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Electron-Ion Collider

World's first polarized electron-proton/light ion
and electron-Nucleus collider.

For e-N collisions at the EIC:

v Polarized beams (70%): e, p, d/3He
v ebeam 3-10(18) GeV

v Luminosity Lep ~ 1033-34 cm-2s-! IP 8 BOSSible /
etector
v 20-100(140) GeV Variable CoM cotio
Electron ‘
I

For e-A collisions at the EIC:

v Wide range of nuclei
v Luminosity per nucleon same as e-p
v Variable centre of mass energy

Brookhaven National Lab selected as the site.

Expected start of operations: early 2030s.
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EIC in context

COMPASS
HIAF-EIC

BCDMS
. IR
HERMES NMC

ep Facilities & Experiments:

[:] Ongoing Fixed Target
EIC Project

LHeC/HE-LHC
FCC-he

Dedicated
(((ET)» EIC YELLOW REPORT StUdI?S of EIC
Volume II: Physics phyS|CS and
design

2020 EIC Yellow
LHeC/HL-LHC
Report,
e Nuc. Phys. A 1026,
° 122447 (2022)
The Next QCD Frontier
HERA (ZEUS/H1)
2012 EIC White Paper,
Eur. Phy. J.A52,9(2016)
cms Energy
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What is the EIC for?

%k Designed primarily for the study of cold QCD:

-» What is the origin of nucleon mass and what is the role of glue in it? How
is it generated from the almost massless quarks and massless gluons?

-2 What is the quark-gluon origin of the nuclear force?

> How do hadrons and nuclei emerge from quarks and
gluons? What is the nature of confinement?

3%k 3D tomography of the nucleon: distributions of partons

from the valence quark region to the quark-gluon sea. valence quarks quark-gluon sea

3%k Nucleon spin puzzle: decomposition of nucleon spin — contribution of sea quarks
and gluons. 1

Jq: §AE+Lq+Jg
%k Effect of nuclear medium on the propagation of a colour
charge: insight into hadronisation and the EMC effect.

sk Search for gluon saturation: a new form of matter.

% Search for exotic states.  The [ist js NOT exhaustive. .. Courtesy of E. Aschenauer



What will the EIC be able to do?
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Kinematics in the Deep Inelastic regime

\/ Q*=—¢* =—(k— k)

virtuality of exchanged photon / resolution:

hadrons “a\
/ \‘ W X O
|
- - ®
e e \ /

Q2 ~ MeV2 Q2 >> GeV2

—_—

Q2 In Deep Inelastic Scattering, can be equated
— to x (fraction of longitudinal momentum of

Bjorken variable: Tp = 9
p-q nucleon carried by struck quark)

q-p

Inelasticity: Y = ——— defines also the polarisation of the virtual photon

g



A constructivist view of the nucleon

Wigner distributions
,0(33, ET) ET)

“phase space” distributions
of partons in a nucleon

Longitudinal momentum

x: longitudinal

momentum
fraction carried
by struck parton

Trapsverse _f—

position/

br: transverse
position, a.k.a.

Impact parameter

kT

p‘a\rtons

\Transverse momentum

A. Bacchetta



Possible access via
exclusive di-jet production
full phase space parton or exclusive n%-production

ﬁ distribution of the nucleon /"o7 at high Q2

Generalised Transverse Momentum
Distributions (GTMDs) r

b,
fd k N

Wigner function:

singlet pion valence

E=== ZEUS-SPDF Q=10 GeV?

. ks, gons g dloud -/ quarks Transverse Momentu m
Generalised Parton N
P & /P Dependent distributions
Distributions (GPDs) (TMDs)
Exclusive processes J J / Semiinclusive DIS
; s emi-inciusive
.\ — L L (SIDIS)
; fdx x<0.01 x~0.1 x~03 fd k .

Form Factors Parton Dlstrlbutlon

Elastic scattering Functions (PDFs) ;
Deep Inelastic Scattering (DIS) ..
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Generalised Parton Distributions

e proposed by Miller (1994), Radyushkin, Ji (1997).

* can be interpreted as relating, in the infinite momentum frame, s N
transverse position of partons (impact parameter bi) to L e
longitudinal momentum fraction (). S

* Tomography of the nucleon:
transverse spatial distributions of
quarks and gluons in longitudinal

* Information on the orbital angular
momentum contribution to nucleon spin:

the spin puzzle. 1 1
momentum space. Jy=—==2 +L +J
Ji’s relation: 2 27 ! ¢
1
J' = —=J* GPDs

) ’0‘;?::\“‘6 : o = K bv'[° \ st ¢ \ S . 1
) ; ; + } = — ﬁ de {@(x,% ,@ (X,E’O) }
0.03 0.05 0] X 2 1

% Combine with Transverse Momentum
Distributions (TMDs) to access spin-
orbit correlations of quarks and gluons,

study non-perturbative interactions of
partons. 9

*

Indirect access to mechanical
properties of the nucleon:
possibilities of extracting pressure
distributions within the nucleon.



Experimental access to GPDs

Accessible in exclusive processes, where all final state particles are determined, eg:

%k Deeply Virtual Compton Scattering (DVCS)

3k Time-like Compton Scattering (TCS)

sk Hard Exclusive Meson Production (HEMP) — a.k.a. Deeply Virtual Meson Production (DVMP)

3%k Double DVCS

%k Certain diffractive processes, eg: diffractive p-production with the emission of a meson or
virtual photon from the nucleon

: : : See EIC Yellow
3%k Hard exclusive production of a meson-photon or photon-photon pair Report for
%k Charged-current meson production, eg: ep — Vem™ D details

Relies on factorisation of the process amplitude into a hard, perturbative part and the
soft non-perturbative part containing GPD information.

