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Standing In For a Last Minute
Cancellation of a Planned Talk

Abhay Deshpande
WG-7, DIS 2018 Kobe, April, 2018

Charge given: Give an overview of the EIC
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EIC Science and Status

Many things that need to be said about EIC in
the US have been said in WG-7

Tuesday
Physics:
- Jianwei Qiu
- Rolf Ent
Machine:
- Elke Aschenauer
- Vasily Morozov
Detectors/IR:
- Elke Aschenauer
- Vasily Morozov
- Jose Repond
- Itaru Nakagawa

EIC in the context of European
Strategy

- Bernd Surrow for the EICUG

Wednesday

Physics:

+ Chu xiaoxuan
- Michael Lomnitz
- Jorge Andres Lopez
- Charles Hyde
* Yulia Ferletova

- Vasily Morozov
EIC Detector R&D Review:

- Yordanka llieva
Polarization:
- Elke Aschenauer
- Eric Voutier
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Many things that need to be said about EIC in
the US have been said in WG-7

Tuesday Wednesday
Physics: Physics:
- Jianwei Qiu - Chu xiaoxuan
* Rolf Ent * Michael Lomnitz
Machine: - Jorge Andres Lopez
- Elke Aschenauer - Charles Hyde
- Vasily Morozov * Yulia Ferletova

All essential parts of the EIC project are spread over these days and talks:
Decided to bring some essential elements together, and emphasize some of the
aspects of the program that | thought would be useful for non-US potential
collaborators

EIC in the cBntext of European - Eric Voutier
Strategy

- Bernd Surrow for the EICUG
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Center for Frontiers
in Nuclear Science

Electron Ion Collider:

Science and Status
Understanding the Glue that Binds Us All

Why the EIC? & “Gluon Imaging”
To understand the role of gluons in binding
quarks & gluons into Nucleons and Nuclei

\\\‘ Stony Brook University Abhay Deshpande BROOKHIVEN

NATIONAL LABORATORY
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21st Century Nuclear Science: Probing nuclear matter in all Its forms &
“aurlaring their potential for applications

The Stands
Parts

. Model of
¢ Interactions

s of Mar

How are the properties of protons and neutrons, and
the force between them, built up from quarks,
“=2.2nd gluons? What is the mechanism by

2re are the limits of nuclear

Protons (Z)

existence, and what is the

diiuyus L £ el ructure of nuclei near those
‘ which these i1u..'"mental particles materialize as 10 limits?
in.drons? T Nekdrons (N)
105 m

® € ‘-
“‘b 9O ®‘

Big  quark-gluon proton & neutron formation of formation of star dispersion of today
Bang plasma formation low-mass nuclei neutral atoms formation massive elements
Tuniverse  >10" K 10" K 10° K 4,000 K 50 K-3 K <50 K-3 K 3K
time 1065 104 s 3 min 400,000 yr 3% 10°%r >3 % 10%yr 14 % 10%yr

What is the nature of the

How are the nuclear

different phases of nuclear
matter through which the
universe has evolved?

How an the properties of nuclei be
us d to reveal the fundamental
p ocesses that produced an
imk alance  between matter and

Do nucleons and all nuclei,
viewed at near light speed,
appear as walls of gluons with

universal properties?

ntimatter in our universe?

building blocks
manifested in the
internal structure of
compact stellar objects,
like neutron stars?

pQCD
evolution
equatlon

saturation

non-perturbative region

How can technologies
developed for basic nuclear
physics research be
adapted to address
society’s needs?
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QCD Landscape to be explored by EIC

QCD at high resolution (Q2) —weakly correlated quarks and gluons are well-described

Strong QCD dynamics creates

Q*(Ge

A many-body correlations between
=
o [Quark quarks and gluons
5 Gluons
] > hadron structure emerges
(]
Q
o« Strong}

Qua A . .
. 4 EIC will systematically explore
o . . . .
= % £ | correlations in this region.
8 ') g.
= g
|
-% N 'be | .2 Anexciting opportunity:
on- = .
< ' % S S Observation by EIC of a new
= %, @ L
& % Pome— °  regime in QCD of weakly
S Regge trajectories? Y coupled high density matter
> 1/x

arXiv: 1708.01527

Parton Density
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A new facility is needed to investigate, with precision, the dynamics of gluons & sea quarks
and their role in the structure of visible matter

How are the sea quarks and gluons, and their spins,
distributed in space and momentum inside the nucleon?

How do the nucleon properties emerge from them and
their interactions?

How do color-charged quarks and gluons, and
colorless jets, interact with a nuclear medium?

How do the confined hadronic states emerge
from these quarks and gluons?

How do the quark-gluon interactions create
nuclear binding? ‘

How does a dense nuclear environment affect
the quarks and gluons, their correlations, and
their interactions?

What happens to the gluon density in nuclei?  gluon gluon

Does it saturate at high energy, giving rise toa emission recombination
gluonic matter with universal properties in all Mﬂ%::: : %
nuclei, even the proton?

I
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The Electron lon Collider

Two optionsof realization!

