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14. Quark model 1

14. QUARK MODEL
Revised September 2009 by C. Amsler (University of Zürich), T. DeGrand (University of Colorado,
Boulder), and B. Krusche (University of Basel).

14.1. Quantum numbers of the quarks

Quarks are strongly interacting fermions with spin 1/2 and, by convention, positive parity.
Antiquarks have negative parity. Quarks have the additive baryon number 1/3, antiquarks -1/3.
Table 14.1 gives the other additive quantum numbers (flavors) for the three generations of quarks.
They are related to the charge Q (in units of the elementary charge e) through the generalized
Gell-Mann-Nishijima formula

Q = Iz +
B + S + C + B + T

2
, (14.1)

where B is the baryon number. The convention is that the flavor of a quark (Iz , S, C, B, or T) has
the same sign as its charge Q. With this convention, any flavor carried by a charged meson has the
same sign as its charge, e.g., the strangeness of the K+ is +1, the bottomness of the B+ is +1,
and the charm and strangeness of the D−

s are each −1. Antiquarks have the opposite flavor signs.

Table 14.1: Additive quantum numbers of the quarks.

Property

∖
Quark d u s c b t

Q – electric charge − 1
3

+ 2
3

− 1
3

+ 2
3

− 1
3

+ 2
3

I – isospin 1
2

1
2

0 0 0 0

Iz – isospin z-component − 1
2

+ 1
2

0 0 0 0

S – strangeness 0 0 −1 0 0 0

C – charm 0 0 0 +1 0 0

B – bottomness 0 0 0 0 −1 0

T – topness 0 0 0 0 0 +1

14.2. Mesons

Mesons have baryon number B = 0. In the quark model, they are qq ′ bound states of quarks q
and antiquarks q ′ (the flavors of q and q′ may be different). If the orbital angular momentum of
the qq ′ state is ℓ, then the parity P is (−1)ℓ+1. The meson spin J is given by the usual relation
|ℓ− s| < J < |ℓ + s|, where s is 0 (antiparallel quark spins) or 1 (parallel quark spins). The charge
conjugation, or C-parity C = (−1)ℓ+s, is defined only for the qq̄ states made of quarks and their
own antiquarks. The C-parity can be generalized to the G-parity G = (−1)I+ℓ+s for mesons
made of quarks and their own antiquarks (isospin Iz = 0), and for the charged ud̄ and dū states
(isospin I = 1).

C. Amsler et al., PL B667, 1 (2008) and 2009 partial update for the 2010 edition (http://pdg.lbl.gov)
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Figure 14.4: SU(4) multiplets of baryons made of u, d, s, and c quarks. (a) The 20-plet
with an SU(3) octet. (b) The 20-plet with an SU(3) decuplet.

For the “ordinary” baryons (no c or b quark), flavor and spin may be combined in an
approximate flavor-spin SU(6), in which the six basic states are d ↑, d ↓, · · ·, s ↓ (↑, ↓ = spin up,
down). Then the baryons belong to the multiplets on the right side of

6 ⊗ 6 ⊗ 6 = 56S ⊕ 70M ⊕ 70M ⊕ 20A . (14.24)

These SU(6) multiplets decompose into flavor SU(3) multiplets as follows:

56 = 410 ⊕ 28 (14.25a)

70 = 210⊕ 48⊕ 28 ⊕ 21 (14.25b)

20 = 28⊕ 41 , (14.25c)
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Figure 14.1: SU(4) weight diagram showing the 16-plets for the pseudoscalar (a) and
vector mesons (b) made of the u, d, s, and c quarks as a function of isospin I, charm C, and
hypercharge Y = S+B − C

3
. The nonets of light mesons occupy the central planes to which

the cc̄ states have been added.

and its orthogonal partner f (replace α by α – 90◦). Thus for ideal mixing (αi = 90◦), the f ′

becomes pure ss̄ and the f pure uū + dd̄. The mixing angle θ can be derived from the mass
relation

tan θ =
4mK − ma − 3mf ′

2
√

2(ma − mK)
, (14.9)

which also determines its sign or, alternatively, from

tan2 θ =
4mK − ma − 3mf ′

−4mK + ma + 3mf
. (14.10)

Eliminating θ from these equations leads to the sum rule [1]
(mf + mf ′)(4mK − ma) − 3mfmf ′ = 8m2

K − 8mKma + 3m2
a. (14.11)

This relation is verified for the ground-state vector mesons. We identify the φ(1020) with the
f ′ and the ω(783) with the f . Thus