Factori-
sation

DVCS TCS DDVCS DVMP
Virtual photon Virtual photon One time-like, one space-like Virtual photon space-like
space-like time-like virtual photon

10



Nucleon tomography: imaging glue at EIC

% Gluon GPDs can be accessed through deeply virtual meson production (DVMP), eg: J/\IJ

sk Access to spatial distributions of gluons at

different longitudinal momentum fractions:

‘ e+p—oe+p+Jp
Xy 15.8 < Q? + M3, < 25.1 GeV?
2 0.12
01
® EA ™ oos
A i i N " . 004
g 00 02 04 06 08 1 1.2 14 16 002 .
o) T = S M. Diehl
6 0.12
S . 1 o xE longitudinal momentum
- 0.016 < xy < 0.025 0.06 - .
3 4 N v el S - 0.04 fractions of the struck parton
= 0 02 04 06 08 1 12 14 16 0.02
E 3F %2 14 16 .
a " - Gluon momentum fraction
0.1
1 008 related to:
0.0016 < xy < 0.0025 0.06 2 2
: i ) AR, ; 0.04 rv =X 1 M
20 02 04 06 08 1 (12 14 16 0.02 4 B( + J/EP/Q )
012 14 16 Q2
.
br (fm) Bjorken variable Xp = m
n

EIC White Paper, Eur. Phy. J. A 52, 9 (2016)
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Nucleon tomography: imaging quarks at EIC

High energy

* Quark GPDs are accessible in a related processes:
real photon

Deeply Virtual Compton Scattering (DVCS),
Timelike Compton scattering (TCS).

DVCS kinematic reach at the EIC:

T T T 11T T T T T 11T L B R T T T 11y ST T T T T 11T

Current DVCS data at colliders: P
103 O ZEUS- total xsec O H1- total xsec ’ ‘©
- ® ZEUS- do/dt B Hi-do/dt Q0
21N

C B Hi-Agy A&

L Current DVCS data at fixed targets:
[ A HERMES-A; A HERMES-AcU
L A HERMES-Ay, Ay, AL

A HERMES-Ayr * HallA-CFFs
X CLAS-Awy % CLAS- Ay

Planned DVCS at fixed targ.:
k COMPASS- do/dt, Acsu, ACST
JLAB12- dG/dt, ALu, AULu A|_|_

DVCS

V2
T

TCS

* 3D images of sea quark and
gluon distributions from
exclusive reactions: DVCS and

10" 10° 10 10" 1

X
EIC White Paper, Eur. Phy. J. A 52, 9 (2016) DVMP. 12




Nucleon spin

13



1_

Nucleon spin

A+ AG+ L, + L,

13



Nucleon spin

S

A + AG+ L, + L,

Intrinsic quark spin:

AY = [ 3 (Ag—Ag)

13



Intrinsic quark spin:

AY = [ 3 (Ag—Ag)

Nucleon spin

AS)+AG+ Ly + L,

Intrinsic gluon spin:

AG = fx Ag

13



Nucleon spin

Intrinsic quark spin: Intrinsic gluon spin:

AY = [ 3 (Aq— Ag) AG = | Ag

Polarised Deep Inelastic Scattering (DIS) to access spin structure function:

— l

a(2) =3 (Ag@) +Aq(x) 65 (o ’ 5~ (@ ’

q

13



Nucleon spin

Quark and gluon orbital
angular momentum:

accessible
through GPDs

AS)+AG+ Ly + L,

Intrinsic quark spin: Intrinsic gluon spin:

AY = [ 3 (Aq— Ag) AG = | Ag

Polarised Deep Inelastic Scattering (DIS) to access spin structure function:

— l

a(2) =3 (Ag@) +Aq(x) 65 (o ’ 5~ (@ ’

q
13



Nucleon spin

Quark and gluon orbital
angular momentum:

accessible

A AG + Lq 4 Lg through GPDs

(but watch out for
decomposition!)

Intrinsic quark spin: Intrinsic gluon spin:

AY = [ 3 (Aq— Ag) AG = | Ag

Polarised Deep Inelastic Scattering (DIS) to access spin structure function:

— l

a(2) =3 (Ag@) +Aq(x) 65 (o ’ 5~ (@ ’

q

13



Spin structure function

huge
uncertainties

= = HAY)+AG

+ L, + Ly

Huge uncertainties on
polarised gluon PDFs,
L contribution
unknown...

Phys. Rev. D 100, 114027

04 . T T T T T
2 ;a2
. ¥y XAg(x.u"=10 GeV~)
O,D ~"~,,‘“
it L T TR | .“\"‘w..
0.2 il 2 [ETT T RN s

0.1 | S DSSV14 ==
S e and 68% C.L. contours

0.2 pmass s MC-replicas
e MC-average ==
-0.3 L NNPDFpoll.l ==
¢’ and 1-0 contours

-0.4 A -1 L 1 1 1 !

0.001 0.003 0.01 0.03 0.1 g3 45
X
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DIS

EIC Kinematic reach
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Spin structure function

Access by measuring spin asymmetries in DIS,
eg: A (x) = g1(w)/F1(w)

_ 5= =1 — 5ol

A
P G

Semi-inclusive (detect a meson): access flavour
information through convolution with Fragmentation

Function: I
[

Access gluon contribution through Q2-dependence

Inclusive

12

— 3 x10g10(x5)

% 10t

- x3=0.0001

~= Xg=0.0002

- = xg=0.0003

-~ = == xg=0.0005

- = = = xg=0.0008

- - - - - XB:OOOIB

- - - > > -

- - - - =

ES 9Or - - - - -
.....
= - - -
- - -
® o o Of=E me= = =

e © 0 3% sex x

me oo o dIacx
{ooooo{{{

sseesi]

$§3¥sxs

ECCE Simulation T
DJANGOH ep, 10 fb!

§ 5x41GeV
I 18x275 Gev

Stat + unfolding/ T
contamination

2% pol. unc.
(not shown)

xg =0.0082
xg=0.0129

- x5=0.0205

= = = Xg =0.0815
x X = XB=0~1292
x x = xz=02048

I = xg=0.3246

d 1 I x=05145
= x5=0.8155

10°

10! 102

104 10°
Q2 (GeV?)

103



EIC impact on polarised PDFs

0.30 0.15
— PSSV 14
0.95 +ATHENA DIS /5 = 45GeV DSSV DSSV
| mm_ +~ATHENA DIS (/5 = 45& 20 GeV i
A TG e s 0.10}F rAg
o El ATHENA DIS /5 = 45& 63 Ge\
0.20 Bl ATHENA DIS /5 = 45& 105 GeV
Bl ATHENA DIS /5 = 45& 140 GeV
0.15F 0.05k
> A
0.10F z AX

Q% =10GeV?

0.05F 0.00
DSSV 14

0.00 +ATHENA DIS /5 = 45GeV

, R ~0.05F B -ATHENA DIS /s = 45& 29 GeV
-0.05 Q% = 10GeV* BN - ATHENA DIS /5 = 45 & 63 GeV
Il - ATHENA DIS /s = 45& 105 GeV
-n.lln(»rn o - - . 0.0k | | [— +ATHENA IHH\K:A 15 & 140 GeV
p” 105 10-1 10-% 10-2 10~
X
0.20 =
. e . no EIC
Very S|gn|f|cant constraints on 0.15} mmm ATHENA
gluon PDFs from inclusive e-p 0.10}

measurements. 0.05}

0.00

—0.05¢

Study with ATHENA detector design —0.10

JAM21

1074 1073 0.01 0.1




Saturation of gluon density

% Runaway growth of glue at low-x:

“...A small color charge in isolation builds up a big color thundercloud....”

