)+F"(t -t
Instantaneous term (“bosonic” mean field): t-dependent (dynamical) term:
Short-range correlations Long-range correlations:
, ) . Couples to higher-rank FCFs
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1 2 Rz 5{ g G ‘3; S. Adachi, et al.
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7 T : J. Schwinger,
( ’.22) _ 4 - 4 2 I}
p12.1720 = 022/ P11/ — @ 1112110 Ron o1 (t — 1) Fore = — o G j3‘7>_F F. Dyson, J>
5 < , et al.
contains the full solution of (**) including the dynamical o

term! E.L. & P. Schuck, PRC 100, 064320 (2019)
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ADb initio...

‘& Ab initio = "from the beginning” (lat.), in science and
engineering “from first principles”

-& First-principle physics theory does not exist
Even the Standard Model (SM) is an effective (field) theory:

~20 parameters:
masses, coupling constants,
etc.

Open questions (besides GR):

& Why the SM interactions are as they are?

& What is the origin of the Higgs potential?

Higgs mechanism
of mass generation

L =(0,0)'(0"¢) - V(9),
V(g) = ’¢'o + Ao ¢)*

= GAUGE BOSONS
B

The Standard Model
mass - %2.3 MeV/c* =1.275 GeVic* =173.07 GeV/c* 0
charge - 2/3 0
spin > 172 uj Cj t/ Q
up charm top gluon
=4 8 MeV/c* 95 MeV/c? =4.18 GeV/ic* 0
113 3 0
9|9 @| @
down strange bottom photon
MeV/c* 105.7 MeV/ic? 1.777 GeVic* 2 GeVic*
-1 -1 0 4
12 e 12 ]‘1 172 T 1 da
electron muon tau Z boson
7)) 2.2 eVic? <0.17 MeV/ic* <15.5 MeV/ic* 80.4 GeV/ic*
= 0 [ 0 +1
. @ . P @®
o
ar r?fuctﬁgg neutrino neLtJ?rLi]no W boson
The Stan
Common:
“Bare”
Interaction
- - -
(aka forces, ADb initio...
potentials): ®
e B T
--- ==
- m m = = -- =
Viri-r2)) @--

system

“effective”

but effective

‘& In Theoretical Physics: knowing the bare
(vacuum) interaction between two particles,
quantitatively describe the many-particle

- “Ab initio = UV-complete” as opposed to

& Interactions adjusted to many-particle
systems (e.q., finite nuclei ) are not ab initio
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The narratives (i) “There is an ab initio nuclear theory as opposed to “traditional”
nuclear theory”
(ii) There are “models” and there is “the theory”

-2 In Theoretical Physics: knowing the bare

“Bare” (vacuum) interaction between two particles,
Interaction o quantitatively describe the many-particle
(aka forces, Ab initio... system
potentials): @) _ _

- L -@ & “Ab initio = UV-complete” as opposed to
Viri-ro)) @&--"- “effective”

-® Interactions adjusted to many-particle
systems (e.q., finite nuclei ) are not ab initio
but effective

Formulation of the theory and its implementation

-& There is a long way from formulation to implementation. We can formulate an ab initio theory, but it
is difficult to implement accurately. However, we still need an ab initio theory to constrain concrete
implementations, e.q., for maintaining their algebraic structure.

-& All “traditional” microscopic many-body models employing effective interactions can be derived ab
initio and represent various approximations to the static and dynamical kernels of the same EOMs.

‘@ Paraphrasing Steven Weinberg, saying “all non-renormalizable theories are as renormalizable as
renormalizable theories”, we find that “traditional” theories are as ab initio as ab initio theories :)
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heavy light ~2m V1234 YEFT
Beyond the leading order:
Relativistic Nuclear Field Theory (this work): cf. XEFT: PT in the vacuum
non-PT, in-medium ) E. Epelbaum et al., Front. Phys. 8, 98 (2020)
, 5 1 Two-nucleon force Three-nucleon force Four-nucleon force
Fo = - é g Q Q i LO (QV) >< \»* — -
Static NLO (Q2) X \:1:::{ \-:::1 [}(:1 [1 — _
‘ ' \ . N2LO (Q3) +:::} +1 + }X >'< -
4 2 I
g == YL B - W BH X T -
P . L o f el bt - LR X LB B
Feve = L G | 3’5,\/ 1
x [
(Dy”am’ca’ } —=z GDynamica/ Many-body... “solver” (?)
Foa) = i o0 . !
T i
5 i e “Solvers” are too simplistic
Fli22) - 74 g X9—* 1 e Bare NN and many-body theory should be linked
TNg —F consistently
The in-medium power counting is associated : e The vacuum power counting is irrelevant in the