φ(1020) = ψ8 cos θV − ψ1 sin θV , (14.12)

January 28, 2010 12:02

14. Quark model 3

sD
0D

sD

!D

0K
!π π

+K

–K

(a)

sD

DD

sD

−ρ +ρ

K

(b)

*0

K*−

*+K*0

D 0*D*−

*−

*+

−

*+

−cdcu− cs−

us−ds−

su− sd
− ud

−

uc−
sc−

dc−

0ρ ω
φψJ/

uc−
sc−

dc−

−cdcu− cs−

+

D+

+

K 0

us−ds−

su− sd
−

du−

du−

0D

η
η′ηc

π 0

ud
−

K 0*

C

I

Y

Figure 14.1: SU(4) weight diagram showing the 16-plets for the pseudoscalar (a) and
vector mesons (b) made of the u, d, s, and c quarks as a function of isospin I, charm C, and
hypercharge Y = S+B − C

3
. The nonets of light mesons occupy the central planes to which

the cc̄ states have been added.

and its orthogonal partner f (replace α by α – 90◦). Thus for ideal mixing (αi = 90◦), the f ′
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and its orthogonal partner f (replace α by α – 90◦). Thus for ideal mixing (αi = 90◦), the f ′

becomes pure ss̄ and the f pure uū + dd̄. The mixing angle θ can be derived from the mass
relation

tan θ =
4mK − ma − 3mf ′

2
√

2(ma − mK)
, (14.9)

which also determines its sign or, alternatively, from

tan2 θ =
4mK − ma − 3mf ′

−4mK + ma + 3mf
. (14.10)

Eliminating θ from these equations leads to the sum rule [1]
(mf + mf ′)(4mK − ma) − 3mfmf ′ = 8m2

K − 8mKma + 3m2
a. (14.11)

This relation is verified for the ground-state vector mesons. We identify the φ(1020) with the
f ′ and the ω(783) with the f . Thus

φ(1020) = ψ8 cos θV − ψ1 sin θV , (14.12)
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Figure 9.4: Summary of measurements of αs as a function of the energy scale Q.
The respective degree of QCD perturbation theory used in the extraction of αs is
indicated in brackets (NLO: next-to-leading order; NNLO: next-to-next-to leading
order; res. NNLO: NNLO matched with resummed next-to-leading logs; N3LO:
next-to-NNLO).
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The Essential Mystery

• (Nearly) all visible matter is made up of quarks and gluons 

• But quarks and gluons are not visible 

• All strongly interacting matter is an emergent consequence 
of many-body quark-gluon dynamics.

8

There is an elegance and simplicity to nature’s strongest 
force we do not understand

Understanding the origins of matter demands we develop a 
deep and varied knowledge of this emergent dynamics



Studying Matter at the Smallest Scales
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Past: HERA,  
Future: EIC, LHeC, …

...

Au ion e-

Hadron Accelerator
Electron Accelerator

electrons

Collider Experiments
Wave Length: 0.0001 fm (10 GeV + 100 GeV)
Resolution: ~ 0.01-0.001 fm
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Deep Inelastic Scattering (DIS)
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DIS: 
• As a probe, electron 

beams provide unmatched 
precision of the 
electromagnetic interaction  

• Direct, model independent, 
determination of 
kinematics of physics 
processes



10
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Deep Inelastic Scattering (DIS)

e(k)
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⎨
⎩
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nucleus

eʹ(kʹ)

p/A(p) x⋅p
W

qγ∗

θe

s:   center-of-mass energy squared
Q2: resolution power

• squared momentum 
transfer from 
scattered electron 

• Virtuality 
• “Resolution” power 

Q2:
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Deep Inelastic Scattering (DIS)

e(k)
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eʹ(kʹ)

p/A(p) x⋅p
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qγ∗
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s:   center-of-mass energy squared
Q2: resolution power
x:   momentum fraction of parton

• Bjorken-x 
• x is fraction of the 

nucleon’s momentum 
carried by the struck 
quark 

• 0 < x < 1

x:
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Deep Inelastic Scattering (DIS)
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eʹ(kʹ)

p/A(p) x⋅p
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qγ∗

θe

s:   center-of-mass energy squared
Q2: resolution power
x:   momentum fraction of parton
y:   inelasticity