.y
o

Momentum Fraction Times Parton Density
N
)

0 PP EP PP | PPy | r
0.0001 0.001 0.01 0.1 1.0
Fraction of Overall Proton Momentum Carried by Parton

Courtesy of A. Deshpande

F. Wilczek, in “Origin of Mass”
Nobel Prize, 2004

But somewhere it must saturate...

rate of ma«g: == rate of ;.Z?‘%bmw

Recombination of gluons leads to
saturation of gluon densities. Possible
effective theory: Colour Glass Condensate.

i

In Q2

A

( g og <1

e, DGLAP ‘

SN

C‘&es%
JIMWLK

SEem

saturation
non-perturbative region ag

18

In x



Can we reach saturation at EIC?

Saturation regime would be accessible at much
lower energy in e-A collisions than e-p. You do not
need a TeV collider!

Boost

ooooooooo
ccccccc
oooooooooooooooooooooo
oooooooooo
000

A3
A 2 ~ 2 b fLdt =10 fb /A o coherent - no saturation
C — 5
S ~ 0 10° &2 1<Q2<10 Ge\? o incoherent - no saturation
T = O x<0.01 = coherent - saturation (bSat)
(= O IN(Kgecay)! < 4 ® incoherent - saturation (bSat)
. 4 p( )>1 GeV/c
saturation scale 100 no  Poce)
R~A" - fo
103 E-y000090005m0000000,
P

e

-
Idr o

A powerful signature 1s diffractive cross-sections:

dol® HAu = e +AU A Gt (nb/GeV?)

102 ;‘.. & .. .
DIS K' Diffractive K - " o.-e“f-?jqj%n
k [ k 1i e a“{ﬁmhqﬁa
Z q § -'.-.DDD -.'-* %Q
Gy . L "
- 107 '-**g
. S )
p [ x 10‘2F’lllllllllll lllll‘l]ll]ll]ll]l‘
0 002 004 006 008 0.1 0.12 0.14 0.16 0.18
: : It (GeV?)
Saw ~10% diffractive events i 2\12
Odiff X [g(x7Q )]

at HERA. EIC White Paper, Eur. Phy. J. A 52, 9 (2016) 19



Can we reach saturation at EIC?

Saturation regime would be accessible at much
lower energy in e-A collisions than e-p. You do not

Boost

(Q

R ~ A1/3

need a TeV collider!

)? = cQ; [g

saturation scale

A powerful signature 1s diffractive cross-sections:

Saw ~10% diffractive events
at HERA.

Diffractive K
Scattering

(1/A*3) o(eAu)/o(ep)

2.2
2.0
1.8
1.6
1.4
1.2

© © © ©
o N OB~ OO

L e+p(Au) = e +p'(Au) + ¢

- L KK

.

Bd

L %

A P e no saturation

- 0. .

- L% = saturation (bSat)
C .’00,

L .’..’.

- bt L P PSPPI
:_ Coherent events only

- JLdt=10fb'/A

T x<0.01

'.__ ““.“m.

C sasnnanEE

'_!'"' Experimental Cuts:
- IM(Kgecay)l < 4

2 P(Kgecay) > 1 GeV/c
:lllIIlllIIlllIIlllIIlllIIllllIlllIIllllIllll
1

2 3 4 5 6 7 8 9 10
Q? (GeV?)

EIC White Paper, Eur. Phy. J. A 52, 9 (2016)
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Hadronisation

Virtual

Photon

Fully Formed
Hadron

Courtesy of E. Aschenauer 1.2
F O EMC AE136
. LR SR
*kHow does the nuclear environment affect _
the distributions of quarks and gluons o o i
and their interactions inside nuclei? =~ 09}
(&)
L
% How does nuclear matter respond to fast 08 |
moving color charge passing through it? 0.7 [
*kAre there differences for light and heavy 0.6 |
quarks? 056 i
0.0001 0.001

EIC White Paper, Eur. Phy. J. A 52, 9 (2016)

EIC
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XYZ Spectroscopy

® XYZ Spectroscopy, spectroscopy of mesons with charm quarks.
® New XYZ states have unexpectedly narrow widths inconsistent with quark model predictions.

® | ow-Q2 tagger will enable fully exclusive reconstruction of photoproduction in part of the

kinematics.
® Resolution sufficient to separate states: ® Search for exotics:
hybrid mesons
[T I I I I I I I I I I I | I I I r_ 1
S000F ECCE Simulation -
4000/ e+p = J/W+ +m+p =
B elSpectro/JPAC i : %
C ] mesons with
3000 ee - gluon excitation
i ¥(2s) cenm ’
2000 :— —: pentaquarks glueballs
- % (3872) -
1000F - =
;_-s.———j \L Y(4260) ]
C p— T i
8.5 3 3.5 4 4.5
- 2
Derek Glazier (Glasgow) Invariant Mass (GeV/c') hexaquarks, etc... 22



Charged currents in DIS

P
\\ /'y’,
® Charged current DIS: test chiral structure of charged-current interactions: '
in SM, only left-handed electrons and right-handed positrons couple to W w
— SM predicts linear dependence on lepton beam polarisation.
X
: : : p
® Can only reconstruct event kinematics using the Jacquet-
Blondel method, using final state hadrons:
10
2 z 2 e E e — vX (CC),
2 _ _Pr _(E-P) _ s I
Q]B_l_ YiB = E XJB = 3 1f
YiB SYjB I
10'F
f-*°° |
et+p: 12y g 10* 10-255
18 x 275 GeV s ; i )
150° 30° E s Suncorelated
10° 10 E —Th?e:ry output_true
© H L L " PR | L L " P
T 11
" § 3334 II\I/I
9 { 1 8 0.9; ) 7\/ I T I 1 I
0 10 20 30 40 50 2 F
Charged hadrons + neutrons Momentum (GeV) - 0.01 0.02 01 02 03
. T X
Hadrons — photons follow very similar distribution. Nuc. Phys. A 1026, 122447 (2022) 23



Charged currents in semi-inclusive & exclusive

® Semi-inclusive charged current processes: jet-production for TMD extraction.

