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Why an EIC, and Why Now “
. Theory

-+ We are on the cusp of revolutionary advances in our understanding of the QCD
structure of matter

- Lattice QCD
- At the physical pion mass
-+ Two- and Three-Body continuum
- Effective Field Theory, in g-g and hadronic d.o.f.
- Predictive Dyson Schwinger Equation calculations
- New QCD concepts (light-cone matrix elements):
- 3-dimension imaging (2-space®momentum, 3-momentum)

- Wigner functions (Diffractive di-jet production?)



Why an EIC, and Why Now “
|. Experiment/Technology

-+ The EIC will extend the QCD program of JLab, RHIC, COMPASS, LHC, PANDA,
JPARC... with unprecedented capabilities:

- Doubly polarized ep, eD*, e°He, e°Li*, e’Li collisions
(*JLEIC only)

+ No target dilution;

+ No transverse B-field to disrupt beams, or coils to block scattered particles
- lon species from D to U
+ Full reconstruction of Nuclear Final state

- Integrate detector with accelerator lattice

- Incident ion #Z has momentum per nucleon (ZPy/A).

- Fragment #Z’ has momentum per nucleon = (A/Z’) (ZPo/A)
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DIS Facllities: Past, Present, Future

EIC box includes different baseline and staging designs.
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- Past Colliders

Collider Concepts

JLAB/CEBAF
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Collider Concepts

- Past Fixed Target

Ongoing Fixed Target

[ ] EIC Project
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eRHIC

RF Upgrades to RHIC
"Rapid cycling synchrotron” Parameters for maximal luminosity

iInjector to electron storage ring.

Parameter units No lon Coherent
| cooling Electron
Polarized 5
Electron ource COOllng

Momenium 15
(Electron)

Momentum 275(p),
(Proton, lon) 137/u(N=Z), 110/u(N>Z)

Crossing 22
angle

Collision f
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100 meters

Luminosity
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JLEIC

® Novel Figure-8 Ring for polarization control
® Only solution allowing polarized

deuterons (vector and tensor) Parameter units maximal | maximal

* CEBAF as full energy electron injector Lumi energy

® Fixed target program can continue

Momentum GeV/c
(Electron)

Momentum GeV/c, 100(p),
(Proton, lon) (GeV/c)/u 50/u(N=Z), 40/u(N>Z)

8-100(400) GeV lon Collider Ring

i

Interaction Point

Crossing mrad 50
angle

Collision f MHz

&

lon Source S— —
Electron Source /
—’
12 GeV CEBAF
\/—————_’"’_—_——/

-

Luminosity 1033/cm?/s
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Four EIC Detector Concepts

JLEIC Full Acceptance Detector

Flux-return

coils Flux return yoke

Modular (muon chambers?)
aerogel

RICH
solenoid coil (1.5-3 T)

EMcal (Sci-Fi)

DIRC & TOF
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EndcapG

| Central tracker
=3 || (low-mass DC) I

electron endcap central barrel

Emcal (Shaslyk)

GEM trackers

e

Dipole
with field
exclusion

for e-beam
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(top view)

hadron endcap

Space for additional

muon-chamber

ePHENIX, based on BaBAR Solenoid

Bl Magnet and Hux return y [m]

B Hadron calorimeter 3 4
B Electromagnetic calorimeter

] Central tracking

Il GEM
B RICH

JLab Users Group 2017

Brookhaven eA Solenoidal Tracker

BeAST detector layout

-3.5 < n < 3.5: Tracking & e/m Calorimetr

hermetic coverage

L [— RICH detectors

JuI 8 2016

ANL
SIEIC

Particle FLow
HCal

11/34

+eSTAR



lmaging Quarks & Gluons

N the Nucleon and in Nuclel

DVCS: ep—> epy: e, gluons

Deep Virtual ¢:

* Gluons dominate with 10-20% s-quark interference at modest x

o Strong Sudakov corrections for Q2 < 10 GeV? (Goloskokov & Kroll)
J/Psi: Gluons (intrinsic charm at high-x7?)