with emergent scales in large systems strongly correlated medium of medium-heavy nuclei
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-+ Quantum many-body problem in a nutshell: Direct EOM for G(n) 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. Ngquations ~ Nparticies & Coupled i !
-> Non-perturbative solutions:

ol

+ GO = GGG + GG+ =3

Cluster decomposition
[QFT, S. Weinberg] +G@ =(G" G G G1) (G G@)+ (G G + =)
Leading at: weak intermediate strong coupling
self-consistent GFs phonon coupling Faddeev +
second RPA, shell-model etc. this work future work

oh) | 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

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

1 1’ 1’
4
| |

Can be treated in a unified way (superfluid theory):
gPVC in nuclei, correlations in hadrons / matter / solid state

Emergent phonon vertices and propagators: calculable from the underlying H,

which does not contain phonon degrees of freedom )
Cf. Nuclear Field Theory

“Ab-initio”
R.A. Broglia, D. Bes,

Z hiath]ths + Z D1234%] Y Paths P-F. Bortignon, R. Liotta,

G. Colo, E. Vigezzi,

1234
F. Barranco, G. Potel,
“Effective” qP VC et al.
Z hutlts + 3 Wan @@y + 3| 0%6[QLws + b
AN 12

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

v, g, %% :l:, ZY E.L., P. Schuck, PRC 100, 064320 (2019)
E.L., Y. Zhang, PRC 104, 044303 (2021)
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Superfluid dynamical kernel: adding particle-number violating contributions

Mapping on the gPVC in the canonical basis

. ; i . & P4
TOVWWNOYL = v wrpyty 7 \ON/\/\/\/=-=O< = 2 wrpyty? v
¥ ~ - . < # y . .
»- ¢ j =l & ' e
; > ( = v ppytyt % \O’\/V\A/:-t: = v Yy %
/ \ > > \ / - € \
> -« bl > > —
% ~ , . & /: b ”C< . . -
< > 4 < >
;O=<=-=O< = % yrytgtyt % ;O:':’V\/\/\,O( = % wlytyty v
< g AN b b “~

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

AN e A% A

N S ‘1' ™ ——— — = —
»(‘)J > 1~11,}>~ + »O( &» + O 43\}» - *O//: e ¥ > ;mH + ’O/:—B* + ‘*()J\i‘%'* + ‘ﬁ* O

<« >( </\~ \’:% + +O—>—\> v <J—<§}> «O— n é:\* " &%}4 + @V\/\&
Compact form, Cf.: Quasiparticle static
<:| (almost) as simple as self-energy (matrix) in HFB
non-superfluid ~
: - 20 P Ay
Bogoliubov transformation DBt — .
11/ 211'

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

Currently formulated in the HFB basis keeping 4x4 block matrix structure
Y. Zhang et al., PRC 105, 044326 (2022)

at finite temperature: S. Bhattacharjee, E.L., arXiv:2412.20751
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Joward concrete implemetit

Particle-hole propagator AN . n . / spectra of excitations,
(response function): R12,1’2’ (t —1 ) — _Z<T(¢1¢2)(t) (¢2’¢1’)(t )> masses, decays, ...
Rw)=ROW)+ ROW)F(Ww)Rw) )  Fit—t)=FO5¢t—t)+F"(t—t)
Static kernel (exact “bosonic” mean field): t-dependent (energy-dependent) kernel:
Short-range, Constant Long-range, consists of poles (= singularities)
when Fourier transformed
2 2 ] v 7Y 'b Zaxr? 4 N 2’
- y A P . (r’.1 1) 2 3 g 3’ ,
L + 3 % + 3 'a.b Foyo = 3 G¥ < 1
1 1 AL v — 1_(*4_1 1 1’ f ¢
1 1 1 1 4 4
2 > > P
1 2 _ Fr:12) 3 a@ 5
“T> AR Z V2;k1PkL,2’ j e s T
>2D ! 2 jkl , .
V| 2 1 | P > >
Static & regular Fr21) _ 4 " 4
1212’ » ) G :3 -
Major problems with the ab initio implementation: > °
jor p ) -
1) F) js not calculable as p(@ is unknown a priori F(r:22) : 4 /\\7 2
34