® Hard exclusive meson production via charged currents: access to GPDs.

— —

o o

— )
T

d?oldxg d@?,10"*cm?/GeV?
3
Ty

1035 T LB L | T T '”'2""'|5106
g ep->Vert p EexEp (sep) [GeV]3
~ —— 275x18 (141) .
ST S 100x10 (63) 310
E P 100x10 (45)
o ST - 41x5 (29
. { @) 310°
é § 4108
! @P=4 GeV?
i i N . . N
0.01 0.1 1

_ Counting rates per bin ([£ dt=100 fb, Aps=5 GeV, AB=11/40=5°) _

XB

Pion momentum (GeV)

102

10!

10°

107"

ep —> Ve U p

Suppression of photoproduction background
and that from misidentified quasi-elastic
scattering hinges on kinematic cuts: excellent
tracking resolution crucial.

__Counting rates per bin ([.£dt=100 fb, Ap=0.5 GeV, AB=1/40%5°) _

102

"

10!

10°

-5 0 5 10
Proton momentum (GeV)

107"

24



Detector configuration

Very asymmetric beams

p/Abeam _ electron beam

Hermetic detectors within : h

high Q2

a central solenoid

1n = — In tan(6/2)

Very far-forward and
far-backward

instrumentation for
lowest scattering
angles.

Lepton Central
Endcap Detector

backward forward



Detector requirements

4n hermetic detector with low mass inner tracking.
Central detector, including a solenoid magnet: acceptance in —4 < n < 4, with full
coverage in |n| < 3.5. * Tracking and momentum measurement

e Electron ID

e Hadron ID
e Jet energy measurement

Barrel detector (|n| < 1) + two disc end-caps (forward/hadron end-cap and
backward/electron endcap).

w\C2pf dipole Far-backward detectors:
ip Low-Q2 tagger
- 99
- . ZDC .
Far-forward detectors: (tracker + calorimeter)

Far from interaction point, very low angles. ;.0 or 12 dinole

(inside pipe) % )\anfdipole

Off-Momentum Q2pf quadrupole

Roman Pots inside the beam pipe, BO tracker for  Detectors -y °1bpf2'adf;ip°'°

N 1apf quadrupole

0
larger angles, large acceptance Zero degree 0 4, 802! dibole
. BOpf dipole
Calorimeter (ZDC) to detect neutrons (nuclear Hadron beam F
coming from IP

breakup / neutral decay products) 50 Siicon

Detector
26



Result of the
merging of
ECCE and

ATHENA

collaborations.

The ePIf’& detector

Electron-Proton and -lon Collider detector

iHCAL

electron beam [lf npdirc

e

Calorimetry:

Range of EM
and hadron

calorimeters.
<

\AC-LGAD N

L d discs

Si barrel

AC-LGAD !

A The “project
detector” to be
constructed at IP 6

NV OHH

5.34 m
hadron beam
—
Particle ID (PID):
~30ps Si (AC-
LGAD) time-of-
flight; Cherenkov
¥ detectors: RICH,

Tracking: New 1.7 T magnet (MARCO)
Light-weight Si tracking (65nm MAPS), micro-pattern gaseous detectors (MPGDs).

85 m

> DIRC.

27



ePIC Tracking

Current design:

® 5 barrel layers of Si: 2 vertex layers, 2
sagitta layers, one multi-purpose.

® 5 Si endcap disks at each end.

® MPGD barrel and forward layer outside
the Si: to improve pattern recognition.

® 1 AC-LGAD ToF barrel layer and a hadron
endcap disk.

Technologies:

® Sitracking: 65nm MAPS technology,
based on ALICE ITS3 upgrade
development.

® MPGD: Cylindrical Micromegas, backup
technology: pRWELL.

B=17T MAPS 0=10/V12 um
MPGDs 0 =55 um
AC-LGAD o=30 um
--- YR requirements == Full simulation
o 2 4 6 8 10 12 14

p [GeV/c]

28



ePIC Calorimetry

EM Calorimeter

® Detection of photons, electron ID

® Barrel: either imaging calorimeter (6 layers of Si sensors (AstroPix) + 5 SciFi/Pb layers, large
section of SciFi/Pb) or Scintillating Glass (based on PANDA design, readout with SiPMs).

® Forward endcap: W/SciFi
spacial

® Backward endcap: PbWO,
crystals

Imaging Calorimeter Scintillating Glass
Hadron Calorimeter
® Charged hadrons, neutrons, K0

"

Fb

® Fe/Sc sandwich: backward and barrel (outside solenoid).

)
i
® Fe/Sc and W/Sc: forward endcap. W/SCiFi

® Forward endcap inset: Sci/ Fe+W sampling calorimeter.

29



Barrel HCAL -

(sPHENIX re-use) (. ¢ )

A I\l L] (]

EPIC CALORIMETRY

——

Backwards HCal
Steel/Sc Sandwich
tail catcher

Backwards EMCa | B o
_PbWO4 crystals N \ ’ LF '“-—' -'ll‘- “ —
Tolng T 77 - High granularity
S A W/SciFi EMCal

Cables

Longitudinally separated HCAL
with high-n insert

i

o

o

=

beamn pi g

eam pipe

Internal structure & PbSC .8

cooling Layer 8

<

read-out boards d

poo, el Complementary wi
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Cerenkov and AC-LGAD ToF PID

® Barrel: hpDIRC (high-performance DIRC), fused-silica radiator, 3o n/K separation up to ~6 GeV
® Forward endcap: dRICH (dual-RICH): aerogel + C,F¢ gas

dRICH
® Backward endcap (both using aerogel):

® MRICH (modular RICH): compact, Fresnel lens
focussing

® pfRICH (proximity-focussing RICH): gas threshold-
based electron ID, requires expansion volume

p/A beam - electron beam

~ PYTHIA e{(18) + p(275)

i WK 30

Aerogel

p (GeV/c)

i Sensors

-
o

N

Mirrors

10

® Barrel and Forward AC-LGAD ToF:

improves tracking resolution when a
hitin a Si layer is missing

e - | .
: AC-LGAD -LGA
0.2 " IR L L 1 bt o b |
. - 0
n
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The Interaction Region @ IP6

2.0
Hadrons } 4 Electrons
o
oy £
1.5 28 3
' = Detector
ml ml EI
o L ﬁ w
o w m
S 5 & _ 2
m o
1 0_ Exit window Sg
. DD
|

Collimator
Magnet\
Lum. detectors \

§, ~ G w
X 38 <%'"" )
0.5 - © 5335
5258 I\
O a
3 S
w Forward spectrometerj P ZDC
e} — (in BO)
0.0 1 g :
E
N Off-momentum detectors IJ 1
. e Crossing angle
E Off-momentum detectors 2—\ for the bea ms.
_0'5 -
25 mrad.
1 1 1 1 1
—40 —-20 0 20 40
z (m)
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Far-backward detectors

Luminosity Monitors:

® Use Bremsstrahlung

® Accuracy of 1% or better than 104 precision on relative luminosity of different bunch
crossings.

