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High-Momentum Components of the Nuclear Wave Function:

Short range correlation, the tensor N-N interaction, and the EMC effect

Eli Piasetzky Tel Aviv University, ISRAEL



Short /intermediate Range Correlations in nuclei %
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repulsive core
.n-"'_f’

\'4;9 attraction

Neutron Star
Mass ~ 1.5 times the Sun
~12 miles in diameter

e ~~<2 Nual
with other particles po — 0.16 GeV/fm3 ucieons
What SRC in nuclei can tell us about:
A High — Momentum Component of the Nuclear Wave Function.

SI%QSTBMQ Short-RanlﬁengoEg‘Between Nucleons.

tensor force, repulsive core, 3N forces
i Cold-Dense Nuclear Matter (from deuteron to neutron-stars).

Nucleon structure modification in the medium ?
EMC and SRC



http://upload.wikimedia.org/wikipedia/commons/e/ed/Neutron_star_cross_section.jpg
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Short range correlations "%
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“The :

particularly at distance scales small compared to
the radius of the constituent nucleons,

(Nuclear Science: A Long Range Plan, The
DOE/NSF Nuclear Science Advisory Committee,
Feb. 1996 [1].)




A description of nuclel at distance scales
small compared to the radius of the

constituent nucleons is needed to take
INt0 account,

Short range repulsion

(unigue to nuclei)

Very difficult many-body problem
presents a challenge to both experiment and theory

This long standing challenge for nuclear
physics can experimentally be effectively
addressed thanks to high momentum transfer
reached by present facilities.




Hard processes are of particular interest because they have %
the resolving power required to probe the partonic structure So e
of a complex target

Quark- D_IS

Antiquark-

Pait partonic structure of hadrons
Scale: several tens of GeV

Inclusive electron scattering A(e.e’)
. Hard knockout reactions A(e,e’p) and A(e,e’pN)

hadronic structure of nuclei

Scale: several GeV

\N

~

\
~< Nucleons
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. Mean Field Theory
Spectroscopic
factors
for (e, e’p) *
. : 40,48 r 208p
reactions Ca 2
show only
60-70%
VALENCE PROTONS
0.0 ..1.11.011 1 1 1....1.012

L. Lapikas, Nucl. Phys. A553,297c (1993)

Benhar et al., Phys. Lett. B 177 (1986) 135.

Momentum Distributions in °C (Ciofi, PRC-96)

MISSING :

Correlations Between Nucleons
SRC and LRC

_ npffm?)

Momentum Distribution [fm3]
s B B s
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Momentum Distributions in *C (Ciofi, PRC-96)
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probability of 2N-SRC in any nucleus, from the scaling factor.

Problem: In A(e,e’) the momentum of the
struck proton (p;) is unknown. . €

03 04 05 06 07 08
p; (GeVic)

Solution: For fixed high Q% and

Deuterium
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U O wowo o

Xg>1, Xg determines a minimum p;
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A(e,e’) Kinematics
E E

Incident
electron

scattered electron

(aXe)

nucleus
\

For large Q<
Xg counts the number of hadrons involved

Xg > ] = atleast j+1 nucleons

Oa

If exactly j+1nucleons = scales

O-j+1

q,0“=0q" -’

(jjust kinematics!)
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The observed “scaling”

means that the electrons
probe the high-momentum
nucleons in the 2(3) -nucleon

phase, and the scaling factors
determine the per-nucleon

" 1/9¢0°
= AR
4 ; b) .
T3l e——2—| | For 2C 2N-SRC (np, pp, nn) = 20 % 4.5%.
3) E .'."'.'.'". I
~ 2 [ ?
1 i . . . g, =
o — ‘ The probabilities for 3-nucleon SRC
= | - + are smaller by one order of
o4l ¢Bosie) | magnitude relative to the 2N SRC.
Lo e 4 as ol :
- 00® B ‘ More r(A,d) data:

1 125 15 175 2 225 25 275  SLAC D. Day etal. PRL 59,427(1987)
Xg JLab. Hall C E02-019
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New Preliminary Results from JLab Hall C (E02-019)

X

Q?%=2.5GeV?
0 — S S R—
L 6r 4 1 63 "
E He Cu n "
= ., .
3He |2.08+0.01 S T - :
*He | 3.47+0.02 T, L e
Be |4.03+£0.04 i s -
"Be 197 Au . "
C 4.954+0.05 -——— "
Cu |5.48+0.05 _ '
i i i i 1 .'I'. 1 1 1 i
Au_| 5.43+0.06 08 1 12 14 16 18 1 12 14 16 18 2



Estimate the amount of 2N-SRC In nuclel

This includes all three isotopic compositions
(pn, pp, or nn) for the 2N-SRC phase in 12C.

(G A/ A)(Gp/2)

a,(A/d)

SHe

2.08+0.01

‘He

3.47+0.02

Be

4.03+0.04

C

4.95+0.05

Cu

5.48+0.05

AU

5.43+0.06

- > (D)= T.,y; = 0.041+0.008
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PN (A/d)HPZN

(D)‘ calculations
measuremen

For Carbon: P, (12C) 5

1496~ 20%




A triple — coincidence measurement %
“Redefine” the problem in momentum space
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Fr K ~250 MeV/c

K,>KE01-015 / Jlab
(E07-006) ¢

~ _ K / Scattered
— 2 Incident .

#
I 1 > electron
1 <5

i
| TNz

&
.

A pair with “large” relative
momentum between the

nucleons and small CM
momentum.

& 2005 FFA T
| a3



http://www.fifa.com/index.html

Why several GeV and up protons are good probes of SRC ? %
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They have small deBroglie wavelength:

Large momentum transfer is possible with wide
angle scattering.

For pp elastic scattering near 90° cm

do
— oc s

dt

QE pp scattering near 90°has a very strong
preference for reacting with forward going
high momentum nuclear protons.
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From 172, p_l), and p_z)we can @

deduce, event-by-event what then compare

1_)}and the binding energy of ﬁ’n with f))f and see

each knocked-out proton is. if they are roughly “back to back.”




A. Tang et al.

Phys.

Piasetzky, Sargsian, Frankfurt,
Strikman, Watson PRL 162504(2006).

Removal of a proton with
momentum above 275 MeV/c
from 12Cis 92+% , %
accompanied by the emission
of a neutron with momentum
equal and opposite to the
missing momentum.

Rev. Lett. 90 ,042301 (2003)
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JLab HallA  EXP 01-015 %
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(e,e’'pn)/(e e p)

(e,e’pp)/(e e pn)

It is important to identify pp-SRC pairs and to determine the

pp-SRC/np-SRC ratio since they can tell us about the isospin e &
dependence of the strong interaction at short distance scale. ..~ .= ==

-

£01-015 lmmm) p /3”

Simultaneous measurements of the .
(e,e’p), (e,e’ pp),and (e, € p n)reactions.


http://www.allindiaarts.com/painting_detail.asp?paint_id=219&country=eu
http://www.allindiaarts.com/painting_detail.asp?paint_id=219&country=eu
http://www.allindiaarts.com/painting_detail.asp?paint_id=219&country=eu
http://www.allindiaarts.com/painting_detail.asp?paint_id=219&country=eu
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Simultaneous measurements of the . %
(e,e’'p), (e,e pp),and (e, e pn)reactions. TeL AU UNIVERSITY

REVISED SIDE VIEW

Quter support bars are NOT shown
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HAND -The Hall A neutron detector
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The Big Bite spectrometer
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200 300 | 400

=l /
“300 MeV/c’

“500 MeV/q

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 04
800 Emiss [GeV]

|
“400 MeV/c”




W

TEL ALY LINIVERSITY

Counts

I|IIII|IIII|II1IIII|IIII|III I|IIII|IIII|IIII|IIII|I

P,..=“500" Me

mis

JE (Signal : BG= 4:1)