Electron lon Collider:
The Next QCD Frontier

Understanding the glue
that binds us all

1212.1701.v3
A. Accardi et al Eur. Phy. J. A, 52 9(2016)

SECOND EDITION

Polarized
Electron
Source

,,,,,,,

eRHIC

| Detector Il

. Detector |

Electrons

(Polarized) /
Ign Source /

/ /
/
z 100 meters /

Not to scale

—
Interaction Point
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Electron Collider Ring Sooitar

lon Collider Ring
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Electron Source
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12 GeV CEBAF
" N— A
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The Electron lon Collider

Two optionsof realization!

For e-N collisions at the EIC:

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

v e beam 5-10(20) GeV

v Luminosity L, ~ 1033-34 cm-2sec
100-1000 times HERA

v 20-100 (140) GeV Variable CoM

Electrons

(Polarized)
Ign Source /

For e-A collisions at the EIC:

v Wide range in nuclei 7

v Luminosity per nucleon same as e-p

v Variable center of mass energy Not to scale
World’s first

lon Collider Ring

Polarized electron-proton/light ion
and electron-Nucleus collider

Interaction Point
Electron Collider Ring

Electron Source

Both designs use DOE’s significant
investments in infrastructure
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EIC: Kinematic reach & properties

103k Current polarized DIS data:
C O CERN ADESY ¢JLab OSLAC

Current polarized BNL-RHIC pp data:
@ PHENIX TI° ASTAR 1-jet

For e-A collisions at the EIC:

v Wide range in nuclei

v' Lum. per nucleon same as e-p

v’ Variable center of mass energy

v Wide x range (evolution)

v Wide x region (reach high gluon
densities)

Q% (GeV?)

102

0.1

For e-N collisions at the EIC:

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

v’ Variable center of mass energy

v Wide Q2range 2 evolution

v Wide x range - spanning
valence to low-x physics

L T L T AL |

— Measurements with A = 56 (Fe):

-« eA/pADIS (E-139, E-665, EMC, NMC)

= vA DIS (CCFR, CDHSW, CHORUS, NuTeV)
o DY (E772, E866)




4/18/18 EIC Science and Status

Uniqueness of E1C amongall DIS Facilities
—~10% All DIS facilities in the

» S ep Facilities & Experiments:
o —JLAB/CEBAF WOI‘ld
= 612 . .
51 0B e B Past coliiders
= llider C t
%. - - SLAC [:I Collider Concepts
Q40%7 - - Past Fixed Target HOWQVQI',
E E - Ongoing Fixed Target .
5 F if we ask for:
10%6 D EIC Project
10*°
- LHeC/HE-LHC
1034 - EIC : FCC-he
E LHeC/HL-LHC
1033 - 5
= COMPASS LHeC/CDR
E HIAF-EIC ©
10% B BCDMS
= N .
10%'-  HERMES NMC
E HERA (ZEUS/H1)
_I lIlllll 1 | IIIlIlI 1 | IIlIIlI 1 I |

10 102 103 vg (GeV)
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Uniqueness of E1C amongall DIS Facilities

—~10%

m—2 s

Luminosity (
o o
% S

—_

o
o]
[&)]

1034

1033

10%2

10°

ep Facilities & Experiments:

LHeC/HE-LHC
EIC FCC-he

LHeC/HL-LHC

LHeC/CDR

10

10" 10 5 (GeV)

All DIS facilities in the
world.

However,
if we aﬁk or:
* high luminosity &

wide reach in Vs
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Uniqueness of E1C amongall DIS Facilities

—~10%
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10°

Vs (GeV)

All DIS facilities in the
world.

However,
if we aﬁk or:
* high luminosity &

wide reach in Vs
* polarized lepton &

hadron beams
* nuclear beams

EIC stands out as
unique facility ...
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Uniqueness of E1C amongall DIS Facilities
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world.

However,
if we aﬁk or:
* high luminosity &

wide reach in Vs
* polarized lepton &

hadron beams
* nuclear beams

EIC stands out as
unique facility ...
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Proton:
A Laboratory For QCD

Semi-Includive DIS = Transverse Momentum Distributions

Deeply Virtual Compton Scattering & Deeply Virtual Vector Meson
production = Generalized Parton Distributions = Spatial distribution of
quarks and gluons

Precision determination of nucleon spin sum rule
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3-Dimensional Imaging Quarks and Gluons

Wigner functions W(x,b,ky)
offer unprecedented insight into confinement and chiral symmetry breaking.

W(x,bpkp)
2 dzk
Momentum | d?by kr | d2ky Coordinate
space space
f(xkp) f(xbr)
Spin-dependent 2D coordinate space

Spin-dependent 3D momentum space (transverse) + 1D (longitudinal momentum)
images from semi-inclusive scattering images from exclusive scattering

> TMDs > GPDs
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3-Dimensional Imaging Quarks and Gluons

Wigner functions W(x,b,k+)
offer unprecedented insight into confinement and chiral symmetry breaking.

