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A high luminosity Electron-Ion Collider (EIC) is the highest
priority of the QCD community for new construction after
the JLab 12GeV and RHICII upgrades. EIC will address
compelling physics questions essential for understanding
the fundamental structure of matter:

O Precision imaging of the sea-quarks and gluons to
determine the spin, flavor and spatial structure of
the nucleon.

O Definitive study of the universal nature of strong
gluons fields in nuclei.
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A high luminosity Electron-Ion Collider (EIC) is the highest
priority of the QCD community for new construction after
the JLab 12GeV and RHICII upgrades. EIC will address
compelling physics questions essential for understanding
the fundamental structure of matter:

O Precision imaging of the sea-quarks and gluons to
determine the spin, flavor and spatial structure of
the nucleon.

O Definitive study of the universal nature of strong
gluons fields in nuclei.

This goal requires that R&D resources be
allocated for expeditious development of
collider and detector design
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The Electron-Ion Collider
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The Elec

Physics Opportunities
with
e+A Collisions
at an
Electron Ion Collider

e+A White Paper Draft 2.0
EIC Collaboration

March 9, 2007
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The Electron-Ion Collider I

O EIC Whitepaper a |
A High Luminosity, High E

O Input for the NSAC

LRP 2007 process lectro

fon-Collider!

y

;'fl zental Quest to Study the
That Binds Us All

#

NSAC: Nuclear Science Advisory

Committee ) —

LRP: Long-Range Planning The Electron Ion Collider C tion
‘4 March 27, 20
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The Electron-Ion Collider

Massachusetts Institute of Technology

Accommodation Ml Laboratory for Nuclear Sciénc:q

6-7 April, 2007 | i

The meeting is hosted by the Laboratoryi;;r Nuclear Science at MIT with support from

Brookhaven National Laboratery and Themas Jefferson National Accelerator Facility.

The primary aim of this meeting is to discuss the science case : N ac lerator http://www2.lns.mit.edu’/eic
parameters for a future electron-ion collider in preparation for the Long Range Plan v

Writing Group meeting in early May. We also hope that this will be the first in a series

of regular meetings in realising the future electron-ion collider and experiments.

Please register as soon as possible as space may be limited and we need to make

plans according to the number of participants expected. In particular the special rate

negotiated with the hotel is only guaranteed until 9 March. When you regis se

Transportation
Registration

Attendees

(D

Presentations

Computer Access indicate whether or not you would be interested in attending a no-host, group dinner
Friday evening.
Contact Us Introductory documentation and copies of presentations will be available from the
Presentations page as they become available. ET
The links in the menu to the left should provide all the information necessary. 3

Useful Links Otherwise please contact us directly.

wrnccr:  BROOKHRVEN  joffordon Lab

INSTITUTE OF
TECHNOLOGY
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Outline
O Low-x physics:
Future
opportunities
\
o
R

O Low-x physics:
Concepts and
Status

O Summary and
Outlook
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Low-x Physics - Concepts and Status

O Low-x basics

O Cross-sections and structure functions Yi=14+(1- y)2
d*o 2wy, 2 o gl LIt p
<dyd@2) e (F2 3 YTFL) Tiot =01 0L
2 QQ 3
o Fy = Q azotp Z xe, Fr, = —4W2aaz P xxg
% % % f=qq
Universality
—Z =Y f ® f 0dsh=1 & D]

fl 7f2
Factorization
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Low-x Physics - Concepts and Status

O Low-x basics

O Cross-sections and structure functions Yi=14+(1- y)2
d*c 210y, 2 o gl LIt p
<dde2>W<Fz—y—ﬁ> =i sef
Fy = azotp Z xe, Fr = —47r2aaz P St g
f=aq
Universality

do = Z fi @ fo @ defrf2—fX D?L
AR

Factorization

Important: Complementary probes are required
for unambiguous extraction of observables in
high-energy density QCD regionl!
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Low-x Physics - Concepts and Status I

O Low-x basics £ 1 A CGC: Color-Glass-
=%

O Dynamics: DGLAP / BFKL and CGC T Q.(Y) Condensate
N% 10} /
O | BK/JIMWLK

0.1L

| Kowalski and Teaney Phys.Rev.D68:114005,2003
IIIIIIII IIIIIIIII 11 IIII

107 10° 10° 10°  10° >
1/x 2 2
Qs Saturation scale = Characterize transition to Aaop ¢
S ara 1 a C]{S a 1 as << 1
: .
saturation region! Qg ~ 5 7Gx, QQ) -~
= DGLAP: Evolution in Q?
Enhanced for eA compared to ep: Al/3g=9 BFKL: Evolution in x
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Low-x Physics - Concepts and Status |