P.i="500" MeV/c

Counts
AR KA LU L L AL L A

(Signal : BG= 1.7)

o333 s88288




Triple Coincidence Events
Time—of-Flight (e,e'pp) e i
2 ' Mean o
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12C(e,e’pp)

COUNTS

3000
TDC CHANNEL

Simulation with pair CM motion
o-y=136 MeV/c

BG (off peak) ===t

- s reoooooooooos

_|I|

1 1 | 1 |
-0.96 -0.94

9 088
cos(7)

Measured 2 components of P.,, and 3 kinematical setups :>_

(p,2pn) experiment at BNL : 0,,=0.143+0.017 GeV/c
Theoretical prediction (Ciofi and Simula) : 0,,=0.139 GeV/c

1 | 1 1 | 1 1
-0.98 -0.92 -0

1
—h




EXP 01-015 / Jlab Y
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150
.O\i. R. Subedi et al.,
o 100 . Science 320 (2008) 1476
©
e
S 50— ,,
[ C(e,e' pn) _
S~ extrapolated + 0 BNL Experiment ;8
> o *C(e,e'p) BE23% < measurment was 921870
12 1

= C(e,e
.0\2. 15 12C((e e.ppp)) extrapolated 95 i 2 % R. Shneor et al.,
O ]
% 10 : T : | PRL 99, 072501 (2007)
o O I | 1 T
.>C|_-) S— %2000— (e,e’ppgao

o 20

o' . . . i B0 5 Befiy ]
300 400 500 600 000~
Missing momentum [MeV/c] soo-

%




The (e, e’pn) / (e, e’pp) ratio %
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Entrles 30214
Mean 739.4
RMS 415.2

P T |
200 400

*C(e,e' pn)
TOF for the neutrons [ns ’ =9.0+25

o L “C(e,e' pp)

50_ In Carbon:

116x17/
“t np — SRC
: — P ~18.0+5
pp—SRC
>

! FA=YRNTINN TN NN U SNTIN I INF YRR | | USRS N - SR M A [
0 500 1000 1500 2000 2500 3000 3500 4000

TOF for the protons [ns]



R. Subedi et al., Science 320, 1476 (2008). %
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v

There are 18 * 5 times more np-SRC than pp-SRC pairs in
12C.

O
14
(7))

A np/2N from "*C(p,2pn) /'*C(p,2p)

10

| | |
0.3 04 0.5 0.6
Missing Momentum [GeV/c]



At 300-500 MeV/c there is an excess strength in %
the np momentum distribution due to the strong e Ay UNUerSTY

correlations induced by the tensor NN potential.

e
...........
n
00..:-. ::::
CitmEgegta,,
e - rs
[ A
.....

Schiavilla, Wiringa, Pieper,
Carson, PRL 98,132501 (2007).

-1
10°F

2
10°E

0 1 2 3 4. 4.5 5
ko [fm'] 05 %2 04 e 08 1 12
r,GeVic

ﬁ Ciofi and Alvioli Sargsian, Abrahamyan, Strikman,
PRL 100, 162503 (2008). Frankfurt PR C71 044615 (2005).



Summary of Results

® 59GeV/c, 98
A 8.0GeV/e, 98
u 9.0 GeV/e, 98

® 5.9GeVic, 94
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12C

Single
nucleons

|A(e,ep)

©

r(*He,*He)
N

r(*?C,*He)

ot Ae,e)

LI CHE I S -
T T T T T

r(**Fe,He)
-

L L L L L L L L
1 125 15 176 2 225 25 275

Xg

s 7.5GeV/c, 94

4,

‘¥

A(e,e'pN)

R. Subedi et al.,

Science 320, 1476 (2008).

