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Short Range Correlations (SRCs);

Quenching of the Spectroscopic Factors;
EMC effect;

How to probe SRCs;

JINR Experimental Program

& Dubna (JINR) test experiment;
®  Derivation of observables to isolate SRC physics.

R3B Experlmental Program

Experimental S

e (p,2p) analysis; » | _ﬁ
& Derivation of observables to isolate SRC physics. LONGQING A%LYSIS

() FAIR First Physics Program
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INTRODUCTION @irfuJ

What are Short Range Correlations?
a 92
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INTRODUCTION

INDEPENDENT PARTICLES
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* Neutrons and protons move o,
independently in well-defined —
guantum orbits; N
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INTRODUCTION '

LONG-RANGE CORRELATIONS

* Pairing and particle-vibration
coupling;
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INTRODUCTION

SHORT-RANGE CORRELATIONS

* High relative momentum and

low centre of mass (c.m.)
momentum pairs; I~k =
nNocl ol MoreENTUI

LOG MoMENTUM DISTRIuTION
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INTRODUCTION

High relative momentum and low centre of
mass (c.m.) momentum pairs;

Mean Field

\ + short-range
~k ‘\ correlations
Fl

Log momentum distribution

\\
Nucleon momentum
O. Hen et al. (CLAS Collaboration), Science, 346 (6209):614, 2014.
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INTRODUCTION .

High relative momentum and low centre of
mass (c.m.) momentum pairs;

* mainly proton-neutron (pn) pairs;

D Single nucleons

.n-p -n-n Dp-p

R.Saubedi,Science, Vol 320, (2008)
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INTRODUCTION .

. . np Dominance
High relative momentum and low centre of

o — . JLab Hall A, di
mass (c.m.) momentum pairs; [ @ This Work Lo CLAS indirect
) Al
2 C
g ‘ [Fe Pb
* pp/pn ratio does not change with A; s | Jl | 0
— 5 GCF 1 T SA
& | noo . T
S | avis R 1 4 .
Q o ,
N3LO ;i E
M I10 | | A - I102

Duer, PRL (2019); Duer, Nature (2018); Hen, Science (2014); Korover, PRL (2014); Subedi, Science
(2008); Shneor, PRL (2007); Piasetzky, PRL (2006); Tang, PRL (2003);
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INTRODUCTION .

High relative momentum and low centre of
mass (c.m.) momentum pairs;

* The fraction of high momentum protons
increases with N/Z.

1.8

c -

o .

P % ?(Q'gp ST

3
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[ — on -

NP = Neutrons

210 — ¥ z

_: B ) -

= Al/C Fe/C pb/C &
06 1 1 ,

1.0 1.2 1.4 1.6

Neutron excess, N/Z

Adapted from M. Duer et al. (CLAS Collaboration), Nature, 560:617, 2018.
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INTRODUCTION @irﬁj

whﬁ S&Md'j Short Range Correlations?
Quenching of the n ,)

EMC effect |

spea&rasaopw n‘ ’3 ‘ |
k

factors 3l o ﬁNeu&rm\ sf:m’s\

Equation 0f State

m and many more ...
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whﬁ S&Md'j Short Range Correlations?

EMC effect |

Quenching of the n ,)

spea&rosaopw n‘ ’3

factors
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INTRODUCTION .

Quenching of the spectroscopic factors

Reduction of measured nucleon removal cross section with respect to the
‘ prediction of the mean-field theories

W.H. Dickhoff, C. Barbieri / Progress in Particle and Nuclear Physics 52 (2004) 377496

B
ol | = Correlations between nucleons modify the
Long Range | i Mean Field Theory | mean-field approximation;
_________________________ 08+ """ .
T _ 160 415 B _ = About 30% — 40% of the nucleons participate in
Short Range _ NN correlations, which are distinguished into
& wor 1L L 208ph long-range (LRC) and short-range (SRC);
7B 12¢ Ca |
o4 i} = Are thought to be the reason for the quenching
] ] of SF observed in (e,ep), (p,2p) and transfer
0.2 N reactions.
VALENCE PROTONS
0.0 i = Depletion of the single particle states below the
target mass ——= Fermi momentum.
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EMC effect

The European Muon Collaboration (EMC) at CERN observed a decrease of per-nucleon
electron deep inelastic cross-section in nuclei with A>2 compared to the deuteron.

