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RHIC'6RHIC+eRHIC A

o FILLWRESINT) ZF. RFZERTELESR (FER)
e Strong. EM, Weak§ RTO7O—JZ#RHL\f-%
« eRHICLLA]. eRHICEEREA. SR 5FM 7

— W, transverse-spin, VTXZ AU\ =¥ (heavy-flavor. jet)
« eRHICEEHA. 6F&?

— Drell-Yan. detector upgradelZ Xk 2422 (full jet?)

— SPHENIX
« eRHICHIHA, 10F#&?

— Vs~ 70 GeV (e: 5 GeV + p: 250 GeV)

— ePHENIX
« eRHICSERHA

— Vs ~ 200 GeV (e: 30 GeV + p: 325 GeV)
« HERAIEVs ~ 300 GeV (e: 27.5 GeV + p: 920 GeV)

— ¥rfRaEs. kR
— [EIEIZRHICZEER (ePHENIX)
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(kL T=) R H DA R

e Confined parton
- %F
— R¥F%

o BRSZFDESTIEAL
e Cold nuclear matter (CNM)

« Unconfined parton
— QGP
« FILLVEME
e Hot nuclear matter
— RHICIZHEIT5QGPD ¥ #
« FILLVYE DERE

e RHIC+eRHICO 7 AT S LEES

=
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eA collider /Z£BCNM DEEHE

e Saturation — CGC, glasma, ...

— Inclusive
 F,, F, F.° F.Z° (at small-x)
e Cross section
— Semi-inclusive
e Ridge
— Diffraction
e [nitial condition

— DVCS

 Fragmentation function in nuclear medium

— Diffraction?
— DVCS?

January 28, 2011



fE#Bep collider ISt BIFIBIEF I8 DIEEHF

— Inclusive

— Semi-inclusive
* Flavor separation

— Charged & neutral current

« BLEAERSELEGPD
- DVCS

e TMD
— Semi-inclusive

January 28, 2011



Saturation
Looking for Saturation in dA Collisions

Recall earlier plot: Do _ Naau
d:‘d_. (A { .'\.r ] }
e 1 .btn o
< turation ET;JEE‘E pp
I_*IZ satura - QE{Y}
> !
& Rllﬂ:. R = 1: Cronin effect
? 1.75
4 1.5 A
@ ® 1.25 R S y grows
g \" "./ 1 ] Su —
-§- .l. BFKL 0.75 i ’ L
E I|/; \.\ DGLAP | =l -.. :lcl ," bl T — -
= \__/ N _ 0.25 -
I 2 1 £ K] 4 5
In AZcp InQ o
[':5 -~ ‘1 [';S <D ‘1 5

Kharzeev, Kovchegov, Tuchin hep-ph/0307037

CGC expects suppression of forward hadron

production
10
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Saturation
Are RHIC & HERA Results consistent?

—

3
=/

(GeV?

!

F o e
L e
Ls b - — l“i!i ¥=0.032

pia 4
[e * 'h:. EE hg.IIhl‘d':"tl!i w=0.05
L]

* Strong hints of saturation from . Finding RHIC and Hera & Qs

RHIC: x ~ 10 in Au scalings consistent
* ep: No (weak) hints in DIS at Hera « At pAin RHIC we see the Nuclear
up to x=6.32-102, Q2=1-5 GeV? “Oomph” Qs2 ~ Qo2 (A/x)"3

17
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Ridge
The Ridge in AuAu at RHIC

1 p,™= 3-6 GeVic
- 2 GeVlc= p 50t < p Mo

o
;hfquf‘:ﬁ 4 03 A0
g A8

Height of the near side peak (ridge) vs. centrality
LPreliminary STAR Data

F blast + glasma —— -
[ blast wave only — —

e Long range An correlations on
the near-side - The “Ridge”
¢ CGC: ridge due to flux tubes

formed from CGC in the early
Glasma phase

e Important: radial flow

Expanding Flux Tubes

0.3
0.2 |
0.1
%] 2 v 5 6
Dumitru, Gelis, McLerran, Venugopalan; Gavin, Moschelli '09 EorB, or E&B 18
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Ridge
The Ridge in p+p at LHC

* CMS @ 7 TeV, charged hadron correlation |[n| < 2.4
* Intermediate pr = 1-3 GeV/c

(b) MinBias, 1.0GeVic<p <3.0GeVic (d) N>110, 1.0GeV/c<p_<3.0GeVic

Can -
TS
g
1 ;l"i%‘lﬂ"
BRSO
f}. ! ‘_ Ll

R(An,AQ)