• Inelasticity 
• Fraction of electron’s 

energy lost in nucleon 
restframe  

• 0 < y < 1

y:
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Deep Inelastic Scattering (DIS)
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F2: The Key Structure Function
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Quark and Gluon Distributions
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Structure functions allows us to extract the quark q(x,Q2) and 
gluon g(x,Q2) distributions.  
In LO: Probability to find parton with x, Q2 in proton



Quark and Gluon Distributions

12

Structure functions allows us to extract the quark q(x,Q2) and 
gluon g(x,Q2) distributions.  
In LO: Probability to find parton with x, Q2 in proton

ZEUS NLO QCD fit

H1 94-00

H1 (prel.) 99/00

H1 PDF 2000 fit

ZEUS 96/97

0

1

2

3

4

5

1 10 10
2

10
3

10
4

10
5

F 2 em
-lo

g 10
(x

)

Q2 (GeV2)

BCDMS

E665

NMC

x=0.13

x=0.18

x=0.25

x=0.4

x=0.65

x=0.008

x=0.013

x=0.021

x=0.032

x=0.05

x=0.08

x=0.0032

x=0.005

HERA F2
x=6.32 10-5

x=0.000102
x=0.000161

x=0.000253
x=0.0004

x=0.0005
x=0.000632

x=0.0008

x=0.0013

x=0.0021



Quark and Gluon Distributions

12

Structure functions allows us to extract the quark q(x,Q2) and 
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Jets (p. 4)

Introduction

Background Knowledge
Jets from scattering of partons

Jets are unavoidable at hadron
colliders, e.g. from parton scat-
tering
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Jet cross section: data and theory agree over many orders of magnitude ⇔
probe of underlying interaction

2.1 Jet Cross Sections

The simplest cross section, and the first to be measured [24], is the inclusive jet cross
section. “Inclusive” implies that all jets passing the relevant kinematic cuts are counted,
regardless of other activity in a collision event. Even with the very small data set available
from the summer of 2010, the measurements extended to 500 GeV, and subsequent mea-
surements using the full 2010 dataset [25, 26] cover the region from 20 GeV up to 1.5 TeV
and rapidities in the range |y| < 4.4, thus probing a considerably larger phase space than
previously possible at the Tevatron and spanning approximately 7 × 10−5 < x < 0.9 in
Bjorken x. Over the full range, NLO QCD calculations are in good agreement with the
data (Fig. 2), and there is sensitivity to the value of αs and to the parton distributions.

Figure 2: Measurements of the double-differential inclusive jet cross section, as a function
of jet pT and rapidity. The left plot shows the spectra as obtained by CMS [26], the right
plot displays the ratio of the ATLAS measurements [25] to the NLO prediction for different
pdf sets.

The above measurements make use of information from both the charged-particle
tracker and the calorimeters of the experiments, and are thus sensitive to charged and
(most) neutral energy. Jets have also been measured using only charged particles [27, 28].
While this gives an incomplete picture of the jet, the generally better resolution of track
measurements at low momentum does allow the jet momenta to be measured to lower
values. This allows the transition from soft to hard physics to be studied, as the jets
emerge from the more common low pT scatters. The data have been used to improve
phenomenological models of hadronisation and other non-perturbative features of hadron
physics.

As the LHC luminosity has grown, hard-scattering events have started to be accompa-
nied by increasing numbers of additional low-pT proton-proton interactions, a phenomenon

5

Structure functions measured 
at HERA ep collider 

Jet cross-sections: pp collisions at LHC 
and�pp collisions at Fermilab

At large momenta, the weak QCD 
coupling (asymptotic freedom!) 
enables systematic computations
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The Frontiers of Our Ignorance

... that motivate an Electron-Ion Collider



The Mass Puzzle

Gluons are massless…yet their dynamics are responsible for 
(nearly all) the mass of visible matter. We do not how?

15

Quarks 
Mass  ≈ 1.78×10-26 g

Proton 
Mass  ≈ 168×10-26 g

u u
d

d

u u

The Higgs is responsible for quark masses 
 ~ 2% of the proton mass.