2) In approximate treatments (G-matrix, SRG, etc.) the
delicate balance between F(© and F() is violated

</ = G(4)
121°2 ; 5 ;
5 P

3) F) approximated by an effective interaction (e.g., meson ) o
couplings adjusted to finite nuclei) works much better ~) ) 04513G(325'4',3'2'45) 03114750
quantitatively, but the ab-initio character is lost 345 3'4'5 \

t(w)-dependent & singular

4) Artifacts of the localizing potentials are difficult to remove
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‘ e TR = =
Nuclearresponse: tow

‘-v_—-'q

P = \
toward ab initio <= static kernel V dynamic kernel => toward more complex
fi ti
ki _ ks kg N ks ky ks _ ks ’?IO:n 'gurations) ks ks
R = * d R * P (w)—2(0) R
Ky % & Kk kg Tk Tky %5 &
Subtraction
V.Tselyaev 2013]
Dyson-Bethe-Salpeter [
Eguation' g R(C‘)) - RO(a)) T RO(Q)) [V_I_dj(a))'dj(O) ] R(a)) <
' for effective
interactions V

[P. Ring,

NFT is reproduced 5 X 5 iﬁﬁ;ﬁ 5 _» 2 >

as the leading o _ . 2" . g s > A.Afanasjev,

approximation 21,2'1" 5‘\% ) _ 1 ) et al: CEDF]J
1’ 1’ \

1 177 1, 1 1,

2, RE Y b T NCT I %}»
Extended NFT: d)(n+1) — (n) (n) 4 y ; (n) + (n) v

R + R R R
closed cycle 2121’
4 1 % 1 T 1 1 " M’ _1<_OV\/\/\/\) R
3 _ 5@
Generalized approach for the correlated ¢ce )
N i N
propagators . 2q+2phonon

S configurations

n-th order: E.L. PRC 91, 034332 (2015) % iﬁ/&’ % in the qPVC
: : : - ﬁ . expansion:
S

Ab-initio formulation, ;o% T ﬁm T Included in all orders
P -0 P

@) implementation; 2q+2phonon correlations: (non-perturbatively)

E.L., P. Schuck, PRC 100, 064320 (2019) e = e Py < o




— Yy pe—

P

;
code”
.....

=Toward spa%roscopically aeclirate the;@{ }the”l’el.az:-ipi‘s‘lti‘c EOM (

=

Giant Dipole Resonance (GDR) in Ca isotopes

| | 250 A
----- REOM! 2q ‘
;' -=- REOMz2 2qg+phonon (4q)
200 1
200 E1 ; — REOM3 2g+2phonon (6q)
.'-| oo Exp: NNDC ‘
1501 i { 150 %
= :
£ AN A~0.4 MeV
o ool ! \ [~ 6-7 MeV
,l . ._
50 |-
0
5

Basis: relativistic mean field (P. Ring et al.)

A hierarchy of the
dynamical kernels:

n = 0 (no dynamical)
n=1
=2

-2~ On each iteration, the complex

configurations enforce
fragmentation and spreading
toward higher and lower
energies

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

RQTBA3 demonstrates an
overall systematic improvement
of the description of nuclear
excited states as compared to
RQTBAZ? in a broad energy
range

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

Each elementary 2q mode produces a multitude of states

via fragmentation that repeats on the 4q level and so on.
Cf.: Fractal self-similarity (nesting)

(n)

R

(n)

A

2 v 2 2
M
-+ \%
B i

(n)

