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The US-based Electron-lon Collider:
Imaging the Gluons and Quark Sea
of Nucleons and Nuclei

Cold lon Collider Ring
(8 to 100 GeV)

(3t 12 GeV)
Electron Injector

8' i 12 GeV CEBAF

Rolf Ent
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Non-Perturbative Phenomena in Hadron and

Jefferson Lab

Particle PhySiCS, Brazil, 1-7 May 2016 @ Thomas Jefferson National Accelerator Facility



http://200.136.79.30/QCD_Workshop_2016/Talks_files/Rolf%20Ent.pdf

The Electron lon Collider

For e-N collisions at the EIC:

v' Polarized beams: e, p, d/3He

v' e beam 3-10(20) GeV

v Luminosity L, ~ 10934 cmsec’
100-1000 times HERA

v 20-~100 (140) GeV Variable CoM

For e-A collisions at the EIC:
v" Wide range in nuclei
v" Luminosity per nucleon same as e-p

v Variable center of mass energy

World’s first
Polarized electron-proton/light ion
and electron-Nucleus collider

Two proposals for realization of the
science case -

both designs use DOE'’s significant
Investments in infrastructure
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Ee = 250, 500 GeV (@
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Electron lon Collider:
The Next QCD Frontier

Understanding the glue
that hinds us all

Jefferson Lab



Electron lon Collider
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Wednesday, July 7, 16 State of EIC @ EICUG ANL

Accelerator designs....

lon Collider Ring

Ring-Ring Design

Electron Collider Ring

Bow-Tie shaped ring to
address the polarization
preservation without Siberian snakes

Electron Source

mmmmmm

V. Ptitsyn, eRHIC

Linac-Ring design
(also developing a Ring-Ring design)

Uses existing Blue Ring from RHIC
And a multi-pass 1.3 GeV ERL
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The Detector |ldeas. .. (nottoscalel)

R. Yoshida, JLEIC WG A kise| @JLab
— .

I coils Flux retum yoke returmn A detailed microscopic
Modular (muon chambers?) coils simulation of “e/p+HCal” -
;X mirrors

el
'O,
asrogel electron identification is )
in progress

EMcal (Sci-Fi)

If needed, the setup can be
appended at n < -1 by other
electron ID detectors g,

e,

like preshower and/or TRD g

for e-beam

muaon chambars

Space for additional

({top view)
! m

2m
electron endcap ::mlral barrel hadron endcap | silicon trackers | EI | GEM trackers |_ I
K. Barish
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DOE budget in FY 2015 dollars for Modest Growth scenario

Modest Growth

200,000

700,000 I Facility Construction (EIC)

I Total Facility Ops

600,000

- LONG RANGE PLAN
for NUCLEAR SCIENCE

I Facility Construction (CEBAF

S

i I Total Projects
400,000

S

51 I Total Research

300,000

I Total Other

200,000

= Constant Effort

100,000

= = Modest Growth (FY16 PR +
1.6%)

FY15
FY16
FY17
FY18
FY19
FY20
FY21
FY22
FY23
FY24
FY25

D ENERGY [scoe CIA Jefferson Lab
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= = Modest Growth (FY16 PR +
1.6%)
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Deep Inelastic Scattering

=» Precision microscope with superfine control

e(k,)
e (k) E/ Q2 - Measure of resolution
‘u. et ......................... y 9 Measure Of inelasticity
’Y* @) X =2 Measure of momentum fraction
g of the struck quark in a proton
> X (p,) Q2=SXxy
P(p,)

Inclusive events: e+p/A 2 e'+X
Detect only the scattered lepton in the detector

Semi-Inclusive events: e+p/A 2 e'+h(n,K,p,jet)+X
Detect the scattered lepton in coincidence with identified hadrons/jets in the detector

Exclusive events: e+p/A 2 €'+ p'/A'+ h(rn,K,p,jet)
Detect every things including scattered proton/nucleus (or its fragments)

FA, va oemanruenror | Office of  f—
7 ENERGY ‘S::.ience ;‘_J A Jefferson Lab
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Inclusive-DIS BIE
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Glue in DIS
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Spin dependent PDF

g (x) q_(x)

- .