W(x,bpkp)
2 dzk
Momentum | d?by kr | d2ky Coordinate
space space
f(X,kT) f(leT)
Spin-dependent 2D coordinate space

Spin-dependent 3D momentum space (transverse) + 1D (longitudinal momentum)
images from semi-inclusive scattering images from exclusive scattering
- TMDs -> GPDs

Position and momentum - Orbital motion of quarks and gluons
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2+1 D partonic image of the proton with the EIC

Spin-dependent 3D momentum space

images from semi-inclusive scattering
Spin-dependent 2D coordinate space

(transverse) + 1D (longitudinal momentum)
images from exclusive scattering
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2+1 D partonic image of the proton with the EIC

Spin-dependent 3D momentum space

images from semi-inclusive scattering
Spin-dependent 2D coordinate space

(transverse) + 1D (longitudinal momentum)

Transverse Momentum Distributions images from exclusive scattering

0.5 0 0.5 -0.5 0 0.5
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2+1 D partonic image of the proton with the EIC

Spin-dependent 3D momentum space

images from semi-inclusive scattering
Spin-dependent 2D coordinate space

(transverse) + 1D (longitudinal momentum)

Transverse Momentum Distributions images from exclusive scattering

) 0 /4 [
/ /3/;
//15//:/2/ _ \“\‘iiii?:\
50_~20
150 é/w/(o/ u-Quark
30 > -

—

5
AL T

. -3
0 02 04 06 110
Quark transverse momentum (GeV)
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2+1 D partonic image of the proton with the EIC

Spin-dependent 3D momentum space

images from semi-inclusive scattering
Spin-dependent 2D coordinate space

(transverse) + 1D (longitudinal momentum)

Transverse Momentum Distributions images from exclusive scattering

55 _—| /l Transverse Position Distributions
ey /5/ P
150 15/ 1 - u-Quark ~sea-quarks
/ [ ~ unpolarized polarized

ol
i~y
IR

X7 7T

0 02 0 110
Quark transverse momentum (GeV)

GTTETT® 945 1 05 0 05 1 15 45 4 05 0 05 1 1538 S = o
(W) (D' AX)gasbx by (fm) by (fm) (W) (OGN g0sybX
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2+1 D partonic image of the proton with the EIC

Spin-dependent 3D momentum space
images from semi-inclusive scattering

Transverse Momentum Distributions

B, //

150 g ;/ 1L u-Q\uarl;
o 7
0o 0'2/04/ '/ / 1/{(;‘3

Quark transverse momentum (GeV)

Distribution of gluons

»
-

Spin-dependent 2D coordinate space
(transverse) + 1D (longitudinal momentum)
images from exclusive scattering

Transverse Position Distributions

Gluons

e+p—oe+p+Jiy
15.8 < Q2 + M5, < 25.1 GeV?

0.016 <xy < 0.025

0 02 04 06 08 1

0.0016 < xy < 0.0025

o - N w S (8] [}

0 02 04 06 08 1 12 14 16

»
L

br (fm)
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“Helicity sum rule”

1

2

0.04

0.02f

-0.02

004}

1
2

contribution

—A2+AG+ELZ + ]z
w

w—/ gluon _
quark contribution ©Orbital'angular

momentum

EIC Scieng

Understanding Nucleon Spin

> Aclear idea of

EIC projected measurements:
precise determination of polarized PDFs of quark
sea and gluons = precision AG and AZ

the magnitude of > L +L

1

[
S
wn
T 17 llllll L I I T T lllllll LI llllll] 1 T T TTTTH C
[ _ = -4 03 S 05
. XAU JF XAg Q2=10 GeV?2 ] IS
- all uncentainties for Ax*=9 E 1 0.2 n(;
. ] S 0
- 1 0.1 2
i . S
i ] 2
: 10 5 05
3 oIS : o
| B DSSV and |1 J 0.1 c
EIC 5 GeV on 100 GeV [t : S
Ifll5 Glevl TI?‘?‘O %Y l; :_ llll Illl 1 IIl_: -0.2 G -1
102 10" 1 107 10" 1
X X

I EIC: 5 GeV on 100 & 200 GeV
L EIC: 20 GeV on 250 GeV

current data
(global analysis)

Q°=10 GeV?

L All uncertainties forAy>=9
I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1

0.15 0.175 0.20 0.225
Quark Contribution to Proton Spin
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Understanding Nucleon Spin

EIC projected measurements:
precise determination of polarized PDFs of quark
sea and gluons = precision AG and AZ

- Aclear idea of the magnitude of 3 L +L,

“Helicity sum rule”
1, 1
— =—AZ+AG+ELZ+LZ
2 2 §
ﬂ—/ gluon )
quark contribution Orbital'angular
contribution momentum
P T e A e ] 03
004 XAU JE XAg Q2=10GeVz ]

all uncerainties for Ay*= 9

0.02f
0 -
002
[ B DSSV and 1M
004 EIC 5 GeV on 100 GeV [f
ol ! &5GeV on250 GeV  JIf ]
lllll L 1 llllll] 1 L lllll: —_ 1 1 lllllll L L1 llllll L L1 Ill: -0.2
10° 10" 1 107 10" 1
X X

Spin and Lattice: Recent Activities

QA Gluon’s spin contribution on Lattice: S; = 0.5(0.1)
Yi-Bo Yang et al. PRL 118, 102001 (2017)

a Jq calculated on Lattice QCD:
xQCD Collaboration, PRD91, 014505, 2015

Gluon Contribution to Proton Spin

1

o
(3]

o

S
o

1
—

I EIC: 5 GeV on 100 & 200 GeV
L EIC: 20 GeV on 250 GeV

current data
(global analysis)

Q°=10 GeV?