O RHIC dA scattering at forward n

s 2r
a:% 18" d+Au — h+X @ \[s, = 200 GeV (n = 3.2)
'85 % BRAHMS data
1.6
14—
1.2
1o
0.8~
0.6 = = pQCD+shadow [Guzey et al.]
04 — = pQCD-+shadow [Accardi]
C == CGC [Tuchin et al.]
0.2 = = CGC [Jalilian-Marian]
C M bl O B |, | |

:
a
-
w

4

5
P, (GeV/c)

<L
22 " A N
Q7 | e 7° (<n>=4.00)
rO h (n=3.2)
O.B’O n- (T]=2.2)
0.6 7’ mesons <n>=4.00
% —— shadowing(KKP)
¥ |~ — shadowing{Kretzer)
1' *  multiple scattering
0.4+
@ 0.5
0.2+ L e
Normalization ‘
Uncertainty = 177% ol v
1 pr (GeV/c) 2
e B T
pr (GeV/c)

O Forward identified hadron production at RHIC in dAu collisions: Sizable suppression of

yields for charged hadrons and neutral pions observed

O pQCD+shadowing calculations over-predict hadron yield suppression. Is this an indication

for gluon saturation in Au nuclei?

O More RHIC dAu are expected with enhanced detector capabilities (PHENIX/STAR)

HEP2007 - European Physical Society Conference on HEP, 2007
Manchester, UK, July 19-25 , 2007
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Low-x Physics - Concepts and Status

O Fixed-target scattering

1_2 T IIHHl I T \IHH‘ T I I\IIII| I I \IIIII| T I \I\\Hl
RO Ak St o -
08 saturation ? I
.......... Fermi
enhancement smearng
EMC
____________ shadowing sfiect___
D 0_6 | II\H\l | | \I\H\‘ | | I\IIIIl | | \IIIIIl | | \I\\Hl
Ltﬂ 1-2 T IIHHl T T \IHH‘ T T I\IIII| T T \IIIII| T T \I\\Hl
T . Eoos 00O NMC (previous) ®SLAC
X +
N
1.0 oo %@%%% -
c/D ¢<> 8 + .
éﬁ R
o + 0
08 L caD # AID |
Xe/D ©
A Xe/D - E 665 (1992)[3]
O Ca/D-NMC (1994)[7]
O C/D— NMC (1994)[7]
06 # | + | | = AD —SLAG (1994)14]

107

10

-3

10

-2

107" 1
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[ X} Nuclear DIS & DY data:
c?->"~ 10° ® NMC (DIS)
@ = = SLAC-E139 (DIS)
5_5__ al FNAL-E665 (DIS)
o~ 107 E A EMC (DIS)
o - * FNAL-E772 (DY)
10°E
10°F
10
E perturbative
1
= non-perturbative N A
B A
- A
10_27IIIIII 1 1 IIIIII| 1 1 IIIIIII 1 1 IIIIII| 1 1 IIIIIII 1 1 IIIIII| 1 Ll 111l
10° 10° 10 102 102 10" 1

X

O TInclusive structure function ratio
important to constrain nuclear
modifications to gluon density

O World data (Fixed target) are
concentrated above x>0.01 in pQCD
region

O For x<0.01 only data in non-pQCD
region

Bernd Surrow
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Low-x Physics - Future Opportunities

O Key questions in low-x physics for a future ep/eA facility

How do strong fields appear in hadronic or nuclear wavefunctions at high energies?
How do they respond to external probes or scattering?

What are the appropriate degrees of freedom?
A future EIC facility

O O O O

Is this response universal? (ep, pp, eA, pA, AA)

ide definit
(QCD Theory Workshop, DC, December 15-16, 2006) con provicelcbu
answers to these

Required measurements: questions!
O What is the momentum distribution of gluons in matter?

O What is the space-time distributions of gluons in matter?

O How do fast probes interact with gluonic matter?

O Do strong gluon fields affect the role of color singlet excitations (Pomerons)?