Longitudinal (#t) BEELH
A

E>
Structure function PDF
1 _
Unpol.  F,(x :—qujq X q(x)=q" (x)+q ()

Pol. Z e Aq(x Ag(x)=q"(x)—q (x)



CERN-COMPASS
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SN Straws
SciFi “*/ ShEG
Silicon ~ MWPC
Micromegas W45
GEMs :

/ | . | 8 ' uon Filter
Polarised o DI R EcaL
solid Target e ’1& ' > | Ee

(NH; for p, $ <

6LiD for d) i SM1 |
Versatile facility

Filter with hadron &
Pol. > 7 muon beams of
rrg;agnps DRllsC: SI-DIS i i el L
e - experiment (~200GeV)
160-200 GeV, two stage spectrometer from SPS

pol. =80% tracking, calorimetry, PID
i ~ |[LC-N ‘




EIC kinematics: Inclusive
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EIC expectation: g P

g1(x,02) + const(x)
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Gluon polarization
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Semi-inclusive DIS:H|E
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Transverse structure of the nucleon

b ASD () ~0s )

COMPASS 7™ x<0.032
COMPASS 7™ x=0.032
HERMES = PRL 103 (200

%;i C}i

ky(GeV)
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Transverse Observables in SIDIS

1.) Sivers asymmetry:

oIS o sin(gy, — bs) fi ® Dy

2.) Collins asymmetry: T
SIDIS : o -
o o sin(op + ¢g)hy & Hj
3.) “pretzelosity”: | |
SIDIS . . N N
o o< sin(3¢n, — ¢s)hi @ H; AN
\{j\f@ / 4

4.) double spin asymmetry:

orr o sin(¢n — ¢s)gir @ D

also: cos(20) x hi @ Hi , beam-SSA  sin(2¢,) h|; @ H]

double spin (LL): cos(¢n) g1 ® Dy @gm



EIC kinematics: Semi-inclusive
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103 Current data for Sivers asymmetry: N
[ ® COMPASS h* P, <1.6GeV, z>0.1 ]
[ O HERMES % K%:P,;<1GeV,02<2<07 ]
- ® JlabHall-A a™ P, ;<0.45GeV, 0.4<z<0.6 . N
o5 COMPA§§ n x<0.032
i =000 8 SRRNES # BRLI0S (0
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Transverse structure of the nucleon

b ASIn (04— 05)

@ S o, % COMPASS 7w x<0.032
~ 0.1F e COMPASS m x=0.032

o) HERMES n* PRL 103 (20
.......... iAW) e PEITCTTIT & 0.05+ o ‘}i
C 44 4

Transverse momentum
dependent, TMD, PDF




Hard exclusive production

[+ N=>1"+N'+A

Generalized Parton
Distribution (GPD)

N ’

EEREL = BIREF




Hard Exclusive Production

Deeply Virtual Compton Scattering (DVCS):
e+tN=>e'+N'+y
Involved GPDs: H, E, H, E

clean reaction

vs Bethe-Heitler process
Deeply Virtual Meson Production (DVMP):

e+N=>e'+N'+(p, =, ..} q t,. /" q
vector meson: g , 1:: |
pseudo-scalar meson: H, E \Es

Meson amplitude involved




DVCS@HERMES, with pol. target
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S e+ N e’ @) Y

"r— HELD CLAMPS j

DRIFT CHAMEERS -+ 270 mrad

ﬁ 0.3 » e’ data
L g o € data
uont oot =4 — MC sum
E ----- elastic BH

associated BH

1990 ~ 2005 o HRN e semi-inclusive
w/ Polarized H/D target o
No detector for the recoil proton oCat® e e P~
Cut on missing-mass spectrum M2 (GeV)

Missing-mass spectrum




DVCS @ HERMES: unpol. Target + recaoll

: o N
O
FIELD CLAMPS TRIGGER HODOSCOPE H1 I-I-I “/ j: i
E—— . Y

m ' Yamagata University
5 DRIFT CHAMBERS __-- 270 mrad
) ,,»\ PRESHOWER (H2) _ _ -
secol CEIJ-EI;I:BERS 17 oy I H/d : o
1 Detector / \‘
Fc:ﬁz -
2. PROP. e+
‘t CHAMBERS LUMINOSITY
. - == - - -

ii MONITOR27 § geV

| uz\/' Sub-detectors in 1 T Solenoid
TV « Photon Detector (PD)
- 3 Tungsten/Scintillator layers, =°, w/p
» Scintillation Fiber Tracker (SFT)

