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IN-SRC 101

2N-SRC are pairs of nucleons that:
* Are close together (overlap) in the nucleus

 Have high relative momentum and low c.m.

momentum, where high and low is compared to
the Fermi momentum (k;) of the nucleus
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Exclusive pp-SRC Studies

Measurement Concept:
1. Electron knockout of

nigh momentum ) @
oroton ey T electon
electron
2. Reconstruct the initial |
momentum of the
knockout proton | 9
3. Look for the emission Knooked-out
. . proton
of a recoil proton with

momentum that Conlated prver
balance that of the
struck proton




Previous Results — 12C

* Exclusive *C(p,2pn) and *C(e,e’pN)
measurements probe the structure of the high
momentum tail of the nuclear wave function

 Results show that for 300<P_..<600 MeV/c all
nucleons are part of 2N-SRC pairs

, ~“90% np-SRC |
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A. Tang et al., Phys.Rev.Lett. 90 (2003) 042301 R. Shneor et al., Phys.Rev.Lett. 99 (2007) 072501
E. Piasetzky et al., Phys.Rev.Lett. 97 (2006) 162504 R. Subedi et al., Science 320 (2008) 1476




Data-Mining Analysis
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(main) Analysis Goals

1. pp-SRC universality in large A nuclei
1. Existence

2. Characteristics (c.m. and relative momentum
dist.)

3. Probabilities

2. Extend |P
force?

3. Nuclear Transparency - FSl in SRC kinematics
[O. Hen et al., arXiv: 1212.5343]

4. Quantum Numbers Extraction?

miss| coverage — transition to scalar



EG2 Experiment

e Run at 2004 in Hall-B of
JEﬁe rSOn Lab . ‘ Electromagnetic

Calorimeters

Electron Beam

e 5 GeV electron beam

Cerenkov
Counters

+ targets
simultaneously Chambers

Time of Flight
Scintillators

R '-_.,\\‘ Data Collected for:

A ,,\2 Deuterium + 12C/>%Fe/2%8pPp
g 27|



(e,e’p) Event Selection

1. Kinematics
— Xg>1.2
— |P.s| >300 MeV/c K&
=» Q%2>1.5 GeV/c?




(e,e’p) Event Selection

1. Kinematics
— Xg>1.2
— |P....| >300 MeV/c
=» Q%2>1.5 GeV/c?
2. Leading Proton
- 6,,>25°
— 0.62< |P|/|qg| <0.96
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(e,e’p) Event Selection

1. Kinematics
— Xg>1.2
— |P....| >300 MeV/c
= Q%2> 1.5 GeV/c?

2. Leading Proton
- 6,,>25°

3. Missing Mass
— M

miss < rnN + mTt

2 14 6 T8

M, [GEV/C?]



Xg and Resonance Excitations
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Xg and Resonance Excitations
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Xg and Resonance Excitations
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Xg and Resonance Excitations
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Nuclear Transparency

e Definition (1):

— Nuclear transparency is the average probability
that a struck proton escapes from the nucleus
without interaction
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Nuclear Transparency

e Definition (1):

— Nuclear transparency is the average probability
that a struck proton escapes from the nucleus
without interaction

e Definition (2):

| Experiment

UPWIA € €p Theory

With:
d°o

dELdQwdE!,dQ,, = p E,07°5(p, E)

OPWIA —




’% SLAC Results: Mean-Field Protons

 SLAC extracted the transparency of
protons from *2C, °®Fe, and ®/Au.

 Focused on mean-field (low
momentum) protons, where the
spectral function is well known
—-30<E ... <100 MeV
—0<p,..< 250 MeV/c for 1?C and °°Fe
—0<p,... <210 MeV/c for ¥7Au
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Q2 TC‘ TFe tTAu
(Gre\/'/c)2
1.04 0.64+0.05 0.50+0.05 0.394+0.05

® = 6.8 (GeV/c)?
3.06 0.63+0.06 0.394+0.05 0.26+0.04
5.00 0.614+0.06 0.4040.06 0.2340.04
6.77 0.67+0.07 0.4340.06 0.324+0.07

T. G. O'Neill et al. Phys. Lett. B 87, 351 (1995
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’% World Data: Mean-Field
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’% World Data: Mean-Field

Transparency

1

0.9 *“,Hv """"" + """ ** -------- D

~20%
difference
between data
and Glauber
calculation

Q? [GeV?/c?)




