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Introduction: Role of the Deuteron

A key system to investigate the

: : VAN 4
core of the NN interaction

Classical method: ‘meas

momentum distribution = study the

d(e,e’p) reaction

p(7) =C [ w77

Very small ¥ — very large p
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V r>(fm)

~0.6 fm
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D(e,e’p) in PWIA
d°o
= koepp(pr
dwd(.d2, PP {Pr) Plane Wave IA:

* Hit nucleon does notinteract with
the recoiling system
» Described by a plane wave

Conventional Experimental
Momentum distributions:

Uemp
p(pr)ea:p = Ored — I
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Momentum Distributions

Hall A/ CLAS

-~
—
-~
-~
-~
-

o

—IIB
Hallc —WJC!

future AV1S

— CD Bonn

= e
= — T
S,
-
-
- -~
. e
So. ~

o Sso
< S
-
~

-~

102 V18

? 10 Paris

) Bonn
- ¥ -
> F et CD Bonn -
10" E
9 E
= 2 =
Q10 E
1075 200 200 600 800 1000 -
pnGeV/c =
10' E
10"
0.0

2/11/16

Next generation nuclear physics
with JLAB12 and EIC

p (GeV

0.6 0.8
)



D(e,e’p) Reaction Mechanisms
PWIA FSI reduced at certain

q kinematics ?
u .
Py

p/n:_pi

d
° :kGeNS(Em’pm) dG

dwdQ,dQ,, dodQ. dQ,,

= kGeND(Em’pf’pm)

f
supressed for
x>1

expected to be
small at large Q2
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Missing Momentum Dependences

Mini-Review: W.B. and M.Sargsian, International Journal of Modern
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10 [ T T T T T T T T T ] 10—55........,....,....,....|....
‘% ; . This Experiment ]
10~ A % 107° S ,}esc:onne: ll:xg:;;vm |
- exp : : S
N+MEC+IC+REL S VO F N | ----. :ren:oeve: ll;all;:ﬁgonn E
s [ 4 ———-N ] s s Arenhoevel FULL/Bonn i
107 % E s 0k
: 1“ g 107° L E
_3 Y O
10 - 9 - ° -0 [ ~ a
\ large IC+MEC g " S I
. S 1041 B \?t ]
10—8_ - IA 1 | l | T S S N T N N
e ] S 40 : At e
2 2f ]
].0_9 - - E 0 [T o= L i H _E
é ok s 5Hé;§§?i§i§§§til jif Hyl _
107" 3 E é —40 [ \\ .
[ g _e0 D
o | ] : 0 large FSI = - ¥
- large FSI included 8 o | o -
107" — L e L
0 200 400 600 800 1000 o 0 100 200 300 400 500 600
p. MeV/c] p, (MeV/c)
MAMI Q2=0.33 (GeV/c)? JLAB Q%= 0.67 (GeV/c)?
Blomgqvist et al. PLB 429 (1998) Ulmer et al. PRL89 (2002) 062301-1
2/11/16 Next generation nuclear physics 6

with JLAB12 and EIC



20° <0 <160° '
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O,.q Scaled by factors of 10 for display
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Future 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

« Beam: 11 GeV, 80uA

» 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,=0.50.6,0.7,0.8,0.9, 1.0 GeV/c
* Angles: 63.5°2 6,2 53.1

 Target: 15 cm LHD
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Angular Distributions up to p,, = 1GeV/c
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Rates
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Expected Results
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v Measured cross sections for p,, up to 1 GeV/c
v' Errors: dominated by statistics: 7% - 20%

v’ Estimated systematic error =5 %

v'JLAB uniquely suited for high p,, study

v'First data expected Spring 2017

1013
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Alternative method: extracting of p, ¢

Relativistic Description of the Deuteron, L.L Frankfurtand 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, o is frame
D Independent

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

axis
analogous to “x” for
quark distributions
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Spectator (neutron) momentum fraction o = 2E8 — DS
from experiment Mp
remember in lab: P, = Mp and

Proton momentum fraction o = 2 —

Small &« large P2

048%2 Ppz — OO

Advantages of working on LC:

* at high Q2, FSI is mostly transverse o is approx.
conserved by FSI (M.Sargsian Int. J. Mod. Phys. E10 2001)

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

« at high energies: NN become important but

« unimportant on LC (photon energy is 0)

