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What can be explored at EIC in eA collisions ?

Capabilities of EIC

Beams with different A: from light nuclei to the heavy nuclei
Polarized electron and nucleon beams. Possibility of polarized light ions.

Variable center of mass energies 20 -140 GeV

High luminosity 10°° — 10%*cm™2s~!

Physics with nuclear beams

How are parton distributions changed in nuclei ? Nuclear PDFs, proton & neutron structure
How and when partons saturate in nuclei ? Parton saturation

How nucleons/nuclei stay intact in high energy collision?
What is the nature of color singlet exchange ? Diffraction and shadowing

How partons interact with nuclear medium ? Hadronization in medium

Nature of the strong force, correlations in nuclei ? EMC effect, short range correlations
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EIC Yellow Report 2021

From the Yellow Report Chapter 1:

The purpose of the Yellow Report Initiative is to advance the state and detail of the documented physics studies (White
Paper, Institute for Nuclear Theory program proceedings) and detector concepts (Detector and R&D Handbook) in
preparation for the realization of the EIC. The effort aims to provide the basis for further development of concepts for

experimental equipment best suited for science needs, including complementarity of two detectors towards future
Technical Design Reports.

One year effort

4 workshops, 902 pages, 415 authors, 151 institutions
SCIENCE REQUIREMENTS

AND DETECTOR
CONCEPTS FOR THE

(((€T ) ELECTRON-ION COLLIDER Organisation

7 Mar 2021

EIC Yellow Report

—
—
jray
Q

7

Physics Working Group Detector Working Group
Inclusive Reactions Tracking
Semi-Inclusive Reactions Particle ID
g Jets & Heavy Quarks Calorimetry (EM + Hadronic)
g Exclusive Reactions Far-forward detectors
s Diffraction & Tagging DAQ/Electronics

Central Detector/Integration & Magnet
Forward Detector/IR integration
Polarimetry/Ancillary Detectors
Detector Complementarity

Yellow Report  arXiv:2103.05419

Anna Stasto, INT Program INT-23-1a, Seattle, February 21 2023



EIC Yellow Report 2021

2.11 Summary of Detector Requirements . . . . .. ............. 19

8.6 Summary of Requirements . . . ... ........... ... ..., 393
Contents y of Req
3 Detector Concepts 23
3.1 Tracking and Vertexing Detector Systems . . . . ... ......... 24 Volume III: Detector 397
3.2 Particle Identification Detector Systems . . . . . ... ......... 25
Title P i i
1tle fage ! 3.3 Calorimeter Detector Systems . . ... ................. 26 9 Introduction to Volume ITI 399
Author List iii 3.4 Auxiliary Detector Systems . . . ... ............. .. ... 27 91  General EIC Detector Considerations . . ................ 400
Abstract
Table of Contents

Volume I: Executive Summary

1 The Electron-Ion Collider e
2 Physics Measur 15 and Req /.2 Multi-dimensional Imaging or ANucleons, INuclei, and Mesons . . . . 1UO oo
21 IbOAUCHON . . . . . . o oo oo
22 Originof NucleonSpin . .. ................
2.3 Originof NucleonMass . . .. ...............
24  Multi-Dimensional Imaging of the Nucleon . . ... ..
25 Imaging the Transverse Spatial Distributions of Partons
2.6  Physics with High-Energy Nuclear Beams at the EIC . .
2.7 Nuclear Modifications of Parton Distribution Functions
2.8 Passage of Color Charge Through Cold QCD Matter . .
29 Connections to Other Fields . . . .. ............
210 Summary of Machine Design Parameters . . . .. .... T e 572
.......... 583
PP 591
............... 606
............ 630
12 The Case for Two Detectors . Q1 T ~li1eivie Mesactirermente D) 634

12.1 Boundary Conditions and Important Relations . . . . . . . .
12.2 Dedicated Detector Designs versus General Purpose Detecto
12.3 Motivation for Two Detectors: Technology Considerations .
12.4 Motivation for Two Detectors: Complementarity of Physics F
12.5 Opportunities from Fixed Target Mode Operation . . . . . .
126 Summary .. ...