- 2 x (2 Parallel and 2 Stereo layers),
momentum reconstruction and w/p

* Silicon Strip Detector (SSD)

- 2 layers of 16 double sided sensor,
momentum reconstruction and n/p

* Unpol. H&D targets: (2006, 2007)



mailto:DVCS@HERMES

DVCS @ COMPASS

4 m Recoil Proton

Detector (CAMERA)

N i

Two barrels of

scintillator slats
Inner barrel: :
L=2.75m, D=50cm,t=4mm
Quter barrel:

L=3.6m, D=2.2m, t=5cm
Proton for P >260MeV/c
ToF with ¢ <300 ps

E=1606eV

2.5 m Liquid
Hydrogen Target

ECALO

Shashlyk modules + MAPD readout
~ 2 x 2 m?, ~2200 ch.
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HERMES & COMPASS

3

HERMES@DESY COMPASS@CERN

Pol. et+/e- in HERA e-ring Pol. y+/u-

Beam E =276 GeV E = 160~200 GeV

e—/(—,e—/—>,e+/<—,e+/-> +/“,M—/" @ 160 GeV
- 2012,
| 1996~2000 | ) 2006, 2007 | _2016’:2017 L

L-pol. H/D i Unpol. H/D . Unpol. H

Target T-pol. H | 2002~2011 f

|2002~2005f

w/o recoll w/ recoil w/ recoil
detector detector detector

' w/ ECAL upgrade



DVCS @ HERMES

sing
ALU DVCS
sinf2e)
ALU:I
sinfo- o)
uT,1
sinff - o‘}
UT,DVCS
sinff - o‘} cosd
A uT,
cos(é- o‘}sin»b
Ut
cos(o- o‘]
ALT:I
cos(d-4,)
LT,BH+DVCS

A

sinfg- o‘}sint

lALT,I

cosi- o‘} cosd

ALT:I

HERMES DVCS

@® Hydrogen
A Deuterium
Hydrogen Pur
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GPD

= — |Beam Charge Asymmetries
| PRL 87 (2001) 182001
HE PRD 75 (2007) 011103
A JHEP 11 (2009) 083
i i : JHEP 07 (2012)032 H
| Beam Spin Asymmetries JHEP 10 (2012) 042
L= S ; ~ SmH NPB 829 (2010) 1
H—a S
M
o Target Spin Asymmetries
e e el B
| p Double Spin Asymmetri
I—l—.—i—l—l
— e " ) =
. Vr—IOEREHES
o s Target Spin Asymmetrig =5 o5 2010 019 || ~~
P , | NPB 842 (2011) 265
S p Double Spin Asymmetrt H
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Amplitude Value




EIC kinematics: DVCS
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Current DVCS data at colllders

—QO ZEUS- total xsec 0 H1-total xsec
® ZEUS- do/dt B Hi-do/dt
B Hi-Agy

- Current DVCS data at fixed targets:

" A HERMES-A,; A HERMES-ACU
| A HERMES- Ay, Ayl AL

A HERMES-Ayr * HallA- CFFs
¥ CLAS-A_y % CLAS-Ay.

- Planned DVCS at fixed targ.:
- (525 COMPASS- do/dt, Acsy, Acst
[ oo JLAB12- d()’/’dt, ALU: AUL: ALL

P

0
0’0'@
0s0seeses
SRR ’3’:’33”’ "\ '
0’0’, 0500eetere 00’ '
S ’5’0’ IR \’,,ooool

'l’ \ 00‘

0
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00 00
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Fe COMPASS 2012:

ZEUS: JHEP 0905 (2009) 108
Y H1: Eur. Phys. C44 (2005) 1
A H1:

i

(Q*) = 1.8 (GeVic)
(Q%) =83.2 (GeV/c)
(Q) = 4.0 (GeV/c)
Phys. Lett. B681 (2009) 391 (Q?) = 8.0 (GeV/c)
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DVCS @ HERME

