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2N — SRC (two nucleons Short range Correlation)




Short-Range Nucleon Correlations
(SRC)

Nucleon pairs that are close together in the nucleus

Momentum space: high relative and low c.m.
momentum, compared to the Fermi momentum (k)

kok, k>k, k =k,

r-space k. =250 MeV/c
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Exclusive hard scatterin
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Deep Inelastic Scattering (DIS) %

E E < TEL AL LIMIERSITY
scattered
lepton

Incident
lepton

(03) "

§;

7

Electrons, muons, neutrinos

SLAC, CERN, HERA, FNAL, JLAB Xpg gives the fraction of nucleon momentum
E, E’ 5-500 GeV carried by the struck parton

Q? 5-50 GeV” Information about nucleon vertex is contained in
w2 >4 GeV? F,(x,Q?) and F,(x,Q?), the unpolarized structure
0<X;<1 functions




Deep Inelastic Scattering (DIS) %

TEL ALY LINIERSITY
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dxd(Q? 04 02 X

The fraction of nucleon
momentum carried by the
struck parton.

Information about the nucleon is contained in

F,(x,Q%) and F,(x,Q?), the unpolarized structure functions.

dxd(Q? dxdQ?
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Comparing magnitude of EMC effect and SRC scaling factors %
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SLAC data: Frankfurt, Strikman, Day, Sargsyan,
Gomez et al., Phys. Rev. D49, 4348 (1983). Phys. Rev. C48 (1993) 2451.

Q2=2, 5, 10, 15 GeV/c? (averaged) Q2=2.3 GeV/c?
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Short-Range Correlations (SRC)
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Summary of SRC results B
In nuclel the momentum distribution of nucleons
can be divided into two distinct regions

SRC domain

np-SRC dominance
(tensor force)

LOG MOMENTUM DISTRIBUTION

Universality

NUCLEON MomMENTUIM

E. Piasetzky et al., PRL. 97 (2006) 162504.
R. Subedi et al.. Science 320. 1476 (2008). A. Schmidt et al., Nature (in print)



np-dominance in asymmetric nuclel %
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Boys have a greater probability than Girls to be above
the Fermi sea.

The fraction of correlated girls/boys is
grow/constant , as a function of the girls excess.



Summary of SRC results #
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High-Momentum Fraction

8L AUC Fe/C

1.2 1.4
Neutron Excess [N/Z]

In the high momentum tail, #protons = #neutrons,
irrespectively of the neutron excess.

Protons have a greater probability than neutrons to be
above the Fermi sea.

The fraction of correlated protons /neutrons is
grow/constant , as a function of neutron excess.

Generalized Nuclear Contact Formalism Phys. Lett. B780 (2018) 211.
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Prediction for the EMC effect e ‘ T M

£
(D)

n(k)4

EMC: small number of strongly modified nucleons.



Prediction for the EMC effect
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SRC universality =

can be used to extract F,’

For nuclel with N>Z

More protons larger EMC effect.

More Neutrons Saturation.




Neutrons Saturate, Protons Grow ‘%?f
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agz(O'A/N%d azpz(O'A/Z%d

Schmookler, Duer, and Schmidt et al., Nature 566 (2018) 354-358



Nucleus -independent

e ( AF

Mean Field SRC
Nucleons Nucleons

n(k)

Mean Field
Region

Correlated tail
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Schmookler, Duer, and Schmidt et al., Nature 566 (2018) 354-358
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Extract universal modification using Bayesian
iInference via Hamiltonian Markov Chain Monte Carlo

‘24 F5 n?RC ”ch
— =@Z-N)—=+N+ (=N | =2 (aF7 + AF)
p) Fs nsrc Fs
Universal modification
function
EMC-DIS Data For/F29d Data  a» Pair Abundances
1'1_J *cfp “gi “AIfD | 0,70 - :::::;ﬂlfn.aroi-u a[— crfD f“ TaD {_
10 + | ¢ DataatQf=-12 j: A : - _
o9f e e 14-- %L I A B smower | ".t'
g ®FubisPed Baa (Lab) T . e 060 ﬁ ?&’f. —— __..'S‘.‘
s SFefD T ppyip : A “F.FL#LQ {. “PU’;*E
14% | i\.‘\\ | | 1 -'... 1 -"..' *_
::: io: i}: 0'500_2 03 04 05 06 07 08 “a:‘q‘.“; e “’H:Q e s ¢ X
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Universal modification function of nuclei