® Direct photon detector (calorimeter) and a pair-spectrometer
SPEC

filters ~ PCAL

HERA Il design: S U

e+
window dipole .
Modification of the Z

Low-Q2 Taggers:
® Two Tagger stations, in the primary vacuum (8. < 10 mrad)
® Each tagger: tracking layers (MAPS or AC-LGAD sensors, Timepix4 + i-LGAD)

® Calorimeter: under consideration, possible technologies PbWO4, sampling W/SciFi,
quartz fibres or W-Si.

® Photoproduction signal, above region of Bremsstrahlung: 107° < @Q* <107}
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Far-forward detectors

Zero-Degree Calorimeter

BO Silicon Tracker and Preshower

BO calorimetry

/ Hadron beam-pipe  B1apf
and Roman Pots in

PbWO04 cross-section

BO tracking: ITS3
or ITS2 MAPS (3
layers) + AC-
LGADs (1 layer)

\
D

Off-Momentum Detectors

Focusing Quadrupoles Roman Pots and Off-
Momentum detectors:
AC-LGAD sensors
n>6

ZDC: modified ALICE FoCal design. HCAL for
neutrons and EMCAL for photons.
Acceptance: +4.5mrad, -5.5mrad.

n>6 34

Q
e

BO acceptance: 4.6 <n < 5.9

BOpf combined function magnet



The EIC Users Group

1387 members, 271 Institutes, 36 Countries
857 experimentalists, 355 theorists, 160 accelerator-physicists, 15 other

WWwWWw.eicug.org

and growing...
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Summary

® EIC for the moment is the only (imminent) facility to provide collisions of
polarised ions and polarised electrons — expect first data in ~2032.

® EIC is the only facility to be built purely for the study of QCD!

® Wide CoM energy range, high luminosity, hermetic multi-purpose detectors,
triggerless data acquisition, possibility of measurement of a range of
processes in electro- and photoproduction.

® First detector is ePIC — but a second detector is also intended!

® Possibilities of extracting gluon GPDs (gluon tomography, spin and pressure
composition), accessing the trace anomaly for the composition of nucleon
mass, probing gluon saturation, searching for exotics and much much more!
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EIC Reference Schedule - V3

FY19  FY20 FY2l FY22 FY23 FY24 FY25 FY26 FY27 @ FY28 | FY29 FEY30" REYSIN BTS2 B B

Critical P %< x| JXCD4A CD-4

Approve start  Approve pfo|

Decisions CD-O(A) CD-'(A) CD-23A CD-3 of operations  completion
Dec 2019 Jun 2021 Jan 2024 Apr 2035 Apr 2032 Apr 2034
Accelerator . E _“? cD-
Research & I Research & Developfent '—l : Conclusion of L ket
Development : i Apr2031  Apr 2032
3 Detector Research & Developthent ‘—] : RHIC Operatlons
Conceptual
Design
Infrastructure
Design
: Accelerator
Systems . )
Detector ]
Infrastructure [— Q;njrentmnal C‘onstructlon L : V77 / 77)
C - . L »
et Accglerator ] Procurement, Fabrication, Installation & Test B Ul RF Power Busdout
: S : |
Detector '—‘ ?r?curemem: Fabricati 1 , Installation & Test' V77, / 77)
: |
Accelerator : [_/‘_/‘_/‘_/“ Full RF Power Buildout
Commissioning Systems IM& —— - : :
& Pre-Ops g Commissioning
Detector e J &Pn-Opsn‘ ////
Data Level 0 Critical // Schedule
Key (A) Actual - Completed Planned Do M e . Dok / 7/} Contin gency

Slide: Rolf Ent
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Interpretations of the nucleon

What do spatial distributions tell us?

e\ PO Bag Model: Gluon field distribution is wider than
[ Ba I\ ( ) - C, O o *
e o 9 SN the fast moving quarks.
" Q0. Gluon radius > Charge Radius
@ Qo Constituent Quark Model: Gluons and sea quarks
<’/ ( OO0 . .. .
~N 20 o hide inside massive quarks.
\®/ ,/‘-'\» 1\(\le N /..':‘67 ) i
Y 0 e, , ,
N Gluon radius ~ Charge Radius

@ Lattice Gauge theory (with slow moving quarks),

.;%fzg gluons more concentrated inside the quarks:
N Gluon radius < Charge Radius
Courtesy of A. Deshpande Need transverse images of the quarks

and gluons in confinement: form factors



Runaway glue

% Nucleon probed at
low Q2, high x.

AN, S
* 1Nucleozn 1probed at : o . M“Mm
arge 02, low x. Lo,

Courtesy of A. Deshpande

% Gluons are charged under colour: can generate (and absorb) other gluons.

% Nucleon probed at high energies, time dilation of strong interaction processes:

gluons appear to live longer, emitting more and more gluons. Runaway growth!
Runaway growth?

18



Images of the nucleon

Wigner function:

% ) % full phase space parton

distribution of the nucleon

N
f d 2bT Transverse

% Semi-inclusive Deep Inelastic

Scattering (SIDIS) \ Momentum
l Distributions
l (TMDs)
0,
N @,
™)
@ proton
Sivers function: Alexei Prokudin, 2012 -0.5 0 0.5

(using M. Anselmino et al., J. Phys. Conf. Ser. 295, 012062 (2011)) kX (GeV)
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Images of the nucleon

Wigner function:
full phase space parton
distribution of the nucleon

. xg(x0.05)

| CTEQ6.1

H1 PDF 2000
ZEUS-S PDF

X

N
d’b,
J S\

/
d’k,
p J

Parton Distribution
Functions (PDFs)

Transverse
Momentum
Distributions

(TMDs)

_/

%k Deep Inelastic

Scattering (DIS)
9

~
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Images of the nucleon

Wigner function:
full phase space parton
distribution of the nucleon

7
P [d*F;

Generalised Parton
Distributions (GPDs)

* relate, in the infinite momentum
frame, transverse position of partons
(b.) to longitudinal momentum (x).

