
Superfast quarks and nuclear partonic 
distributions at x>1  
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- Color glass condensate 2000

- Above 2 solar mass neutron stars 2010
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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

~80% 



Conceptually: How to probe nuclei
at such a short nucleon separations

- probe bound nucleons at large internal momenta >300MeV/c

- needs high energy probe to resolve such nucleons in nuclei

- considering quasielastic A(e, e0)X, A(e, e0, Nf , Nr)X and A(p, p0, Nf , Nr)X

- to probe larger internal momenta larger Q2 is needed

- several novel observations: E. Piasetzky, MS, L. Frankfurt,  M. Strikman, J.Watson PRL , 2006
MS,arXiv:1210.3280 (2012),  Phys. Rev. C 2014

Limitations

JLab produced 2 Science and 1 Nature papers 
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to summarize… 

two color singlet  “nucleons”

To probe

- Is being currently investigated in quasielasticchannel
primarily at JLab, JSA, JINR

- Alternative approach is to explore x>1 in Nuclear Deep  Inelastic Processes 

- Needs significantly higher Q2 and quasielastic
processes are less effective



Studies of nuclear partonic distributions at x>1    

- x > 1 requires a momentum transfer from the nearby 
nucleon or the quark from the nearby nucleon. 

- x>1   “super-fast quarks”

Probing SuperFast Quarks in Nuclei 



SuperFast quarks – short distance probes in nuclei

Two factors driving nucleons close togetherx = Q 2
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Existing Planned and Possible Experiments:

1. BCDMS Collaboration 1994 (CERN): 52  Q2  200 GeV2

2. CCFR Collaboration  2000 (FermiLab): Q2 = 120 GeV2

3. E02-019 Experiment  2010 (JLab) Q2
AV = 7.4 GeV2

4. Approved Experiments at JLab12: e+A ! e0 +X, Q2 � 10 GeV2

5. Alternative Studies at LHC p+A -> 2 jets + X



1. BCDMS Collaboration 1994 (CERN): Z.Phys C63 1994

x = 0 .85, 0.95, 1.05, 1.15 and 1.3

F2A (x, Q2) = F2A (x0 = 0 .75, Q2)e! s(x ! 0.75)

s = 16.5 ± 0.6

More than Fermi Gas  but very  marginal high
momentum component

Structure function  of Carbon in deep-inelastic scattering of 200GeV muons

!Q2" = 61, 85 and 150 GeV2



2. CCFR Collaboration  2000 (FermiLab): Phys. Rev. D61 2000

Q2 = 120 GeV2 and 0.6  x  1.2.

F2A ⇠ e�s(x�x0)

s = 8.3± 0.7(stat)± 0.7(syst)

Too  much high momentum component

Using the neutrino and antineutrino beams in which structure 
function Iron was measured in the charged current sector for average 



3. E02-019 Experiment  2010 (JLab) Phys.Rev.Lett 204 2010

(ee’) scattering of  2
H, 3

He, 4
He, 9

Be, 12
C, 64

Cu and 197
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3. E02-019 Experiment  2010 (JLab) Phys.Rev.Lett 204 2010
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F2A (x, Q2) = F2A (x0 = 0 .75, Q2)e! s(x ! 0.75)

s = 15± 0.5



I. QCD Evolution Equation for Nuclear Partonic Distributions
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QCD Evolution Equation for Nuclear Partonic Distributions
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Neglecting GA (x, Q2)
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Using the same JLab fit of F (0)
2A )(⇠, Q2) at Q2 = 7.4 GeV2

We calculated the evolution of Q2 to the BCDMS and CCFR region
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New Fit

Consider only F2(⇠, Q2)

Fitting function: F2A(⇠, Q2) = FLT
2A (⇠, Q2)

⇣
1 + c1⇠

c2 (1+c3⇠)
Q2

⌘
,

A.Accardi, M. E. Christy, C. E. Keppel, P. Monaghan, W. Melnitchouk, 
J. G. Morfin, and J. F. Owens, Phys. Rev. D81, 034016 (2010), 0911.2254.

FLT
2A (⇠, Q2

0) = exp(p0 + p1⇠ + p2⇠2)

Employed three di↵erent strategies to perform the fit.

(1) Di↵erential evolution multidimensional optimization method

(2) MINUIT2 library functions with a �2 fit function

(3) Bootstrap method, in which we generated populations by sampling the
data points from a Gaussian with a center and width determined by their
experimental values and statistical errors.

Fitting function: F2A(⇠, Q2) = FLT
2A (⇠, Q2)
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All by  Adam Freese & Wim Cosin
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Summary

- We derived Evolution Equation for the nuclear partonF2 structure 
function at large x (>1)

- Used it to relate JLabmoderate Q2 data to Large Q2 CCFR and
BCDMS data

- Our conclusion is that the JLabdata are in a better agreement 
with CCFR which  indicates finite SRC contribution in the 
generation of superfast quarks

- It seems description in      is working well and no need for other 
finite  mass corrections 

- Higher twist effects are strongly suppressed for nuclear partonic
distributions at high x. 

!



(III) Theory of Super-Fast Quarks:

1. Convolution Models:

2. 6-quark models:

3. Hard Gluon Exchange model
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1. Convolution Models:



F2 ! (1 " x)2N ! 3+2 |! ! |

Gunion, Nason, Blankenbecler, PRD 1984

F2D = F2,(6q) ! (1 " x
2 )10

Carlson, Lassila, Sukhatme, PLB 1988,1991

2. 6-quark models:

J.Vary et al many papers
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Deuteron Wave Function
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Nucleon Wave Function
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Amplitude of Hard Subprocess 
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Deuteron Structure Function

- definition of  nucleon PDF:
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Deuteron Structure Function

Why Double Partonic Distributions?
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Deuteron Structure Function

Where is the core?
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xBj ! 2 requires x1 and y1 ! 1

Dynamics of the partondistributions at x -> 1 will 
imitate the repulsive core



10
-9

10
-8

10
-7

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

1

0.4 0.6 0.8 1 1.2 1.4 1.6
x

F 2d
/2

Q2
= 20GeV 2

hgex

6q

Convolution

- JLabat Q2= 10 GeV2 + QCD evolution

- EIC at Q2=20 GeV2,  Ecm=65gev, x=1.4 rate0.23-2.3 events/hour GeV2/dQ2dx



10
-7

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

1

0 2 4 6 8 10 12 14 16 18 20

Q2, GeV2

F 2d  /
A

d(e,e/ )X

x = 1

x = 1.5

Convolution

6q
hgex



- Onset of quark degrees of freedom will softensthe high x nuclear 
distribution

- hard gluon exchange model predicts  less  soft than 6q and 
less hard than NN

- observation of hgexlike scenario will indicate  on existence of  
mixed  quark- hadron phase in   baryon-quark-gluon transition 

Summary

- NN coreis related to the dynamics of the nucleon partondistribution
at high x limit.


