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Two components of Color Transparency

(1) Formation of small size color neutral configurations (PLC)

- Q2 are not large enough for PLC formation
- Feynman Mechanism

- Rate of expansion 
how fast, instantaneous ?

(2) Evolution (Expansion) of PLCs to Normal Hadrons 



CT Observables

- Diminished Interaction of  PLC in the Nuclear Environment

- (new) Diminished cross section dominated by PLC-Nucleon Rescattering
- (current) Diminished absorption of PLC in the nuclear medium

- A(e,e’p)X,  A(e,e’𝝅)𝑿, 𝑨 𝒆, 𝒆!𝝆 𝑿

- Reaction Processes Studied so Far Focused on Observing
Diminished Absorption with  Increase of Q2(current)

- Suggestion is to study Diminished Cross Section (new) 

- Problem is in dealing with nuclei A>4

- In d(e,e’p)n reaction dominated by Final State Interaction
- Advantage is in dealing with deuteron Frankfurt, Greenberg, Miller, MS,  Strikman

PLB1996, Z.Phys A 1995



CT Subprocesses
Quasi-Elastic Exclusive Processes

- (new) Deep Inelastic eN-> eX

- (current)  ep->ep,   eN-> e𝝆𝑵, ep-> e𝝅𝑵

W. Cosyn, &  MS
IJMPE 2017 & Phys. Rev. C 2011

- (new) Deep Inelastic eN-> e, meson,X,.. hadronization



Theory of Deuteron Electro-disintegration at large Q2
Considering a reaction e+ d ! e0 + p+ n

In knock-out kinematics: One of the nucleon (p) takes almost all the transferred 
momentum and the other is recoil
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“Modern Studies of the Deuteron”
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In high momentum transfer limit: 
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Generalized Eikonal Approximation at large Q2,  1997-2010

Q2 > 1-2 GeV2

MS, Phys. Rev C 2010



High Energy Approximations: 

- Emergence of the small parameter
q�
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q0+q3

⌧ 1

Both for QE/DIS
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Emergence of  “effective”  theory 
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In high momentum transfer limit: 
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Q2 > 1-2 GeV2

MS, Phys. Rev C 2010
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Some  Results:
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Some  Results:
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Some  Results:
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Probing  Deuteron at Small Distances at large Q2
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Probing Rescattering:
Double Scattering as a tool to study 
Color Transparency

Observable 

R = �(pr=400MeV/c)
�(pr=200MeV/c)

Greenberg, Frankfurt, Miller, MS, Strikman, Z.Phys A 1995

Larger momentum of spectator nucleon chooses 
shorter distances between production and
rescattering vertices

(1)

(2)



P
P

P

s

fq

Γ

Γ

DNN

 Nγ

D

ΓDNN

PD
s Ps

P f
q Γγ N

P’

(a) (b)

e+ d ! e0 + p+ n CT in Double Scattering

Observable 

R = �(pr=400MeV/c)
�(pr=200MeV/c)

�nq(deg)

(a)

(b)

(i)

(ii)
(iii)

(c)

R
=

� e
xp
/�

pw
ia

1

10

10
2

0 20 40 60 80 100 120 140 160 180

!
r
, (Deg.)

d
"

/d
Q

2
d

p
n
d
#

n
 (

p
b

/G
e
V

3
, 

S
r

2
)

2

3

4

5

10
-2

10
-1

1

10

10
2

0 20 40 60 80 100 120 140 160 180

!
r
, (Deg.)

d
"

/d
Q

2
d

p
n
d
#

n
 (

p
b

/G
eV

3
,S

r2
)

2

3

4

5

x0.5

x0.25



P
P

P

s

fq

Γ

Γ

DNN

 Nγ

D

ΓDNN

PD
s Ps

P f
q Γγ N

P’

(a) (b)

e+ d ! e0 + p+ n CT in Double Scattering

R = �(pr=400MeV/c)
�(pr=200MeV/c)

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0 2 4 6 8 10 12 14 16 18 20
C

ro
ss

 S
ec

tio
n 

R
at

io

Q2 (GeV2)

D(e,e‘p)
No CT

CT (II)
CT (I)

JLAB 12 GeV

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 2 4 6 8 10 12 14 16 18 20

Tr
an

sp
ar

en
cy

Q2 (GeV/c)2

12C

Bates
SLAC
JLab 95/96
JLab 99

JLab 12 GeV

Glauber
Glauber + CT (I)
Glauber + CT (II)
Glauber + CT (III)