% Deep exclusive reactions, e.g.: Deeply Virtual Compton Scattering,
Deeply Virtual Meson production.
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Images of the nucleon

Wigner function:
full phase space parton
distribution of the nucleon

f d 2 kT Fourier Transform of electric Form
K Factor: transverse charge density of a
nucleon

1. 5f]

Generalised Parton
Distributions (GPDs)

1.0

0.5

b, [(fm]
~—

\
fdx

1.8 =120 osb bl?f’m’]b;s" N osb b;ff‘_‘]b;s" 1.0 1.5
1 Form Factors proton neutron

Elast] tteri eg . GE, GM C. Carlson, M. Vanderhaeghen
astic scattering PRL 100, 032004 (2008) 11




Nucleon Tomography from GPDs

pion valence
b, A 8 ﬁd quarks
At a fixed Q2?, xg and £=0 A ] R /k

slope of GPD with t is related, buf
. . ¢ &
via a Fourier Transform, to the

5
‘-j .U
transverse spatial distribution. J A" a0 / / /

x<0.1 x~0.3 x~0.8

A%

x+E x=E
(\ Formally, the radial separation, b,
S b 148 \ b between the struck parton and the
S = =

centre of momentum of the remaining
spectators.

Experimentally, look for the t-dependence of structure functions (from meson-

production) or Compton Form Factors (from DVCS/TCS).
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Spin and pressure in the nucleon

® GPDs also provide indirect access to mechanical properties of the nucleon

(encoded in the gravitational form factors, GFFs, of the energy-momentum tensor).

X. D. Ji, PRD 85, 7114-7125 (1997)
M. Polyakov, PLB 555, 57-62 (2016)

® Three scalar GFFs, functions of t: encode pressure and shear forces (d(t)), mass
(My(t)) and angular momentum distributions (J(t)).

® Can be related to GPDs via sum rules: fx [H(x,&,t) + E(x,&,t)]dx=2](t)
fo(x, g, t)dx:MZ(t) + %fzdl(t) (Ji's relation) JN _

® d;(t) (D-term) “last unknown global property of the nucleon” — can be accessed
via the Re and 9m H:

1
Dispersion relation: Ro’H(&.t):/ ( Lo

a\§—r {+7

) ImH (&, t) de + A(t).

Assuming double-distribution parametrisation: A(t) o d; ()
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Trace anomaly

Composition of proton mass:

EPJC 80 (6) (2020) 507

Assuming Vector Dominance Model:

. 1
o 2
64 mj/q,()»2 —

doj/yN—J/wN
dt

=0 N)

nucleon energy in charmonium rest-frame

Fypunl’

quark energy,

gluon energy,

quark mass and

trace anomaly: M, =

—(1 —@MN

27
Frioyn ~ r0d272MN(1 — b)

At low energy:

[ o 04
= 032 =
> f ep —eJ/yp S ep —eJ/
= osf L, =100 fb" HeCE = oss—ECCE Lp 1001:):1 < Wyp<5GeV
R nt - . B . -
0.28— -
C 03
0.26[— EI H C
0.24 0.25 H $ ¢
022 C
n 0.2
0.2 ° GlueX - o GlueX
018~ @ Projection 5x41 GeV 015~  ® Projection 5x41 GeV
0.16— -
T T R N TR T X, ST T T P FIUTTTP PIOTIOT TOVTo
4 ' % : ' ' - ‘o 05 1 15 2 25 3 35 4 45 5
W.r p (GeV) Q2 (GeV)2 24



The Nucleon Spin Puzzle

* What contributes to nucleon spin?

* 1980’°s: European Muon Collaboration (EMC) measures contribution of
valence quarks to proton spin to be ~ 30 %. Subsequent deep inelastic
scattering (DIS) experiments confirm.

Where is the rest?

Quark spin: extracted from Gluon spin and OAM.
helicity distributions measured measurements of DIS and
in polarised DIS. \ polarised proton collisions

indicate gluon spin AG

J = l contribution is very small,
N — ) although in a different

decomposition.
Caveat:
Quark orl?tta?’ angular momentum (OAM): can be In Ji’s decomposition of
accessed, in Ji’s decomposition, via GPDs, which nucleon spin, the gluon spin
contain information on total angular momentum, J,_. and OAM terms cannot be
separated.
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The puzzle of nucleon spin

% Gluons carry a sizeable fraction of nucleon momentum and give rise to
transverse momentum of quarks. What is their contribution to nucleon

spin? How do sea quarks contribute? ]
I EIC: 5 GeV on 100 & 200 GeV
g_ EIC: 20 GeV on 250 GeV
1 @
J,= =AY+ L,+ J S 05F
q 9 q g 5 i
& I
L [
5 of
5 i
0o i current data
..E. I (global analysis)
8 0.5
S Q° =10 GeV?
= i All uncertainties forAy>=9
. . O 4Lyl
% 3D imaging of hadrons across 015 0175 020 022

. Quark Contribution to Proton Spin
the widest range of scales. P

17



c I EIC: 5 GeV on 100 & 200 GeV
° 5 EIC: 20 GeV on 250 GeV
Gluon spin & 1 e
S osl
9 -
S I
S I
% DIS and SIDIS will ‘é ol
contribute extremely =
. o current data
precise measurements £ I (global analysis)
of the helicity 9 S osf
distributions of sea- < Q& = 10 GeV?
quarks and gluons. 1 1 = I All uncertainties for Ax*=9
2 2 2 Al
A3(Q )=fg1(x9Q )dx=quf(x,Q )dx 0.15 0.175 0.20 0.225
0 0 Quark Contribution to Proton Spin
| T T I_IIIIII T 1 IIIIIII T LA [ T T |_|||||| T T ||||||| T T ||||||— ; T 1 IIIIIII 1 T IIlIIII T T TTTTH 0.3
0.04 L XAu sea-quarks 1 I xAs sea-quarks ] [ xAg gluons 3
| | i
0.02 N o 0.02 ~ . C ]
I ] i 1r 4 0.1
0 :_ ....................................... N - 0 __ ...................................................... - B ]
I I 1F ] 0
-0.02 —-0.02 - - F ]
o [ DSSV ] : 1L 1 01
- B DSSV+ & EIC 5x100, 5x250 A - 1 1
- - —-0.04 2_ 2 1 F -
0.04 - all uncertainties for Ax2=9 . B Q =10 GeV 1 F -
[ 1 1 ||||||| 1 L ||||||| 1 1 ||||||- i 1 1 IIIIIII 1 1 IIIIIII 1 1 IIIIII— —_ 1 1 lIIIIII 1 1 IIIIIII 1 1 IIII: -0.2
107 107! 1 107 10" 1 107 10" 1
X X X
E. Aschenauer et dal,, DSSV: D. de Florian, R. Sassot, M. Stratmann, W. Vogelsang,