Pseudo Scaler mesons: Higher twist DA (instanton effects) anad
Nucleon transversity for Q2< 10 GeV? (new data from Hall A, B)

p, w-meson, flavor sensitivity, mechanism unclear at modest Q?
e strong violation of SCHC in JLab, HERMES data.
» o7/0Lz 10% in HERA data for Q2 < 20 GeV?
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Deeply Virtual Compton Scattering on
the Proton: Iransverse Imaging vs Xg

Tagging the recoll

protons over t
momentum ra

ne full
nge IS

essential for precision

imaging

Repeat with longitudinally

and transversely
polarized beam

xgF(x_,b) [fm?]

Bt

DVCS - 20 GeV x 250 GeV - 10 o™

0.44< |Pt| (GeV)<1.3

DVCS - 20 GeV x 250 GeV - 10 fb™

0.18< |Pt| (GeV)<0.8

0.2 0.4 0.6 0.8 1

1.2
b, [fm]

Y*+p—=y+p

20 GeV on 250 GeV
10 fb!

10<0°<18 GeV?
0.004 < x5 <0.006

02 04 06 0.8 1 1.2 14 1.6
Itl (GeV?3)

Y*+p—=vy+p

5 GeV on 100 GeV
[Ldt =10 b

dopycs/dt (pb/GeV?)

0 02 04 06 0.8 1 12 14 1.6
Itl (GeV?3)

0.1 0.1 <xg<0.16

10 < Q2/GeV2< 17.8

0
0 02 04 06 08 1 1.2 14 16

by (fm)




Detector Requirements:
DVCS on the Proton(also n’ and n)

e EXclusivity:

p(e,eyp) triple coincidence (or N* = N1 veto) L (HGED EGEON P
veto neutron in ZDC or proton with p/po s M/M* w

e Imaging: t=(p'-p)’

e t = A2 resolution requires dispersive focus at Roman Pots.
Measure A=(p’-p) [better resolution than A=(k-k’-q’) |.

e Full proton detection acceptance to “Beam-Stay-Clear (BSC)” Iimit
of ~10x beam rms emittance:

o JLEIC: Bp > 3 mrad OR |[Api/po| = xgj > 0.003
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JLEIC Full Acceptance
Detector

[ I I I I
spectrometers I
I

lem %

Aht=tH—FH
IR Layout Compt %’_Jforward e S -
po;was::yﬁ iy o el L .

dispersion-suppressor/
geometric match

80 m . .
. ion RP station

«——— electrons S
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t -\—.
Compton Chicane

Tracking for DVES recaill,

Luminosity Monitor 0-spectators p-spectator in D
in SHe -
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Acceptance for p’ in DDIS/DVES

JLEIC acceptance

2 Tem Dipole
Region 1

egionZ(Hi.Res) :
20 Tem Dipole

0.4 0.5 0.6 0.7 0.8 D0~
L 2l initia

Xp

02 |
0.1 |

0
03 04 0.5 0.6 0.7 08

Tagging essential for exclusivity

Acceptance 1n diffractive peak (X;>~.98)
ZEUS: ~2%

JLEIC: ~100%

31 .Jeffersbn Lab
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eRHIC Interaction Region Optics
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Deep Virtual Vector Meson Production

e D(e,e'V)X:

 Reconstruct t=A2 = (k-k’-p+*—p~)2 from charged particle final
states: p=rmtn, p=>K+K-

e W=t 0 constraint on W Mass refines w momentum resolution.

* Tagging/Veto required for exclusivity
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DIS, DVES with Neutrons

JLab LDRD, C.Weiss, et al.

Pr=0 spectator proton (D rest frame)
=> Pr=Py /2 forward proton in collider frame

neutron

e Deuteron Momentum Distribution

- = > Ps= [M(a—1)/2, pr] D rest frame
= Ps= [M(a—1)/2, pr ] Collider frame
—t' = MnN— (Pp- Pr)? = O

K.Park, JLEIC
systematic & statistical errors

Tot.Error=+v/(stat’+sys?)