�tot(l, Q
2) = �tot

⇢✓
l

lh

◆n

+
hrt(Q2)2i

hr2t i

✓
1�

✓
l

lh

◆n◆�
⇥(lh � l) +⇥(l � lh)

�
,

n = 1
2

lh = 2pf/� M2 � M2 = 1.1 GeV 2

MS et al, Hadrons in the Nuclear Medium, J.Phys. G 2003



P
P

P

s

fq

Γ

Γ

DNN

 Nγ

D

ΓDNN

PD
s Ps

P f
q Γγ N

P’

(a) (b)

e+ d ! e0 + p+ nExperimental Status of Double Scattering
Werner Boeglin (FIU)
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Rate Estimates
• Electrons: SHMS
• Protons: HMS
• Target: 10cm liquid D
• Beam current: 50µA
• Rates estimated with SIMC using PWIA including radiation
• Standard acceptance cuts
• Electrons:
• Protons: 
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�8  �  4.
<latexit sha1_base64="717w2HqfvIZhM3eQaXCSwDtNOFQ="></latexit>

✓tar  ±60
<latexit sha1_base64="nUW0kH86feIzjPIm8gXEj1steDU="></latexit>

�tar  ±0.25
<latexit sha1_base64="POv6a8dX/AqKI0NLwCLfmEmjNX4=">AAACMHicbZDLSgNBEEVrfBtfUTeCm8YguHEyE0TFleDGpYJRwYTQ06lJmvT0jN01Ygjxa9zqwq/Rlbj1K+w8Fr4KGg73VjVVN8qUtBQEb97E5NT0zOzcfGFhcWl5pbi6dmnT3AisilSl5jriFpXUWCVJCq8zgzyJFF5FnZOBf3WHxspUX1A3w3rCW1rGUnByUqO4sRsGrKbwltWaqIiPOAz8RrEU+MGw2F8Ix1CCcZ01Vj2oNVORJ6hJKG7tTRhkVO9xQ1Io7BdqucWMiw5v4Y1DzRO09d7whD7bdkqTxalxTxMbqt8nejyxtptErjPh1La/vYH4r3cfGy7626xNlB2Vy4K49lPTKmedVnno/dyL4sN6T+osJ9RitFacK0YpG6THmtKgINV1wIWR7jIm2tz9Qi7jgsss/J3QX7is+OG+XznfKx3vjdObg03Ygh0I4QCO4RTOoAoCHuARnuDZe/FevXfvY9Q64Y1n1uFHeZ9fsPil5g==</latexit>

�10  �  10.



Q2 min Q2 max Pm min Pm max qnq min qnq max
Events/Hou
r

Precisio
n (%)

Number of 
Events

Beam 
Time (h)

3.75 4.25 0.15 0.25 55 85 2571.9 5 400 0.2
3.75 4.25 0.35 0.45 55 85 73.8 5 400 5.4
4.75 5.25 0.15 0.25 55 85 997.0 5 400 0.4
4.75 5.25 0.35 0.45 55 85 25.6 5 400 15.6
5.75 6.25 0.15 0.25 55 85 389.8 5 400 1.0
5.75 6.25 0.35 0.45 55 85 9.5 5 400 42.0
6.75 7.25 0.15 0.25 55 85 152.0 5 400 2.6
6.75 7.25 0.35 0.45 55 85 3.7 6 278 75.0
7.75 8.25 0.15 0.25 55 85 61.9 6 278 4.5
7.75 8.25 0.35 0.45 55 85 1.6 7 204 129.4
8.75 9.25 0.15 0.25 55 85 27.2 7 204 7.5
8.75 9.25 0.35 0.45 55 85 0.7 7 204 291.3

9.5 10.5 0.15 0.25 55 85 23.1 10 100 4.3
9.5 10.5 0.35 0.45 55 85 0.6 10 100 156.6

Total (hours) 735.8
Total 
(days) 30.7
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Extension to DIS: e+ d ! e0 + ps +X
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W.Cosyn & M.Sargsian, PRC 2011
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W.Cosyn & M.Sargsian, PRC 2011

A.V. Klimenko et al  PRC 2006
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Some Outlook

- Deuteron can  present as a micro-detector for probing 
structure of produced baryons through the rescattering
off the spectator nucleon

- By selecting larger momentum of spectator one can control
distances at which PLC evolves (if it is produced)

- Tagged processes with the Deuteron, may potentially present 
a new venue for CT and Hadronization processes.

- In addition to e+ d ! e0 +X + pr one can also consider e+ d ! e0 +X +meson+Nr

to probe the hadronization of meson through meson-Nr rescattering