Phys. Rev. D 80, 034030 (2009).
Phys. Rev. D 86, 054020 (2012) DSSV+: arXiv:1112.0904 [hep-ph]



Recoil protons in ep

% The impact parameter information in many exclusive processes is encoded in t, via a
Fourier Transform. Require accurate measurement of t from as close to zero as

t=p —p)’

%k Scattered protons / light ions detected in Roman Pots (for the lowest values of t) and

possible and across a wide range in ep and e(light-A) collisions.

in the BO spectrometers (for higher values). Eg: recoil in Timelike Compton Scattering:

S q4F S 4k
3 1'4; p: TCS 5x 41 GeV o 1'4; p: TCS 18 x 275 GeV "
v’-1.2:— ATHENA V._1'2:_ ATHENA
Q. 1:_ 10° Q 1; 10*
0.8} 0.8 =
: : 0
0.61 10? 0.6
041 0.4 10°
0.2F - 0.2 10
OF e e o - -
PRSP TSI YRS EU U NI I 1 NI SR I S SR R S 1
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
n n

Note: produced particle collinear, carries off most longitudinal momentum. So almost

all t corresponds to a transverse kick of the proton / ion. ”



Counts

Quarkonium production

® Sensitivity to 3D gluon distributions (via Generalised Parton Distributions)

Near-threshold production in particular:

® Information on colour correlations ® Sensitivity to the composition of proton
® Quarkonium—proton scattering |engths mass via the trace anoma|y.

® May act as a saturation probe (in eA)

® Photoproduction: sensitivity to gravitational form-factor? Perhaps not directly:

PRD 101 (11) (2020)114004, PRD 103 096010 (2021), PLB 822:10(2021), 136655

R e e e . .

. 1 eM rementr ir od mass resolution
3500 - ep 18x275 GoV 3 easurement requires go |
2000 - ATHENA Y —>e*e-, 10011 - (< 100 MeV) to separate Upsilon states.

g D. Y(1S) é (\7(';0092""I""I""I""I‘"'l""I""I""l“:
2500 W Y(@S) E g [ rasee  ATHENA ]
1500 - W ly>1 e = 007 s

- ] 3 C ]
1000 |- B = 0.06F -
500 = 0.05 .

05 S ] T

9 9.5 10 10.5
Mass(ete~) (GeV/c?) Yuangjing Ji, Spencer Klein (LBNL)

Rapidity 1 7



At-threshold Upsilon photo-production

® Upsilon near-threshold production is little-known, twist-4 effects contribute significantly.

2 | ATHENA %10“; ATHENA ¢ 10.5<W<14 GeV
= #$xﬁ o] : 14<W<18 GeV
3 ;;#* S A eStarllg ht
< 102k T = e —- Twist-4, W=13GeV
0 41 Bi02k - QCD, W=13GeV
a aﬁ S [ s - LAGER, W=15GeV
- - :_.*'_... ;.“'TZ;.’
- Y(1S)—e'e R Py
Q%<1 GeV? 107 _?_+‘ e
3| N N RPN
107} Proj. L=100 fb" L,
: «— ep 10x100 GeV 107 \ .
——ep 18x275 GeV F ep 10x100 Gev
P Tox [ Proj. L-100f’o1
10.4 i FTETE P P P Feew Feees reaw 10—5.< | 'S BETET A SRR BT SRR B
10 11 12 13 14 15 16 17 18 19 20 0 05 1 15 2 25
: W (GeV -(t-tmin) (GeV?
Detector requirements: (GeV) (t-inh) (GeV')
® Good t resolution. | | Twist-4 : PLB 822:10(2021), 136655
® Good PID and momentum resolution to reject QCD (GPD factorization) : PRD 103, 096010 (2021)
continuum (background suppression). LARGER: PRD 102, 014016 (2020)

® Good rapidity coverage to reject events with
other particles in final state. Yuangjing Ji, Spencer Klein (LBNL) 18



J/Psi production

‘E :""l""I""I""I""IE'(;J(':'E""I"": v; :IllIlIllllIIlIlIIIIIIIIIIIIIIIIIIIIIIII:
6000 ] —— . - .
3 I Vi [0 . ECCE Simulation
soook 3 e . ep— ep J/W 18x275

. ] 2 102_ —— J - e 2 =
' ] = . . 1<Q®<50 GeV® 1
4000} 3 = - . . ¢+ 0.0016 <x,<0.0025
- ] ° - . - ¢+ 0.016 <x,<0.025 |
- T, . - - ¢ 016 <x,<0.25 |
_: 'é 10:— ++ +—0— =
] o L - - §
E ° - - T, :
. = i -+ ]
; © i R e+ T
: o © 1 s + +t+ E
ne from (J/y) 3 +ry + ;
: + . HH
o ol RELE LELLY RERE LELLS ELLL) LLELY RELE: i —+—_+_ i
g 7900 -] _+_ —o—
3 f e+P 18x275 Ge\A 10" E
© 6000 JY —see - 3 + |
: EEGAL i i
5000/ = - |
. DEEﬁéL E "llllllllllllllllllllllllllllllllllllll -
] ]
0O 02 04 06 08 1 12 14 16 18 2
-t [GeV?]
® Excellent acceptance coverage for J/Psi decay leptons
® Multi-dimensional binning possible

3 2 -1 0 1 3
n e* from (J/y)

N. Santiesteban



Coherent VM production in eA

® Gluon distributions in nuclei and a probe of gluon

saturation.

® Detector challenge: reconstruct t from leptons and mesons,
not from nuclei (these escape undetected): resolution is
crucial to identify t minima.

® Incoherent backgrounds dominate greatly at anything other
than the lowest t:

dole AU € + AU + ) g (nb/Gevz)

3
o
-

104

— .

