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The eRHIC project

• BNLʼs proposal for an Electron-ion-collider (EIC)

• Next-gen facility for nucle(on/ar) structure

‣ Extreme luminosity ~ 1034 cm-2s-1

‣ Variable energy [e 5-20, p 100-250, Au 50-100]

‣ Multiple ion species: p to U

‣ Polarised beams [e, p, He3]
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Detector: compact & hermetic
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Probing hadrons: DIS

• Photon interacts with quark not proton 

• “QCD femtoscope”
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• Describable with 
structure functions

• Relate to parton 
distribution functions

‣ parton momentum 
inside proton

☛

Fraction of proton momentum

HERA : first 
ep collider 



1: Spin physics
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DIS with polarised beams
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Allows study of nucleon spin
What do we currently know?



DIS with polarised beams
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• Not from 3 spin ½ quarks

• Only ⅓ from quark spin

Allows study of nucleon spin
What do we currently know?

• Remainder unclear



DIS with polarised beams
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• Not from 3 spin ½ quarks

‣ How much orbital motion?

• Only ⅓ from quark spin

• Remainder unclear

‣ How much gluon spin?

Allows study of nucleon spin
What do we currently know?



DIS with polarised beams
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• Not from 3 spin ½ quarks

‣ How much orbital motion?

• Only ⅓ from quark spin

• Remainder unclear

‣ How much gluon spin?

Allows study of nucleon spin
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eRHIC kinematics
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Greatly 
extended 
reach to 

both low x 
& high Q2

Variable E
→ scan

x-Q2 plane



DIS with polarised beams
• eRHIC impact?

‣ Perform global fit 
of existing data + 
eRHIC “data”
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2: Imaging protons & nuclei
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Exclusive Diffractive Scattering
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Depends on 
momentum transfer to 

proton, t

Fourier transform
exclusive diffractive cross section vs .t →

transverse spatial distribution:
tomographic imaging

or vector meson

With γ, called “Deeply 
Virtual Compton Scattering”



Deeply Virtual Compton Scattering
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Existing HERA data
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Spin dependence

Nucleon tomography
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PET brain image



3: Strong colour fields
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Nuclear diffraction
• dσ/dt → b-density
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• Sensitive to saturation

|t | (GeV2) |t | (GeV2)
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18

)2
 /d

t (
nb

/G
eV

 e
’ +

 A
u

’ +
 J

/ψ
)

→
(e

 +
 A

u
 

σ
d

)
2

 /
d

t 
(n

b
/G

e
V

 e
’ +

 A
u

’ 
+

 φ
)

→
(e

 +
 A

u
 

σ
d

J/ψ φ

∫Ldt = 10 fb-1

1 < Q2 < 10 GeV2

x < 0.01
|η(edecay)| < 4
p(edecay) > 1 GeV/c
δt/t = 5%

∫Ldt = 10 fb-1

1 < Q2 < 10 GeV2

x < 0.01
|η(Kdecay)| < 4
p(Kdecay) > 1 GeV/c
δt/t = 5%

104

103

102

10

1

10-1

10-2

105

104

103

102

10

1

10-1

10-2

coherent - no saturation
incoherent - no saturation
coherent - saturation (bSat)
incoherent - saturation (bSat)

coherent - no saturation
incoherent - no saturation
coherent - saturation (bSat)
incoherent - saturation (bSat)

Figure 1.19: dσ/dt distributions for exclusive J/ψ (left) and φ (right) production in coherent
and incoherent events in diffractive eAu collisions. Predictions from saturation and non-
saturation models are shown.

distribution provides valuable information on the fluctuations or “lumpiness” of the source
[85]. As discussed above we are able to distinguish both by detecting the neutrons emitted
by the nuclear breakup in the incoherent case. Again we compare prediction of saturation
and non-saturation models. As for the previous figures the curves were generated with the
Sartre event generator and had to pass through an experimental filter. The experimental
cuts are listed in the figures.

Since the J/ψ is smaller than the φ, as expected one sees little difference between the sat-
uration and no saturation scenarios for exclusive J/ψ production but a pronounced effect for
the φ. For the former the statistical errors after the 3rd minimum become excessively large
requiring substantial more than the used integrated luminosity of 10 fb1/A. The situation is
more favorable for the φ where enough statistics up to the 4th minimum is available. The ρ
meson is even more advantageous but suffers currently from large theoretical uncertainties
in the knowledge of its wave function making calculations less reliable.

1.3 Connection to pA and AA Physics

1.3.1 Connection to pA Physics

Both pA and eA collisions can provide excellent information on the properties of gluons in
the nuclear wave functions. It is therefore only logical to ask for the strength and weaknesses
of the two different programs in exploring the saturation regime.

In the beginning of the RHIC era, the dAu program was perceived as merely a useful
baseline reference for the heavy-ion program. It very soon turned out that due to a wise
choice of colliding energy, RHIC probes the transition region to a new QCD regime of gluon
saturation. While only marginal hints of non-linear effects were observed in DIS experiments
at HERA [37], it is fair to say that very tantalizing hints for gluon saturation were observed
in dA collisions at RHIC [6, 8, 11, 23, 34]. In the upcoming pA program at the LHC these
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• Initial fluctuations in 
density analogous to 
fluctuations in early 
universeCoherent: nucleus intact

Incoherent: nucleus breaks up



What is Saturation?
• Canʼt rise forever

• At some point 
density so high
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Exclusive Vector Meson Production

• Nuclei are an ideal 
laboratory for 
saturation

‣ higher g density

22

Sartre Monte 
Carlo generator

ϕ meson
10 fb-1

= 1 month data



Summary

• eRHIC will provide

✓A broad, compelling physics programme

- Much more than discussed here!

✓A state of the art detector

✓A cost-effective route to an EIC

• http://arxiv.org/abs/1108.1713: 500+ pages of details

• https://wiki.bnl.gov/eic/index.php/Main_Page
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