Y
Y

(n)
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c | ' ' ' i i
REOM!: E =15.1 MeV . .
[I;l(})o]- - - - j 0.15 I. Response of (medium)-heavy nuclei
: @ 0.10 -» The complex configurations 2q+2phonon
[ % enforce fragmentation and spreading toward
600 0 higher and lower energies
-2 Both giant and pygmy dipole resonances are
] ) affected; an improved description is achieved
a00b 120 ] REOM:3: E = 15.2 MeV [FLAG for the Sn-Sm mass region
- Sn + J. Novak, M. Hiatshwayo, EL., 17,
| EME1 0.12 arXiv:2405.02255
200' 0.08 -2 Exp. Data: S. Bassauer, PRC102, 034327 .
! (2020)
. 0.04
: o,,e1 RQRPA (29) — Oyy,g1 from NRF experiment
s TS e O e ST A Gaey
E [MeV] . [fm] p[ﬁn- ] 100 - (a) oy from (y,n) experiment ’/'-
45 10 15 20 25 I 1
T T T T T T T T T T T T T T T T T T T 80 [ = + |
Ni A=200 keV | '.\‘ = : A=200keV '
N | o - 2 60| P
> | EMEI YR | Il. Description of transitional and > | ,eimio,;,
= NL3* N : oy 40 I from NRF ex\f)eriment h
2 IR 1 moderately deformed systems - sys. uncertainty
£, I ' 20 F ] . |
. O L= T | L L | L L | L L L
' 2 64Ni [B2~ 0.16]: 7000 9000 11000 13000 15000 17000
- RareaCy) M. Miischer, A. Zilges, E.L. et al., _ i
— O 2q+phonon - limi - 40 A =50keV .
NI A=20keV — EEo$3 (2q+z h : PRC109, 044318 (2024) 20 ®) ?r[:)[r)reerIglI;tei\BIéiiment I © ;
_3r (2q+2phonon) Sys. uncertainty 30 - |
> EME1
S | N3+ ) . 2 i
=2 1 Spherical bases are used: correlations < 50 keV steps
= JA J} ' “generate” non-trivial geometry
1F - - ;
s 6 7 8 9 10 lll. More cases are in progress 6500 7500 8500 9500 6500 7500 8500 9500

E [MeV] energy [keV] energy [keV]
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Low-lying dipole strength in Sm and Nd isotopes

Experiment
Measurement:
S
S Luna Pellegri Data
" &
to be released
3 Collaborators
G
3
s} -
= yor Reaction:
o =i Edoardo Lanza
4 6 8 10 12
30000 lll]llllllllllll___.2q(1p1h)A=20keV 30000_!IIIIIIIIIIIIIIIIIIIIEEIIIIIIII-
| 144 —— 2q+phonon (2p2h) A =20 keV B X a
25000~ """ Sm — 2q+2phonon (3p3h) A = 20 keV 25000 142 ¥ : |
T 2000 ISE1 Tl % 20000~ Nd T
= I pob b S - : -
s 15000 B AR foon <> 15000 — ISE1 ': !—
= 10000 |- At - & i !
L ; '. . 2 o« 10000 — .:
L Y LY 9 5000 "
04 5 6 7 8 9 10 11 s 0
351 Q 4 5 6 7 8 9 10
— | — RQTBA 2qg+2phonon (3p3h) 5
30:_ — — RAQTBA 2g+phonon (2p2h) P m 4q 2e+06 IS ) . [ L O LB
%‘ - i ~h | |---- 2q (Iplh) A=20keV i
S 290 ;D S 2q+phonon (2p2h) A = 20 keV
o — P - 7 —
S Hb i" oé e = 2q+2phonon (3p3h) A = 20 keV s
g F ® &
E 15 (0») 1e+06 —
- q hd
I 2 _
[ - — e+05
5 i
E |||||| JJLLLL——I—’IIlllllIII
0
Y 4 5 6 7 8 9 10

E [MeV]
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Pygmyadiipole resonance: structural**ﬂ?opeﬁ[e\s -c;n-»'The REOM
\
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Physics Letters B 860 (2025) 139216 M. Markova, P. von Neumann -Cosel,

