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Short-range correlations (SRCs)

SRC pairs

proton
® Short separation distance

neutron

® [ow center-of-mass momentum
® High relative momentum

® np dominance

Mean-field : Short-range Important for understanding:

: _f.  correlation v NN interactions
vV

v’ EMC effect
v" Neutron-star properties

log momentum distribution [fm"’]

-1
nucleon momentum k [fm ]

Nucleon momentum distribution.
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Short-range correlations (SRCs)

Inverse kinematics (p,2p) scattering Nature Phys. 17, 693 (2021)
 Quasi-elastic electron scattering (€,6’p) Nature 609, 4 (2022)

Gamma-ray emission in heavy-ion collisions Phys. Rev. Res. 7, 043174 (2025)

(0] This Work A JLab Hall A, direct
| (SCX corrected) O JLab CLAS, indirect

Fe Pb

pp/np ratios [%]

GCF
N2LO
- AV18
- N3LO ......
sir‘gle I"IUCIEOHS 0 [ L L L L T
H., B.. B, 10 10°

® For 12C, 20% of nucleons form nucleon pairs, np pairs dominate Science 320, 1476 (2008).

® Almost the same pp/np ratio for C, Al, Fe, and Pb PRL 122, 172501 (2019).
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Nuclear contacts
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SRC-pair abundances

e High-momentum-tail fractions; Inclusive cross-
section ratios; Exclusive electron scattering

Investigations of SRC-pair abundances are

currently limited to light and stable nuclei. E'f_":'e i

Generalized contact formalism (GCF)

R. Weiss et al., PRC AZgD (R, ).
92, 054311 (2015) ") !

spin-zero pp, nn, and np pairs;

. . : . _ d
spin-one np pairs (deuteron channel) Po :asymptotic two-body wave

function
Pair density: at short separation distance

p . (r)= pp/nn | wpp/,m ). Nuclear contacts: Cpp/,m N;Ip/nn

at large rela‘uve momentum quantifying the abundance of pairs
| & 0P in channel a.

pp/nn

n

pp/ nn pp/ nn pp/ nn
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Nuclear contacts

Small separation, r

(r) =

Large separation,

Variational Monte |
Carlo calculations

(r) .

| ¢

pp/nn

0

pp/l’l}’l pp/l’l}’l

pfv]ﬁ(r)zj’ dRp (R+r1/2)p (R-1/2),

PN : one-body density

Accounting for the fermionic nature of 79=0.9 fm  rlml
the pp/nn pairs The pp pair density for 4°Ca.
’ F 0 | .0 >
kP ‘ A =(. f 7) = C 7 ;
p;(r):Nng()l_;]l(kp)( ZJ | t 7,=0.9 fm, ﬂpp( ) pplgppp( )|
® Possible extraction of nuclear

contacts for heavy nuclei and
unstable nucleil.

R. Weiss et al., Phys. Lett. B 780, 211 (2018).
R. Weiss et al., Phys. Lett. B 790, 484 (2019).
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Nuclear contacts of unstable nuclei

point-proton density and GCF — pp contacts
(Skyrme Hartree-Fock-Bogoliubov, HFB)

0.56 .
02 2_' Sn : * Experimental charge density
0.48 s, | N=82 and Skyrm.e HFB point-

o | YagiEeaal ! proton density (SLY4, SIII,

TN 0441 oAl L !

°°°°:‘;é'ln“*m“ | SKM*) are used to evaluate
] M“w“% the pp contact C,,
HFB-STII | !
036} | e i * The pp contact (%, generally
PR s b st s oS AP decreases with increasing A.
77100 105 110 115 120 125 130 135 140

A

The pp contact C°,, values as a

* The correlation between CY,
and A4 1s model-dependent.

P

function of 4 for Sn isotopes.

T. Liang et al., Phys. Lett. B 857 138965 (2024).
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Nuclear contacts and nuclear radii
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point-nucleon density

/ N\

. P ny (r 0)
RMS radius Cyy = 2
0.50 ()
0.48 -
0.46 Sn * A correlation between C°,
0.44 and r, that is largely
»{0-42 HFB-SLY4 e insensitive to the model
" o HFB-SIII ,
040F ,  HFB.SKM* " choice.
038} Experimental charge densﬂy-._d . ) .
| ws=s Polynomial Fit e A similar correlation 1s
036F .3 :
| Ury obtained for both 7, and .
034 1 | 1 | 1 1 1 | 1 | 1 | N 1 1
440 445 450 4.55 460 4.65 470 475 480 : : hatel
r, op 18 approximately

_ proportional to 1/ 73, .
T. Liang et al., Phys. Lett. B 857 138965 (2024). P
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Nuclear contacts and nuclear radii

| g [A/d : :(AV18+UX : :(NQLO(1.U fm)
PRI ot i
Quantum Monte Carlo calculations: A B g s P
R. Cruz-Torres et. al., Nature Phys. 17, 306 (2021) S L e e

-

 The calculated nuclear contacts show 5 [Ae |
weak dependence on the choice of ‘
NN interaction.