Polarized DIS

Neutron spin structure with tagged DIS e + Do e+ p(recoil) + X
EIC simulation, s, = 2000 GeV?, L, =100 fb'

Nuclear binding eliminated through on-shell extrapolation in recoil proton momentu

xg,=0.025119 —12.58 (GeV?)
— 0.031623 -

Q*=10 —20 (GeV?)
log—11 < 0.02

Luminosity 10° nb™

Yo
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=
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Z

L (Fa/S)=0.4205 £0.0128
i (F20/S)e=0.4278 £0.0128

0O 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
—t/(GeV?)




The EMC Effect in the Deuteron

EMC effect in tagged DIS e + D — €' + p + X, backward kinematics

on-shell modified
: unmodified
x=03-04, 0> =20-30 GeV?

op=0.89-091 (backward)
L. =10"nb", s, =1000GeV

Q<
~
Q\
~~
~
~
X
~~
i,
D)
Q0
o0
<
Nt
3
o8

Kinematic limit

0.02 0.04 0.06 0.08
.t [GeV?]
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Ditfraction & Shadowing

Deep Inelastic Scattering (DIS) Diffractive Scattering (DDIS)

Incoherent Diffraction on D, 3He,...

* A clean probe of QCD structure of multi-
nucleon dynamics
* Only low energy NN, NNN FSI

* Event-by-event measurement of relative
momentum of np pair (from D)
or npp from 3He

X: small color

neutral system
No FSI with NN!
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DVES on Nuclel |

+ SACLAY 76
e STANFORD 69

0.009724
0.033093
0.000120
0.083107
0.080869
0.139957
0.260892
0.336013
0.033637
0.018729
0.000020

+SACLAY

¢ STANFORD
aMAINZ

*DARMSTADT

DEVIATION %
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Deeply Virtual Vector Meson
Production on Nuclel

* High resolution reconstruction of |t| from e.g. (e,e’ - * ineoherent - no saturator
K+K-) kinematics. : L Inconerent. saturation (65et)

fLdt = 10/A fb™
1<Q? <10 GeV?, x < 0.01

e Coherent nuclear recoil is unresolvable:
lost In 100-BSC.

* Dedicated 10% of run at large 3*
(small beam P.)
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e Excitation of bound-states will wash out minima of o
. 10-1 eca L Ve
coherent scattering. yy Do) > 1 0oV

-k
<
N}

0O 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18

* Doubly-magic nuclel, y-decay energies are large 1] (Gev?)
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Fourier-Bessel Charge Form Factors

208pp(g,e") &

— 2
— 159

DVES =

"He
e G

E,p

* |f bound-excited states are not resolved,
they smooth out the diffraction pattern.
3-(2.6MeV), 5(3.2 MeV), 2+(4.1MeV),
4+(4.3MeV)

* In DVES@EIC, y-cascade boosted (x40
JLEIC, x100 eRHIC)

° ngh RGSO‘UJ[IOH (:)bWO4) forward - 04 02 03 04 05 06 0.7 0.8

q (GeV/c)
EMCal can veto (~50% acceptance
E, > 100 MeV.

* Backgrounds?

10-8

05 1.0 15 20 25
derFF [fm"]

FIG. 3. Cross section for the even spin natural parity
states in 2%Pb divided by (the cross section for a unit-
point charge). Data and best fit for the 4% level are
scaled down a factor of 0.03, for the 67 level a factor of
0.001, and for the 8% level a factor of 0.00003.
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http://EICUG.org

Concluding Comment:

Species e/A Energy/u lon Pol Run Periods
ep 10 x 100 & T 2
5x 100 & T 4
10 x 40 1
e d 10 x 50 & T 4
e SHe 10 x 757 & T 3
e “He 10 x 50
e 9Be 10 x 40
e 12C 10 x 50
e 40Ca 10 x 50
e 48Ca 10 x 40
e 1205 10 x 40
e 208Pp 10 x 40
e 238 10 x 40
Positrons 3
Total 30
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