- [+ Oslo data - (a) E. L., PLB 860, 139216 (2025 i - 120
107 & - Bassauer et al., 2020 ) ~ ( ) 105 b Oslo data Sn
; i M1, Bassauer et al., 2020 ) VGDER (GLO \ E Bassauer et al.. 2020
'y i : L e e Gau)ss -&Data analysis indicate the two-component < : ,
% L--! ( ) y . p o 10° \
= 107 & C--ifv'“"(eik 2<??“S§> structure of the low-energy dipole strength = \4"
[ E —_— (?ren zian ] [, : +
5 T Unbend ‘2 RQRPA does not describe the data well & ;7L — RQRPA (A,2)
L \ v . . = c—— 7+
0+ L Abate® }m}ﬁﬁhmﬂ . but remains a good reference point. = A/ = ﬁggi ((:j)
f }}*P{) LN Sn | .52q+phonon/RQTBA/REOM? is sensitive to 0" g~ ---RQTBAG) (@)
0 2 4 6 8 10 12 14 16 18  the details of the superfluid pairing, 4 6 8 10 12 14 16 18 20 22
I I AR particularly the pairing gap, especially at oL | | | ' | '
10° & low energies. 5
~ (. ?f;;f ((éfo) *&Pairing is the anomalous part of the mean < |
E 07 b \\ —  IVGDR (Gauss) field and also poorly constrained. S 107k
% | &2 ‘;:‘;;Egjz“; -#Nevertheless, we could document the 4
- | 2 otal i formation of the two-peak structure and -
-8 ] -8
e \\ reasonable total strength below S with 107 gt 2 ®)
Y L L I theoretical uncertanties. ke S R
0 2 4 6 8 10 12 14 16 18 3 4 > : ! 8 9 10
E, (MeV) E, (MeV)
6 _ = e i A A B S B —
- g il"\(/)g]l)ll({)vzlé-llylln Og I\ljJIL\(;; - 10 MeV) (a) 8 = i Oslo data, even-even (4-Sn MeV)
5— = - -
- ¥ Peak 1 (Gauss) 7E O RQRPA (A) (4-S MeV)
- 1 Peak 2 (Gauss + =
I = (Gauss) b _ 6F RQTBA (min/max) (4-S_MeV)
R RS o J( * S sk = -
M 3 - M 5 :— . P * - \B\
M : /;\ M : }‘ ’ H ) b ~
= B - "?__'\\‘,—;/ : \f\ ~ 4—_ x\‘\ e \E]
2 ¥eg-y--C : e - .-
E [}"%"%] ------ %3__[15,_ —*B"%*~¢’ =g 3:_ /D—*’«f ----- }._——-§~§~~
1 - @-” ..
- - -4
- ke 2 (b)
0 | | | | ¥ | | | 1 - N T T T T .

10 112 114 16 118 120 122 124 126 110 112 114 116 118 120 122 124 126
A
A
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8.06 8.65 9.20

N
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dB/dE [fm’ / MeV]
S

N
S e S e

1 1
T T T

I*-1Y", 1)

d

(=
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1

0

log( 1X"

r'p [fm’]

r'p [fm’]

Gamma transitions between excited states: Dominate the upper component of LEDS

Foun = <m|_7D|n> = fij_(X,-rZ*X; ym*y ) XJ’."k = (Olaga;|n) y}’k = (Ola;a;iln)

Z
FLM — € ZriLYLM(f‘i)a L Z 2 FlM — ZTzYIM(rz ZTzYIM(rz
1=1

Couples exclusively to protons
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S [5 fm” / MeV]

S [fm” / MeV]
p— [\S) W

)

S

Explicit transitions between exeited ptateslin REOM: :
Dipole fransitions 225> 3 and 2+ '<=> 2-

_""é""é""’%""é""é""—_ | | | | | | I ] 8OGe
80 Ao 1~
2 Ge 8 - =
N‘_‘ = + _— -
- 2 (a) %— & 2 > 3
i SHI -
.IL..l.AA.I...l.Ll_LL.‘; | |
s 6 71 8 9 @1 |]
] | BEIEM): 2;<>@23) | 3] 1
i SAS): g.s. > (2,3) =1 £
2 Q
3 (b) % £
~- 2q(iplh)
'| — 4q (2p2h) 1T —
6q (3p3h) M'é
EERYCY £
B 0
N /‘ L /\"'\, . . . . ‘ . L ]
0 5 10 15 20 25 0 2 4 6 8 10 12 14 16
E [MeV] r [fm]
Partial amplitudes
n n o _ Tt
X, = Olagaln) Y, = Ola]a]ln 0) = fn) 10) > Im)

= (m|F|n) = fi;(X; X5 + Vi Vi)

Recoupling via 6j-symbol
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_Finife-temperature response wittit +phonon’ dynam/cal kernel
R12,1’2’(t — t’) = —i<7—(7751¢2)(t)(1;2/¢1,)(t )> _ _i<7—(¢1¢2)(t)<¢2/¢1/)(t )>T

