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How the nuclear force is rooted in the fundamental theory of QCD?
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Electroweak interactions

e Chiral EFT allows to construct electroweak currents
consistently with the chiral potential
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To describe:

= Electroweak form-factors

- Gamow-Teller ME (f decays)

= Magnetic moments

= Radiative/weak captures

- Electroweak response functions
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Include correlations through el operator
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Ipth 2p2h
E ion: T = Lo I Y T,1
Xpansion: I = Z [,a,a; + Z [ a,a, a;d; + ...

6 G. Hagen, T. Papenbrock, M. Hjorth-Jensen, D. J. Dean,
Rep. Prog. Phys. 77, 006302 (2014).



Coupled cluster theory

Reference state (Hartree-Fock): |¥) = a;a; . akT 10)

Include correlations through el operator

%, el |P) = Eel|P)

v Controlled
approximation through

truncationin 7'

Ipth v Polynomial scaling
: T + with A (predictions for
Expansion: 1" = Z al + — Z tafb aly aid; + . .. 32Sn and 208Pb)

6 G. Hagen, T. Papenbrock, M. Hjorth-Jensen, D. J. Dean,
Rep. Prog. Phys. 77, 006302 (2014).
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Longitudinal response
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Lorentz Integral Transform + Coupled Cluster (LIT-CC) dodq = GM(ULRL + UTRT)
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Longitudinal response 40Ca
Lorentz Integral Transform + Coupled Cluster (LIT-CC)
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‘Transverse response
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2-body currents important for 4He

= This allows to predict electron-nucleus — more correlations needed?
Cross-section

— 2-body currents strength depends on

= Currently only 1-body current nucleus?
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Low/high energies
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4He spectral function
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nuclear information

growing q momentum transfer — final state interactions play minor role

E=500 MeV; 6=34°; |g|= 280 MeV
T T T T T T T
~. —-— CCSD
L '/ \ _
/ \
oo N\
L / o \‘ _
/ e \,
Gi =] \'
- : \, i
.I ® e \‘\
e/./ e 'e\.e\.a..e.
1 1 1 1 1 1 'e"?'
25 50 75 100 125 150 175
w [MeV]

do/(dwdcosB) [nb/(srMeV)]

N

N

=

=

E=640 MeV; 6=34"°; |(_i| = 359 MeV
L R —-.= CCSD |
> £o N\
® - 3
of o !/ e\
/ o \
i / \
> e / e \
; e\
Of I e\
/ e-)f\e
>f ! .o o000 0
e/ S _
0 50 100 150 200
w [MeV]
13

JES, S. Bacca, G. Hagen, T. Papenbrock Phys.Rev.C 106 (2022) 3, 034310

do/(dwdcos 8) [nb/(srMeV)]
o = — N
%) o n o

o©
e
o
o

Spectral function -

E=1108 MeV; 6=37.5°; |g|= 674 MeV
T T T T T
—-—= CCSD -
m;ﬂ&&% ]
m/ )
/ <
o, . ]
o/ Qo
% AR
o / N,
° \,\.\
_—‘/ | | | | |
150 200 250 300 350
w [MeV]



[nb/sr/MeV]

do
dwdQ

160 spectral function

Error propagation to cross sections
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16() cross section
LIT-CC vs SF+FSI
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Electron Scattering Angle (deg)
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Future targets: 160, 40Ar
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160 spectral function

Error propagation to cross sections

Comparison
with T2K long

baseline v
oscillation
experiment

CCOrx events

Spectral
function
implemented
into NuWro
MC generator

Data: Phys. Rev. D 101, 112004 (2020)
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Outlook

Extension of the formalism to neutrino responses and 4°Ar
Role played by 2-body currents in LIT-CC predictions

More robust uncertainty quantification: Bayesian analysis of

nuclear responses

Spectral function (accounting for FSI, 2-body currents)



Thank you for attention!






160 spectral function
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Lorentz Integral Transform (LIT)

R//tl/(a)ﬂ q) = i (V| J,j | Tf)(‘{’ﬂ J,|P)o(Ey + w — Ef)

/
continuum spectrum

Integral
transform

Sﬂy(a, q) = Jda)K(a), G)R/w(a), q) = (‘Pl];f K(#Z — Ey,0) J,|'P)

Lorentzian kernel:
| A

Ki(w,0) =—
M@ 0) = o — o

5,, has to be inverted to get access to R,
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Longitudinal response 40Ca
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Chiral expansion for40Ca

(Electromagnetic responses)

[7271 ANLOgo(450)
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v Two orders of chiral expansion
v Convergence better for lower q (as

expected)
v Higher order brings results closer to the

data

B. Acharya, S. Bacca, JES et al. Front. Phys. 1066035(2022)
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Electromagnetic responses 40Ca
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v CC singles & doubles

v two different chiral
Hamiltonians

v’ inversion procedure
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