- o o

bt o N w
LB BRI I

T ITITII]

-t
e
N

T ITTTT][

TTT T
ID%

L J=)

lllllll‘llllllll]llll

JLdt =10 fb"V/A o coherent - no saturation
1<Q2<10 GeV? o incoherent - no saturation
|
L J

x <0.01 coherent - saturation (bSat)
IN(egecay)l <4 incoherent - saturation (bSat)
P(€decay) > 1 GeV/c )

Mt =5% EIC White Paper

Jhp

‘llllllll[ll

0

0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18
It] (GeV?)
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o
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|
.
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y4

:

X
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i
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[ ~ momentum transfer (kicks)
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C L KK

.
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L %o
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- Soe, = saturation (bSat)

C *eee
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- Coherent events only
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}Mlm“m
_! Experimental Cuts:
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Incoherent backgrounds in eA

® Suppression of incoherent background by vetoing nuclear break-up in Far-Forward detectors:

Incoherent backgrounds:

p (GeV)
102 10" 1 10 10® 10* 10*

Illllml llnnn] T IIIIIIT] lllnml IIlIIm] T Illllﬂl T l; 102
4 §
Protons :
Neutrons |
ok 5 10
T 1
S op =4 15
E -3 8
— % E £
5 -2 1. @
o 5107
- A3
-4 “I1 4
/ _510_2
-6 BeAGLE Nuclei 1
| | 1 | 1 I 1 1 1 | [ | 1 | 1 —10—3

0 5 10
Log(p) (GeV)

dN/dt (GeV?)

ratio to total

BeAGLE 18x110 GeV?

* e+Pb — e'+Jly+X |

0.05 0.1 0.15

Phys. Rev. D 104, 114030

26



Coherent production of ¢ in eAu

® First simulations out of ePIC, on ¢ in eAu. Gradual improvements in the reconstruction:
these are only the first steps!

eAu 18x110 GeV EPIC
T I T I T I T

.L-l
N
0,
A
o
o
(1)
<
L
o
Q
A
<
A
o
(o]
(4)}
L1111l

10° .
Sartre ¢ MC i

Sartre ¢ RECO w. EEMC
1 o* Sartre 9 RECO trackonly
: Sartre ¢ RECO best =
> .
Q ]
S 10° -
N 3
-~ :
B 10? .
Z -
© ]

Similar challenges for

J/Y and Upsilon... 0 0.05 01 0.15
2
It 1 (GeV?) Kong Tu (BNL)
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ATHENA:
A Totally Hermetic Electron Nucleus Apparatus

BACKWARD BARREL FORWARD

Inside a new 3T
magnet

bHCal bToF SC Coll pECal pHCal

bECa MPGD Layer

hpDIRC
dRICH

MPGD
Outer nECal Tracking Rings

Inner nECal _— Si Tracker

————— \ Disks
pfRICH "
MPGD Outer

nHCal Barrel Tracker

Si Vertex Beam Directions:
Tracker  gi|nner P/A— ——e

Barrel Tracker
https://sites.temple.edu/eicatip6/



ECCE: EIC Comprehensive
Chromodynamics Experiment

266

Reusing the 1.4T
BaBaR solenoid
magnet

https://www.ecce-eic.org

/



EIC accelerator

Hadron storage ring (HSR): 41-275 GeV
(based on RHIC)

e upto 1160 bunches, TA beam current (3x RHIC)
* bright vertical beam emittance (1.5 nm)
e strong cooling (coherent electron cooling, ERL)

Electron

Injecti

njfi?‘éon Possible
On-energy

lon Injector
Electron
Storage Electron
Ring Cooler

BNL-EIC lon

Collider
Ring

Possible
Detector

Polarized

Electron storage ring (ESR): 2.5-18 GeV (new) Location Flections £ Fectron
e upto 1160 bunches E;/H
* high polarization by continual reinjection from RCS Electron = e
* large beam current (2.5 A) 2 9 MW SR power riecter (RCS) 7
* superconducting RF cavities (Polarized)
Rapid cycling synchrotron (RCS): 0.4-18 GeV (new)
* 2 bunches at 1 Hz; spin transparent due to high periodicity
High luminosity interaction region(s) (new)
° L=10%cm2?s e 25 mrad crossing angle with crab cavities
* superconducting magnets * spin rotators (produce longitudinal spin at IP)



EIC in the making

4 2007 Nuclear Physics Long Range Plan “The EIC is embodying the vision of reaching
the next QCD frontier”

4+ 2011: US DOE starts to fund generic R&D (eRD programme)

4+ 2012: EIC White Paper

4 2015 Nuclear Physics Long Range Plan “high-energy, high-luminosity polarised EIC
as the highest priority for new facility construction following completion of FRIB”

4+ 2016: Users Group acquires formal charter / elected board of representatives
(eicug.org)

4 2017-18 National Academies of Science (NAS) Review: “the science questions that
an [EIC] would answer are central to completing our understanding of atomic nuclei...

An EIC can uniquely address three profound questions about nucleons ... and how
they are assembled to form the nuclei of atoms”


http://eicug.org

EIC in the making

4+ 2018: "Probing Nucleons and Nuclei in High Energy
Collisions”: 7-week workshop programme at INT, Seattle.
https://arxiv.org/abs/2002.12333

4+ 2019: DOE Independent Cost review Exercise, DOE-led

meetings with international funding agencies /
government representatives.

PROBING NUCLEONS AND NUCLEI
IN HIGH ENERGY COLLISIONS
Dedicated to the Physics of the Electron lon Collider

4+ Dec 2019: CDO (Critical Decision 0) status granted by US DoE: establishes “mission
need” & formal launch of project. Funding envelope: $1.6 - $2.6 billion.

4+ 2020: EIC Yellow Report

4+ 2020: Expressions of Interest from the international community

4+ 2021: Development of detector proposals: ATHENA, ECCE, CORE
4+ 2021: Conceptual Design Report

4+ June 2021: CD1 status granted by DOE: “approve alternative selection and cost range”

4+ 2022: Formation of the ePIC Collaboration, design of the “project detector” (detector 1).
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Nucleon tomography

Ongoing imaging efforts on available world-data in exclusive
channels with sensitivity to Generalised Parton Distributions,

strongest constraints in the valence region.
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Ongoing imaging efforts on available world-data in exclusive | : 2
channels with sensitivity to Generalised Parton Distributions, | '

Nucleon tomography

strongest constraints in the valence region.
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Possibility of accessing
distributions of pressure
and shear forces in the
nucleon.

Pressure distribution
at different radii
within the proton
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No uncertainties shown!

Images are strongly
model-dependent: need
measurements across a full
range of x to fully map the
3D nucleon structure.
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