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Introduction: Role of the Deuteron

« Key system to investigate the (repulsive) core of the
NN interaction.

« Basis for SRC (structure) studies
* Prime nucleus to test NN models

e Structure needs to be understood in detail at all
length scales
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Introduction: Momentum Distribution

virtually no experimental d(e,ep)n data exist for p,, > 0.5 GeV/c
without large contributions of FSI, MEC and IC
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Introduction: D(e,e’p) in PWIA
d°o
= ko r
dwdQ.dSd,, P (Pr) Plane Wave IA:

 Hit nucleon does not interact with
the recoiling system
* Described by a plane wave

Experimental
Momentum distributions:

Oexp
koep

p(pr>ea:p — Ored —

also called reduced cross sections
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Introduction: D(e,e’ p) Reaction Mechanisms
PWIA ESI reduced at certain

q kinematics ?
u
Py

pm:_pi

do
= k0 o S(E,. p,) do

dwdQ,dQ,, dodQ dQ,,

= kGeND(Em’pf’pm)

expected to be
small at large Q2

supressed for
x>1

\ ijlll ¢ _[3[ A g
§ p/n & —pi
§
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History of Missing Momentum Dependences

i P. Bounin and M. Croissiaux, Nucl. Phys 70 (1965) 401

§ ¥ Antufev, et al. Pis'ma Zh. Eksp. Teor. Fiz. 19 (1974) 657 Q? < 0.33 (GeV/c)?

} A. Bussiere et al., Nucl. Phys. A 365 (1981) 349

E S. Turck-Chieze et al., Phys. Lett. B 142 (1984) 145 I K. Blomgqyvist et al., Phys. Lett. B 424 (1998) 33
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At high Q2FSI as Nucleon Re-Scattering

IA Amplitude (real):

Rescattering Amplitude
(at high energy mostly imaginary):

TotalScattering Amplitude: A = A; +iAR

Cross Sections:

Ratio to PWIA

o~ AP = |Ar +iAg|?
o~ |Ar|* = 2|Af| |AR| + |Ar|?

4 _ oAl [AR| [Ag|”

R=—=1

AR = i|AR| mostly imaginary

01 Ar)? Ar)?

Glauber: spectator nucleons frozen
GEA: spectator nucleon moving
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P=q4— D,

CLAS

Data: Egyian et al. (CLAS) PRL 98 (2007)

Calculation M. Sargsian
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OPWIA
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Momentum Distributions

10!

Q2 = 0.8 (GeV/c)?

Large FSI for pm >0.25 GeV/c
Little sensitivity to W.F.
Eikonal regime not yet reached
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Uexp/agea

Q2 = 2.1 (GeV/c)? GEA M.Sargsian
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Resonance Contributions to Re-Scattering ?
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Pushing the p,, limit:
Experiment at 12 GeV in Hall C

« Determine cross sections at missing momenta
up to 1 GeV/c
* Measure at well defined kinematic settings
» Selected kinematics to minimize contributions from FSI
» Selected kinematics to minimize effects of delta excitation

Original Parameters

« Beam: 11 GeV, ~50uA

» Electron Detector: SHMS at p.., = 9.32 GeV/c
* 0,=11.68° Q?=4.25 (GeV/c)?>, x =1.35

* Proton Detector: HMS 1.96 < p.., < 2.3 GeV/c
* p,=0.5,06,0.7,0.8,0.9, 1.0 GeV/c
* Angles: 63.5°2 0,2 53.1

« Target: 10 cm LHD

1/20/20 Exploring QCD with light nuclei at 18
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Cross Section Terms (arb. units)

FSI| Reduction

Reduction of FSI: 6 1 |4, =24, || A+ |A:[

Rescattering determined by
slope factor:

Y int —2 |A1 HAR | _ th2

f=e
k = p,sin® )
b: 6(GeV/c)?

o

f, relatively flatupto k =0.5(GeV /)
2 0 |e0 w0 0 w0 w0 = p, =0.8(GeV /c)

both terms are equal = interference and rescattering cancel

* b determined by nucleon size
 cancellation due to imaginary rescattering amplitude
« valid only for high energy (GEA)
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Estimated Angular Distributions up to p,,