SRC Renormalization

Discrepancy between
data and calculation can
be explained by an ‘over-
correction” applied due to A (O S
the contribution of SRC in
the Mean-Field
kinematics
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D. Dutta et al., arXiv: 1121.2826 (2012)
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SRC Renormalization

Discrepancy between

data and calculation can | m £94139
be explained by an ‘over-
correction” applied due to A (O S
the contribution of SRC in
the Mean-Field
kinematics

—

—
”‘
-

O
()

-
——_—‘
-

TRANSPARENCY
o
I8

O
W

——
—
‘—_”
——

Our Approach —
Focus on the Correlations!

D. Dutta et al., arXiv: 1121.2826 (2012)

P. Lava et al.. Phvs. Lett. B. 595. 117 (2004)
L. L. Frankfurt et al., Phys. Lett. B. 503, 73 (2001)



Transparency in SRC Dominated

AEEL
* Large Q* xz>1 region dominated by 2N-SRC
pairs

TeL AVIV UNIVERSITY

e Spectral function scales according to the
number of 2N-SRC pairs.



Transparency in SRC Dominated

NENEL
* Large Q* xz>1 region dominated by 2N-SRC
pairs
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e Spectral function scales according to the
number of 2N-SRC pairs.

Transparency ratio of SRC protons in nuclei
can be expressed as:

T(A1) _ Oaseen)/(#ND - Ocp + 24PD - Ocp) s

T(A2)  Oag(een)/(F#ND - Ocp + 2#DP - Oep) a,

Number of  ep->ep off-shell Number of
np-SRC pairs cross section pp-SRC pairs



.o Counting the Relative Number of
2N-SRC Pairs in Nuclei

* From inclusive (e,e’) cross section ratios we
know that:

a2(A1/d) (#np ) (Uep -+ Uen) + 2#pp " Oep -+ z#nn | Uen)Al /Al

a/2(A2/d) (#np ' (Uep + Uen) + 2#]7]9 " Oep + z#nn ) Uen)Ag /AQ

_ Ohs(een)/ (GNP - Oep + 24PP - Tep)ay
O As(ee'p)/ (FND + Ocp + 24DD - Ocp) a5




.o Counting the Relative Number of
2N-SRC Pairs in Nuclei

* Assuming np-SRC Dominance

as(Ar/d)  (#np - (Oep + Oen) + 2H DI Oer=2HrT=0 ) 4, /A1

a2(A2/d) (#np ) (Oep + Uen) +W>A2/AA2




.o Counting the Relative Number of
2N-SRC Pairs in Nuclei

Which Gives:

Theory Independent Observable!
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- world data
) - this work

s +++

0.776 £ 0.019(stat) £ 0.043(norm.)

SRC Leading

0.385 £ 0.010(stat) £ 0.034(norm.)
1 2 3

S

e
|P| [GeVI/c]
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Results || — A dependence

Assume
T(A)=A"

a=-1/3

Consistent with
scattering from the
nucleus surface




Next Step-  UTRONS

Goal:

Study the A(e,e’n) and A(e,e’np) reactions in SRC

kinematics
[compare to the A(e,e’p) and A(e,e’pp) reactions]



Next Step- UTRONS

Goal:

Study the A(e,e’n) and A(e,e’np) reactions in SRC

kinematics
[compare to the A(e,e’p) and A(e,e’pp) reactions]

First steps in EG2 Neutrons analysis (Done®©) :

— |dentify neutrons using exclusive d(e,e’pmt*rtn) events
— Determine path-length and momentum corrections
— Extract detection efficiency and momentum resolution



EESd Neutron Detection Efficiency
d(e,e’rt*rtn) / d(e,e’mttr)n
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EESd Neutron Detection Efficiency
d(e,e’rt*rtn) / d(e,e’mttr)n
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d(e,e’rt*rtn)
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(e,e’pp) Event Selection

e Select events with exactly two identified
protons in the final state

* Apply electron kinematical cuts

—Xg>1.2

* |dentify a leading proton:
- 6,,>25°,0.62<|P|/|q| <0.96
[No events with two leading protons]
 Apply all A(e,e’p) cuts on the leading proton
— |P._..| >300 MeV/c
- M_...<my+m_

miss

miss
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(e,e’pp) Kinematics
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Opening angle
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TEL AVIV UNIVERSITY Kinematic Coverage and (Current)
Observables

* Cross section ratios:
— Ale,e’plyr. / “Cle,e'plyy.
— Ale,e’p)spc / °Cle,€'p)spc
— Ale,e’pp)spc / 1*Cle, e’ pp)syc
* pp-SRC characteristics:
— Pairs opening angle
— Center-of-mass momentum distribution

* pp-SRC probabilities



TEL AVIV UNIVERSITY Kinemaﬁc Coverage and (Current)
Observables

* Cross section ratios:

— Ale,e’p)y . / *Cle,e'p)ye

— Ale,e’p)spc / **Cle,e’p)sgc

— A(e,e’pp)spc / **Cle,e’pp)spc
* pp-SRC characteristics:

— Pairs opening angle

— Center-of-mass momentum distribution

* pp-SRC probabilities



Ground-State Picture of SRCs

»
.‘ Precoil

| # |P

Pc.m. _—

- P relative

|P

[Due to c.m. motion of the pair]

miss recoil |



Ground-State Picture of SRCs

.‘ Precoil

Pc.m. _—

— P relative

|P

| # |P

[Due to c.m. motion of the pair]

miss recoil |

Focus on Pm,SS_ o

Pmiss
Case I: :%H%

Case |l:




Ground-State Picture of SRCs

»
.‘ Precoil

Pc.m. _—

—_— = P relative

|P

| # |P

recoﬂl

miss
[Due to c.m. motion of the pair]
Focus on Pm|55_ » It is more likely to find a
P miss high P_... nucleon that
S comes from a

Case Il: (i.e. case ll)



Event-Mixing Acceptance
Corrections

56Fe 70

60

50
40
30
20
10

010638 06-04 02 0 0204 06 08 1 O 08906/04 0

PX m [MeVie P’ [MeVic]

Mixed events:
(e,e’p) — event one
P — event two

recoil

Represents the acceptance
, Wy of the detector for a
4t o 14T 3
04-02 0 02 04 06 08 1 12 14 random Samp|e that pass
P. ™ [MeV/c] .
our selection cuts



Event-Mixing Acceptance
Corrections

Al TR [
-04 -02 0 02 04 06 038 1 6 0.8 1

PZm. [MeV/c] P’ [MeV/c]

P

~80 MeV/c

Mmiss
Acceptance corrected

c.m. momentum

| distributions — after

Y h, dividing by the mixed
"l b I

04 02 0 02 04 06 08 1 12 14 events phase-space
PL™ [MeVi/c]



e®id| P | Reconstruction Resolution

Fully Exclusive

S

° (135 MeV/c?)

n° (549 MeVi/c?)
»? (782 MeV/c?)

| I | | | | | | | I | | | | | | | I | | | | | | | I
0.2 0.4 0.6 0.8 1 1.2 1.4

d(e,e'ppm)X Missing Mass [GeV/c?

o

o




’% P. - | Reconstruction Resolution

Constant 955.5+ 8.3
Mean 1.606 = 0.132
Sigma 20.75+0.12

965+ 8.4
Mean 1.453+ 0.130

Sigma 20.53+ 0.12
800

Constant

L P PP EPENERE EPINEE P e I - A PR P I R B nd
-qOO -80 -60 -40 -20 0 20 40 60 80 100 -qOO -80 -60 -40 -20 0 20 40 60 80 100

Priss [MeV/c] P’ .. [MeV/c]

Constant 817.8+7.5
Mean -7.798 + 0.268
Sigma 31.78+0.25 1000

800

600 — 800

o 600
400 —
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IIIII|III|III|III|III|I

200/
L 200

o B0 100 150 _ 200 250

P | [MeVic]

miss

_|||||.|||||||||||.. o PR
9500 50 0 50 100 150

PZ,.. [MeV/c]

Correction of =3
MeV/c foro_ .
=160 MeV/c




(weak) A-dependence of the c.m.
momentum distribution
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VERY week A dependence
Indicate small contribution form FSI?




(weak) A-dependence of the c.m.
momentum distribution
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A-dependence of O fe,e'pp)

* Very week A-dependence of the A(e,e’pp)

cross section: =]
—27A1 /2C=1.9+0.16 —(—)5

—%Fe /12C= 25+0.14 21
—208ph /12C= 441035 221



A-dependence of O fe,e'pp)

* Very week A-dependence of the A(e,e’pp)
cross section:

27A1 /12C = 1.9 + 0.16

—%6Fe /12C= 2.5+0.14 RVC|L|!”SC

— 208pp /12C= 4.4 £ 0.35

121

* (Calculations by the \ | ,=01Fe] ——
GENT group show o
consistency with 1=0
SRC pairs

CLAS -

mass number A
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Results and conclusions

* (e,e’p)and (e,e’n)

— First paper on SRC protons transparency ratios under
review for publication in Physics Letters B

— Neutron analysis in progress
* (e,e’pp) - pp-SRC universality
— Extracted c.m. momentum distributions

— width are 160~180 MeV/c for 12C - 208pp

— A(e,e’pp) cross section increase slowly with A (2°8Pb/
12C = 4.4)

[Consistent with |=0 calculation by the GENT group]

* Analysis of (e,e’pp)/(e,e’p) as a function of P
progress

miss N
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