Egiyan et al. PRC 68, 014313.
Egiyan et al. PRL. 96, 082501 (2006)
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n-p pairs
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p-p pairs
4.75%1%
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2 10°F ‘
s | ]
e [
T L A "“cpz2en) /cin,2p)
2
> | V¥ "cieepniUcleen)
B ["Clee'on) /Clee'p) 112
10 - O [*clee'pp) ICle,e'pn) 172
I

| | |
0.3 04 0.5 0.6
Missing Momentum [GeVi/c]




pp/pn ratio as a function of pair CM momentum

]'l:IEE:;\
2 ¢ — Q=0.0%m
3
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3HE * FY

4‘He

0.0 E 1 ] I ]

'Q>0 g=300-500 MeV/c

0.5 1

Q (fm-)

Wiringa, Schiavilla, Pieper, Carlson PRC 78 021001 (2008)
Small Q = pp pair in s-wave = large tensor contribution = small pp/np ratio

leading

proton
Fast

open ng
angle

06 N

fast pn

Proton 1 Kinetic Energy/Omega

gf.....,...........,...
0 02 04 06 08 1
Proton 2 Kinetic Energy/Omeg:

8 300 < g < 500 MeV/c |

PRELIMINARY

e

. | '
!._Hall A/ BNL

5 2

JLab / Hall B
preliminary data

Thanks to

L. Weinstein

pp 1

palr CM momentum Q (GeWc)

np4
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EG2 data set, Or Chen et al

5.014 GeV

Ein

JLab / CLAS Data Mining,

from((e,e'p) o5 ]



| C_SRC_angle C_SRC_angle TEL AL LINIERSITY
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=
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Deep Inelastic Scattering (DIS) %
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scattered
lepton

Incident
lepton

(@,0)

"

Xpg gives the fraction of nucleon
momentum carried by the struck parton

Information about nucleon vertex is
contained in F; (X,Q%) and F,(x,Q?%), the
unpolarized structure functions
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Quark-
Antiquark-

Pair Scale: several tens of GeV

Naive expectation :

DIS off a bound nucleon — DIS off a free nucleon

(Except some small Fermi
momentum correction) 1T 1




The European Muon Collaboration (EMC) effect mu%;mw

iy,

EMC effect

Anti

X

DIS cross section per nucleon in nuclei # DIS off a free nucleon




SLAC E139
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Data from CERN SLAC JLab 1983- 2009
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EMC is alocal density or nucleon %

TEL AL LIMIERSITS
momentum dependence effect,
not a bulk property of nuclear medium

}3He

2
) |H| P R P P T R S T
0.00 0.02 0.04 0.06 0.08 0.10
Ave. Nuclear Density [fm 7]

JLab / Hall C J. Seely et al. PRL 103, 202301 (2009)




Very weak Q? dependence

12

- v @°=4.06
| A @%=4.50
- % Q°=4.83
11 = Q’=5.33
- 0 @%=6.05

SLAC

J. Gomez et al.

© Be A Fe(E140)

® Fe(E139/BCDMS) © Au
o Al xFe A Ca(E139/NMC)
T T l l
0.01 =
N
O - -
e,
%  0F-- +.-%- 1._ h_ ________
< 4
. - + } 7 B
©
-0.01 —
| | | |
0.2 0.4 0.6 0.8




Theoretical interpretations: ~1000 of papers

= Nuclear Effects: Binding Effects, Pion
enhancement, 6-quark clusters, and many more...

= Modification of the nucleon structure:
dynamical rescaling, Point like configuration

suppression, structure function modification in the
mean field, and many more...

EMC recent review papers:
Gessman, Saito,Thomas, Annu. Rev. Nucl. Part. Sci. 45:337(1995).

P.R. Norton Rep Prog. 66 (2003).

