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Lower Energy option = LE



 eRHIC Ring-Ring Design

Existing RHIC ring for polarized pExisting RHIC ring for polarized p

  and un-and un-polarizedpolarized A A

Luminosity assumes at least 2 A-ALuminosity assumes at least 2 A-A

 experiments on (limiting the luminosity) experiments on (limiting the luminosity)

Electrons and positrons easily possibleElectrons and positrons easily possible

One IR, can be built in short time scaleOne IR, can be built in short time scale

 Source: eRHIC Zeroth 

 Design Report

 http://www.http://www.bnlbnl..govgov//eiceic

Two Higher Energy options = HE



 eRHIC Linac-Ring Design

If community support is wideIf community support is wide

••  A design that allows up to fourA design that allows up to four

    IRsIRs

••  10->2010->20 GeV  GeV upgrade trivialupgrade trivial

••  Clear advantages for element freeClear advantages for element free

   regions in Interaction regions   regions in Interaction regions

 

Parameters ERL

ion ring

p Au

C, m 1022 or

3833

3833

E, GeV 5–10

2-20

250 100/u

nb 360

Nb
1!1011 2!1011 2!109

I, A

"rmsn µm

#*, cm

$

0.45

<50

~100

~1

0.45

3-9

20

0.024

L, cm-2 s-1 ! 1!1034 1!1032

Use existing p and AUse existing p and A

 beam ring beam ring

Add Add linac linac to theto the

 complex complex

Assumes 2 A-AAssumes 2 A-A

 experiments on, limiting experiments on, limiting

 the estimated the estimated

 luminosity (in reality this luminosity (in reality this

 may not be true, and  may not be true, and lumilumi

 can be increased) can be increased)



Two direction - moderate x > 0.05 and pushing to as small x as possible 

               xmin~ Q2min/ W2= Q2min/4EeEp

1/xmin  linear in maximal  Ee, Ep   
Potential advantage of collider (if collision region and detector are designed 
properly) - detection of fast particles (nucleons, mesons, ...) in the nucleon/
nucleus fragmentation region.

Small x region - physics of large longitudinal distances 

lcoh(x) = (1÷ 2)/mNx =⇒ lcoh(x = 10−2) = 10÷ 20 fm

probably beyond the range of lattice QCD in the next 15 years



Small x - in NLO interplay of quark and gluon GPDs 

Need to measure both. Even more complicated that in DIS 

Example: difference in the t-dependence of quark and gluon QPD

BDVCS  (x=10-3, Q2=8 GeV2)≈6 GeV-2

Bgluon gpd  (x=10-3, Q2=3÷8 GeV2)≈3.5÷4.5 GeV-2 from J/ψ electro/photo 
production

A.Freund and M.Mcdermott: σDVCS is difference of term due to quark 
and gluon gpd’s with second term reducing σDVCS by nearly a factor of 2 

Δ=Bquark gpd - Bgluon gpd → BDVCS gpd - Bgluon gpd= 2 Δ

Crucial to have high precision measurements of t -dependence for a wide range of  
hard processes



Need to explore relative merits of different options from the angle of

At what x, Q2 LE option with higher lumi wins over HE?
Optimizing energies of the runs  - gains in the L/T separation

x, Q2 range covered☁
☁ Acceptance in the forward region

 accurate measurement of t -dependence for diagonal case

 measurement of non-diagonal processes
γ∗ + p→ γ(M) + ∆+(N∗)

γ∗ + "p→ K+ + "Λ
for small x I(N*)=1/2 - baryon spectroscopy; chiral dynamics for gpd’s

☁ Particle ID in the current fragmentation region

☁ Tagged neutrons for neutron gpd’s



Nuclear gpds and exclusive processes
Nuclear pdf ≈ A x (nucleon pdf)  for 0.4 > x > 0.02 with 10% accuracy⇒

?
Nuclear gpd ≈ A x (nucleon gpd)  for 0.4 > x > 0.02 with 10% accuracy⇒

Amplitude(γ∗ + A→ γ(V ) + A) = Amplitude(γ∗ + A→ γ(V ) + A)FA(t)

Amplitude(γ∗ + A→ γ(V ) + A′[nucleus breakup]) = 0| t=0

≡Color transparency

Deviations from CT due 
to HT effects - x~0.05 
optimal as expansion 

effects are small
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An eikonalized form for high energy scattering amplitudes was first obtained by Cheng
and Wu [41], for several processes in QED. In particular, these authors demonstrated
that for processes such as Delbruck scattering (photon-nucleus scattering in the static
approximation) the sum of Feynman graphs of a certain type can be cast in the form of a
convolution of the e+e−-component of the virtual photon wavefunction with the eikonalized
amplitude for the e+e−-nucleon scattering.

Two aspects of the QED derivation of [41] are important to mention. Firstly, it was ex-
plicitly demonstrated that higher order diagrams, involving closed electron loops or graphs,
in which a photon is allowed to be emitted and absorbed by the same electron, do not ex-
ponentiate. Secondly, the transverse diameter of the e+e−-system emitted by the photon
remains unchanged by the interaction.

At ultra-relativistic energies, the eikonal approximation has been successful in the
description of hadron-hadron scattering (for instance, the droplet model of [42]) as well as
hadron-nucleus scattering (see, for example, [43] and [44]). The approximation can be also
applied to nucleus-nucleus scattering at high energies.