\ ]
‘l"‘i'
g 11 S

R(AN,A()

g
.-
o

i Ny
AL

* pp ridge predicted by CGC (Dumitru et al.
RBRC Vol 95 p. 129)

» Long-range rapidity correlations from
classical gluon fields

» Ridge is due to “something” like 4 (mini)
jet diagrams

January 28, 2011

Dumitru,Dusling,
Gelis, Jalilian-
Marian, Lappi,
Venugopalan 10

19
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Saturation
Inclusive h Spectra in pp at LHC

« STAR 200 GeV
Y CMS LB TV 10

" ALKCE

Hg_—l —_— IP_Sat L ﬁLﬁE?Tﬁvl’-”
9 T cOF

- b-CGIT = ALKE 2.36 ToV (« 0.1)

_n -: ATLAS 0.9 TaV
= 1P-cat * STAR r R el v ALKCE 800 Ga¥ (= 0.01)
A p-cac " Ual * CMSTTeV E
Fi 4 uas

L= i " L5

v, 14 TEV (s 200
L

5& a0 e 1)

LT 10
o g

_ %,
.—-—'_:.-_. 10 . : '
I Tribedy, Venugopalan "10
Ill-i':!.: 1 [ ||||-i‘|:|4 1 .l?l||||-||||||||||?|||||||||-|||||||||:|L|5||||.l;.|||ll1-!5 Iu-?ﬂ' 1 '21]' 1 Idﬂl 1 'ﬁu' 1 le L I‘|u|:|l L '12ﬂ
VS (GeV) p, (GeV/c) n

Applying saturation at LHC:

¢ Unintegrated gluon distributions extracted from HERA in the dipole
approach

¢ Compute inclusive hadron production in p+p collisions at the LHC
¢ |P-Sat, b-CGC and NLO-BK models give reasonable description

e Issues: kL factorization formalism for inclusive muiltiplicity
distributions is rather fragile for k. = Qs (no multi-parton
rescatterings) -

January 28, 2011 11



Initial condition of CNM
Probing Gluonic Structure of Nuclear Forces

:III|III|III|III|III|III|III|III|III|_
e+Au VA—=Jhy A

Q?=0 E
Ap: ~ 10 MeV/c 3

Exclusive diffractive VM production:
ceeA—-e AV
e doa/dt = Fgy(b)
¢ Promising method to measure

=
[=1]

(=}
o
[

2
I| T TTTITI T TTTIT]

gluon form factor in nuclei S ol neonerentiBrearup
A

. S 11}3:_ Coherent _:

Experimental Aspects: - E
* Photo-production cross section large & .1

It| = pry? :
» J/y easy detection at |n|<2 well ol ]
SeparatEdfrDmbaCkngund §III|III|III|III|III|III|III|III|II|4§-

 Crucial: detecting breakup of nuclei o ood ft’-?;w?ﬂ 0.16
* Need e’ to measure f for Q2>10-2 GeV?

Kowalski, Caldwell '09

Critique: Will measure Fpn ® Wood-Saxon (B. Kopeliovich/INT)?
28
January 28, 2011 12



Initial condition of CNM

Recent Development

Wood-Saxon vs. KLN

. 1-z ,.-p N * ~ &>
Dipole Model fw( ,-‘g‘ ]—]—-—&):v-.w.ﬁ.p dov PPV f o+ 994 g, —iva
(b-Sat): S dt Y&

Eﬁwﬂ E dO"A A
—%— <d*§T> ﬁgll_(l_mzm}ag“’) ]
B P ™

W. Horowitz (work in progress):

High energies: KLN/CGC like p(r)
is what matters not Wood-Saxon

do/dt (a.u.)

January 28, 2011

LI T TT | T TT | T TT | LI | T TT | T TT | T TT | T T I§
L e Au — e'Au’ Jiy (coherent) 3
10° 10° < Q%GeV? < 10* =
| -
0L —— KLN (W. Horowitz) ]
= —— Wood-Saxon =
] n’;— xdvmp 3.0 Generator _;
1025 _
E L Ik H” I
10 g |
; H |
- il
15 el v Lo b Laag | I | T I I'II
0 0 Q. 006 008 01 012 014 016 018
1t] (GeV?)
29
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Fragmentation function in nuclear medium

Parton Interactions in Cold Nuclear Matter
nDIS:

e Suppression of high-pt hadrons analogous but weaker than at RHIC
* Clean measurement in ‘cold’ nuclear matter

¢ Important control measurements for RHIC & LHC ?

