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Brief Tour of Nuclear Structure

Nucleons:

* ~65% in single particle orbitals

e ~250in NN correlations

— Almost all high momentum nucleons
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Short Range Correlations (SRCs) o T T T T |
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Effects:

e High momentum part of the nuclear
wave function

e Short distance behavior of nucleons -

modification??
e Cold dense nuclear matter
e Neutron Stars

Nucleons are like people ...
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Momentum Density

Correlations and High Momentum

* Correlations
.

Momentum (1/fm) Momentum (1/fm)
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DIS and the EMC Effect

Q’ = —quq“ =q’ -’ » EMC Scale: several GeV
w=FE-E > Nuclear binding energy
Q2 scale: several MeV
0<x,= <1
2m,w

Expectation: DIS off bound nucleons
equals DIS of a free nucleons

nucleon hadrons
L2 (TR TR R TR R R TT
K X ° EMC X
Reality: Bound nucleon DIS : o BCDMS
1.1 | :
does not equal free DIS " Sk

Origin of EMC effect unknown.

Nucleon modification needed. 09 F
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. EMC Effect: Universal
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Very linear for 0.3 <x; < 0.7 J. Seely, PRL 103, 202301 (2009)
(the lines shown are not fits) J. Gomez, PRD 49, 4348 (1994).

Size of effect (“depth” or slope) grows with A
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EMC Effect: Theory

— KP model v"“
i KR
* Nuclear Effects: _1pE o 12c Nuclear Effects only .4
* Fermi motion S0
. B|nd|ng energy :é 1 :_ ...... ......... - .............
e Full Calculation 0.9 ooy
 Nucleon modification : FluIIcaIf:uIatloln o |
* Nuclear pions [ . KPmodel (IA)
 shadowing 11
t:5 I
\8 1 L
Nucleon modification: e |
. 09
Phenomenological change to bound [
nucleon structure functions, change 1.2 o e
proportional to virtuality v = (p>-M?)/M? ([ 7 e Eusiosscaledby 08 |
b5 I
o
0.9 |
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Nucleon modification needed to describe data Bjorken x
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EMC Effect and Correlations
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EMC Effect and Correlations

w 0.5
EMC and SRC are probably both dominated by 19774
high momentum (high virtuality) nucleons in nuclei
 Not due to Fermi Motion 26 56 g
» Probably due to nucleon medium modification
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EMC-SRC Connection

If we are right, we should
measure a large EMC effect
by selecting high-
momentum nucleons!?

Deuteron

> Is there an “EMC” effect in the
deuteron?

» Is it bigger at high-momentum?

» Does the structure function F,
depend on nucleon momentum
(virtuality)?
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Suggested Explanation of
Correlation between SRC and EMC

» EMC effect does not occur (or is very small) for mean-field nucleons

» Both SRC and EMC are related to high-momentum (high virtuality) nucleons

» High momentum (high virtuality) nucleons in the medium are modified
Hmm..

» Let’s measure the in-medium modified(?) structure function F, in DIS

d’c do 1 ) , 2(9 j
= — —F (x,, +—F(x,, -tan” | —
dQdE' (deMoiw (G045 B (2.07) 2

(F, and F, are related by R, the measured ratio of longitudinal and transverse cross
sections. Thus measuring the cross section yields F.)



F, Momentum Dependence

Melnitchouk, Screiber, Thomas, Phys. Lett. B 335, 11 (1994)
1.05 . :

Dependence on:

» Models
» Nucleon’s momentum and xg
» Nucleon’s momentum, not xg

Melnitchouk, Sargsian, Strikman,
Z.Phys. A 359,99 (1997)
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Tagging Nucleon Structure Functions

* 6 GeV:d(ee'p,) Hall B (Kuhn, Griffeon)
12 GeV:E12-11-107 Hall C (Hen, Weinstein, Gilad, Wood)

Experimental method

» DIS on a deuteron target

» Tag high-momentum nucleons with high-momentum
backward-recoiling (“spectator”) partner nucleon
d(ee’Nq)

» Recalculate struck nucleon kinematics (x’, W’)




Minimize nucleon rescattering (FSI)

D(e,e’p.)

x10°

x10°

0,, < 107°

# counts

03 04 05 06 07
P (GeV/c)

73°<0<107°

03 04 05 06 0.7
P, (GeV/c)

A. V. Klimenko et al., PRC 73, 035212 (2006)
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FSI:
» Decrease with Q?
» Increase with W’

> Not sensitive to x’

» Small for qu >107°
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L W’=0.94
Minimize
nucleon

rescattering

(FSI) W'=1.5

Ww'=2

A. V. Klimenko et al., PRC 73, 035212 (2006)
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Experimental Method

d(ee’Ns) cross section Factorizes into the cross section
(o~F,) times the distorted momentum distribution.