L All uncertainties forAy>=9
I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1

0.15 0.175 0.20 0.225
Quark Contribution to Proton Spin

mL*
L
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Nucleus as a laboratory for
QCD

Distributions
Energy loss and interactions
High parton density matter?
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Emergence of Hadrons from Partons

Nucleus as a Femtometer sized filter

Unprecedented v, the virtual photon Energy loss by light vs. heavy
energy range @ EIC : precision & quarks: s
control 8 {
g 1.30 +
>f\/\'\~\o: - é 1.10 + ++
_Q& ™ ; g -____i_i_-__-__-_;_;}-_*-_{!++* * ________
UV = 3 o090 T " EEEe=L
2max S -
% 0.70| = Pions (model-I)
3 B | e
0'3% ) 0.2 04 (I;:f o EX; - 616;/
ContrOI Of V by SeleCting kinematiCS; . Frac.tion of \}irtual pﬁotons énergy.

carried by hadron, z

Also under control the nuclear size. Identify s vs. DO (charm) mesons in e-A

collisions: Understand energy loss of light

(colored) Quark passing through cold QCD vs. heavy quarks traversing the cold
matter emerges as color-neutral hadron => nuclear matter:
Clues to color-confinement? Connect to energy loss in Hot QCD

Need the collider energy of EIC and its control on parton kinematics
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MEILE | 4
i | \What do we learn from low-x studies?
§u ‘
- (::‘roaf)c‘:i:m ofogé?:I:Proton lv(l)c.)?r:entumCa(:l":Ld by Paﬂ(:l;o What tames the Iow-x rlse?
A * New evolution egn.s @ low x & moderate Q2
'/ Q%) « Saturation Scale Qg(x) where gluon emission
nd recombination comparabl
»QCD and recombination comparable
= evolutt.lon gluon gluon
= o eg-ator emission recombination
6 H
2 @ @ w*ﬁ: = % At Qg
Y :
saturation \
non-perturbative region
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> 40

2 CTEQ65 parton
& 3.5[ distribution functions

7\~ | What do we learn from low-x studies?

G ‘

e P What tames the low-x rise?

A * New evolution egn.s @ low x & moderate Q2

'/Qg(x) « Saturation Scale Qg(x) where gluon emission

5QCD and recombination comparable
c evolutt.ion gluon gluon
= ” e emission recombination
|@ee-0 o =T
4 .
saturation
non-perturbative region

First observation of gluon recombination effects in nuclei:
—leading to a collective gluonic system!
First observation of g-g recombination in different nuclei
Is this a universal property?
Is the Color Glass Condensate the correct effective theory?

NR\%
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How to explore/study this new phase of matter?
(multi-TeV) e-p collider OR a (multi-10s GeV) e-A collider

Advantage of nucleus -

R~ A1/3

L ~ (2mNX)-1 > 2 RA e A1/3
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How to explore/study this new phase of matter?
(multi-TeV) e-p collider OR a (multi-10s GeV) e-A collider

Teaney, Kowalski
Advantage of nucleus > Kovchegov et al.
%8 1 Q2 uark Model-|
0] ~ . :
S [ L0 - Au,medianb ---b=0
o > — Ca, median b
@] — p, medianb

L~@myx"'>2R,~AM ol

10° 10* 10° 10®
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How to explore/study this new phase of matter?
(multi-TeV) e-p collider OR a (multi-10s GeV) e-A collider

Teaney, Kowalski
Kovchegov et al.

Advantage of nucleus -

10 T [ > :
........................................................ g 3
~ 1 | A (4]
N> C
[}
o
o~ 1
g
e
Re)
5
[o}
»
ERE 2 e e N
Color Glass Condensate

Q2 guar Model-|

— Au, medianb --- b=0
—— Ca, median b
— p, median b

‘i 0 —aroaHt Tellg B
=013, 40 I AU e Z 10-5
Atomlc n 0-2 10 10 . 10-1 Lol FEIRY e o
UmberYparton momentum fraction, X o e
(increasing energy —)

10° 102
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How to explore/study this new phase of matter?
(multi-TeV) e-p collider OR a (multi-10s GeV) e-A collider

Teaney, Kowalski

Advantage of nucleus - Kovchegov et al.
; < 10F
10 e = f Q2 guar Model-|
------------------------------------------------ O] B — Au, medianb --- b=0
----------- a k " — Ca, median b

c<>\ e] — p, median b

)

