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Motivation

(D. Leinweber: Action (~energy) density fluctuations of
gluon-fields in QCD vacuum)

Structure and dynamics of proton (mass / spin) (— visible universe) originates from

QCD-interactions!

Synergy of experimental progress and theory (Lattice QCD / Phenomenology incl.

phenomenological fits / Modeling) critical!
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Motivation |

O What are the
properties of gluons

—>

. r3 < Ty
that bind strongly
interacting particles?
O What is the quark-
gluon internal <
T2

structure of nucleons?

O What are the
properties of quark-

To < X1
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—>

gluon matter at high
density?




O Concepts and
Status
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Outline

O Future unpolarized low-x
opportunities:

Unpolarized ep/eA physics

0 Summary and

Outlook
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Concepts and Status

O Low-x kinematics
O Access higher parton density system

O Larger center-of-mass energy (/s): Smaller x at larger /!
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O Forward direction: Smaller x at larger n! O
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O eA vs. ep scattering: Probe higher parton density system in eA compared to ep!
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Concepts and Status |
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Concepts and Status

O Picture of the proton from unpolarized ep scattering H1 and ZEUS
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Concepts and Status

O Probing the structure and dynamics of matter in eA / pA scattering
Yy =141 -y)

d*o 2ma’Y T Y*p v p Y*p
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Factorization

Important: Complementary probes are required
for unambiguous extraction of observables in
high-energy density QCD regionl!
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O Low-x basics (1)
O Dynamics: DGLAP / BFKL and CGC

10

perturbative

non-perturbative
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CGC: Color-Glass-
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Enhanced for eA compared to ep:
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Concepts and Status

O Low-x basics (2)

, Consider virtual photon-proton cross-section
O Dipole model

Frame: Proton rest frame
Interaction time < Fluctuation time at low x

Dipole model: Interaction of quark/anti-quark pair with proton
TP _ 2 2
Otot — / dz / dr., |9]*0(gq)p

=
1—2 O(qq)p
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‘D Lower Q2

p p

Lower x
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Concepts and Status

0O . * _ N e ® ZEUS BPTY7 H1 ISR (prel.) BCDMS E665 H1 QCD
H ERA Y p cross-section w W ZEUSSVTX95 v HISVIX9S  * low W PHP SLAC CSST (GVD/CDP
_ % % ZEUS 96/97 H1 96/97 ZEUS yp96 (prel.) NMC ZEUS Repged7
E i SR I E-g 10 @ GevH
10000 — ; : B 2 2 0.5 0.00 (x2048)
=0 —— —
Q%(l)'(ly - g 3 185 (x 1024)
Q =100 f % 10 1 &512)
1000 | ¥F1000 4 =) 0.4 o H1 o 5 (x256)
- ] ’ o 0 (x 128)
~ 10 e /FUS # ‘ 0 (x 64)
=4 Tl 7
z 100 F 7 .- - , S 0 (x 32
=) g ] 0.3 hadron—hadron 3
] < 0 (x 16)
T 10 ' i5 (x 8)
10 F E 0 (x 4)
: ; 0.2 g
I ] gﬁﬁ 0 (x 2)
| . / i 10 'S
0 (x 1)
1 L " " I " " " " " 1 " " " " " " L L L
1 1010 1020 O“I ‘ wip 0 (x1/2)
W2 (GeV?)
]u L Lo vl Lol Lol L1l vl L el 1(] ;0 (x 114)
T 107 107" 1 10 10 10°
T 0 (x 1/8)
o =3 =2 =] F PR 0 (x 1/16)
o 1 10 10 10 ] 210 10
MDi proach: Successful description of Q*(Ge\?)
° o ¢ ©
both inclusive iTfrdcYive processes at low x ot
1
10
2 2| - 2 .3 a4 .5
M Change of Q° dependence around 1GeV<! 10 10 10 10
ARSEINE 2907 ER0D @Mﬂ&g@ﬁ%@%ﬁ&gron Physics Town Meeting .- ‘l‘f(Ge,Vzl