Cross section ratio at fixed nucleon momentum =2 distorted
spectral function cancels:

E (x,'.a¢,p, O/ F (x,' 05, p Qz)—( d'o /Kj/[ d'o /K]
2 1 >XS§ T =<1 2 2 ST =] dxl'dQZdﬁS 1 dxz'szdﬁS 2

Measure o, dependence at 6,, > 107° (small FSI)

2 2
x'= O = O —— X is x-Bjorken for the moving
2Puqu 2[(M, - Eg)o+ ps-q]  struck nucleon

o =(E,—p)im, p, mapsto (C,p;)



Experimental Method (cont.)

> Minimize experimental and theoretical uncertainties
by measuring cross-section ratios

L 2 bound
DIS (’xhlgh ’Ql ’ps) GD’}? (xlow ’Q2 ) F (xhzgh ’Ql ’ps)

free . RF ST —

2 free
DIS ('xlow an ,PS) GDIS ('xhigh ’Ql ) \2 (xh,-gh 9Q1 )

X =x from a moving nucleon
FSI correction factor

Xpion = 0.45
’ No EMC effect i ted
025> X, = 035 No effect is expecte
2 ) ’
: 0, (For d) O 0
X'p= X, =

2p,q"  2[(M,~Eo+ P -] b 2myw



4
Xg' VS. Xg
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CLAS6 Results: d(e,e’p.)

SO PO OT PSP AU
i ®
F(x'=055,0°=28)| 2 0sh ¢ ' +
F(x—025Q—18)| - . b o
F(x'=0550"=28) g6l ¢
F,(x'=025,0*=1.8) i
04
p~0.3 GeV/c ot
0.2 —
oy O-A.l.l..l..
09 0.9 1 11 12 13 14 15 16
of Inconclusive

1 11 12 13 1 ' 4 15 1.6 |
Tagging Workshop 2015 L.B. Weinstein, ODU Klimenko et al, PRC 73, 035212 (20@(



Gilad and Wood

12 GeV —Hall C

E12-11-107: Hen, Weinstein,

HMS and SHMS detect electrons

LAD (132 reused CLAS6 TOF detectors, 1.5 sr,

20% neutron efficiency) detects recoiling

nucleon

Low X’

Ein=10.9 GeV
E’= 44GeV

6 =135°
O0* =2.65 GeV”
1§ 1=6.7 GeVl/e

6, =88
x=0217
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High x’
Ein=10.9 GeV
E’ = 4.4 GeV
6 =-17°
0> =4.19 GeV’
1§ 1= 6.8 GeVl/c
6, =10.8°
x=034
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SHMS HMS

_____ é .E_I\A_ . N . _L_Dz_.ta.rg.et

p/n |

LAD

be

beam

Collect both LAD-HMS and
LAD-SHMS coincidences
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Xg VS. Xg (Why x’?)
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Experlmental Set Up —Hall C
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CLAS6 TOF = LAD

R
3
-

Refurbishing next door in
the ODU high bay area.

Come see!

Tel Aviv, Kent State, MIT,
JLab, ODU
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LAD Performance

100

" GEANT
simulation

80

70

Energy Deposited

LAD Threshold

Minimum ionizing

0.0 02 03 04 05 06 07 08 09 1 LI (e,e’p) Signal:Background
Proton velocity (B) _mm
Momentum resolution (300 < p <500 X'g>0.45

MeV/c) = 0.7% X3=0.3 3:1 1.1 1:1 11

(The neutron is much worse)
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Kinematic Coverage

Scattered elegtrons
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JLab12: Expected Results

Q2 =5 GeV?

Gef'f/Gp

1.1

1.2

1.3

1.4

1.6

O£S=(E5—pf)/ms 1.5
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D¢ (GeV/c)
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Collider Tagging Kinematics

Spectator Momentum

100 GeV d: y =50
Center of Mass Lab

P_z (CM) | P_perp (CM) P_z (Lab)| 6_p (Lab)
GeV/c GeV/c

0 0 50 0

0.2 0 41 0

0.4 0 34 0

0.6 0 28 0

0.6 0.2 29 0.007

0.6 0.6 36 0.02




Summary

* Bound neutron structure is probably
modified, even in the deuteron

— Modification should increase with momentum

* Measure with d(ee’N,) spectator tagging
— Ratio of cross sections
— Inconclusive measurement at 6 GeV
— Upcoming measurement at 12 GeV

— Exciting possibilities at a collider (see Kijun’s
Monday talk)