9991 q 99;’_{ pre-hadron _ hadron

O ~ Fundamental question:
Y e ht e Fragmentation time

b , L \ scales (dynamic of
pre-hadron hadron hadronization)
production time formation time .
e In-medium parton
Observables: ﬁqn:;ﬁgr:;ﬁ
» Broadening: Apt? =(pt2)a-(pt2)p

» Attenuation: Ra(Q?, x, z, pr)

Link Apt2directly to saturation scale (Kopeliovich ’10)
30

January 28, 2011
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Fragmentation function in nuclear medium

Parton Interactions in Cold Nuclear Matter

pt broadening (CLAS)

Attenuation (HERMES)

u.1=: Megative Pions R;ﬂ s . _ 5
aif- T 2S<v<3 eV 1.0 [ ; 1 e I TS
L =35<v<d43e | t'i " i T'g’?--— KX T i * LB,
3 Sl TG TR T
N 0.8 - ,#'__H. lE__ el N n
Lo | *1! i *** _*i,l*i-f ++++
N 0.6 |- &** - "ML Heres |
e t GF = 1 GeV : N I-Fe R L 0 - T
002 05<2<06 04 L1 % e pm Xe b b
ST oo 10 20 02 06 11 10 01 1
e g v (GeV) z Q' GeV)  pPGeV)
Energy transfer in lab rest frame EIC Projections:
HERMES: 2-25 GeV wE —
EIC: 10 <v <1600 GeV £ DT ' o | st
- - =01 =y =0,
(LHC range) - P
EIC: heavy flavor 3 4" 10meme
2 BT ® 11 - 30 GeV
M;— B 4., 10%em™ &'
os -3 15 10% e 31

January 28, 2011

R. Dupre/INT 10

=

1ﬂ|.7| EUD JUD ﬂ-m EDﬂ'
v (GeV)

EIJ[I 'FI:IIJ B{K]

31
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AT, A DEBERT

what can be achieved for Ag? - cont'd

how effective are scaling violations at the EIC..

Sassot, MS w--;r-. LAY s ians .
15 - \ lEIC | ) i
3 \ : 5x50 to I|,' i
ﬂ"xi | 5x325 | ‘|| :
:- | i
10 EIC 5}(15(}".' I| I| 5 —-:
i : | | 1
: .i' III 1||;'l :
5 | oy N
=3 ‘II: III I.I ‘llll- :
| DSSV4 Vil ,f ] _
D5SV+ includes also latest K m:.,_m_q__% ﬁ}m / «J’#_,f' i X2 pro file slims down
COMPASS (SDDIS data n _. TR E e EE NN l._nl"r.bl Lo g aal g ||_ Eig"ffiﬂﬂnlﬂy ﬂlr‘ead}i
(no impact on DSSV Ag) 03 D2 Bl A 04 02 03 for EIC stage-1

OO0 i
Ag bl 1] (ene menth of running)

*with 30x325 one can reach down to x # 3x10-2 (impact needs to be studied)

January 28, 2011 16



AT, A DEBERT

what can be achieved for Ag? - cont'd

what about the uncertainties on the x-shape ...

0.3
Sassot, MS . _ -, P ]
XAg [ DSSV Ay *fx =2% band ]
ﬂLZ -_ d*’.a"’ '\\‘\ i _-
- E l\ __
01T Ercsoxs | 1
L | FICstage-1 data " ]
0 = e T — i
T e I
[ IRCTOE R A
DA 22 ammar? Rt T R
| )= 10 GeV ; i i
I & | e ... wow - cooll
4 4 A 3 -1
1o 10 10710 10 i

- even with flexible DSSV x-shape we can now determine /'1,3..- Ag(r.Q%) up to £ 0.07

S

- work in progress: try weird x-shapes below x = 10* to improve/check error estimate

January 28, 2011 17



Flavor separation

MNMPDF collaboration

B NNROFLD
FZ7 nNBDFL D
557 NMPOFI 2

' .I'[.ﬁ'(.l"l:} + .ﬁl.?'\;,f*l

- substantial uncertainties
* known issues with HERMES data at large x

* hot topic: =) — s(r)

January 28, 2011

selected open issues in flavor structure

strangeness was identified to be one of the least known quantities

- both unpolarized and polarized - where significant progress is unlikely w/o the EIC

