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Short-Range Correlations (SRCs) — close proximity nucleon pairs

Short-range, short-lived, High momentum of correlated nucleons,
highly correlated nucleon pairs low pair momentum

k>k, k>k, k~k

k. =~ 250 MeV/c

Position-space Momentum-space
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SRC studies with hadrons
SRC studies with leptons
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Study SRC with hard scattering
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High energy: small de Broglie wavelength

Large momentum transfer g

A<R
g-R<1



Scale Separation: 4 > Prelative > Pem

hard scattering

~100-150 MeV/c

ppair

PRC 92 (2015), PLB 780 (2018), PLB 791 (2019), PLB 792 (2019), JPG 47 (2020), Nature Physics 17 (2021),
PRC 104 (2021), PRC 53 (1996), PRL 119 (2017)

Elementary Nuclear Two-body Center of mass
eN cross section Contacts wave function motion

Oo,p — JeN(q) . Z ) CfN ) |(p(prefarive) |2 ) n(ppair)
NN-pairs



Advantage of hadronic probes

pp elastic scattering
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Advantages of inverse kinematics

Fully exclusive measurement

Suppress rescattering

More information on initial ground state
More information on reaction mechanism

Exotic unstable very asymmetric nuclei



Experiment with hadronic probes at BM@N/JINR
in inverse kinematics

Mean-field: 2C(p,2p)''B
SRC: 12C(p,2p)°B,°Be

M. Patsyuk, JK et al. (BM@N), Nat. Phys. 17 (2021).

See talk by Timur Atovullaev on Friday Oct 4th at 9.50
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Why pA (summary)

* Large cross section , high beam intensity = superior SRC statistic

* Selects high momentum nucleons (SRC pairs)

* Allows inverse kinematics:
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* Fully exclusive (including A-2)

* Suppress rescattering

More information on the ground state
More information on the reaction mechanism

* Acess to exotic (very asymmetric) nuclei

* Multimessenger study pA with eA and yA
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SRC studies with hadrons

Fragmnets tagging
(R3B, JINR, HIAF, ALERT@CLAS12)

Neutron-rich nuclei / isotopic chains
(R3B, CLAS12, HIAF)

Polarized probes
(INR)

High statistics
(HADES, JINR, HIAF)

R3B

HADES

JINR
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NICA)l at Joint Institute for Nuclear Research (JINR)

Clean Room
(Detector Electronics) SPD

(Detector)

Extracted beam

Internal target
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Magnet factory

Cryogenics

Nuclotron
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New SRC experiment with tensor-polarized deuteron beam

d beam, p < 5.5 GeV/c/nucleon,

New experimental area intenSity 10° d/S
Various polarization P2z
configurations \ L ' py
are available 1 1

Internal target

Heavy lon Linac

lon source “

Polarization can be changed
every spill (o, , 0_, 0,)

Nuclotron
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Quasi-free (p,2p) scattering

Target proton Scattered proton

miss f
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Reconstruct initial nucleon momentum P
P = Pl + I:)2 B I:)beam
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miss

~90° c.m. scattering

from scattered particles
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A,, for hard quasi-free breakup of the deuteron: cf(p, 2p)n
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Tensor asymmetry has a better sensitivity to admixture of small w.f. component than o

u2 + w2
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See talk by Misak Sargsian on Wed. Oct 2d at 14.45 16



What can we study? -
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1. Relativistic description of the bound system

2. Ratio between S- and D-waves of the deuteron =

»

3. Final state interactions in the high-momentum region

/// )
(>

4. Non-nucleonic deuteron components in polarization = >
measurements =
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Relativistic description of the bound system

Too = — (0(1,1) + o(1, —1) — 2- o(1,0))

1
3

Light Cone

6,s = 180° To

Curves with triangles Include FSI

/ /Virtual Nucleon
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Work in Progress P. M eV/c
miss
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Ratio between S- and D-waves of the deuteron

NN-potentials have different D-wave contribution Yu. Uzikov
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A. Larionov

Impact of FSI

Plab=0 GeV/c, O, ,, =90°, piss < 0.3 GeVic Plab=0 GeV/c, O, , =90°, piss > 0.3 GeVic
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|IA = Impulse Approximation

GEA = Generalized Eikonal Approximation See talk by Alexey Larionov later today



Hard quasi-free breakup of the deuteron: ci(p, 2p)n

Time-of-flight detectors
Coordinate detectors
Scintillator counters (TO, charge)

P Two-arm spectrometer like 2022
A polarimeter separately or

incorporated into the setup

Expected trigger rate < 5kHz
based on single arm trigger

Applied for RSF-NSFC grant 2025-2027
21



SRC event rate estimation

GCF-based simulation
Focus on the deuteron high-momentum tail:

e |t| &|u|>1GeV?
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e Two-arm acceptance: 200 < O1ap <45Y; -200 <| @1ab| < 200

® Pmiss > 0.25 GeV/c.

BOF

g
a

s 0 "
c - [= C
; 7oE- *H]LH#} ; 300 ++
@ - i -+
s o o 2 N
T g :— Il Hﬂ. © g
- 200 -+
40} HH -
- +H 150
aof- b : +
- + -
- 100l—
20 - +l+ I~ —_
- +H
10 a4, so— —-—
- ey, - —
0 - o | +J ST S I S T S N N S S q-;-.:-.,""ﬂ-——_l. el L G: . N B B _]—'_ L a1
0 1 2 3 4 5 6 0 0.2 0.4 0.6 0.8 1.2
p (GeVic) P (GEV/C)

Momentum of protons in the arms

mb

do

J. Kahlbow

E\
107 &
=102
G
S10°%:
10_4% \
1075L
E.,.I...l... PRI T WA SR T T W SR T NN ST S i M
0 2 4 8 10 12 14

|
6
P,(GeV/c)

data-based pp cross-section

urQMD generator:

At 106 deuteron/s
~200 coincidence triggers/s (4/5 with
pions)

Trigger rate below the DAQ limit
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Experimental area
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First SRC experiment
with polarized probes
coming in a couple of

years
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We welcome new members/groups to

Gain practical experience
Work with the polarization
Test detectors/electronics




Summary:

. j(p, 2p)n exclusive measurement in SRC kinematics aiming at A,, at high P

miss

* Two-arm spectrometer, JINR LH target + DAQ, new MWDC from China

e Can be done in the next couple of years complementing the world-wide SRC effort

(ALERT with polarized target at JLab - 2025)
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Thank you!




Current world data on T,,

Fragmentation of polarized d measured along the beam

Backward elastic dp and inclusive d breakup at O degrees (d,p)X
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where n* and n~are the numbers of protons for the
”+” and ” — ”’states of polarization, normalized to the
corresponding monitor values.

L. S. Azhgirey Phys. Lett. B 387 (1996)

Curves show results of calculations with the
Niym-I deuteron wave function in the framework of multiple
scattering: with (bold solid line) and without quark exchange
(short-dashed line); and IA: with (long dashed line) and without
quark exchange (dotted line).

Kobushkin, Phys. Lett. B 421 1998
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