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Motivation for Deuteron Studies
Probing NN Repulsive Core & Hadron-Quark Transition 

- non-nucleonic components, hidden color, gluons
- strength of the core;

- probing superfast quarks (x>1) in inclusive d(ee’)X processes

- hadronization in the deuteron

Processes to Study

- break-up processes in d(e,eN)N reactions
- DIS tagged processes
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Probing the Deuteron at Short Distances

 d =  pn + �� + NN⇤ + hc · · ·

 hc =  Nc,Nc

The NN core can be due to the orthogonality of 

h Nc,Nc |  N,N i = 0



Conceptually: How to probe nuclei
at short nucleon separations

- Probe bound nucleons at large internal momenta

- Need high energy probes to resolve such nucleons in nuclei



Probing the Deuteron at Short Distances

d

�⇤ |pi| = |pf � q| > 300 MeV/c

f
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Considering reaction: e+ d ! e0 + pf + n
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Impossibility to Probe Deuteron at Small Distances at low Q2



High Energy Approximations: 

- Emergence of the small parameter
q�
q+

= q0�q3
q0+q3

⌧ 1

Both for QE/DIS
Q2 � few GeV2
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#Theory of High Energy eA Scattering:



Emergence of  “effective”  theory 
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Wave function?



From Schroedinger Equation -> Feynman Diagrams-> Light-Front Wave Function 
Schroedinger eq.                 à Lipmann-Schwinger Eq. 2
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In high momentum transfer limit: 
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Some  Results:
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Probing  Deuteron at Small Distances at large Q2
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Probing  Deuteron at Core Distances at large Q2

JLab proposal Q2 = 4 GeV2   
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Extraction of Deuteron Light-Cone Momentum Distribution ⇢(↵, pT )
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Extension to DIS: e+ d ! e0 + ps +X

W.Cosyn & M.Sargsian, PRC 2011
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e+ d ! e0 + ps +X

W.Cosyn & M.Sargsian, PRC 2011
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e+ d ! e0 + ps +X

W.Cosyn & M.Sargsian, PRC 2011

A.V. Klimenko et al  PRC 2006

W.Cosyn & M.Sargsian, IJMP 2017
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Hadronization Studies in                          DIS:



Probing  Deuteron at Core Distances at large Q2

 d =  pn + �� + NN⇤ + hc · · ·

e+ d ! e0 +�backward +X
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Some Outlook

- Deuteron deserves a special status for studies of  the almost 
all issues relevant to contemporary high energy nuclear physics

- Inclusive Deuteron at x>1, unpolorized polorized
- Quasielastic Deuteron Break-Up at large pmiss

- Tagged processes with the Deuteron

- Fast backward production of B+M in DIS with the deuteron