The use of the eikonal approximation in high energy DIS on nuclei, within a dipole
model for the wavefunction of a virtual photon, constitutes an extension of its previous use
in hadron-nucleus scattering and QED. As explained above, the forward virtual photon-
nucleus amplitude is given by the square of the photon light-cone wavefunction multiplied
by an eikonal factor arising from the exponentiation of the total qq̄-nucleon scattering
cross section. Such a form is based on the strong assumption that the qq̄-nucleon inter-
action leaves certain characteristics of the qq̄-system, such as its transverse diameter and
momentum fraction sharing variable, unchanged, i.e., the interaction is diagonal in the
appropriate variables. In other words, within the eikonal approximation the projectile is
said to be frozen in its prepared state for the lifetime of the interaction.

A diagram typical of the eikonal approxima-
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Figure 11: Feynman diagram giving
rise to nuclear shadowing within the
eikonal approximation.

tion, as applied to nuclear shadowing, is shown in
figure 11. It represents the forward virtual photon-
nucleus scattering amplitude, in which the inter-
action with only a pair of nucleons is taken into
account. The imaginary part of such a graph gives
rise to the shadowing correction, δF A(2)

2 , and should
be compared to figure 1 of the leading twist ap-
proach. The differences between the two figures re-
veal conceptual differences between the approaches:
while in figure 1 the virtual photon interacts by dis-
sociating into a multitude of diffractive intermedi-
ate states, the qq̄-dipole of the virtual photon in
figure 11 interacts elastically through the exchange
of an interacting gluon ladder (illustrated by the exchange of two gluons).

In quantum mechanical processes, and high-energy hadron-nucleus scattering, the ap-
proximation that the dominant fluctuations of the projectile can be considered to be frozen,
can be justified by a suitable choice of basis states which diagonalize the scattering op-
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example of HT diagram leading to shadowing
For heavy nuclei can probe very small σeff ~ 5 mb

≠ 0 due to 
EMC type effects

Another strategy - A -dependence of break up (good for all x)
σ(γ∗ + A→ γ(V ) + A′[nucleus breakup]) ∝ An CT: n=1,  large σeff    n=1/3  



The leading twist prediction is

σγA→V A(s) =
dσγN→V N(s, tmin)

dt

[

GA(x1, x2, Q2
eff , t = 0)

AGN(xx, x2, Q2
eff , t = 0)

]2
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·
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where x1 − x2 = m2
V

s ≡ x.

The expectations for the BBL will be discussed later.

UIUC, November 7, 2003 M.Strikman
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Figure 1: High energy quarkonium photoproduction in the leading twist approximation.

accounts for the inelastic strong interactions of the nuclei at impact parameters b ≤ 2RA

and, hence, suppresses the corresponding contribution to the Υ photoproduction. In
our calculations we use the nuclear matter density ρA(z,"b) obtained from the mean field
Hartree-Fock-Skyrme (HFS) model, which describes many global properties of nuclei [27]
as well as many single-particle nuclear structure characteristics extracted from the high
energy A(e, e′p) reactions [28].

The amplitude of Υ photoproduction (necessary for the calculation of σγA→ΥA in
eq. (2.1)) in the leading twist approximation is described by the series of the Feynman
diagrams depicted in figure. 1. The QCD factorization theorem2 for exclusive meson pho-
toproduction [5, 7, 29] allows one to express the imaginary part of the forward amplitude
for the production of a heavy vector meson by a photon, γ + T → V + T , through con-
volution of the wave function of the meson at the zero transverse separation between the
quark and antiquark, the hard interaction block and the generalized parton distribution
(GPD) of the target, GT (x1, x2, Q2, tmin), evaluated at tmin ≈ −x2m2

N . The momentum
light cone fractions xi of the gluons attached to the quark loop satisfy the relation:

x1 − x2 =
m2

Υ

s
≡ x , (2.4)

where s = 4ENω = 4γωmN is the invariant energy for γ − N scattering (EN = γmN is
the energy per nucleon in the c.m. of the nucleus-nucleus collisions). If the quark Fermi
motion and binding effects were negligible, then x2 & x1 as a consequence of the fact that

2The proof of the factorization theorem for diffractive electroproduction of vector mesons is rather

straightforward [29] and, therefore, it is generally accepted in the published literature. At the same time,

the proof of the factorization theorem is more delicate in the case of hadron-initiated processes such as

diffraction of pions into two jets. For such processes factorization was questioned in refs. [30, 31]. However,

approximations used in these papers appear to violate gauge invariance when describing hadron desinte-

gration into jets in high-energy processes off the nucleon (nucleus) target. In particular, the same approx-

imations lead to the formulae for the process of dijet production by the pion projectile off the Coulomb

field of a nucleon (nucleus) [32], which differ from the exact answer deduced from the requirement of the

conservation of the e.m. current and renormalizability of QCD [33].
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⇒
Factor of  > 2 suppression of cross sections at x< 0.005 for large Q2  for 
light mesons and for onium production for all Q. (Diagonal DVCS is very 
difficult for such x - Guzey talk)

Data with nuclei are crucial for determining the Q range which could 
be used to extract gpd’s in scattering off nuleons