Cy,  ratios
=) Ty —
[42] o o

T I
T

e
» ——

(2]
w

* Nuclear contact (the abundance of e

SRC pairs) is a long-range property. s ep I g
of 4L #i;;; ;piii;i - ki ] 'dﬁ %
Generalized Levinger model teemomoroE
R. Yankovich et. al., Phys. Rev. C, 111 L051304 (2025). cto_ O zZ’

The generalized Levinger constants connect nuclear
contacts with RMS radii.
14th Joint Workshop on Physics of Strong Interacting Systems
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Nuclear contacts and nuclear radii

« HFB-SIII
Uil Pb = HFB-SKM* 16l
HFB-SLY4 '
0.72 - + HFB-SKI3
< " HER-SRE, 14l
<< 0,pp = p F < é
O0.68F (a) » O | (b e HFB-SIII
i 1l = HFB-SKM*
) 4  HFB-SLY4
0.64F + HFB-SKI3
v R v HFB-SKX
. 1.0} b
060 1 . 1 L 1 L 1 L 1 L 1 L 1
5.3 54 5.5 5.6 5.2 54 5.6 5.8
R, [fm] R, [fm]

Nuclear contacts for Pb isotopes versus RMS radii of nucleon density distributions
for pp pairs and nn pairs. Lines are the results of the generalized Levinger model.

A _ 0 Z° % The generalized Levinger model can well describe the

Orp T R_;’ correlation between nuclear contacts and RMS radii.
4o 0 N_2 » Model-independent correlations between nuclear contacts
0, o p3 and RMS radii.

T. Liang et al., Phys. Lett. B 863 139351 (2025).
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o | LY s - T. Liang et al., Phys. Lett. B 863
: 139351 (2025).
Dg': z-28 H o L3, [fm’]
. s g "Moo L0 :0.0155 to 0.0170 fm3
Neutron number L,,:0.0151 to 0.0165 fm3

Generalized Levinger constant for nn pairs 19,

» The values of L0, and L°,

2 Ly, ‘ remain nearly unchanged.
=
> N=126 . . .
5 » Universal relationship between
> L“ s oo BT nuclear contacts and nuclear
il N=50 .o
N —— radii.

Neutron number

» Nuclear contact is a long-range
property.

Generalized Levinger constant for pp pairs 10,
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Deuteron

The high-momentum region

——NV2-la remains poorly constrained
07F ——Nvaib . I
. ——AVI8 i experimentally.
10_9 i 1 1 L 1 L 1 M 1 1 1 1 1 ]

k [fm™]

Deuteron nucleon momentum distributions 7(k)
calculated with various NN interactions

https://www.phy.anl.gov/theory/research/momenta/
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Experimental nucleon momentum distributions

Plane Wave Impulse Approximation, PWIA

10° -
2o o (4.045 GeV, 30°),0=2.8 (GeV/cY
. . | o 2_
Inclusive cross sections 102 RS ® (4.045GeV,37°),0"3.5 (GeV/ey
dwdS o AN o (5766 GeV, 18°),0°=2.5 (GeV/c}
) X > (5.766 GeV, 22°),0°=3.3 (GeV/c)
| large Q7 > 10° (5.766 GeV, 26°),0°=4.1 (GeV/cY
D)
. . — AVI8
Scaling functions F(y) glO'z o
S —— NV2-IIb
R
) 1°F Deuteron
Nucleon momentum distributions n(k) . A

p—
=
(@)}

01 03 05 07 09 11 13
k (GeV/c)

For A>2, excitation energy of the recoil A-1 system affects the
extraction of nucleon momentum distributions.

T. Liang, D. Bai, Z. Ren, Phys. Rev. C 109, 054313 (2024).
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Experimental nucleon momentum distributions

Excitation energy of the recoil 4-1 system

2 2 2 2
FAREG _ VR +my — k2 +m3, k <k,
—1 -
Vk2+m3 — k% +mi — EY |, k> kp,
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2 10 10! f-Ftas o T. Liang, D.
S i N Bai, Z. Ren,
=101} 10 \?\?\.}\ Phys. Rev. C
@ | Nuclear Matter 113, 064319

NS
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Summary

Nuclear radii and nuclear contacts are connected through the
generalized Levinger constant:

2

CA 0 Z
0, pp pp R3 ’
p

2

A 0 N
CO,nn T R3 *

» Providing evidence that spin-zero SRC pairs is a long-range property.
» These relationships require further experimental validation.

» New extractions of nucleon momentum distributions, including recoil

excitation effects for 4 > 2.

Thanks!
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