1GeVic
6 . . . . . . . .
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FSI depend weakly on p,, . ]
Calculation: M.Sargsian
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First Results of Commissioning Experiment
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SHMS Overall Dimensions

Total Length
22 meters

~ 2.38 m ‘|1.76 m

Focal Plane 18.1 m

Electrons ,
Support Structure Pivot
Particle Detectors inside the SHMS Particle Detectors inside the HMS
Detectors Used in
Experiment: Detector Used in Experiment:
* ;)I:'i‘;‘ti%ic:rl;:sers *Hodoscopes Shlt:):;::l (():vgﬁl;\f‘ers
*Calorimeter *Drift Chambers B} /A\‘
Preshower & ( X-Y Scintillators >
e (,n""o“‘l@' <\ { Shower \ N~— e
= ® Sy i 7 Heavy Gas
: ' X-Scintillator Cerenkov
| V-Quartz Protons ~
o X-Y Scintillators ’
g e Aeroge ov = 3 /
P“:’?e‘\v‘o\‘ X-Y Scintillator W\ X \ ~
C Paddtes—_ £ 4 Aerogel Cerenkov
~ Drift Chambers \ V= N
(12 planes) z - Drift Chambers
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New Results

L' . —— MS V18 FSI —— MS CD Bonn FSI
Pre tmihary | MS V18 PWIA ————- MS CD Bonn PWIA
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O-exp/a-calc
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Experimental p(o,p;) distributions

O'EXP(aapT)

KUeL]\(;(Oéva)

HallA ¢Q?=0.8, 2.1 and 3.5 (GeV/c)? : constant for each set
* Prmiss = 0.2, 0.4 and 0.5 GeV/c : angular distribution

* 20° < 0,4, < 140°
e angular range for each p,,ss dependent on kinematics

Boeglin et al. PRL 107 (2011) 262501

,OEXP(CVapT) —

Missing information due to finite spectrometer acceptance
Interpolation necessary for missing data

Various methods possible

Large FSI at small a. and large P+ for small Q2

1/21/20 Exploring QCD with light nuclei at 28
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LC PWIA cross section

do
dB!dQ.dS),

= Kol (a,p:)p(a, pt)

Nuclear analogto £, (4) = p(a) = / P(&»Pt)dzpt
parton distribution Q

do
Normalization: /p(a,pt);%ptdpt =1

LC Momentum sum rule: /ozp(a,pt)d—a%ptdpt =1
(@

Problem: how do FSI affect fN (Cv)
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First Results

0.8 (GeV/c)? 2.1 (GeV/c)?

0.7

0.6f

0.5

0.4t

0.3}

0.2}

0.1}

« Systematic error ~7%
 QOriginal experiment design to measure angular distributions
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Small Py <0.05 GeV/c

Pt = 0.010000
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10*

103 |

10% |

10t |

10° |

10t b

102

Missing Data

Pt = 0.010000 Pt = 0.030000

103

0.5

10% |

10t |

100 |

10t F

102 |

0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 . . .
a a

Missing data

* Filled with fitting procedure

« Experimental data are not changed
* No extrapolation
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10!

10° |

10t _

1072 |

Pt = 0.150000

Larger P+

ool III%LEE}L
‘|'- —
<107 T Tyf%r l

« Q2 =0.8 does not follow higher Q2 behavior
« Qualitatively different (Large FSI etc.)
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() = pla) = / A2 5y,

10° ] — /‘fN(O()dCV
0.8GeV/c?
Iea:p —~ 1 3
Ipwia
/g 10°
= I
L‘E ‘- 1 — ~ ].
¥ | lpwia
o :_ Iea:p ~ O 9
Ipwia
3.5 (GeV/c)? j
More data needed! | AI/I=0.1
1072 07 08 09 1.0 1.1 1.2 13
@
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Explore NN interaction core using inelastic
channel: EIC

o X
NAJ
\ Pm = —Di
) —
AN -
N Pr
Pf

« Backwards A or N*
« Large momentum ~ 1GeV/c

1/21/20 Exploring QCD with light nuclei at
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Summary

« High Q2 d(e,e’ p)n can be described using generalized
eikonal approximation for Q2 > 2 GeV/c

* There is a kinematic window to study the Deuteron
momentum distribution.