¢ EIC pseudo data
20 GeV on 250 GeV
[~ JLdt =100 fb"’

Q2 = 4.4 GeV?
Xg = 8.2 10_4
t=-0.25 GeV2 /’"_

HERMES DVCS
A:nsmu} i
IS :
Az .
Azns{ﬂ} :
A |
|
ALUT 'm—'—' i
A j
A Z
‘” @ Target Spin Asymmetries
A:;@-’o‘}enst —@—i :
JRram - 1 JHEP 06 (2008) 066
e — - 1 PLB 704 (2011) 15 E
oy ; p Double Spin Asymmetri
ALT,EH+D=\|'CS H_._E_|_|
Aiill:l’:u-u‘}sint i ® " _ N =
Aﬁ::lt-o‘}ont B o :“ 71_ géﬁ EﬁEQ
AUL¢ H_ﬁ'ﬂl H H
s .ty | s Target Spin Asymmetri€™; e5 06 2010) 019 || ~~
e R Rr— _ | NPB 842 (2011) 265
o S p Double Spin Asymmetri
Atts{z} ..I....I....I....I..qu:'_.ﬂ..l....I....I..
04 -03 -0.2 -01 0 01 02 03

Amplitude Value
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Time Structure of Electron Beam for ILC-N
E=125-250 GeV

2 X 10'° Electrons per bunch

200 ms, 5Hz

Number of bunches 1312, | 2820 ns I

0.73 ms
r? ____________________________________ iTESLA—NI ____________________

—>

Bunch interval 554 ns 337 ns

h
v

LI K=
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TESLA-N setup
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v , . . . . ‘ ~ COMPASS setup |

| TopView (non-bending plane)
4 Large Angle
. ok Small Angle
0- ry Small

| Target
3

| ] COMPASS TIXETIEI D A I
4 SM1 DCH DC2 TRDM DC3

MC1 KP1  RICH KP2 ECAL1  SM2 MC24 KP3 RICH2 KP4 ECALZ SM3 MC5-7 KPS KP6 ECAL3
'|J T T | ‘l’ T | | T 1|0 | | | T 1|5 | | | T 2|0 | T | z|5 | T T | !m | T T T 3|5 T | | T 4|n m"'

Figure 3.3.2: Schematic side view and top view of the envisaged TESLA-N apparatus. For
an explanation of the acronyms see the text.

° —
>.< TES L A_N Jﬁ ET‘I' H% and more sophisticated hadron wave functions. A great potential to achieve an even
deeper understanding of the nucleon structure may arise from a comprehensive, gen-
DVCSHIE [T E 5
I~ FARY

eralized analysis of many different processes based on the new tool of skewed parton

distributions (SPDs).




ILC-N kinematics: Inclusive

Experiment c.m. Energy [GeV] | Luminosity [em™2 s71]
TESLA-N 22 7.5-10%
TESLA-N (10 Hz) 22 1.5-10%
[LCOMPASS 20 5.0 10
SLAC (incl) 5=+ 10 5.0-10%
HERMES (unpol.) 7.2 4.0-10%
HERMES (pol.) 7.2 2.0-10%
ELFEQCERN (unpol.) 7 1.0-10%
ELFEQCERN (pol.) 7 5.0-10%
HERA ép 318 1.0-10%
HERA eA 150 1.0+ 1030
eRHIC 100 2.0-10%
EPIC 31 1.0-10%

0.01<y<0.9

W?>4 GeV?

4<0<100mrad

COMPASS

W*>12GeV*
0.1<y<0.9
4<0<180mrad

10°

6o, Q% [ub]
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GD11-P,-JHEP05(2011)126

[T TTTT T

—— ILC-N (Vs =32 GeV)
—— ILC-N (Vs =22 GeV)
——— COMPASS (Vs = 20 GeV)

7T T
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HERMES, COMPASS condition

3

HERMES@DESY COMPASS@CERN
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EIC: Vs = 140 GeV, 0.01 <y < 0.95
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Possible ILC-N setup

Top View (non-bending plane)
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Figure 3.3.2: Schematic side view and top view of the envisaged TESLA-N apparatus. For

Shashlyk modules + MAPD readout

~ 2 x 2 m?, ~2200 ch.
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