Scattering in the Strong Interactions
Perturbative QCD: 
• Describes only a small part of the total 

cross-section 
Lattice QCD: 
• First principles treatment of static 

properties of QCD: masses, moments, 
thermodynamics 

• Very challenging for dynamical 
processes and very limited utility in 
describing scattering
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Scattering in the Strong Interactions
Perturbative QCD: 
• Describes only a small part of the total 

cross-section 
Lattice QCD: 
• First principles treatment of static 

properties of QCD: masses, moments, 
thermodynamics 

• Very challenging for dynamical 
processes and very limited utility in 
describing scattering
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Introduction
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Instead ⇒ Effective theories:  
• How do quark and gluon degrees 

organize themselves to describe 
the bulk of the cross-section?
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A Look Inside the Boosted Proton 

17momentum

Δt ∝1/ΔE

In QCD, the proton is made up 
of quanta that fluctuate in and 
out of existence 
• Boosted proton: 
‣ Fluctuations time dilated on 

strong interaction time 
scales  

‣ Long lived gluons can 
radiate further small x 
gluons… 

‣ Explosion of gluon density
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Gluon Saturation (I)
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Explosion of gluon density 
violates unitarity! 
Cross-sections must be finite
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Is the proton a runaway popcorn 
machine at high energies ?

αs <<  1

αs ~ 1

Q2
s(x)

saturation

ln x

ln
 Q

2

non-perturbative region

?

pQCD  
evolution  
equation

New Approach: Non-Linear Evolution 
• Recombination compensates gluon splitting  
• New evolution equations at  low-x & low to moderate Q2 

• Saturation of gluon densities characterized by scale Qs(x)



Gluon Saturation (II)
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A Look Inside the “Saturated” Proton 
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A Look Inside the “Saturated” Proton 

20

Δt ∝1/ΔE

momentum

Is this the correct picture?
Is there ultimate proof for gluon saturation?
Is the Color Glass Condensate the correct theory?



Key Topic in ep: Proton Spin Puzzle 
What are the appropriate degrees of freedom in QCD that 
would explain the “spin” of a proton?

21

• After 20 years effort 
‣ Quarks (valence and sea): ~30% 

of proton spin in limited range 
‣ Gluons (latest RHIC data): ~20% 

of proton spin in limited range 
‣Where is the rest?
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• After 20 years effort 
‣ Quarks (valence and sea): ~30% 

of proton spin in limited range 
‣ Gluons (latest RHIC data): ~20% 

of proton spin in limited range 
‣Where is the rest?

 ½ = ++ +

Spin of
Quarks

Spin of
Gluons

Angular Momentum
of Quarks

Angular Momentum
of Gluons

It is more than the number ½!  It is the interplay between the intrinsic 
properties and interactions of quarks and gluons



What Does a Proton Look Like?
• In transverse momentum? 
• In transverse space? 
• How are these distributions correlated with overall nucleon 

properties, such as spin direction?

22

Static	
  pictures	
  
Glue	
  dominated	
  	
  
boosted	
  proton• Bag Model: 

‣ Field energy distribution is wider than the 
distribution of fas moving light quarks 

• Constituent Quark Model: 
‣ Gluons hide inside massive quarks 
‣ Distribution similar to valence quark 

distribution 
• Lattice Gauge Theory: 
‣ (with slow moving quarks) 
‣ gluons are more concentrated than quarks



What Does a Proton Look Like?
• In transverse momentum? 
• In transverse space? 
• How are these distributions correlated with overall nucleon 

properties, such as spin direction?

22

• Generalized Parton Distributions 
(GPDs):  
‣ 2D+1 picture in coordinate space (bT)

• Transverse Momentum 
Distributions (TMDs): 
‣  2D+1 picture in momentum 

space (kT)

3D Imaging:



Fragmentation
Color propagation and neutralization  

• Fundamental QCD Processes: 
‣ Partonic elastic scattering 
‣ In Nucleus: Gluon bremsstrahlung in vacuum and in 

medium (E-loss) 
‣ Color neutralization 
‣ Hadron formation

23

⎧
⎨ 
⎩
dynamic confinement

• Process not understood from first 
principles (QCD)

• Parametrization: Fragmentation 
Functions

• Nuclei as space-time analyzer 
allows to dissect process



Electron-Ion Collider

Central themes: 
• Probing the momentum-dependence of gluon densities and 

the onset of saturation in nucleons and nuclei  
• Mapping the transverse spatial and spin distributions of 

partons in the gluon-dominated regime 
• Provide novel insight into propagation, attenuation and 

hadronization of colored probes

24

Investigate with precision universal dynamics of gluons 
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• Provide novel insight into propagation, attenuation and 

hadronization of colored probes

24

Investigate with precision universal dynamics of gluons 

Ultimate QCD machine: 
• The world’s first polarized electron-polarized proton collider 
• The world’s first electron-heavy ion collider 
• Luminosities: a hundred to up to a thousand times HERA 
• Fine resolution inside proton down to 10-18 meters