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

2/11/16 Next generation nuclear physics 17
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LC PWIA cross section

do
dE!dS).dS),

= Koo (o, pe)p(a, pr)

Nuclear analog to . (a) = p(a) = / P(Oéapt)dzpt
parton distribution Q

do
Normalization: / p(a, pt)EQWPtht =1

LC Momentum sum rule: /ap(a’pt)d_agﬁptdpt — 1
(@7

Problem: how do FSI affect fN (Ck)
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Experimental p(o.,p;) distributions

O'EXP(@apT)

KO'GL]g(Oz,pT)

Hall A +Q2=0.8, 2.1 and 3.5 (GeV/c)? : constant for each set
* Pmiss = 0.2, 0.4 and 0.5 GeV/c : angular distribution

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

Boeglin et al. PRL 107 (2011) 262501

,OEXP(Oé,pT) —

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

Various methods possible

0.8 and 2.1 (GeV/c)? data normalized to 3.5 (GeV/c)? at low p,,
(0.04 - 0.12 GeV/c)

Large FSI at small o and large P+ for small Q?

2/11/16 Next generation nuclear physics 19
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First Results (Preliminary)
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« Systematic error ~7%
 Original experiment design to measure angular distributions
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Small P
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10t
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Missing Data
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(@) = ple) = [ PP Doy

I = / fn(a)da
0.8GeV/c?
Iea:p ~13
; Ipwia
Sj/ 10
= Iea:p ~ 1
S— ~
Ipwra
10'1 _ ..... [exp ~ O 9
Ipwra
Al/I =~ 0.1
10-2 | 1 1 1 1 1
0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3
87
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Summary

High Q2 d(e,e’ p)n can be described using
generalized eikonal approximation for Q2 > 2 GeV/c
Minimal FSI expected even at high p,,

Angular distribution should be measured at pm ~ 0.8
GeV/c for verification

New experiment at 11 GeV determines d(ee’p)n
cross section up to p,, = 1GeV/c

First experimental extraction of p(a) from Q? = 2.1
and 3.5 (GeV/c)? data

Various interpolation methods need to be assessed
Sum rules satisfied within 10%

Consequence for parton distributions functions need
further analysis

Experimental determination requires large kinematic
coverage in a and

2/11/16 I\BIt generation nuclear physics
with JLAB12 and EIC
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Cross Section Terms (arb. units)
—
o

[y
o
N

FSI| Reduction

Reduction of FSI: o ~ |4, |2 =24, ||Aq| + |Ag |2

—
LILILI

Rescattering determined by
i . slope factor:
O-R:‘AR| O-im:_2|Al||AR| _b,2
f=e?
kf = pm Sm(ep)nq)
b~6(GeV/c)?
13 \ f, relatively flatupto k, =0.5(GeV / c)
0 20 40 \ 60 80 100 120 140 nq — D, zOS(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)



Interpolating missing data with modified model

fit for Q2 = 3.5 (GeV/c)?
Fit function: p(a) = vprc(a*)e™ Gsi(a=4)°
a" =1+ B(a—A)

Parameters: «, 3,7,0s1, A

use 0, fora < A
use 0; foraa > A

Calculated using model: prc (o)
(e.g. Paris WF)

2/11/16 Next generation nuclear physics
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20% cut
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/p(a,PT)Zﬂ'PTdPT

p(ov) using fit interpolation

o Distribution

/o(as )4e =0.94 +£0.002

/’(0‘., )dor=0.94 +0.002

1 a Distribution 1
10 w w w 10
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o, conservation as function of nucleon momenta

=03 T
< |
025 32
[ <k>=05GeVie transverse momentum
0.2 | | transfer in re-scattering (FSI)
Q os|
(@)) i
C i
® o1
c i
© 005:*
S |
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/ LC momentum

Uy (k)|*E
LC momentum distribution  p(a, py) = [Walk)|"Ey

2 — «

k= - M5, EkZ\/M%ﬂ??

k relative nucleon momentum in np system on the light cone

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

do
LC Momentum sum rule /CV,O(Oé,pt)EQWptdpt =1
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a,., (MeV/c)™

Q2=0.8 & 2.1 (GeV/c)?
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Angular Distributions

Q%= 2.1 Q?=3.5

50.0 <p,, <610.0 MeV/c R 60.0 <p,, <540.0 MeV/c

large FSI over wide small FS| at small FSI at
angular range small angles small angles

Eikonal regime seems to be reached
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