@)
: 1 i

@]

e

Re)

=

©

)

cr 0.1 |

Color Glass Condensate

Confinement Regime 8

200~ | cormreTenii
40 B S |-3 -4 10-5
At . 02 10 10 i -1 1 1 lllllll 1 11 llllll 1 11 1 1111
a”°" momsritum fraction, X Chos 10* 10° 102
(increasing energy —) X
Enhancement of Qg with A:

Saturation regime reached at significantly lower
enerayv (read: “cost’) in nuclei
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Exp. Signal for Saturation

Di-hadron Correlations: ¢ + 4 — e’ +h1+ ho + X

arXiv: 1708.01527
0.8 v =rerere[ vy r=rY=yy=r=r-r=y S L
- 1"c:ev’<oz <2 GeV? Vs=40 GeV -« ap Vs=63 GeV Vs=00 GeV
Py >2GeVic o @Au no saturation
06F 1GeVie<pP™ cpl® « @Au saluration
_— 05 Jlm =10 'b-‘
=
=2 04
o 03 I’ N A =
/ .
o2 : 5 N A
0.1 4 3 . .
01.5 - 2 Aok 12'5. A 13 Ak d .3'51 Al ;4. A ‘ 1.5 p— 2. Ak -2‘51 A 13 Akl 3'5 Aol .4 Ak '1' - A A 2.5A Aol .8 A 13.5‘ A A4 A A .
A¢ (rad) Ap (rad) A¢ (rad)

Comparison between
>e-A with saturation (red filled),
>e-p non-saturation (black full points) , and

>e-A non-Saturation model (black-hollow points)
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Exp. Signal for Saturation

Di—hadron Col L L J L l LA J L L l L) LA ) L) ' LA ) L) L) 2 _I_ X
1.4 m V5=40 GeV
s Vs=63 GeV
arXiv: 170¢ % 1.2 * -
0.8 grrrrrTrrr—rrr :‘
opereee & Wb 41
0.6 1GeWt:<p;”“<p L
I S 2 S P
< o
8 s o8l +++-l-+++
5 | ——,
g o
086 -
. e 3 a5 4 45
z o.‘-l - s l - ' ll s - s l - s s A¢(rad)
Comparison k - 23 3 3.3
Ad (rad)

>e-A with satuiauun \ISU 1HI1ISU),
>e-p non-saturation (black full points) , and
>e-A non-Saturation model (black-hollow points)
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Summary: EIC Physics:
CM vs. Luminosity vs. Intearated luminositv

2
1034 100 ;
- Tomography (p/A) B
i Transverse Momentum =
= Distribution and Spatial Imaging [=
o -
~ —
> 1033 10 -
= D
O ©
.é -.qo'_'))
= Internal Landscape A =
1032 of Nuclei nsites - saturation 1 C_ﬁ
=
-
e
<

0 50 100 150

e-N Center-of-Mass Energy [V(Z/A) GeV]



Detector Strategy And Design
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Detector + IR integrated approach

Detector:

- As much of the 4p acceptance as possible

- Wide pseudo-rapidity coverage

- Low material budget

- High momentum resolution

- Reliable particle 1D

- Good w/K/p separation over a broad p range

- Spatial vertex resolution to distinguish between primary, secondary
vertices

Close to beam-pipe Detectors for
 Recoil protons
- Low-Q2 electrons
- Neutrons in hadron going direction (ZDCs)

Luminosity and polarization measurement
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Detector + IR integrated approach

D(\‘l'f\ ~AtA v
°
o) i  — ) p/A i
~ 10x100GeV h-endcap .z -
. | Q2> 1 GeV?
10'
. | barrel| "
e-endcap [
R L 10?
o | _ | |
_ . . 5.0 '
. ‘—> ) 10
o
o ! 1
L
l.g -6 -4 2 0 2 r + A i
| rapidity

Close to beam-pipe Detectors for
- Recoil protons
+ Low-Q2 electrons
* Neutrons in hadron going direction (ZDCs)

Luminosity and polarization measurement
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200 1 T 1 T l 1] T Ll T L T T T I
B Central
; . Colliding Beam sgtman ‘
Detector y
. \N' f
- Forward /n .
100 |— Detector Crab |
Electron A Cavi
- Tagger 7} Y
g * ¥ Neutron
D Detector
o
eRHIC L
5 [ - 4 :
Elke Aschenauer s Luminosity " —
= Detector Electron Beam
o Direction
-100 Hadron Beam =
- - Direction i
1 1 1 1 1 1 1 1 | 1 1 1 1 l 1 1 1 1 ]
JLEIC -100 m -50m 0Om 50 m 100 m
Va Si |y MOI‘OZOV Distance from Interaction Point

W~ IP !