D55V (incl. all latest COMPASS data)

ool -

ane -

£02 -

N -

*surprise: As small & positive from SIDIS datt

+ but 15" moment is negative and sizable due
to "constraint” from hyperon decays (F,D)

xAs(x) = rAs(x) -

data

s anwaill

— DS5V

— DSSV+

——- DSSV+ 2% |

o3
I

n
X

(assumed SU(3) symmetry debatable M. Savage)
» drives uncertainties on A 2 (spin sum)

we really need to determine it ! (as well as their u,d quark colleagues)



Charged and neutral current

feasibility - 15t exploratory studies

Q2> 1GeV? Ringer, Vogelsang
8 | I — ho y cut
IU’ | — ] ) ) "?’ 3 0,1

e ([)1‘)) , e _\_C'( e V2 NC(e")

104 — =

T CC{e™) _h_..;--:~_-_r_':*-'::‘i-

r

100 pe -

10_}3 J1JJ-I-lJJIJJ..’IJJL..J-.H_.JJJIII 2 1 3 d ——— 1k i1 dkd

) 70 100 280 0 500

20x250 HERA
30x325

2 indep. study: Kumar, Riordan, Deshpande, Taneja, Paschke
January 28, 2011




B A EEELGPD

But... is an indirect measurement of t really an issue for EIC?

We ll get roman pots in the forward region at ‘EIC!

o g [ g S o i [ o i o i _ e _ige e _ i i s

: r THE_LPS T:
| I SPECTROMETER N |
o Silicon micro-strips | K mognet apertura shouid  Increased disruption (at low & anergy)
T . resolution: 0.5% for P, ; 5 MeV for P, | froiesmpoem e TR weidby Buanheom simdinins
1 |y
I I WM

! I i et
g I Y |
i | =
R 55 events (DVCS + IEH} i :._._..;,{qlmm — -y
II=I _—=_—_—_—=_—=_—._—..—_—_—_—=_—=.7_—_.—_—_=_—_—"_—_.—_—_—=._—_—_—=_—:_—=_—_—:_—_—_—I_: ¥ W “Elrl:l’i:;ll;n&_":,l;::' ot

for eRHIC: 1.4 10 E /325 cm?s™! SEE

assuming 50% operations efficiency one week corresponds to:
L(1 w)= 0.5 " 604800(s in a week) * (1.4x10% cm-2s-') = 4"10% cm-2 = 4000pb-

@ + Roman Pots ™= 2000 events/week !!

assuming the same acceptance ad LPS (~2%)
i 1 ive an idea

P T S. Fazio: INT-workshop, Univ. of talk by S. Fazi
Nov. 9, A110 Washington, Seattle y e

January 28, 2011 20



PEAERELGPD

Gluon imaging: gluon vs. singlet quark size

g +q singlet quarks

f « Do singlet quarks and gluons have the same
- gluons .
| transverse distribution?
o | — Hints from HERA: Area|q+ij| > Area(g)
x — Dynamical models predict difference: pion cloud,
constituent quark picture [Strikkman, Weiss 09]
o — No difference assumed in present pp MC
A generators for LHC!
— x=I.1]
5= 10000 GeV’, L=10"%em™ s, 4 weeks
3 L] L Ld l!llll L L l'l"ll Ll Ld LB AR
- ¢ (DVCS) - EIC: gluon size from J/ 1, singlet quark size from
. B HERA H1 § < (F < 15 GeV> ] DVCS
; - - I - — x-dependence: quark vs. gluon diffusion in wave
2 I . ‘_'—""1_._,__“_“_ function
—_ = I-. e
oL M — Detailed analysis: LO  NLO [Mueller et al ]
2 [ Ty Y
= | 5 0 < 10 GeV-
"‘l-| 1 L —
I ] Detailed differential image of
- statistical emors only! 1 nucleon’s partonic structure
U i i L lillll i i Iililll i L Al b iii
-4 -3 -1 -1
10 10 1o 10
Sandacz, Hyde, CW * talk by T.. HD'I'H CUJ!;
THE :-'|
CaTHOLIC UNIVERSITY Tanja Horn, Imaging in Exclusive Processes, INT10-3, Seattle 12 =
of AMERICA \J

January 28, 2011
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TMD
sensitivity to sea-quark S/ivers

[talk by T. Burton: week-9]