G. Miller: EMC = Every Model is Cool



Deep Inelastic Scattering

— Partonic (quark) Structure of Hadrons

Inclusive Scattering at XB>1 A(e,e’)

— Partonic (nucleon) Structure of Nucleus




Comparing the magnitude of the EMC effect and the SRC scaling factors %
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O N _
A SRC
O 4 - scaling factor +
41—+ a,, (Fe/d)
*F EMC T
| slope +
2__
— dRgye ++
— dx
Ui ++l_
j|'IIII|IIII|IIII|IIII|IIII|IIII|II’}‘I‘}'I‘}’II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I
0.3 04 0506070809 1 111213141516 1.7 1.8 1.
Xg
SLAC data:

Frankfurt, Strikman, Day, Sargsyan, Phys. Rev. C48 (1993) 2451. Q?%=2.3 GeV/c?

Gomez et al.,, Phys. Rev. D49, 4348 (1983).
y ( ) Q2=2, 5, 10, 15 GeV/c? (averaged)
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[41] — =T -
3 | =
\L'l 0.3 ﬂc E E

E B - 3 5 ‘-t:l

- g —
14 } Be - o
T - —3
0.2} r He 2.5
N _i 2
. —15
0.1 -
i rHa —1
i —o5
0 i ,'.d N N B B .510
0 0.02 0.04 0.06 0.08

Nuclear Density [fm”]
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w 0.9
po] — EMC data 187
! - Au
s o4l SLAC (Gomez et al.)
m‘” — JLab Hall-C (Seely et al.) 5Fo
T - 2c 27 i
T 03— Al
EMC [
™ 0.2
- B
VI -
><m 01—
A - 2p SRC data
™ 0 SLAC (Day et al.)
© - JLab Hall-B (Egiyan et al.)
D 01— JLab Hall-C (Fomin, Preliminary)
=3 = A B BT R ol
> 0 1 2 3 4 5 6

SRC Scaling factors Xz = 1.4 ay(Ald)



Deuteron is not a free np pair

The slopes for 0
0.35<X;=<0.7 01
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EMC data

SLAC (Gomez et al.)
JLab Hall-C (Seely et al.)

2p SRC data
0 SLAC
+
0.079£0.06 JLab Hall-B (Egiya
I —- JLab Hall-C (Fomi
bound to free n p pairs T T e
(as opposed to bound to deuteron) 0 2 3 4
l SRC a,,( Ald)

SRC=0 free nucleons



In Medium Correction effect #
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Due to a lack of a free neutron target the EMC measurements used
the deuteron as an approximation to free proton and neutron

IMC: Ratio of bound to free n p pairs
(as opposed to bound to deuteron)

9R _ 0.078+0.006

dx |,
dri-_|dRF (0,078 +0.006)
dX A dX measured
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Virtual free neutron target



The free neutron DIS cross section %
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= Assuming linear dependence for 0.3 <X, <0.7

=1-a(X;-b)
@ o,

ﬂ o= a0 07040006
| amgrisooma

- ba_lq UH:TG.IS g, b=031+004 = theintersect gf FMC ratio=1
Uy

o7 l-a(X-b]
oo,
7,) 1-a(X;=b)

-1
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b !
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.._
—— ) SIAC D-H  .860 178
D-H .76 11.7 |
SIAC D-H 700 9.6
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SLAC D-H 560 BO
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SIAC D-H .400 53
SIAC D-H 325 39
SIAC D-H 250 25§
¥ SAG  D-H 100 15
[ — | NMC D-H 25 182
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Asuming that R=crL/crT is the same for n, p, d, the

cross section ration equals the structure function
ratio:
FilX, 0 _2R(X,0) 1 FI(X,00
F)(X,, 0) 1—a(X,—b)

Measurements of the difference in R = o /o for a variety of targets

[S A

Gessman, Saito,Thomas,Annu. Rev. Nucl. Part. Sci. 1995. 45:337



The neutron structure function %
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Approaching the infinite nuclear matter limit %
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= nuclear matter?

