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Motivation for Deuteron Studies

Probing NN Repulsive Core & Hadron-Quark Transition
- strength of the core;
- non-nucleonic components, hidden color, gluons

- bhadronization in the deuteron

Processes to Study

- quasi-elastic processes in d(e,eN)N reactions

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

- fagged DIS processes



Neutron star masses
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Probing the Deuteron at Short Distances

Ug=Vpn +VAr +Unns + Upe- -

Ve =VYnN. N,

The NN core can be due to the orthogonality of

\IJN,N> =0

(UN.,N,



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

Problem: Non Relativistic Quantum Mechanics
is increasingly problematics for description of

high momentum component of nuclear wave
function

Solutions: Problem is similar to the partonic model
in which case nucleons are partons of the nucleus



Probing the Deuteron at Short Distances

- guasi-elastic processes in d(e,eN)N reactions

Considering reaction: e +d — €' +ps +n

il = pr —q| > 300 MeV/c




Impossibility to Probe Deuteron at Small Distances at low Q2 ]
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Impossibility to Probe Deuteron at Small Distances at low Q2
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#Theory of High Energy eA Scattering:

High Energy Approximations:

@] = g3 ~pPr3 > p ~ My
Q? > few GeV?
Both for QE/DIS

- Emergence of the small parameter
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Emergence of “effective” theory
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From Schroedinger Equation -> Feynman Diagrams-> Light-Front Wave Function \

Schroedinger eq. > Lipmann-Schwinger Eq.
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I Deuteron is a pseudo-vector “particle”
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Impossibility to Probe Deuteron at Small Distances at low Q2
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In high momentum transfer limit: Q2> 1-2 GeV?

q
P(p;) pP(P:) p(p,)
a Pm) 4 PMPi)
@ nm) (b) nip;) n(p,)
n p R N
© P (d) N N

Generalized Eikonal Approximation at large Q2, 1997-2010



_  tm
<Sfa87“ | Ag | Sd> - _u(prasr)rg*p% : U(pf,Sf)FDNN . Xsd
7

(sposp | AY | sq) = _/ .d4p;« U(pys, s£)U(pr, 8 ) Fnn[pl + m][pa — ¢ + ¢ +m]
i(2m)* (pa = P} +q)* —m? +ie
Lyenpa — P + mUpnvx®
((pa = p1)? = m? + i) (p? —m? +ic)

X

u(p1, s1)u(p2, s2)U 7 v N Xsu

(93 — m2) V2] (2m)3 (p} + m?)

‘I’fzd(517]?17827p2) - =

N[



Some Results: e+d—€ +p+n
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GEA Glauber Theory
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Impossibility to Probe Deuteron at Small Distances at low Q2 ]
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Probing Deuteron at Small Distances at large Q2
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Probing Deuteron at Extreme Short Distances at large Q2
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Extraction of Deuteron Light-Cone Momentum Distribution é)( ., PT I
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For d(e,e’p)n reaction:

dEe’cCliSqudQ — KJeN (CY pt)p(aapt)v

For Inclusive D(e,e’)X reaction:
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- -
Extension to TDIS: e+d-—e¢e +ps +X |

W.Cosyn & M.Sargsian, PRC 2011
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W.Cosyn & M.Sargsian, PRC 2011
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Hadronization Studies in e+d — e + ps + X TDIS
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Probing Deuteron at Core Distances
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Limitatations of QE Processes
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Deep Inelastic Processes off the Deuteron

MS in progress
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LDeep Inelastic Processes off the Deuteron

MS in progress
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Amplitude of Hard Subprocess
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Deuteron Structure Function

1
- approximation: (o =~ 5
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Deuteron Structure Function

- definition of PDF:
dCEJ dzkjt dCCQ d2l€2t dl‘g dzkgt
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Deuteron Structure Function

Why Double Partonic Distributions?
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Probing Deuteron at Core Distances at large Q2 \
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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

- Quasielastic Deuteron Break-Up at extreme large missing momenta

- Tagged DIS off the deuteron

- Inclusive DIS Deuteron at x>1,

- Baryon + Meson Production in the target Fragmentation region