LT FTNTE FFb -

— ol e
Compton 4 A : forward ion d:t;t/non |
polarimetry forward e detection | - 1 10ns

digpersion suppressor/
specimmeters geometric match
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Measurements for EIC Physics

ek

scattered lepton
incoming tepton
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targetnucleon ! ;
String Breaking -

Y, % Jw
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------

-
€
:\l

Inclusive DIS in ep/eA
- Physics: Structure function measurements F,, F, g,
- PID & excellent energy/angular resolution for scattered electron

Semi-Inclusive DIS in ep/eA

- TMD, flavor separated (it,K,p), cross sections, helicity PDFs,

Frag. Func., di-hadron correlations...
+ Excellent PID for (p,K,p) over wide range in momentum & pseudoraidity
- Full azimuthal acceptance for y* , wide p, coverage for TMD’s

+ Vertex resolution for heavy quark physics

Exclusive DIS in ep/eA

- DVCS, DVVM (for GPDs, Imaging)

- Establish exclusivity: large rapidity, reconstruct full event
+ High resolution, wide coverage in t at the Roman Pots

- eA: identify/veto nuclear break up, measure impact parameter

- Neutron acceptance in ZDCs
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Jetector Concepts

“eRHIC Day 1 Detector ” eRHIC Detector
Itaru Nakagawa Elke. Aschenauer

TOPSIDE by ANL
Jose Repond

erconducting solenoid

5D Calorimeter




STATUS OF US EIC
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REACHING FOR THE HORIZON RECOMMENDATION:
We recommend a ﬁigﬁ-energy ﬁigﬁ-

[uminosity Joofom’zeo[ FIC as the
ﬁigﬁest priority for new faciﬁty
construction foffowing the
comp[étion qf FRIB.

Initiatives:
Theory
Detector & Accelerator R&D

Detector R&D money ~1.3M/yr
since 2011; significant increase

LONG RANGE PLAN anticipated soon.
for NUCLEAR SCIENCE Anticipated Now:

NEW Money for EIC Accelerator

{7) T R&D already assigned $7m/yr

http://science.energy.gov/np/report
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NSAC LRP 2015: (EIC)

* “This facility can lead to the convergence of the present world-leading QCD
programs at CEBAF and RHIC in a single facility. This vision for the future was

expressed in the 2013 NSAC report on the implementation of the 2007 Long Range
Plan with the field growing towards two major facilities, one to study the quarks
and gluons in strongly interacting matter and a second, FRIB, primarily to study
nuclei in their many forms.”

The 2015
LONG RANGE PLAN
for NUCLEAR SCIENCE

Expect significant fractions of current RHIC users and Jlab users to come
together to work on the EIC (where-ever it gets built) = A conservative
number for official users of this facility ~ 1500 — 2000 assuming
participation from a broad group of international users, included.

Expect to develop at least two final detector concepts/collaborations, based
on the sizes US NP community is used to (and extrapolating to ~2028).
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The EIC Users Group: EICUG.ORG

Africa South America

2% 2% Oceania
(no students included as of yet) 1%

731 collaborators, 29 countries, 169 \
institutions... (January 2018) iy

Map of institution’s locations e

+
‘ =
EIC Institutional Board
i B North America ™ Asia Europe M Africa South America Oceania
Iceland
Jrl.i_’ 4 North A
ce';";: o ) Atlantic K./
e Next meeting: July 31 -August 4,2018
N Cathollc UnlverS|ty of Amerlca Washington DC
BB e e e B i - ] T S P 5 o A e S
’---\ﬂ\\l { * . TN DR fmTanz::a dones's Pagua New
’ AL Angola 7% J{
ooy m Q Nomibia =~ Indian
South South wane pdsaies! Ocean AL
Pacific 9 Atlantie Q o ‘9
Ocean Ocean SoutPAfrica

New
Zealand



4/18/18 EIC Science and Status 30

R CFENS activities in 2018

in Nucloar Science http:/Avww.stonybrook.edu/cfns/

» Funded by Simon’s Foundation and New York State

» An initiative supported by Stony Brook University and BNL

» All members of EIC Users Group are welcome to participate & lead the Center’s activities

> Phy5|cs topics/Workshops:
Pre-DIS workshop on EIC and its connections to other areas (April 2018)
- GPD measurements at the EIC (Workshop in June, 2018)
- Short Range Nuclear correlations EIC at FRIB (September 2018)
- Entropy Entanglement and connections to Confinement (September 2018)
- Ultrahigh energy gamma rays and EIC (TBD 2018)
- Inaugural meeting of the Center (November 2018)

» Bi-Monthly Seminars on Blue Jeans (see web pages)
» Post doctoral fellow program launched

» Visitor program to start in Summer 2018

» A EIC QCD summer school planned 1st one in 2019.

» If you want to participate: Please contact me (Abhay Deshpande)



http://www.stonybrook.edu/cfns/
http://www.stonybrook.edu/cfns/
http://www.stonybrook.edu/cfns/
http://www.stonybrook.edu/cfns/
http://www.stonybrook.edu/cfns/
mailto:abhay.deshpande@stonybrook.edu?subject=CFNS%20Information/Interest

EIC Science and Status

2
EIC < Center for EIC at Jefferson Lab

https:/Aww.eiccenter.org/eic-center-jefferson-lab

EIC Center at Jefferson Lab (EIC2@Jlab) is organized to advance and promote the
science program at a future EIC facility. Particular emphasis is on the close
connection of EIC science to the current 12 GeV CEBAF program.