PRIV TRIYADGERIBY @ Mo tianuary 13, 2007 BRRfRCSEHEY



Concepts and Status
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O Diffraction
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ORatio of diffractive to total cross-section

(200<W<2456GeV): 15% at Q*=4GeV?

ipole models: Successful description of inclusive and
2{9 ractive measur'emen‘rs (e.g. Ratio of
diffractive ?&,cross -section, Diffractive Vector-

Meson production)

AFSERNE 297 ERD Mrilinmaa Rigndhtisiron Physics Town Meeting
Pmtaﬁ{ﬁﬁdwprmty,qﬁm@w% NoppJanuary 13, 2007

ETA PHI

UCAL energy ZR

o (nb)

yp—=Jlyp

2'02 (GeV?)

« H1

o ZEUS

Boosted Gaussian ¥,

..... — Gaus-LCW,,

100 200 300
W (GeV)

o a? [g(2, Q)]

BRARRCSRHERY



13

Concepts and Status |

O RHIC dA scattering at forward n
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O Forward identified hadron production at RHIC in dAu collisions: Sizable suppression of
Qelds for charged hadrons and neutral pions observed
(@)

+sthadowing calculations over-predict hadron yield suppression. Is this an indication
for glu urgiion in Au nuclei?

O More RHIC dAu are expected with enhanced detector capabilities (PHENIX/STAR)
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Concepts and Status
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O EIC facilities
eRHIC (BNL)
=10 20) GeV
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Future Opportunities |

O Kinematics

O Compar‘ison HERA / EIC / FiX@d-TGI"gCT exper‘imenfs EIC (eA) event topology (Ee=10 GeV, En/A=100 GeV)
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Future Opportunities

O Key observables in electron-proton and electron-nucleus scattering

O Gluon distribution:
O F. (Variable center-of-mass energy) and F2

O Jet rates

O TInelastic vector meson production (e.g. J/Psi)
O Space-Time distribution of gluon:

O F_ (Variable center-of-mass energy) and F2
O  Deep virtual compton scattering (DVCS)

O  Exclusive final states (e.g. Vector meson production)

O TInteraction of fast probes with matter:

O Hadronization, Fragmentation studies

D O Energy loss (Heavy quarks)

f s‘rr'ong gluon fields on the role of color neutral excitations:

lefrac‘rlve structure functions

lefmc’rive vector meson production
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O FA, ratio at EIC vs. A3

BNL EIC Task Force
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Future Opportunities: Unpolarized eA physics

O Di-hadron correlation vs. x at EIC: Nuclear modification Jeau

BNL EIC Task Force
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Future Opportunities: Unpolarized eA physics

O Di-hadron correlation at EIC

BNL EIC Task Force BNL EIC Task Force
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Future Opportunities: Unpolarized eA physics

O Diffractive VM production at EIC: J/¥ and & (1)

BNL EIC Task Force
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Future Opportunities: Unpolarized eA physics

O Diffractive VM production at EIC: J/¥ and & (2)
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Summary and Outlook

O Status and Concepts

(@)

(@)
(o)
(o)

HERA: Precision structure function measurements (F2) at low x
At low Q? and low x: DGLAP (Leading twist) approach leads to valence-like gluon behavior

Diffraction: Important contribution to overall ep event yield

Dipole model: Allows to describe inclusive and diffractive measurements. Reach of
saturation region at low x not conclusive

Lesson: Optimize any future EIC efforts for acceptance and luminosity

eA: No information in low-x region

dAu results at RHIC: Can saturation account for observed behavior? Complementary
probes important (RHIC/LHC)

Important constrain on gluon polarization at medium and higher x from semi-inclusive
polarized DIS and RHIC-SPIN program (Hint for AG # 0) - Complementary to EIC
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Summary and Outlook

O Future Opportunities

O EIC: First polarized ep collider - Precision measurement of polarized gluon distribution at

low-x and quark flavor structure
O EIC will allow to study the physics of strong color fields
O Required: EIC at high luminosity and optimized detector

O EIC will allow to bridge several QCD communities (Hadron structure and Relativistic

Heavy-Ion)
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