13 Integrated EIC Detector Concepts
13.1 Hallinfrastructure . . ... ...................
13.2 Safety and Environmental Protection . .. ..........
13.3 Imstallation . . ............ ... ... .. ... ..
134 Detector Alignment . ... ....................
13.5 Accessand Maintenance. . . . . .. ... ... ...
14 Detector R&D Goals and Accomplishments
14.1 Silicon-Vertex Tracking . . . . .. ... ... ... ... Brei
reitframe . . . ... ...
142 Tracking . . ... ... .. 669
143 Parile Mentification. o A5 Helicity studies . . .. ... .ot TI12
144 Electromagnetic and Hadronic Calorimetry . . . . .. ......... 688
145 Auxiliary Detectors . ... ................... ... .. 692
146 Data ACqUISION . . . . .. o 697 Appendix B Organizational Structure 713
14.7 Electromics . . . ... ... ... ... 699
Appendix C Yellow R Worksh 717
Acknowledgements 703 Ppe d C ello eport orks OPS
Appendices 707
Appendix A Deep Inelastic Scattering Kinematics 707 References 743
Al Structure functions . . . ... ... 707
xiv

Anna Stasto, INT Program INT-23-1a, Seattle, February 21 2023



Kinematics of DIS

Elastic scattering off parton

(quark)

Photon virtuality

Inelastic scattering off proton

resolving power

QQ
= QZ + W2

Bjorken x

W2 _ (p i q)2 total energy of

photon-proton
system

_ 2
S = (p T k ) total cms energy

A4
€T has the interpretation of the longitudinal momentum fraction of the proton carried
by the struck quark
2 2 . :
Q — —( Resolving power high energy W small x
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Global structure of nucle

_ Y
DIS cross section Yi=1+(1-y) -
d> 270 3
o 2TOgy v (:13 Q2)
dzd()? zQ+ T oris |
10° 4 NC DIS
— ' CCDIS
. . 3 DY
Reduced cross section and structure functions S o2 LHC .
y2 o EIC 'i
2\ 2 2 m RHIC .
Ur(xaQ )_F2(:C7Q )_ FL(xaQ ) !
] 4
Precise measurement of nuclear structure functions for ] 3
. . . . . 1009 - <t
wide range of nuclei and wide kinematic range TS e
X
) ) ) 18x110 e-A N.C. Uncertainties
Extraction of nuclear PDFs which are essential for T E— — -
understanding nuclear structure - f Ldt=10fb" -
i ‘]
| | | | | | | | ] | | [ | | ] | ] | ] | | | ] | ] | ] | | ]
o o o o — 1—_ b
Initial conditions for Quark-Gluon Plasma X OE " .
> e o, forQ°<10GeV? : o
c ° o ¢
o e o, for10<Q%<100 GeV? . o o e e
Sys. uncertainties at most few %, stat. negligible F10E o o fri00<cP <1000 R * -
[ [ ] [ ] —
5 T e oy, for Q?>1000 GeV? . ® E E 5 5 - ]
i EEEEEEE )
Proton, deuteron and wide range nuclei structure o Lol ; § ; i s 3
. “ 1 . ey . . = ® o o o =
function within one facility: reduction of uncertainties S :
B L o L N
107 107 1072 107 1
X Yellow Report
Anna Stasto, INT Program INT-23-1a, Seattle, February 21 2023 6



Nuclear structure

2 __ep—eX 2
d°o _4na,,

Deep Inelastic Scattering :

[ N )
(1 Y+2)F2(X,Q) 2FL(X,Q)

dxdQ’ xQ*
4 p
. FA 2
Nuclear ratio for RﬁQ (z,Q%) = nid(eiz;Q ) :
structure function AL, (z, @?)
\ y
Nuclear eftects RA 7é 1 . Fermi motion
r > 0.8
Schematic picture
° EMC region

Fermi

gantishadowingg motion
. EMC
shadowing
High energy
L-:;1 0.3 08 X

0.20 — 0.3 <2 <0.8

* Antishadowing region

0.1 <x<0.25-0.3
e Shadowing region

r < 0.1
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Global nuclear structure: structure functions

Aschenauer, Fazio, Lamont, Paukkunen, Zurita
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Impact of EIC on nuclear PDFs