HEP2007 - European Physical Society Conference on HEP, 2007
Manchester, UK, July 19-25 , 2007 Bernd Surrow
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Low-x Physics - Future Opportunities

O Kinematics

O Comparison HERA / EIC / Fixed-target experiments

N/'\
% 1040
<) -
v i N
o O
g S
103+ RN
E %// ﬂl/ *//
10 : NMC sz;
10
1 ¥
-17
10 |
L \\\\\\H‘ \\\\HH‘ \\\\\\H‘ \\\\\H\‘ \\\\\\H‘ I I N |
-6 -5 -4 5] 2 -1
10 10 10 10 10 10
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Low-x Physics - Future Opportunities

O Kinematics

O Acceptance

14

crl-
4
107
EIC (eA) event topology (E.=10 GeV, E, ;=100 GeV) E i EIC (eAu)
N 1045 t\';""' i eRHIC (20+100) GeV
A 3 o | © eRHIC (10+100) GeV
. >< 3
3 10 3 Lines of constant
107 Eer - hadron angle
s i 10° (1) = 2.44)
2 R
102 - 102 o
g C (n=3.13)
o Z N ‘ : 2 2
10 ¢ X - . Qs,q ("‘ 9/4 for QS,Q}
- -~ 2° (n = 4.05)
1 E : ,. - Y
. =0 Lines of constant
>> 7 : o - m) electron angle
0" e * -~ M AN =i T E o 77 7 177° (n = -3.64)
S s s E o F 178" (1319
10 78I-1 ol 75. 4 1l 74. Al 73|-1 vl 72| vl 71| Ly -1 // / . ~
10 10 10 10 10 10 1 b / / / 179° (0 = -4.74)
X -
- L L M ECEET | L
10°  10°  10* 10 107 107 1

HEP2007 - European Physical Society Conference on HEP, 2007

Manchester, UK, July 19-25 , 2007 Bernd Surrow



Low-x Physics - Future Opportunities

O Facilities - Detector concepts

T

. \ t >
.. y 7 .

\ . Lo : . /.

-

-

’

e

T eSS gz

VA iy e s |$% Y
K AV . - S NES

S,
Ny "
BN "

C . ‘,\ . . .
. . N
L 7 ; D

BORRRESS v/ WJ///;/////fJ/////_///‘//f‘////iffirﬂhf|m‘nm\\\x\\\\\\\\\\\\\\\\\\\\\f..,

T
i

J. Pasukonis, B. Surrow, physics/0608290

Concepts:

Positron Hemisphere

EM calorimeter end-wall at -360cm

EM barrel calorimeter
covering z=t70cm

EM catcher calorimete:
at z=-110cm

EM catcher calorimete:
at z=+110cm

Proton Hemisphere
EM and hadron calorimeter -’
end-wall at +360cm

I. Abt, A. Caldwell, X. Liu,
J. Sutiak, hep-ex 0407053

O Focus on the rear/forward acceptance and thus on low-x / high-x physics (Compact system
of tracking and central electromagnetic calorimetry inside a magnetic dipole field and

calorimetric end-walls outside

O Focus on a wide acceptance detector system (Compact calorimeter system)

HEP2007 - European Physical Society Conference on HEP, 2007

Manchester, UK, July 19-25 , 2007
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Low-x Physics - Future Opportunities

O Key observables in electron-proton and electron-nucleus scattering at low x

O Gluon distribution:
B F_ (Variable center-of-mass energy) and F

B Jet rates

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

®  F_ (Variable center-of-mass energy) and F
B Deep virtual compton scattering (DVCS)

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

O TInteraction of fast probes with matter:
B Hadronization, Fragmentation studies
B Energy loss (Heavy quarks)

O TImpact of strong gluon fields on the role of color neutral excitations:
B Diffractive structure functions

B Diffractive vector meson production

HEP2007 - European Physical Society Conference on HEP, 2007
Manchester, UK, July 19-25 , 2007
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Low-x Physics - Future Opportunities

O Observables: Nuclear structure function ratios

EIC (10 GeV + 100 GeV), JLdt= 4/A b

1.2—

o F, will be one of the first
x=0.006

o 1 2 TN I RN R e e e e PP PPRRPRIPPPPOSS —

measurements at EIC

O nDS, EKS, FGS:
pQCD models with different

amounts of shadowing

EIC will allow to

distinguish between

pQCD and saturation

d?o 2ra?Yy Y model predictions
dydQ)?

HEP2007 - European Physical Society Conference on HEP, 2007
Manchester, UK, July 19-25 , 2007
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Low-x Physics - Future Opportunities

O Observables: Longitudinal structure function

iy 6 10 1820 33 <Q>
b 1t
+ ® H1 projected
<Q®> 1.31.3 2.7 4.2 6.5 1016 2332 46 74 130
0.2 — ° ® EIC (1 year at L=10%)
4 energles (10x250, 10x100,
6x60, 5x50)
[} ® NMC
o F L W..
//M\\l
€ A -
0.1 — L T e
o N
/ [ ] KR
.!/ 3 + * S5
F [ ] "
;- + [ 2 N
/l <Q* > . 2. 23 . M 7 10 1416
0 L | EEE | L e | | Lo
10 * 1077 108 10"