1.2 + 50 4
e Deviation of the per-nucleon DIS
cross section ratio of nuclei L1 F
relative to deuterium from unity. a1l ]
e Universal shape for 0.3<x<0.7 é“' 0.9 - |
and 3<A<197. ¥
0.8 - .
e No fully accepted theoretical ‘ : . ]
explanation. U1 bSh;'ggtlv)ing EMC Region I\;ZI:;L |
0.6 Lo

0 0.2 0.4 0.6 0.8 ]
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INTRODUCTION

EMC effect

EMC
f H O F T1 1 |
b My, 4 - . -
E R R |
R 085 4 D. Day et al.
N 115 f ' B
g 1" A3k t ay(Ald)
g; E M“‘A‘ N +
e085r 140
1.15 12 b 2 -EMC SIOP W+
5 T . T
B O I . fog
"1 [J.Gomezetal. bl
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¥

SRC Data:

L. Frankfurt et al. , Phys.Rev. C48 (1993) 2451
N. Fomin et al., Phys.Rev.Lett 108 (2012) 092502

03050.7091113151.715°5
X
B

EMC Data:

(ca/A)/(cp/2)

o O W o O
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SRC

W O

3F
0 e’

0.8

1.

1.6 1.9

¥

2

J. Gomez et al., Phys.Rev. D. 49, 4348 (1994)
J. Seely et al., Phys.Rev. Lett. 103, 202301 (2009)
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INTRODUCTION .

EMC effect

EMC slopes versus the SRC scale factors. The two values are strongly linearly correlated.

0.4

¥2 | ndf 5.673/5 97804
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EMC Slope

0. Hen et al., Int. J. Mod. Phys. E. 22, 1330017 (2013).

1
0. Hen et al., Phys. Rev. C 85 (2012) 047301.

L. B. Weinstein, E. Piasetzky, D. W. Higinbotham, J. Gomez, O. Hen, R. Shneor, Phys. Rev. Lett. 106 (2011) 052301.
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Total US Highway Fatality Rate

auh.
R
Qo

INTRODUCTION

-
1996 R2 = 0.97
15.8
15.6
15.4
15.2
Sources:
15 {U.S. NHTSA. DOT HS 810 780

200

U.S. Department of Agriculture 2000

250 300 350 400 450 500 950

Fresh Lemons Imported to USA from Mexico
Metric Tons

O.Hen talk on EMC and SRC
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INTRODUCTION .
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Metric Tons O.Hen talk on EMC and SRC
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How we s&udj Short Range Correlations?
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PROBING SRC Eirftl_l

Scattered
Direct kinematics Targetnucleus - oton

D i o
™ Fmiss, Em|SSI Precom

P (indirectly);

> 8

-ragment |D.

Knocked-out
proton
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PROBING SRC o

Inverse kinematics

& Prmiss, Emiss, Precoil; Scattered

| & Pcm (direct Y): Target p(p\t_\qn pﬁ%on A-2 residual
& Fragment ID; Beam | ﬂ\ N nucleus
@ Exotic nuclei; @ k\ - @ 3—4 ) "%‘?‘

@ Higher cross-section for protons; e ‘ <SRC partner

Knocked-out proton ‘

.  — ——

& ISI/FSI challenges data
Interpretation.

22 Andrea Lagni
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PROBING SRC o

Proton scattering experiments

&7 TECHNISCHE
)=\ UNIVERSITAT
Y97—> DARMSTADT

« BM@N (JINR) pilot experiment (2018);
» R’B (GSl) Experiment (May 2022);
* Probe SRC in an exotic nucleus for

the first time;
* FAIR First Physics Lol.

Andrea Lagni
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BM@N Experimental Set-up E "
12C(p,2pN) Joint Institute for Nuclear Research

(JINR), 4 GeV/c/u Carbon beam

JINR Experimem&
(a)

e [est experiment;

e Test if SRCs are accessible in proton scattering in
inverse kinematics;

e Study sensitivity to ISI/FSI induced distortions;

e Selectivity of the QF mechanism:
proton missing mass Mp,ss and missing
momentum Ppiss;

g‘ :(a)’ BM@N Quasielastic
O 60 1)

. - BCp.2p)
Z y %\ + “Clp.2p)"B -

40 ) — Simulation _ tracking and momentum of the
[ * ' two scattered protons under large
20k ‘} *+ i laboratory angles with two-arm
'b" \ ' ', _ spectrometer (TAS);
o “\&, ,tgt ALl — pair-recoil nucleon (n or p) momentum;
b~ 02 [Ge%/i] 0.8 A-2 fragment momentum.
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PROBING SRC o

Proton scattering experiments

TECHNISCHE
UNIVERSITAT
DARMSTADT

* BM@N (JINR) pilot experiment (2018);
 R3B (GSI) Experiment (May 2022);
* Probe SRC in an exotic nucleus

for the first time;
* FAIR First Physics Lol.