Collinear factorization DGLAP evolution : linear evolution with scale

B r(7,Q%) Z/ dz Co.r(Q/p,x/z;a5) fi(2, 1) D dln,u ——= fi(z, 1) Z/ ¢ Pi(§, as) fr(2/€, 1)
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0 EPPS16*
~ EPPS16* EIC

initial condition at low scales, linear §
: : o 0.
evolution with scale 02 =1.69 Gev2
1S
S
w
Significant impact of EIC
W
measurements on nuclear PDFs &
&)}
IS)
w

T AR ETTT BETETERITT BT
103 1072 1071

X

EEEETIT BETETREITTY BRI BETETN T
1073 1072 1071
X

Yellow Report

0 nNNPDF2.0
~ nNNPDF2.0 EIC

1073 1072 107!
X

Anna Stasto, INT Program INT-23-1a, Seattle, February 21 2023



Heavy flavor impact on gluon PDF

Impact of charm cross section on the gluon PDF at high x
Charm is produced mainly in the photon-gluon fusion process

Dedicated efforts to study of feasibility of measurement of charm from D
decays to K and pion

Significant impact on gluon at x>0.1. Sensitivity to EMC effect.

Further constraints: Fp

EPPS16
BN EPPS16 + EIC

EPPS16*
B EPPS16* + o0fc

mmm EPPS16* + Ogic+ oghem

PR |
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Small x problem

P, Q?) Z/ 42 Co (@102 ) f(2. 1) +
gluons ~ valence quarks

H1 and ZEUS

i 1
e

Q*=10 GeV?

—— HERAPDF1.0

- exp. uncert.

E model uncert.
- parametrization uncert. Xuy

O\Xg (x 0.05)

sea |
quarks ..

\XS\ (\x 0.05)

Gluon density increases rapidly with
decreasing x
What happens at very low x ?
Can the gluon density grow
indefinitely ?

0.2
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Collinear approach to parton evolution

v*N  asatemplate

Large parameter

fi

>
> > 2 :
> \ Q — OO S total energy is fixed
knJ_ :‘
: 0000000000
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Collinear approach: DGLAP evolution

> ,/\/r DGLAP evolution equation for parton densities

Ofi(z, Q?) d
o 21 e 522 -y / “Pini(2)f5(5. @)

7
3
L
—

= OOOXRRY S
S - Splitting functions calculated perturbatively
P N (LO) 2 H(NLO) 3 5(NNLO)
kBJ_ ““7‘0' P]_>Z(Z) _aSPj—>i (Z)_I_ SP]—>’L (Z)_I_ SP]—>’L ( )_I_
SIPp, Parton densities: distributions in
ko | & Oy . . .
s D longitudinal momenta at a given scale
R,

fi(xv QQ)

L
DN
.
\?”

Collinear factorization of the cross section

SIZ‘ Q2 Z fz R do’ —|— O( A2 / QQ) d 5—2 partonic cross section,

calculable perturbatively
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High energy or small x limit

Large parameter High energy or Regge limit

S — 00 s> Q% > A?

Q2 fixed, perturbative

Light cone proton momentum

+ _ 0 2 + _ ot
pT=p +p ki = xp
Strong ordering in longitudinal momenta

£U<<£171 <<$2<<°°°<<$n

Perturbative coupling but large logarithm

_ 1 S
Large logarithms Leading logarithmic resummation
a,N. (*dz a,N. 1 ~ 1 B 1\"
— = In— =a,In — s In —
T s 2 T x x T
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High energy limit: BFKL evolution

Resummation performed by BFKL evolution equation

8Fg(xakT) . 271 / /
dlnl/z —/d kT/C(kTakT)fg(fEakT)

Branching kernel (perturbative expansion)

/C:O_éS]CLLx—|—O_KEICNLL£E—|—O7§KNNLL£E—|—...