Consolidates and connects EIC Physics and detector development activities at/
around Jlab including:

* Weekly meetings, hosting and organizing adhoc meetings, keeping documentation
on EIC and JLEIC

- LDRD projects, EIC Detector R&D funded activities, HUGS Summer School, local
hosting of visitors and planning of EICUG activities

* Graduate student and post doctoral fellow program

- Participation & activities coordinated by Rik Yoshida



New Users > New Physics > Lots of activities

Jet studies at the EIC:
+ Systematic investigations of general issues in jet-finding at an EIC
* Understanding of “micro-jets” — jets with only few hadrons
* Understanding the jet structure modifications in nuclei vs. protons
* Energy loss in cold QCD matter (Nuclei) vs. hot QCD matter at RHIC and LHC

» Precision measurements of the “initial state” for collisions leading to the QGP being studied at
RHIC and LHC

» Precision PDF measurements in proton, neutron & photons at the EIC:
+ Study the free neutron PDFs through tagging and on-shell extrapolation
+ Study the gluon PDFs at large Bjorken x through evolution and open-charm production
» Study of gluons TMDs
+ Study the potential impact on Higgs studies in the High-Luminosity LHC era
» Study the impact of TMDs @ EIC on W-production at the LHC
* Polarized and unpolarized photon PDFs

* Measurements of PDFs in pions and kaons through the Sullivan process
* Theoretical studies of the equivalence of near-off-shell and on-shell pions and kaons

« Study the extraction of, and expected differences of, quark and gluon PDFs in pions, kaons and
nucleons, and the relation to their physical masses

« Nucleon structure with electroweak probes, and precision BSM physics (i.e. Sin20,)
» Heavy quark & quarkonia production with 100-1000 times HERA luminosity
* In view of new discoveries of multi-quark XYZ states: what could EIC contribute?
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Critical Decision Process DOE

PROJECT ACQUISITION PROCESS AND CRITICAL DECISIONS

Project Planning Phase Project Execution Phase Mission
Preconceptual | Conceptual Preliminary Final Construction Operations
Planning Design Design Design

CD-0 CD-1 CD-2 CD-3 CD-4
Approve Approve Approve Approve Start of § Approve Start of
Mission Need Preliminary Performance Construction Operations or
Baseline Range Baseline Project Closeout
CD-0 CD-1 CD-2 CD-3 CD-4

Actions Authorized by Critical Decision Approval

+ Proceed with « Allow « Establish baseline budget | « Approve « Allow start of
conceptual design expenditure for construction expenditure of operations or
using program funds of PED + Continue design funds for project closeout

« Request PED funding funds for « Request construction construction

design funding

PED: Project Engineering & Design
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Path forward for the EIC:

* DOE sanctioned a science Review by National Academy of
Science of EIC
- Expect report by June/July 2018 (?)

* Positive NAS review will trigger the DOE’s CD process
- CDO (acceptance of the critical need for science by DOE) FY19
- EIC-Proposal’s Technical & Cost review = FY20 (site selection)(/)
* CD1 requires site selection
* Major Construction funds (“CD3”) by 2022/23”

* Assuming 1.6% sustained increase over inflation of the next several years
(Long Range Plan)

* Consistent with the past 10 years of NP funding increases in the US
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Concluding thoughts & perspective:

The EIC will profoundly impact our understanding of QCD:

< The bridge between sea quark/gluons to Nuclei by Imaging of quarks and
gluons in 3D in nucleons and nuclei

EIC: Pushes the boundaries of our knowledge on Accelerator Science
< A"magnet” of the best and “brightest” of the accelerator scientists

EIC Users Group: eicug.org > Seeds for Detector Collaborations
Positive National Academy Science report (June/July 20187?)

->Critical Decision process of the DOE to start >  1st collisions ~10 years

BNL + Jlab are moving together with the EIC Users to realize the US EIC and
its physics program.

fxciting times for scientists and yarticu[ar(y for youny

researchers who will be in “ the driver’s seat at the EI1C ”
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THANK YOU

Thanks to many of my EIC Collaborators and Enthusiasts
who led many of the studies presented in this talk
See: arXiv:1108.1713, D. Boer et al.

Without the EIC White Paper Writing Group the EIC White Paper
would not have existed.

Special thanks to Dr. Jianwei Qiu and Prof. Zein-Eddine Meziani,
my Co-Editors for the EIC White Paper

See: arXiv:1212.1701.v3, A. Accardi et al.

