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Central research questions of this presentation

m Is there a comprehensive picture
of nuclear SRC? (Quest to learn N‘(MIA N
about stylized facts of SRC) A

I Variation with mass A
K Isospin (flavor) composition of What
SRC (pp&nn&pn) You
K Neutron-to-proton asymmetry Measure
(N/Z) dependence of SRC Is
m How to forge links between All
nuclear models dealing with SRC There
and observables? Recent data Is

from electron-nucleus scattering
(A(e,€’),A(e,e'N),A(e, e'pX))

m Model for appearance of SRC in 7 After WYSIATI (“What You See Is Al
and 5 quce? Nuclear Wigner There Is”) D. Kahneman, “Thinking, Fast
distributions that include SRC? and Slow” (2012).
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OUTLINE

E Low-order correlation operator approximation (LCA) to
compute effect of SRC (nuclear structure & nuclear reactions)

H Apply LCA to the computation of huclear momentum
distributions (NMDs) for 15 A(N,Z) : 4 <A <208 ; 1 < % <154
CHECK: Compare LCA results to ab-initio ones

Aggegrated effect of SRC and its evolution with A and N/Z
CHECK: a, data from A(e, e')

A Isospin composition of SRC (pp&nn&pn)
CHECK: A(e,e’pp), A(e,e’pn), A(e, e'p) data for '°C, ?/Al, °Fe,
208pp jn “SRC” kinematics

B N/Z asymmetry dependence of SRC
CHECK: A(e,e’pp),A(e,e’pn), A(e,e'p), A(e, e'n) data for '°C,
27 Al, 5°Fe, 298Pp in “SRC” kinematics

A Nuclear Wigner distributions including SRC

Jan Ryckebusch Nuclear high-p fluctuations NuSTEC Workshop, March 2022 3/20



Single-nucleon momentum distributions in LCA

P Tﬁ ’1 » W Single-nucleon momentumn
1

¥..Ja distribution nl'l(p)
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x e P WA B B

P 4 P 4
N-.Iﬁ 7,l_f”_’ N__J?, ?,l(d) m Universal correlation operators

-------------------------------- W) = G[®) /\/(®|GIG o) ,

. 7+d a; @G Central ge(r), spin-isospin f,.(r),
'l p  fensor fi (r) correlations

N m Truncation at O (G2): SRC part of
nl'l(p) = 2-body contributions

- m Quantify the pp. nn, pn and np
contribution to nl'l(p)
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nl'l(p) in LCA: from light to heavy nuclei
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LCA: JPG42("15)055104 & PLB792("19)21 & PRC100 (" 19)054620

B Two distinct momentum regimes ("IPM” and "SRC")
B Momentum dependence of fat tail of nl'l is “universal”
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Probability distribution P(p) ~ p?nl'l(p)
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Probability distribution P(p) ~ p?nl'l(p)
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Probability distribution P(p) ~ p?nl'l(p)
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Cumulative momentum distributions
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Ratios of probability distrioutions: PA(p)/P9(p)

PA(P) = Pop(P) + Pon(p) + Pan(P) + Pan(P) -

/

PA\(p) (proton part)  P4(p) (neutron part)
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Ratios of probability distrioutions: PA(p)/P9(p)

PA(P) = P (P) + Pon(P) + Pin(p) + Pan(P) -
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Measurable signal of the A-to-d scaling of the

momentum distributions?
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In selected kinematics the A-to-d
(e, €) cross sections approximately
scale!

SRC SCALING FACTORS

THEORY:
~ Jpe =1 9PPA(P)
%(A) = T2 m—1 9PP(P)
EXPERIMENT:

2 oA(e,e
a®(A) = kZaee)

15<x<1.9; @ ~2GeV?
( )

Aggregated impact of
SRC on a nucleonin
A(N, Z) relative to the
deuteron!
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a(A/?H) from A(e, €) at xg > 1.5 and LCA
Aggregated quantitative effect of SRC in A relative to d
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a(A/?H) from A(e, €) at xg > 1.5 and LCA
Aggregated quantitative effect of SRC in A relative to d
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Nuclear momentum distribution: pair composition

Pair composition: n[”(p)—n“](p) T n[”(p) nMp) + n“](p)

ng](p) (proton part) [”(p) (neutron part)
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Nuclear momentum distribution: pair composition
Pair composition: nl'l(p) = nEl(p) + nble) + nble) + nhl(p)

nb!(p) (proton part) () (neu’rron part)
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Pair composition of SRC: LCA versus experiment
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Fourth moment of nl'l(p) from LCA
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SRC induce inversion of kinetic energy sharing in

neutron-rich nuclei

Ratio (Tn = p3/(2Mn)) / (T = P5/(2Mp)) from computed nl'l(p)
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Weight of neutrons relative to protons in nl'l(p)
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Weight of neutrons relative to protons in nl'l(p)
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Nuclear Wigner distributions W(r, k) including SRC

Phase-space distributions ot nuclear short-range correlations
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SUMMARY

m SRC induced spatio-temporal fluctuations
in nuclei are measurable, are significant
and are quantifiable

m LCA: suited for systematic studies of SRC
contributions to nl'l(p) and SRC-sensitive
reactions

H Reasonable predictions for a, factors

H A < 40: LCA predictions for fat tails in line
with QMC ones

Natural explanation for the “universal”
behavior of the fat tails of NMD

m Distinct isospin and N/Z SRC effects: in line
with A(e, € pN) findings

m LCA: put the nuclear structure and nuclear
reaction theory on the same footing
(absolute cross sections)
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LCA for modeling two-nucleon knockout

PHYSICAL REVIEW C 94, 024611 (2016)

Influence of short-range correlations in neutrino-nucleus scattering

T. Van Cuyck,"" N. Jachowicz,""' R. Gonzdlez-Jiménez,! M. Martini,"? V. Pandey,' J. Ryckebusch,' and N. Van Dessel’
! Department of Physics and Astronomy, Ghent University, Proeftuinstraat 86, B-9000 Gent, Belgium
2ESNT, CEA-Saclay, IRFU, Service de Physique Nucléaire, F-91191 Gif-sur-Yvette Cedex, France
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