0 1 2 3 4 5 6
a,y(A/d)




Approaching the infinite nuclear matter limit %
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Need more data on heavy nuclei to study the A dependence for large A



Where is the EMC effect ? %
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Possible explanation for EMC / SRC correlation

_ = The EMC effect is related to high momentum
nucleons in the nucleus

/U TTULUICLUTTO

(80% kinetic energy)

Nuclei are optimized to yield
the strongest EMC effect
possible

OR

High local nuclear matter density,
large momentum, large off shell.
large virtuality (= p? —m?
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How large is EMC effect in TeL AUL) UNIVERSITY
dense nuclear systems?

Neutron Star
Mass ~ 1.5 times the Sun
~12 miles in diameter

Solid crust
~1 mile thick

Heavy liquid interior
Mostly neutrons,

ik st pciicles Nucleon and baryon densities in heavy ion collisions at 1 GeV/nucl

S.A. Bass'?, C. Hartmack”™*, H. Stiocker', W. Greiner' Z. Phys. A 351, 350360 (15995)

n stars Central HI collisions


http://upload.wikimedia.org/wikipedia/commons/e/ed/Neutron_star_cross_section.jpg

Summary |

Standard model for short distance structure of
nuclei

The probability for a nucleon to have momentum
= 300 MeV / ¢ in medium nuclei is ~25%

More than ~90% of all nucleons with momentum
= 300 MeV / ¢ belong to 2N-SRC.

“‘ ~80% of kinetic energy of nucleon in nuclei
Is carried by nucleons in 2N-SRC.

Probability for a nucleon with momentum 300-
600 MeV / c to belong to np-SRC is ~18 times
larger than to belong to pp-SRC

Dominant NN force in the 2N-SRC is
tensor force.

H Three nucleon SRC are present in nuclei.
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Summary Il

o.z; e *’4”‘* —i
The EMC is a local density and / or " o E
momentum dependent effect not a bulk I SR%;

. Average Nuclear Density [fm
property of the nuclear medium.

05
F EMC data
I SLAC (Gomezetal.)

~dRgyc/dx

0'4: JLab Hall-C (Seely et al.)

The magnitude of the EMC effect and SRC .
scaling factor are linearly related.

SLAC (Day et al.)

JLab Hall-B (Egiyan et al.)

JLab Hall-C (Fomil
| |

° JENSITY

in, Preliminary)
|

We speculate that observed correlation arises because

both EMC and SRC are dominated by high momentum

The observed phenomenological relationship is used to extract:

ratio of deuteron to free n p pair cross sections.
DIS cross section for a free neutron.

F,n(x,Q2), the free neutron structure function.

5
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A new experiment scheduled to run 2011 at JLab (E 07-006) %

Measurement over missing momentum range from 400 to 875 MeV/c. L ST

on-nucleon  interaction {adapted from
_'!’nl]. The distance v is given in units of the pion
Compton wavelength, g~ =~ 1.4 f.

(e.e’pp)/ (e,e’pn
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oG X H - - | s L e

to the NN tensor force and the ia < wob. Of G
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short range attraction
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How to relate what we learned
about SRC in nuclei to the

dynamics of neutron star formaion
and structure ?

What is the role played by Agrss
short range correlation of
more than two nucleons 2

-PARC

.]op(;n Proton A(;Ct

The new facilities will allow
even harder knockou®
reactions

Is theory well
enough established
to interpret the
data?

What are the o
observables ? Optimized

kinematics
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EO01-015: A customized Experiment to study 2N-SRC
Q?=2GeVic, xg~ 1.2, P,=300-600 MeV/c, E,, <140 MeV
Luminosity ~ 1037/-38 cm~2s-1

MEC are reduced as 1/Q?2.
Large Q? is required to probe high P, with xg>1.

FSI can treated in Glauber approximation.

Xp>1

Reduced contribution from isobar currents.

Large piss.and E ic~P%iss/2M

ﬂge_Pmiss Z



* Can be treated in Glauber approximation.

* Canceled in some of the measured ratios.

FSI| in the SRC pair:

These are not necessarily small, BUT:

* Conserve the isospin structure of the pair .

* Conserve the CM momentum of the pair.