B B Q—FE, —uN
<..>=<0)..J0> = <. >T:§n:exp( - ) <nl.|n>
averages — — thermal averages
Method: EOM
for Matsubara
Green’s functions Riszs(w,T) = Riy03(w, T) +
RO o1 (W, T) [Virgr 019/ (T) + §®1r47 9730 (w, T)| Rgra arg(w, T
EL H. Wibowo, + 1/22/3;4/ v9r 01/ (W, T) [Virar 2130 (T) 4+ 6P1rar 23 (W, T) | Rara ars(w, T)
PRL 121, 082501 (2018)
H. Wibowo, E.L., O0P1r4r 213 (W, T) = Prrgr 213 (W, T) — P1rgr 2:3:(0,T)
PRC 100, 024307 (2019)
T>0: Leading-order 1p1h+phonon dynamical kernel: T=0:
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Thermal unblocking mechanism (simplified):

n(g), ph ——" ph____ . Dh —~

w(T=0)=¢ep £

Oth approximation:
Uncorrelated propagator

Ny — 1y
W —E1+ &2

-»-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)

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

-»-The spurious translation mode is properly decoupled as the
mean field is modified consistently

-® 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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Gamow-Teller GT-response of 76Ni and 132Sn
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Beta decay half-lives in a stellar environment
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A Cf.: Skyrme HFB+qPVC
E.L., PRC 107, L041302 (2023) , , .
Z.Z. Li, Y. Niu, G. Colo, PRL 131, 082501 (2023)
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Theory is formulated in the HFB basis keeping 4x4 block matrix structure

Correlated 2q-propagator S. Bhattacharjee, E.L., arXiv:2412.207j51

with Matsubara frequencies " zifllo] Ziflka]x
lk d vy’
A A R ’ /(w) — Z Z op; s
0 pp' v — .
RMM'VV’ (wn) = Rp,p,’z/u’ (wn) + fi o== W owWf
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| 5 Zmu’ o unu' Z pp' Vw’
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The dynamical kernel in the factorized form: W - Wn -+ W,
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=BT AT
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Centroid 100
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E [MeV]
(In)compressibility:
, Centroid shift:
N -7
Ki= Ko+ Ko AP+ K, (T) + Koo Z2 A3 AE = E(RQRPA) - E(REOM?)

Decreases with temperature
U. Garg, G. Colo, Progress in Particle and Nuclear Physics 101 (2018) 56-95
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-& The emergent collective effects associated with the dynamical kernels of the fermionic
EOMs renormalize interactions in correlated media, underly the spectral fragmentation
mechanisms, affect superfluidity and weak decay rates.

-® A hierarchy of converging growing-complexity approximations generates solutions of
growing accuracy and quantify the uncertainties of the many-body theory.

-® The recently enabled capabilities are higher configuration complexity, finite temperature,
and quantum algorithms.

Open theoretical problems:

-®- Correct separation of and delicate relationship between the static and dynamical kernels
in the practical approximate solutions.

-®- Artificial poles and virtual “particles” in approximate solutions.

-®- Consistency between direct and pairing channels in the dynamical kernels in practical
iImplementations.

-® Ambiguities of numerical implementations on the 2p2h and 3p3h levels of complexity.

-® An adequate assessment of the quantitative role of fully connected multi-fermion
correlators (~ irreducible three- and many-body “forces” in the medium).
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qgPVC -/rﬁuced ground state s@rrelatlong he lepadmglnechan/sm 0 h@i\:
~ “strength in neutron-rich nuclekmqo ple (6] two-body currents

Ground state correlations (GSC) induced by qPVC:
backward-going diagrams

a)& (b)E (C);E“ (d) 5:/\4;1 (e)
i_i E 1 Time
>

Emergent “time machine” Gamow-Teller +IVSM strength in 90-Zr:

qPVC-GSC unblocking mechanism:

EXP —e—

GT pn-RTBA no GSCpyg — - -

GT pn-RTBA with GSCpy,¢
GT+IVSM pn- RTBA no GSCpyg == ---

The backward-going diagrams are the leading mechanism Excitation energy E (MeV)
of the B+ strength formation in neutron-rich nuclei C. Robin, E.L., Phys. Rev. Lett. 123, 202501 (2019)