.~ 7

QCD N=4 SYM

Unintegrated, (transverse momentum .7:9 (:C, kT) ~ A
dependent) gluon density

. Ofi(x,Q?) T o
compare with DGLAP- ’ Z / ) f5( > Q)

collinear approach 0log(Q?)
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Combining DGLAP and BFKL: low x resummation

BFKL expansion has large higher orders: need resummation Ciafaloni, Colferai, Salam, AS

Altarelli, Ball, Forte; Thorne;Thorne, White
Combine the information from both expansions

In1/zt A\ A

Problem with two
large parameters
-

*’ In Q/Qo

0 l) " logarithms of (Ozch Q) )n logarithms of scale (related

J

In —
to transverse momentuim)

™ Qo

energy

For accurate predictions at EIC resummed calculations which can
interpolate between large, moderate and low x are necessary
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Another problem at low x: parton saturation

Splitting of gluons must be accompanied by
recombination, important at high density

i :2 Gluon recombination

Gluon splitting
—>
g—> g 99 g

QCD at high energy (low x) and/or high density (large A)
predicts saturation of gluons

DENSE
REGION

Evolution equations become non-linear !
(Balitsky-Kovchegov : BK equation, JIMWLK
hierarchy)

9,
Olnl/x

In 1/x

flok) =K [f = f

BK/JIMWLK

Nonlinear evolution generates saturation scale

DILUTE

$ REGION , AL/3
BFKL Qs (@, A) ~ —
€T
DGLAP ] ‘ Normalization of the saturation scale needs to be
fixed in experiment
In Aqco In Q

Anna Stasto, INT Program INT-23-1a, Seattle, February 21 2023 17



Color Glass Condensate: effective theory at high energy/density

Nuclei provide enhancement of the density Impressive progress in higher order calculations at NLO
in CGC in the context of DIS:
Al /3
Qi (3j ; A) ~ T : : : :
€T Nonlinear evolution equations to NLO in QCD and to
NNLO in N=4 SYM
x [fixed Q] Resummation of h‘igher f)rders in nonlineau‘* evolution
— Impact factors for inclusive structure functions
= DENSE Impact factors for heavy quarks
REGION Exclusive vector meson production and diffractive dijets
Inclusive dijet and hard photon final states
o
CGC calculations entering era of high
eA | precision
DILUTE Necessary for EIC, which will probe moderate
REGION
to low x

In A

Opportunities at the EIC to test saturation using nuclei
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Testing saturation through inclusive structure functions at EIC

Study differences in evolution between linear DGLAP evolution and nonlinear evolution with saturation
Matching of both approaches in the region where saturation effects expected to be small
Quantify differences away from the matching region: differences in evolution dynamics

FBK __ 17Rew
2. L 2,L
FBK
197 py Q,L 197 Ay
Armesto, Lappi,Mantysaari,PaukkunenmTevio F, difference (%) F, difference (%)
60 60

102

10 10

S S
> >
) v
O 0 O 0
NN o~
o O

-10 -10

-60 -60

X

Heavy nucleus: difference between DGLAP and nonlinear are few % for F' and up to 20% for F;.

Longitudinal structure function can provide good sensitivity at EIC
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Testing saturation through (de)correlations of hadrons

Azimuthal (de)correlations of two hadrons (dijets) in DIS in eA: direct test of the Weizsacker -Williams
unintegrated gluon distribution

do_fy*—l—A—>h1 +ho+X

C(Ap) =—rt
( ¢) dafSyII;'_IJSA_)hl—i_X dzhlethAqb
dzhl

dO-’Y*+A—>h1 +ho+X
dzn1dzna Ppmir Ppnar F(zg,qr) @ H(zg, k11, kor) @ Dy(2n1/ 29, D11) ® Dy(2h2/ 24, Do)
0.50 _I Itl' | T T T | T T T | T T T | T T T | T T T | ]
L prt >2 GeV mep i
| trig assoc oep smeared ||
0.40 pro > Pt > 1 GeV ecAu ]
. . L 0.2 < 278, 277° < 0.4 oeAu smeared |1
Clear differences between the ep and eA: suppression of [ o ]
the correlation peak in eA due to saturation effects ?l 0.30 - /s =90 GeV i
(including the Sudakov resummation) — i ]
QO 0.20f .
Further observables: azimuthal correlations of dihadrons/ 0.10 — —
dijets in diffraction, photon+jet/dijet. These processes [ ]
will allow to test various CGC correlators 0.00 =t

2 2.5 3 3.9 4 4.5
Yellow Report AQb (rad)
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Diffraction in DIS