Eur. Phy. J.A52, 9 (2016)

The eRHIC and JLEIC machine design teams

Also gratefully acknowledge recent input from: M. Diefenthaler, R. Ent, R. Milner, R.
Yoshida
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INT Program Approved: 2018

A 7-week program "Probing Nucleons and Nuclei in High Energy Collisions"
dedicated to the physics of the Electron lon Collider has been approved
by the Institute for Nuclear Theory in Seattle with the tentative dates of
October 1 - November 16, 2018. The topics to be covered include Spin and
Three-Dimensional Structure of the Nucleon (GPDs, TMDs, longitudinal
spin) and QCD in a Nucleus (small-x physics and saturation, connections to
heavy ions, large-x physics in a nucleus).

The program organizers will be Yoshitaka Hatta, Yuri Kovchegov. Cyrille
Marquet. and Alexei Prokudin. They plan to have ample discussion time and
lectures aimed at young researchers. Both theorists and experimentalists
are welcome to participate in the program. Young researchers, women and
underrepresented minorities are strongly encouraged to apply.
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Assumption: “Modest Growth” = e

The 2015
LONG RANGE PLAN

1.6% growth/year above constant effort il

The 2015 Long Range Plan for Nuclear Science

Modest Growth

B Facility Construction (EIC)

@ )

N Total Facility Ops

B Facility Construction (CEBAF

500,000
Not much g +RIB)
. N Total Project
time! %mm otw Frolects
E I Total Research

(2

\
g
g

I Total Other
200,000
== Constant Effort
100,000

= = Modest Growth (FY16 PR +
1.6%)

Figure 10.4: DOE budget in FY 2015 dollars for the Modest Growth scenario.
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March 2018 Status of US Funding

Science & Education Budgets

TRUMP PROPOSAL FY18 OMNIBUS DEAL

-22% +9%
+4%
-93% +15%
+16%
+11%

+4%

National Institue of Health [NIH] ($34B)
National Science Foundation [NSF]($7.5B)
DOE Energy Research [ARPA-E] ($0.3B)
DOE Office of Science ($5.4B)

DOE Renewable Energy [EERE] ($2.1B)

Nat. Oceanic & Atmos. Adm.[NOAA]($6B)
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Nuclear binding
=
e ’
, High-energy
' process
* \
D pot O——1 R
p.n etection

- Measurement of the kinematics of
the spectator nucleon indicator of
the strength and (hence) the
nature of its binding with the in-
play nucleon(s):

- quark-gluon origin of the

nuclear binding

Neutron spin asymmetry A (X, @

0.02

-0.02

-0.04 f

EIC Science and Status

Neutron spin structure with tagged DIS € + D e'+ Precoil) + X
EIC simulation, s gy= 2000 GeV>, Ly, =100 b’
Nuclear binding eliminated through on-shell extrapolation in recoil proton momentum

Error estimates include
extrapolation uncertainty

0.06 PP
0.001 0.01 0.1

Tag the recoil proton:
Study the neutron’s g-g spin
structure function.

Also for other few body nuclei

Neutron Spin
Structure
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Why an Electron lon Collider

Interactions and structure are inseparable in nuclear matter: Nuclear
matter is made of quarks that are bound by gluons that also bind themselves.
Unlike with the more familiar atomic and molecular matter, the interactions and
structures are inseparable, and the observed properties of nucleons and
nuclei, such as mass & spin, emerge out of this complex system.

Gaining understanding of this dynamic matter > transformational:
Gaining detailed knowledge of this astonishing dynamical system at the heart of
our world could be transformational, and as dramatic as the understanding of
the atomic and molecular structure of matter led to new frontiers, new sciences
and new technologies.

The Electron lon Collider is the right tool: A new US-based facility, high-
energy, high-luminosity Electron lon collider (EIC), capable of a versatile range
of beam energies, polarizations, and species, is required to precisely image the
quarks and gluons and their interactions in situ, to explore the new QCD
frontier of strong color fields in nuclei — to understand how matter at its most
fundamental level is made.
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Connections to other areas of physics

Explorations of the stringy dynamics of hadrons led to the string theory of
Gravity. A weakly coupled regime of 10-d gravity is conjectured to be dual to
strongly coupled 4-d QCD-like theory. Further profound connections may
emerge from deeper investigations of the QCD landscape.

The dynamics of strongly coupled cold atom gases and QCD (non-Abelian
gauge fields but also strong nuclear fields) show strikingly common features.
Cold atom scientists are actively engaged in engineering cold atoms
simulators of gauge field mechanism.

Strong connections have emerged between studies of strongly correlated
condensed matter systems and QCD: topological effects arising from chiral
anomaly

Strong field QED explores the breakdown of the QED vacuum and its
nonlinear optical response in e*e- pair creation. Reaching this regime is a
major goal in developing high powered lasers.
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Advantages of (high) energy:

* Precision measurement of proton spin
- Spatial imaging of quarks and gluons
P Jing ot q J The Electron-lon Collder

- Charged current interactions as probe of e
nucleon structure ity owonen

* Nuclear Structure function

* Gluon saturation studies in nuclei

- Di-hadron suppression
- Diffraction

- Physics with Jets:

- Hadronization, parton shower evolution in strong
color fields, dijets, diffractive dijets, photon
structure, gluon helicity....

arXiv:1708.01527
E. Aschenauer et al.