Motivakions R33 Experimev\&

e Existing trend based on a few points; -
e behaviour can depend on shell structure (open/closed | _ &
shell effects); §
e mass and N/Z excess cannot be disentangled with E14 $ 9(0‘0“5/
stable nuclei. £ £ 3 B~ ?
é 10f Neutrons :
£ v .
e New measurement at N/Z = 1.67 ('°C), above the T AI/C Fe/C Pb/C &
0.6} 1 | |

largest available N/Z and at a much smaller mass. ¥ RS Vv SE— T e— 16

Neutron excess, N/Z
Adapted from M. Duer et al. (CLAS Collaboration), Nature, 560:617, 2018.
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R°B Experimental Set-up

“C(p.2pN) I
loc (p,2pN) o , l /

e = »~ o
27 =" 3 *\ ‘rons
. N \ ” nes I ‘
LiH y- o Yaa ‘j. ‘ .A., :- : \
(CEA SaClay) b € . : .« ‘,‘. 14.. \ : = ’ ,- = o S ~53 ‘

. 1.25GeVu |
[ 10° pps Intensity |

l‘_z;:;e»-.:-’- — ==

n SRC partner

heavy fragments/beam \.\

N 4

N

A-2 residual

i nucleus g
\ )\

G
) .KA_“/ N
N\

protons

- ‘l i - w 3 ' .-',‘." y < _ . ]
=\ WIS Shestest \ = T A" ; ' ToF wall

p SRC partner
Beam

Courtesy of D.Koerper

Scintillating fiber

CALIFA RPC detectors

calorimeter

tracking and momentum of the
two scattered protons under large

laboratory angles (Silicon + Calorimeter);
= pair-recoil nucleon (n or p) momentum;
— A-2 fragment momentum.
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Fragment analysis: MDF Tracking @ irfU_|

Mulki-Dimensional Fik (MDF)

% Find an expression to correlate particle hit
positions with their momentum;

F3a
(vacuum)
1325n@1GeV/u . F10 @18deg
Fidis (vacuum)
e F12 @ 18deg

<. (vacuum)

* The function can then be used to compute the
quantity of interest (mass, momentum and

Courtesy of V.Panin

12C Fragments PID

% !B associated with (p,2p) reaction channel;

% 9B contains information on np pairs; 20

% 'Be contains information on pp pairs; 15

10

-

e Ly oy -q e v v e e o 0
1.4 1.6 1.8 2 2.2 2.4 2.6 2.8

AoZ[GeV/c]
27 Andrea Lagni




O'F?QMLMS Angle

* In-plane Opening Angle between the two
scattered protons;

* Selection of 1B fragment;

(p,2p) analysis for 12

400 ® 12C(p,2p)llB
350
300
250
200
150

100

50

0 lIlIIIIlIIIllIIIlIIIIlIlIlI

40 50 60 70 80 90 100 110 120 130
®,,ldeg]

C

Alplfm Angle

pxXp, P-Q
| V2RI Z1 N V)
* Angle between the (p,2p) reaction plane and >C-

CoOSa =

1B plane;

150 ® 2C(p,2p)''B
100
350
300
250
200
150

100

50

20 40 60 80 100 120 140 160
aldeg]

o
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Quasi-Elastic event identification

Missing enerqy vs Opening &Mgi.e

® The !B detection is shown to select the
QE part of the reaction;
® Similar to BM@N (JINR) experiment.

—_ ~120 —8
oy S F
~ 3 -
= S0~ —
S SS. - =
S S b
o 100 p=— e [
~ gl
l =
] - 5
S
80 |~ [
70:— 3
60— 2
50 — 1
‘0:1 L 1 1 ] elaaal, | 1 1 5
-12 1 08 L6 04 02 0 02 04 06 08
Em,-”[GeV]
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Quasi-Elastic event identification

Missing mass vs Missing momenbtum

® The !B detection is shown to select the
QE part of the reaction;
® Similar to BM@N (JINR) experiment.