US Electron Collider: Accelerator Designs
• eRHIC (BNL) 
‣ Add ERL+FFAG Recirculating 

e Rings to RHIC facility 
‣ Electrons up to 21.2 GeV   
‣ Protons up to 255 GeV 
‣ Ions (Au) up to 100 GeV/u 
‣ L ≈ 4×1033 cm-2 s-1        

(√s=126 GeV) 

• MEIC (JLab) 
‣ Figure-8 Ring-Ring Collider, 

use of CEBAF 
‣ Electrons 3-12 GeV 
‣ Protons up to 100 GeV 
‣ Ions up to 40 GeV/u 
‣ L ≈ 2.4×1034 cm-2 s-1/A    

(√s=22 GeV)
25eRHIC: arXiv:1409.1633, MEIC: arXiv:1209.0757
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25

Warm large booster 
(3 to 25 GeV/c) 

Warm electron collider 
ring (3-12 GeV)  Medium-energy IPs with 

horizontal beam crossing 

Injector 

12 GeV CEBAF 

Pre-booster 
SRF linac 

Ion 
source 

Cold ion collider 
ring (25 -100 GeV) 

Three Figure-8 rings  
stacked vertically 

eRHIC: arXiv:1409.1633, MEIC: arXiv:1209.0757
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Examples of Key Measurements 
at an EIC



EIC: Longitudinal Spin of the Proton (I)
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2.2 The Longitudinal Spin of the Nucleon

Conveners: Ernst Sichtermann and Werner Vogelsang

2.2.1 Introduction

Deep-inelastic processes, when carried out with longitudinally polarized nucleons, probe the
helicity parton distribution functions of the nucleon. For each flavor f = u, d, s, ū, d̄, s̄, g
these are defined by

�f(x,Q2) ⌘ f+(x,Q2) � f�(x,Q2) , (2.6)

with f+ (f�) denoting the number density of partons with the same (opposite) helicity as
the nucleons, as a function of the momentum fraction x and the resolution scale Q. Similar
to the unpolarized quark and gluon densities, the Q2-dependences of �q(x,Q2), �q̄(x,Q2)
and the gluon helicity distribution �g(x,Q2) are related by QCD radiative processes that
are calculable [10, 11, 12, 13, 14, 15, 16].

When integrated over all momentum fractions and appropriately summed over flavors,
the �f distributions give the quark and gluon spin contributions S

q

, S
g

to the proton spin
which appear in the fundamental proton helicity sum rule [17, 18, 19, 20] (see [21] for a
brief review and additional references):

1

2
= S

q

+ L
q

+ S
g

+ L
g

. (2.7)

Here, we have

S
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(Q2) =
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�
(x,Q2)dx ,

S
g

(Q2) =

Z
1

0

�g(x,Q2)dx , (2.8)

where the factor 1/2 in the first equation is the spin of each quark and anti-quark. The �f
distributions are thus key ingredients to solving the proton spin problem.

As discussed in the Sidebar on page 19, experimental access to the �f in lepton-
scattering is obtained through the spin-dependent structure function g

1

(x,Q2), which ap-
pears in the polarization di↵erence of cross sections when the lepton and the nucleon collide
with their spins anti-aligned or aligned:

1

2


d2�

! 

dx dQ2

� d2�
!!

dx dQ2

�
' 4⇡ ↵2

Q4

y (2� y) g
1

(x,Q2) . (2.9)

The expression above assumes photon exchange between the lepton and the nucleon. At
high energies, also W or Z exchange contribute and lead to additional structure functions.
These have thus far not been accessible in polarized deep-inelastic scattering experiments
and would be a unique opportunity at an EIC. We will briefly address them below.

In leading order in the strong coupling constant, the structure function g
1

(x,Q2) of the
proton can be written as (see the Sidebar on page 19)

g
1

(x,Q2) =
1

2

X
e2
q

⇥
�q(x,Q2) +�q̄(x,Q2)

⇤
, (2.10)
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Inclusive Measurement: 
e+p → e′+X
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2.2 The Longitudinal Spin of the Nucleon

Conveners: Ernst Sichtermann and Werner Vogelsang

2.2.1 Introduction

Deep-inelastic processes, when carried out with longitudinally polarized nucleons, probe the
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these are defined by

�f(x,Q2) ⌘ f+(x,Q2) � f�(x,Q2) , (2.6)
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the nucleons, as a function of the momentum fraction x and the resolution scale Q. Similar
to the unpolarized quark and gluon densities, the Q2-dependences of �q(x,Q2), �q̄(x,Q2)
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EIC: Impact on Knowledge on nPDFs