0.20
+ W2 <2 GeV?
0.15 1

0.10

Nuclear-DIS

0.05- [this work]

0.00

funiv = N2 (AFS + AFR)/FS

—0.05 1

02 03 04 05 0.6 07 0.8 09 1.0

(All 31 model parameters simultaneously extracted from joint posterior)

Segarra et al., Phys. Rev. Lett. (2020);
Segarra and Pybus et al., Phys. Rev. Research (2021)
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Reproduce the data remarkably well

e EMC-SRC
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Segarra et al., Phys. Rev. Lett. (2020);
Segarra and Pybus et al., Phys. Rev. Research (2021)
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jiction F?  FL/FY
0.7 ‘
All nuclear data
o 06 (DIS and SRC) with
2 SRC/EMC correlations
F5Y o.s-
__PQCD,
04 DSE
0.31
- Scalar
Diquark
0.2 . . . n
0.2 0.4 0.6 0.8 1.0 F/ _1/4
XB sz
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Segarra et al., Phys. Rev. Lett. (2020)



Verified Predictions!

CJ1
. « Scalar
Arrington et §/. Diquark
0.2 ' ' '
0.2 0.4 0.6 0.8 1.0
\_ X /

MARATHON Data: Abrams et al., Phys. Rev. Lett. (2022)
SRC/EMC Prediction: Segarra et al., Phys. Rev. Lett. (2020)
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Extracting nPDFs

Traditional
NCTEQ

All nucleons
modified

nucleus (A) dependent
parameters

SRC inspire
NCTEQ

A. Kusina talk, | Only pairsare

DI1S202
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FA#-Z-FP+N-F)

x2/dof

- DS
I DY
_— 7
JLAB DIS

s traditinal

Equal quality global fits

Fit well non DIS data

universally modified | Fit well large and low XB

beyond the EMC range



Nuclear Drell-Yan Data
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Predict: np dominance
and

SRC Abundances
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Predict large modification in SRC pairs

SRC
Nucleon

Preliminary
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Is the EMC effect associated with large momentum nucleons ?

Hypothesis can be verified by measuring DIS off Deuteron
tagged with high momentum recoil nucleon

Focus on the deuteron:

-
recoiling
spectator

Thursday, February 23, 2023

10:40 AM Tagged DIS for bound nucleon structure Tyler Kutz




Is the EMC effect associated with large momentum nucleons ?

e

recoiling
spectator

2

CLAS12

scattered
electron

spectator
proton

Spectator
neutron

Sl T T 11 GeV e

I Deuterium

JLab Hall B

11 GeV e

Deuterium

jet from JLab Hall C

struck quark jet from

struck quark

E 12-11-107 E12-11-003a




Neutron tagged DIS on °H

0.2 0.4 0.6
X/
large modification
of deeply bound proton

Thursday, February 23, 2023

10:40 AM Tagged DIS for bound nucleon structure Tyler Kutz
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In nuclei the momentum distribution of nucleons
can be divided into two distinct regions

High-Momentum (SRC, )T

It 1

08 ; (o] Al Fe Pb
L !

1.2 1 f4 116
Neutron Excess [N/Z]

np-SRC
dominanc

P
of the neutron excess.

\\‘\\x‘
'\
!~k|: ~20%

NuclLeolN MoreENTuLM
The fraction of correlated protons /neutrons is
grow/constant , as a function of neutron excess.

LOG MOMENTUM DISTRBuTION

—

- v o @
T [T [rrr Tt

0

08[- AIC Fe/C ’
Pb/C

High-Momentum Fraction

T2 14
Neutron Excess [N/Z]

Generalized Nuclear Contact Formalism



Summary

EMC iIs associlate with 2N SRC:

5 B

a,(A/d)

*Protons are more medium modified
than neutron .