: 11 . .
% No selection of ''B fragment, sk SeleCtlon Of llB fragment;
* (p,2p) reconstructed with * (p,2p) reconstructed with
FOOT detectors; FOOT detectors;
2i 2_7 -
ﬁr: B - . '._ - _ == " .-_ = T —{35 { B - ) - - - ) — 10
S b L e T e e T ' &L PP '
~ 1.5— o - A= =" - ~ 1.5— = " "= - ---_1.-2. -
- LA T 4 S T AN LR LR - R
S e S i .
i e e T o5 ¢ S
P : - - 6
0.5 20 0.5 == i
- J I - iy -
o fheac 0 - ® ol i ¢
N 3 ' PR 10 i T
051 TR 0.5 2
N — -— 5 N
—1_—| | | | | | | | | | | I | | | I | | l--lil-l | | | | | | | | | | 0 _1_—| | | | | | 0
0 0.2 04 0.6 0.8 1 1.2 1.4 1.6 0 1.4 1.6
P, [GeVic] Puisil GeVic]
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Quasi-Elastic event identification

\

% Back to back emission
signature of QE reaction

mechanism.

Distribution of the cosine of the opening angle between the missing
and fragment momentum in the plane transverse to the beam

II|II

I =
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Hard Break-up of SRC pairs

@ Study SRCs by measuring >C(p,2p)'°B and >C(p,2p)'"Be;
® SRC breakup reactions produce 'YB and 1°Be fragments when interacting with a pn or a pp pair ;

® Fragment selection guarantees exclusion of secondary scattering processes;

* Missing momentum derived from 2

scattered protons ;
* Selection of 1°B (pn) and 10Be (pp)
fragment;
* 0.6<M?. [GeV?/c*]<1.2to ensure QF
reaction mechanism;
180
w= ot
1405— +
w1
S !
80— +
sof— + +
o 3t
2obs -
R
P, . [GeVic]

E . [GeV]

- ® Direct experimental probe for the interaction between the SRC pair nucleons and the residual A-2 nucleons.

0.2_
= 12
- W “C(p,2p)
L 12 10
0.1 e oy P A “C(p,2p)""B
= & A A
S D A LTt ¥ 2C(p,2p)"°Be
o e g
v s ‘Y A
B 1“ :A * - A A v
- 1.X “ “ Py “ ' F Y F ‘
~ SRSV YUY e »v v 4
-0.1— ¥ FY Y ! A A oy A
- A A & i A A
N A P 5 AyoA
- A » “ A ¥V A, A‘Y“: FY Y "‘ i Vi
- ATV A A A% A
—0'2__ i o,e - voA a, v
— ~ k 4 & b
| K A%
- A & Fy v
—0.3_— A Ya v
: A V¥
__0 4 _I | 11 I | L1 1 I | | | 1 I | 1 1 | | 1 1 1 I 1 1 | | I | L1 1 | | L1 1
"0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
P, [GeVic]
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() PERSPECTIVES

Whats nexk?
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PROBING SRC o

Proton scattering experiments

&7 TECHNISCHE
)=\ UNIVERSITAT
Y97—> DARMSTADT

* BM@N (JINR) pilot experiment (2018);
» R’B (GSl) Experiment (May 2022);
* Probe SRC in an exotic nucleus for

the first time;
* FAIR First Physics Lol.
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Perspectives

Short-Range Correlations as a function of mass and N/Z
asymmetry using Tin isotopes at R3B

SIS 300

IS 1
bl SIS 100

' ‘GSI O

Lol for FAIR First Physics  Hesr
i & /‘/NuSTAR

SRS RESR * I e
Ao

T.Aumann, M.Duer (TU Darmstadt), J.Benlliure, D.Cortina (University of Santiago de
Compostela), A.Corsi (CEA Saclay), O.Hen, J.Kahlbow (MIT), V.Panin (GSl), S.Paschalis,
M.Petri (York University), E.Piasetzky (Tel Aviv University), .....
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Perspectives
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< 0AL: probe pair ratios, relative and center of mass momentum, and fragment final

state in at and around magic numbers, at different A and N/Z.

e 110,120,13265n @ 1 GeV/u on 5 cm
LHZ2 target;
e 1325n from 238U coulex, 110.120Sn

from 136Xe fragmentation.

-132Sn: doubly magic, n-rich;

High-momentum fraction

-120Sn: ref. Channel with e
scattering (and same N/Z as 48Ca);

-110Sn: small N/Z.

1.8

1.6

1.4

1.2

1.0

0.8

0.6

—

o L L

o

132¢ 4 16C

'lll'lll'lll'll

=
=

Neutrons

|

i

Pb/C

1.4
Neutron excess, N/Z

1.6
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WPCF Resonance Workshop 2023 jez] irfu

Physique des 2 Infinis et des Origines
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