• Ratio of PDF(Pb)/PDF(p) 
‣ Without EIC, large uncertainties for sea quarks and gluons 
‣ Adding in EIC, pseudo-data significantly reduces the 

uncertainties, particularly at small-x 
‣ Fitting the charm pseudo-data has a dramatic effect at high-x 
‣ Something pA at RHIC & LHC will not be able to address
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‣ Fitting the charm pseudo-data has a dramatic effect at high-x 
‣ Something pA at RHIC & LHC will not be able to address
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EIC: Diffractive Events in eA 

• 2 Types: Coherent (A stays intact) & Incoherent (A breaks up) 
• Experimental challenging to identify 
‣ Rapidity gap ⇒ hermetic detector 
‣ Breakup needs to be detected ⇒ n and γ in Zero Degree 

Calorimeter, spectator tagging (Roman Pots), IR design!
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Diffractive physics will be a major component of the eA 
program at an EIC

k

k'

A'A

q

gap

MX

t

• High sensitivity to gluon 
density:  σ~[g(x,Q2)]2 due to 
color-neutral exchange 

• Only known process where 
spatial gluon distributions of 
nuclei can be extracted

See also talks by Vadim and Elke 



EIC: Spatial Gluon Distribution from dσ/dt

32

Diffractive vector meson production: e + Au → eʹ′ + Auʹ′ + J/ψ, φ, ρ

• Momentum transfer t = |pAu-pAuʹ′|2 conjugate to bT 

1950-60: Measurement of charge (proton) distribution in nuclei 
Ongoing: Measurement of neutron distribution in nuclei 
EIC ⇒ Gluon distribution in nuclei

Method:
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• dσ/dt: diffractive pattern known from wave optics 
• φ sensitive to saturation effects, smaller J/ψ shows no effect 
• J/ψ perfectly suited to extract source distribution



EIC: Spatial Gluon Distribution from dσ/dt
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Diffractive vector meson production: e + Au → eʹ′ + Auʹ′ + J/ψ, φ, ρ
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• Converges to input F(b) rapidly: |t| < 0.1 almost enough 
• Recover accurately any input distribution used in model used 

to generate pseudo-data (here Wood-Saxon) 
• Systematic measurement requires ∫Ldt >> 1 fb-1/A

Fourier Transform



Take Away Message
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EIC, with its high energy, high luminosity eA and polarized ep 
collisions, will provide answers to long-standing fundamental 
questions in QCD 

• ep: Precision studies of structure functions, TMDs, and GPDs will 
lead to the most comprehensive picture of the nucleon ever: its 
flavor, spin, and spatial structure  

• eA: Unprecedented study of  matter in a new regime of QCD. 
New capabilities open a new frontier to study the saturation 
region, measure the gluonic structure of nuclei, and investigate 
color propagation, and fragmentation using the nucleus as 
analyzer.

This physics is tied to a future high-energy electron-ion collider 
It cannot be done without.
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New capabilities open a new frontier to study the saturation 
region, measure the gluonic structure of nuclei, and investigate 
color propagation, and fragmentation using the nucleus as 
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This physics is tied to a future high-energy electron-ion collider 
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arXiv:1212.1701

For more:

Scientific American
May 2015
The Glue That Binds Us
by R. Ent, R. Venugopalan, TU

and …
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Additional Slides



EIC Kinematic Reach

• Q2 = x y s ⇒  √s important for low-x reach and Q2 lever arm to 
test evolution 

• Acceptance is typically limited due to experimental constraints 
to 0.01 < y < 0.95 ⇒  acceptance band 

• EIC (here eRHIC) reaches unknown territory
35
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3D Imaging at an EIC: TMDs & GPDs

36

• Transverse Momentum 
Distributions (TMDs): 
‣  2D+1 picture in momentum 

space (kT)

• Generalized Parton Distributions 
(GPDs):  
‣ 2D+1 picture in coordinate space (bT)
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EIC - Status
• April ’14: Nuclear Science Advisory Committee charged 

by DOE/NSF to create NP Long Range Plan  

• September ’14: Town Meeting of QCD community (incl. 
BNL and JLab) support EIC (highest priority for new 
construction) 

• January ’15: NSAC sub-panel EIC cost estimate review 

• April ’15: LRP Resolution Meeting 

• October ’15: LRP submitted to DOE/NSF 

• Site selection expected after positive LRP decision
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