X

2 2 > 2
<d0 ):2waY+(F2_y_FL) P, — Q o7

dyd(Q)? yQ4 Y, 42 o

HEP2007 - European Physical Society Conference on HEP, 2007
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O  FL measurement requires
operation of EIC at
different center-of-mass

energies (Js)

O Precise measurement

from low to high Q°

region

Unique measurement at
EIC of FL with high
precision in ep collisions
x g to constrain gluon
distribution

18
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Low-x Physics - Future Opportunities

O Observables: Ratio of nuclear gluon distribution function

L 120 (QY)—> 132438 5795172841 66 125
o [ ¥
O] i &
O 1 R I D == —Aﬁ_
Ji T HKM
O 0 8_ﬂDS (NLO) “'/ 1
- [ 7
> Y-OL
f = = CGC’ ~ Y -
D: 06_ mesto P - ~
:N = “FGS
04 ;‘ new AWING
j 1 1 1 1 _1 llll 1 1 1 1 1 1 IIJ 1 1 1 1 11 IIJ
10 10° 107 10
X
d*o 2na’Y, e 2 *
= — | Fy — =—F Fr = aiin?
(dydcz2> yQ! ( Y L) Y 4rat

HEP2007 - European Physical Society Conference on HEP, 2007
Manchester, UK, July 19-25 , 2007

O EIC will reach the unmeasured
low-x region (<0.01) with high
precision for Q*1GeV?
Constrain gluon modification
due to nuclear effects in
comparison to large range of

models

EIC will measure
modification of gluon
distribution with high

X & precision!

Bernd Surrow



20

Low-x Physics - Future Opportunities

O Observables: Diffractive measurements

1.05 1 IIIIIIII I IIIIIII| I IIIIIIII |
- EIC (10+100 GeV) 7
" [Ldt = 5/A, fb" and 5/A, b
1.00 == - - s 38s4-%
- Q =1 _
&l - B=0.062 -
> 5 |
a =F P=
4 . )
= o - M
T <
[n'd = |
018 ———_ _ Au (linear evolution) —
n Au (saturation model) ~
0-1 1 IIIIII| 1 1 IIIIIII | | IIIIIII [ R
10°  10* 106°  10® 10"
Xip

03

0.25

02

0.15

01
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! | ! I ! [ ! |
~ Kugeratski, Goncalves, and Navarra, =
L Eur.Phys.J. C46 (2006) 413 o

Q%=1

X, = 0.0042

= Au (saturation model) -

X1p = momentum

fraction of the
Pomeron with respect
to the hadron

B = momentum fraction
of the struck parton
with respect o the

Pomeron
Xmp = X/
EIC allows to

distinguish between
linear evolution and
saturation models in
diffractive scattering
with high precision
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Summary and Outlook

O Status and Concepts

o

(o)
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)!

EIC important to answer
outstanding questions in high-
energy QCD physics

HEP2007 - European Physical Society Conference on HEP, 2007
Manchester, UK, July 19-25 , 2007 Bernd Surrow
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Summary and Outlook

O Future Opportunities
O EIC will allow to study the physics of strong color fields:

O Explore existence of saturation regime

O  Measurement of momentum and space-time gluon distributions
O Study the nature of color singlet excitations (Pomeron)
O Study nuclear medium effects
O Test and study factorization / universality
O Required: EIC at high luminosity and optimized detector

O EIC will allow to bridge several QCD communities (Hadron structure and
Relativistic Heavy-Ion)

O Unique opportunity in precision QCD physics (The QCD LAB) complementary to
other next generation facilities in Europe (LHC at CERN, FAIR at 6SI) and Asia
(J-PARC)
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Backup

O Facilities - EIC (US): Electron-Ion Collider

0O eRHIC (BNL): ep and eA (light to heavy nuclei, up to Ug/am\

B Linac-Ring:

HENIX
Main ERL (3.9 GeV per pass)

" ep (20GeV / 2506GeV): 2.6 1033 cm2s!

" ¢A (20GeV / 100G6eV/n): 2.9-10% cm?s!/ n

Low energy e-beam pass

e-cooling

e storage ring

Four e-beam passes 5 GeV

1/4 RHIC

® Ring-Ring:
eRHI
" ep (10GeV / 2506eV): 0.47 -10% cm=2s
= ¢A (10GeV / 1006eV/n): 0.52 1033 cm2s!/ n RHIC \"3,.

i
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Backup

O Facilities - EIC (US): Electron-Ion Collider

O ELIC (JLab): ep and eA (light nuclei)
® Linac-Ring:
" ¢p (76eV / 1506GeV): 7.7 1034 cm2s!

m ¢A (76eV / 75GeV/n): 1.6-10° cm™@s1/ n

I Snake

30-150 GeV light ions
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