/ Diffraction: a reaction characterized by a large
I k
/ . . S
e > rapidity gap in the final state
2049
(Q )Li Diffractive DIS variables: r = &8
(B) ¢ = QP+ M5 —t momentum fraction of the
X =P = Q2 + W2 Pomeron w.r.t hadron
(&) 8= Q? momentum fraction of parton
p S Q2+ M2 -t w.r.t Pomeron
—— Y
P
(t) p t=(p—p)? 4-momentum transfer squared
Why diffraction ? In nuclei
e (& €
c
* Dynamics of color singlet object (Pomeron). Relation
to confinement
e Sensitivity to gluon content, low x dynamics and [ -
. _— L §3p
saturation u &P L
: : X \ p
* Relation to shadowing A J\ A /\\\? n
 Limits of factorization and universality of diffractive A A
PDFs :
coherent incoherent
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Scattering at ep collider HERA

Non-diffractive DIS event

Proton

Anna Stasto, INT Program INT-23-1a, Seattle, February 21 2023 22



Diffraction at HERA

)

LTRSS
‘llllIlI.Illllll.lllllll.ll.ll.lllllllll.,llllllllll.l.l.ll..

| 72
P 7%

Large Rapidity
Gap

10% events at HERA were of diffractive type
Large portion of the detector void of any particle activity: rapidity gap

Proton stays intact despite undergoing violent collision with a 50 TeV electron (in
its rest frame)
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Phase space (x,02) EIC-HERA in diffraction

EIC 3 scenarios - HERA

104 | 8o <175°  ------
| ZEUS-LRG -
- H1LRG Ny
 HERAFLPS - & S
©0005<y<096 oo

Q? [GeV?]

10t

100 |

920 GeV
27.5 GeVV

10-1 _/ /

106 107 104 1073
x = B§
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Rapidity range at EIC in diffraction

8 L L L
Ep = 41 GeV, Ee =5 GeV
6 |- | | |
4 T —
—

0 - -]

2L final-proton 1 |
X system

_4 Lo ol Lol

0.001 0.01 0.1

Er1-x

8 L LR oo

6 L RS T —

4 L -

0 -

2k final proton 7 _
X system

_4 1 Lol 1 Lol

0.001 0.01 0.1

Ex1-x

8 L L L
Ep = 100 GeV, Ee = 10 GeV
6 |- | | |
4 RO OO P TP UE PR PPN NPURPPTPRIO —
> 2 =
0 | -]
2L final proton 1 |
X system
_4 Ll 1 Lol
0.001 0.01 0.1
Er1-x
8 Pr T rrTT v rrrTTT oo
Ep = 920 GeV, Ee = 27.5 GeV—
6 = _ _
‘r HERA
> 2 o
0 - -
2L final proton 1 _
X system
_4 Ll Ll
0.001 0.01 0.1
Er1-x

Rapidity range of proton and
undecayed diffractive system X

prron < 4GeV

0.1 <B<09

0.005 <y < 0.96

HERA: LRG method reliable for
gaps > 3 units of rapidity

EIC: fairly large gaps (Anp > 4)
exist for smallest & and largest s

However, through most region LRG
method may be challenging at EIC
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Far forward detectors at EIC

\\‘

B1apf dipole
~ Hadron beam

% coming from IP

Roman pots S
(inside pipe)

Off-Momentum Detectors \ BOpf dipol
pf dipole
\~‘
BO Silicon

Detector
Detector Position [m]
ZDC 0<5.5 mrad 37.5
Roman Pots 0.5<0<5.0 mrad 26.0, 28.0
Off-momentum detectors 0<5.0 mrad 22.5, 25.5
BO 6.0<6<20.0 mrad 5.4<z<6.4
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—t [GeV2]

Final proton tagging

k!