0 - z

00m: 1<Q < 177828, 03 <z <05, 06 <p <08 10<Q <17T8IR, 03 <z <05,06<p <08

” <@>~13Geve | o} <@>~126ev? | T

- [(llka] o

0.3<z<0.5 T e 3

< < ik I il

x__G.E PhT D-a GEE “‘*m.r (e | L I 'l
) 001 = v i sk l.l lm"r

20x250 GeV | wnf  qeet b 17 AT

20 fb-1 B I T
- g ] e sl 01005 [ > " |

30 dav’rg TR T T [T T Ty A

50% efficiency

January 28, 2011

120 <1 T'.'H:E.I'.I..‘--q.!qll.‘l.ll.fl-q|Jrqu.H

{Ql:wl.S GeV? ® Desire wide kinematic coverage
- [ » delivered by EIC designs
VRt _ﬁ*f& ® High luminosity means:
) +...* o High Q* (x, , pn.)-binning plausible
" K+ * Low Q rapidly systematics-dominated

.
P
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EICs

Electron lon Colliders

Design Goals for Colliders Under Consideration World-wide

Energies S Design
Luminosity
(M)EIC@JLab Up to 11 x 60+ 240-3000 Close to 103
Future Up to 11 x 250 11000 Close to 10%
ELIC@JLab (207 x 250) (200007)
Staged Up to 5 x 250 600-5000 Close to 1034
MeRHIC@BNL
eRHIC@BNL Up to 20 x 325 26000 Close to 1034
(30 x 325) (39000)
ENC@GSI Upto 3 x15 180 Few x 10*2
LHeC@CERN Up to 150 x 7000 4200000 Close to 10%

Present focus of interest (in the US) are the (M)EIC and Staged MeRHIC
versions, with s up to ~3000 and 5000, resp.

4efferi’ﬂn Lab
January 28, 2011 23



EIC timeline

EIC Realization Imagined

Activity Name

12 Gev Upgrade
FRIB

EIC
Physics Case

NSAC LRP
CDO0

Machine
Design/R&D

CD1/D’nselect
CcD2/CD3

Construction

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

2022 2023 2024 2025

—r—

January 28, 2011

gefferéfon Lab
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eRHIC

e-RHIC is a triple IP collider s
5 to 30 GeV e x 325 GeV p - 130/u Au :

Polarized e-gun
0.6 GeV pre-occelerator ERL

IR12
6 pass 2.45 GeV ERL

27.55 GeV

22.65 GeV

=Up to 6 passes in the tunnel already from the first stage
A— =Staging by electron energy increase by lengthening the linacs
— «The possibility of using upgraded STAR and PHENIX detectors
7 on first stage for e-p (e-Au) collisions. (eSTAR and ePHENIX)

g 12.85 BeV

E T.95 GeV

b’
. {%, -Dedicated eRHIC detector will be added at IR12.
3.05 Gel ' ‘?—

Reduced civil construction cost

NATIONAL LABORATORY

® V Litvinenko "'o

January 28, 2011



ELIC

ELIC: High Energy & Staging
Serves as a large booster

to the full energy collider
ring

Straight section

i e
SRF lon g
Linac Sources I%E
&
L
H
b3
o
iy
collidar &
ring 4
ity
&
&
Bl ﬁr b
i %ﬁzf
g .[‘; i
i
II'I]'I:H:IEIF

12 GaV CEBAF

Arc

Stage Max. Ener Ring Size Ring Type
(GeV/c) (m)
P P e
- Medium g6 11

1000
High 250 20

Cold Warm
2500 Cold
January 28, 2011
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MEIC
MEZC : Medium Energy EIC

prebooster

lon
Sources

) SRF Linac
medium-energy

;'::_..'.;.' 1

Low-to-
madium
colliderring

polarimetry |
low-energy IP

Three compact rings:
* 3 to 11 GeV electron

* Up to 12 GeV/c proton (warm)
* Up to 6o GeV/c proton (cold)

injector

12 GeV CEBAF

@

January 28, 2011 27



pt

"

W. Gradl —

January 28, 2011

ENC at FAIR

ENC
An 'easy’ idea: ENC at HESR

m ldea emerged Aug 2008

Vs > 10 GeV
3.3GeV/c e on 16GeV/c p

m polarised e~ (> 80%)
m polarised p,d (> 80%)

(transversal & longitudinal)

use as much of PANDA detector as
possible

Common effort of German
universities (Bonn, Mainz,
Dortmund) in collaboration with
Research Centres Jilich, DESY,
GSI, ...

28
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LHeC
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