* New data on very high missing momenta obtained
in Hall C at JLAB for Q2> 4 (GeV/c)? up to
P, = 0.98 GeV/c

* Reduced cross section behavior different from Paris,
V18 or CD-Bonn prediction

* LC momentum distribution determination needs
more data

* Inelastic channels should be included (EIC)
Supported by the Department of Energy, contract DESC0013620
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3.5 (GeV/c)?

Cross section (mb)
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Uexp/agea

1/20/20

Q2 = 3.5 (GeV/c)? GEA M.Sargsian

EIC
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Extracting p,c

Relativistic Description of the Deuteron, L.L Frankfurt and M.
Strikman, Nuclear Physics B148 (1979) 107

High-Energy Phenomena, Short-Range Nuclear Structure and
QCD, L.L Frankfurt and M. Strikman, Physics Reports 76,
(1981) 215

LC momentum p-=E-p, a is frame
o Independent

LC momentum fraction o =A— for boosts
E p-=P: P along the z-

axis
analogous to “x” for
quark distributions

1/20/20 Exploring QCD with light nuclei at 40
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Spectator (neutron) momentum fraction oy = 2
from experiment Mp

remember in lab: P, = Mp and

Proton momentum fraction o = 2 — g

Small & large P

Advantages of working on LC:

* at high Q?, FSI is mostly transverse o is approx.
conserved by FSI (M.Sargsian Int. J. Mod. Phys. E10 2001)

* p(a) is very little affected by re-scattering

« at high energies: NN become important but

« unimportant on LC (photon energy is 0)

* p(a) necessary for interpretation of DIS data of nuclei

1/20/20 Exploring QCD with light nuclei at 41
EIC



Counts / mC

Counts / mC

5

a

3

2

NN I

Counts / mC

\ N
-0.06 —0.04 —0.02 0 0.02 0.04
SHMS X', [rad]

tar

SHMS Y,

tar

8
T T T T T T

I\

Counts / mC

L ) I 1
=2 = -1 05 0 05 1 135

SHMS Y,,, [cm]
e Data

[ simc

1/21/20

Detector Performance

HMS X'

tar

HMS

SHMS Y',,.
wf-
E 25
sE
E +
E +
3of-
F Q
L] = £
o g
g 2
15| © 1
N\ 1 N L N [ N I N -
002 001 g 001 002 003 0
SHMS Y',,, [rad]

8
A RARARRRAREREREE RRRE

SHMS Momentum Acceptance, &

L
~0.08

Ly L ) L
006 -004 002 0 002
HMS X', [rad]

HMS Y,

1
004

0.06

0.08

0.

30—

25—

201 8]
F g
F =

15— S ‘E
F 2
E 2

Iﬂj ©
L L L L L L

-3 -2 -1 o 1 2

SHMS §[%]

Exploring QCD with light nuclei at

EIC

HMS Y,,, [em]

e Data
[ simc

SHMS Y', .
s
+
Q
E
H
El
=3
&)
) IV N L L
0.0z 001 g 001 0.02
SHMS Y',,, [rad]
HMS Momentum Acceptance, &

S0

-
Q F
£ s
I
z F
2 f
2
Q -

10 :—

L L L
215 =10 10

42




Kinematic Variables

Py = 750 MeV/c
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Problems

» Reaction dynamics:
* how does the photon interact with a deeply bound nucleon ?
« what is the EM current structure ?
 Final State Interactions
 high Q2 : eikonal approximations valid ?
(Answer: yes for Q2>2 (GeV/c)?)
* Deuteron wave function
» can one probe NN wave function at small distances ?
 can one find evidence for new degrees of freedom ?

All these problems are interconnected
High Q2 data are necessary for progress!
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