W
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Why FSI do not destroy the 2N-SRC signature ? %
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For large Q% and x>1 FSl is confined within the SRC

< 1fm FSI in the SRC pair:

Conserve the isospin structure of the pair .

forx>1.3

% Conserve the CM momentum of the pair.


http://www.allindiaarts.com/painting_detail.asp?paint_id=219&country=eu
http://www.allindiaarts.com/painting_detail.asp?paint_id=219&country=eu
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‘_> 1oy A virtual photon with xg >1
4_‘ ' “ ” all th irs but
‘_> | 0?1?; sSO:‘/o of tehgpnza;;rs%l
0 0 -
0 0 -
(e.€pp) X

= 2X
(e,e'p) x+(1-2x)/2



BNL (p12pn) — np - SRC _ np - SRC _ (74_100) %
(p,2p) np-SRC+2(pp-SRC) 2N-SRC

Jap &P _ WP=SRC _ g1 100)9%
(eep) 2N -SRC

Jab &EPP) _ g5:2)04 j PP-SRC _ Mn—SRC
(e.e'p) 2N-SRC 2N - SRC

HD:> np —SRC

2N —SRC

=(5+1)%

= (84 - 92)%




Implications for Neutron Stars ‘%
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Adapted from: D.Higinbotham,
E. Piasetzky, M. Strikman

CERN Courier 49N1 (2009) 22

At the core of neutron stars, most accepted models assume :
~95% neutrons, and ~5% electrons (p-stability).

*Neglecting the np-SRC interactions, one can assume three separate Fermi

gases (n p and e) I
H B

>strong np interactio
ke kP KE

Fermi "*Fermi "“Fermi

See estimates in Frankfurt and Strikman - Int.J.Mod.Phys.A23:2991-3055,2008.

e n-gas heats the p-gas.




SRC In nuclei: implication for neutron stars

A
N LS,
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'n

For  p=5p; Kiym ®500MeVIc, KL, i =Keem = 250 MeV/c

Fermi

Pauli blocking prevent
direct n decay

n—>p+e+v,

n

kFermi k i k

Fermi Fermi
Strong SR np
interaction

e




THE MEAN FIELD APPROXIMATION

J
[ Zz Vz + Zz ] Dy = €0 Do

Variational monte carlo (Urbana Group)
Cluster expansion techniques ( Ciofi, Alvioli, Cda, Morita )



x> | is not automatically means 2N SRC
one needs also large Q2
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Brookhaven Experimenf A.Tang et al, PRL 2003

o Number of (p,ppn) events (p;, pn, > kr)

7

Number of (p,pp) events (p; > kr)

=04 J—n 07 for 275 < p;, p, < 550 MeV /c

. . Piasetzky, MS, Frankfurt,
Theoretical Analysis |-

e F relative probability of finding pn SRC in
pn/pX — T R the "pX” configuration that contains a
=Y proton with P > kp.

'J"ﬂ.l'lm oI ma:l: T X

Py

f f f f Dpn &'1 Ptis Xny Pnt, PR—I—) dzpt%dgpmdpﬂ+

do dziﬁ't dP R+




Polariztion Transfer

Copied from S. Strauch talk
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Polarization-transfer double-ratio data and calculations show
dependence on proton virtuality with the trend of R = 1 for p? = mp?;

as it should be.

Excellent description of preliminary E03-104 data with the RDWIA

+ QMC (in-medium form factors) model.

see: C. Ciofi degli Atti, L.L. Frankfurt, L_P. Kaptari, M.1. Strikman, Phys. Rev. C 76, 055206 (2007)
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1.1

Q* = 0.8 (GeV/c)?