N 0.7

e + W2 <2 GeV’ . 1.5

L oas o6

&~ 57 . Nuclear-DIS

j: 0.10 + = CT14 [this work]

F; os 7

3, 7 1.0

< Nuclear-DIS

o 005 [this work] 04 o
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- 4 I 0.00 i3 !
> :
3 5 X
-0.05
—— . — 0.2+
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0.8 ——T 0.8

EMC effect is
Isospin
dependent

4
a',(A/d)
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Removal probability for
valence protons
from

NIKHEF data

L. Lapikds, Nucl. Phys. A553,297¢ (1993)

S # 0.65 for valence protons
Reduction = both SRC and LRC

®

S/(2j+1)

0.0

Mean Field Theory

VALENCE PROTONS

10’ 102
target mass —




R. Subedi et al., Science 320, 1476 (2008).
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The high momentum tail in nuclei is dominated by SRC pairs

Most of the SRC pairs (90%) are np only 5% pp and 5% nn




53

Reviewed in Prog. Part. Nucl. Phys. 52 (2004) 377-496

high momenta

Mean-field nucleus

Location of high-momentum
components due to SRC

at high missing energy

Yy

High-energy strength
due to SRC
and tensor force

r10%

Coupling to surface
phonons and
/Glant Resonances

——
65% quasihole strength

z'

10%

rCoupling to surface
phonons and
Giant Resonances

0

Spectral strength for
a correlated nucleus

o SRC theory

(£661) 2,62 £GGY "SAy4 "|oNN
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U02|2Nu 214SD|3
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Nucleons has Isophobia W
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(np —dominance)

repulsive core

...n-"""--.‘r
300-600 MeV/c

® short range attraction

—

only np-SRC
> pp- nn- np- SRC Vin () =Ve (N +V1 (N3,

Sy, =3(0;-F)(o, -f)— 00,
The consequences:

Protons have a greater probability than ~ For nuclei with N>Z
neutrons to be above the Fermi sea.

More Neutrons => More Correlated Protons



R. Subedi et al., Science 320, 1476 (2008).
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The high momentum tail in nuclei is dominated by SRC pairs

Most of the SRC pairs (90%) are np only 5% pp and 5% nn




SRCs Dominated by np pairs

10— ® This Work A JLab Hall A, direct
i 0 JLab CLAS, indirect

| "F:E3 F)t)

pp/np ratios [%0]

non-loc

0 ] ] Ll | ] ] ] ] ] ] Ll |
10 10°
A

Duer, PRL (2019); Duer, Nature (2018); Hen, Science (2014); Korover,
PRL (2014); Subedi, Science (2008); Shneor, PRL (2007); Piasetzky,
PRL (2006); Tang, PRL (2003); Review: Hen RMP (2017);
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Universality (factorization) W
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«

: (,;‘,ompering ab-initio \
VMC and nuclear : :
 contact calculations. « Universal function: the zero energy

solution to the 2 body problem

K [fm™]

GCF: Generalized Contact Formalism  Phys. Lett. B780 (2018) 211.



GCF: Generalized Contact Formalism %
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vy — Z goa(’!‘ij)A%(Rija {"'}k#j)

The nuclear contacts and short range correlations in nuclei

R. Weiss,! R. Cruz-Torres,? N. Barnea,! E. Piasetzky,® and O. Hen?

Phys. Lett. B780 (2018) 211.

Cgiompering ab-initio“.
VMC and nuclear
~_1contact calculations,

2

1, (k) — €&, (| + €2, @2 ()] +2¢2, |92, (k)|

I:O,25:1j:1][ l=s=]=

np pairs pp, NN, Np pairs

Residual




Exclusive Hard scattering in selected kinematics %
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selected kinematics =2
-> scale separation, factorization

TEL ALY LIMIERS TS

Pcm K Prel < q

Universality

o = 9 D(pu Precoit - recon) TFSI
‘—r—’
GCF

. n( ECM ) ' Z Ca Don (5relative
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