& [E03=104 Preliminary
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i i
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—200

M. Paolone at al. PRL 105,072001,(1020)
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Correlated
Region

EMC

Q2=4,8,10 GeV/?2

PS\Iucll_ear
caling
SRC Region

0

P,(Xg) =27

. P min

I:)min
Nucleon Momentum [GeV/c]

p®-ny(p)-dp

nA(p) =n (p)‘az(A/d)

_14 ] | ] | I | ] | I | ] | I
0 02505075 1 12515 175 2

Pa(Xg) =27 p®-n,(p)-dp

On _ 1-P,(Xg)
oy 1-Py(Xp)

Direction with
respectto q

Xp

Higinbotham, Gomez, Piasetzky arXiv:1003.4497 [hep-ph]
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Very weak Q? dependence

EMC
JLab SLAC

© Be AFe(E140) e Fe(E139/BCOMS) © Au
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J. Arrington talk, Minami 2010.



EO01-015: A customized Experiment to study 2N-SRC
Q?=2GeVic, xg~ 1.2, P,=300-600 MeV/c, E,, <140 MeV
Luminosity ~ 1037/-38 cm~2s-1

MEC are reduced as 1/Q?2.
Large Q? is required to probe high P, with xg>1.

FSI can treated in Glauber approximation.

Xp>1

Reduced contribution from isobar currents.

Large piss.and E ic~P%iss/2M

ﬂge_Pmiss Z



* Can be treated in Glauber approximation.

* Canceled in some of the measured ratios.

FSI| in the SRC pair:

These are not necessarily small, BUT:

* Conserve the isospin structure of the pair .

* Conserve the CM momentum of the pair.
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Experimental setup BREEETRNESS

REVISED SIDE VIEW
Quter support bars are NOT shown

Temporary rais for somm  100mm  spacer
sliding anepartef the cpacer  SPAcer

weto layer in place
\ 100 mm
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3400 mm
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(Il 1 2m —_— Al
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Big Bite Lead wall
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Counts
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Triple Coincidence Events
Time—of-Flight (e,e'pp) e i
' Mean o
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COUNTS

TDC CHANNEL

MCEEP Simulation with pair
CM motion o,=136 MeV/c

BG (off peak) ===t

- s reoooooooooos

1 1 | 1 |
-0.96 -0.94

9 088
cos(7)

1 | 1 1 | 1 1
-0.98 -0.92 -0
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Neutron TOF[ns]

MCEEP Simulation with pair
100l CM motion o,,=136 MeV/c
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CM motion of the pair: %
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%2/ ndf 0.6241/-3
p0 22.72+2.784
pi -0.2975 + 0.05079
p2 0.0009933 + 0.0002

- 2
35| XV 10

255 MCEEP with pair ( jon: gl
- ocu=50 MeV/c i
20[ -
- ocu=100 MeV/c 6
15 B
- ] s 2V/c -
10p T L a-
S e :
z 2
o_ 1 1 1 I 1 |77|77| 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 :
-0.6 -0.4 -0.2 0 0.2 04 0.6 B
vertical v b b b b bvv v b b b by
Pcu 40 60 80 100 120 140 160 180 200

O, [MeV/c]

2 components of P.,, and 3 kinematical setups ‘

This experiment ;| 0,,=0.136 + 0.020 GeV/c

(p,2pn) experiment at BNL : 0,,=0.143+0.017 GeV/c

Theoretical prediction (Ciofi and Simula) : 0,=0.139 GeV/c



The neutron structure function %

[IE, ng _ EFEI:IE1 QEJ_IFEFEIE1 QE:I . [1 . al:_t',g . IE':I] TEL AU UNIVERSITY
(zg, Q%) L —a(xg — b)]

Q.
o L IMC
LL " .
~ L (] J. Arrington et al.
o 06 T~ | SLAC - Paris
i — SLAC -EMC
— “"‘QQ .
SLAC Data, J. Arrington et al. 0.5r %F T T
JPG 36(2009)205005 i T al | om
- ., mom |
------ World parameterization of Fd, Fp I S N 1
RN
i L ™
0.4_ ] é ‘\‘L
B Extracted from this work - | '?
i | | | | | | | | | | | | | | | | | | |
Corrected for the EMC effect 0.3 0.4 05 06 0.7

as calculated in a PLC model