e k L
(od Small angle acceptance i.e. Roman pots
B) }X
©) . :
, 4 ) (g; LyDL, (9) measured in LAB, collinear (e,p) frame
P (1) P (zL,p1)
Ep = 275 GeV Ep = 100 GeV Ep = 41 GeV
10 | | | | | | | | 08 | | | |
168 =0.5+10 mrad 1.4 | 6 =05+10mrad . 168 =0.5+10 mrad
------ 6 =7 mrad 8 = 7 mrad 0.7 - ... 8 =7mrad o
8 6=5mrad 5 1.2 6=5mrad - 0.6 L " 6=5mrad .
—— kin. limit L kin. limt | ' —— kin. limit
6L 5 &
5 08f T 13
44 T O06F 4 7
2 -_—-___-____ ‘mm“"‘,,,..‘.H.‘-‘-H-‘-""‘";"""‘""‘;"”I—
0 \1\ ' l |
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XL

Much better than at HERA

Best way to select diffractive events through proton tagging
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Diffractive cross section, structure functions

Diffractive cross section depends on 4 variables (§,3,Q2,t):

d*ocP 2T 2

Edpdgedi ~ gt Lt @H@ND

Vi =14 (1—y)

Reduced cross section depends on two structure functions:

D@ (¢ 8,02 1) — FPD (e, 8,07 1) — L FPD (¢, 3,02 1)

vy, *
Upon integration over t: Dimened
1mensions:
0
D(4)] _ —2
FY€6.@) = [ @Fpes.Qn 0P W) = Gev
JP(B) Dimensionless
When y <« 1
Y D(4,3) D(4,3)
o ~ I
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Pseudodata generation: collinear factorization for diffraction

Use the collinear factorization for the description of HERA and pseudodata simulation

k

e >
( QZ)LH? Collins

B/ }X

r _

©)

p—TC—h
P WA Collinear factorization in diffractive DIS
C )
D4 o
B (1.6:Q51) = 3 /B — Cupu, (;, Q2) fP(2.6 Q% 1)
~ J

* Diffractive cross section can be factorized into the convolution of the perturbatively calculable
partonic cross sections and diffractive parton distributions (DPDFs).

® The DPDFs represent (at least in LO) the probability distributions for partons i in the proton under
the constraint that the proton is scattered into the system Y with a specified 4-momentum.
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Model for diffractive structure functions

Regge factorization with Pomeron terms works for small {<0.01 o
At higher ¢ additional exchanges "Reggeons’ need to be included y '
D(4) r X
fi 7 (2.6,Q% ) = fp(&:t) £ (2,Q%) + [R(& 1) (2, Q7) o ‘
factorisation JJ\P R
R . : . P ~ P
egge type flux: Trajectory:
. eBIP,IRt /
fP,R(§7 t) — AP,R SQQIP,IR(t)_l CV]P’R(t) — Oé]P’]R(O) + O‘IP,R L.
For t-integrated case Integrated flux:
D(3 2 P 2 R 2 p _ p
179(2,6,Q%) = 6p(€) f (2. Q%) + 0 p(6) £7(2, Q%) ohnl® = [t Fp (&0

Pomeron PDFs obtained via NLO DGLAP evolution starting at initial scale pp2=1.8 GeV?2

2fi(z,u8) = Aiz"i (1 — 2)% k=a.g
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Pseudodata for a2 in ep at EIC

Armesto, Newman, Slominski, Stasto

e[Z) Ep—1OOGeV Ee—1OGeV L—10fb 6Sy3—5/o ep Ep—275GeV Ee—1SGeV L—10fb BSyS—SA)

T T I T I
5 018 — 1 a 0.8 — - - a 018 — 1

: £-01 — § hrp— : L
- §=001 — 1 £§=0.01 — | 0.15 £=001 — T
0.15 - £=0.0032 — - £=0.0032 — | [ £=0001 — T

01 b T 5

Es 048 —
£=01 —— 1
£=001 ——

£=0.001 —

: { os | e
0.05 [ 4/_/.)/’%__ //yi 0.05 | o
L 4 L r T 1
T Q2 = 3.2 GeV? /;: Q? = 5.6 GeV? I T Q2 =10 Gev? ]
0 HHHHH HHHH————H ' 0 HH——+—+——HHH———
' £=018 — T ' £ = 018—: ' £=018 — 1
=01 — 0.1 — i =01 — ]
: ecoor 1 . ' 0.15 : -
0.15 1 N T 3 N\\,\\
S\ T [ ]
I \Q/6 N\‘\‘l\j\l\\ i\l\l\‘\ 0.1

01 & , T+ - )\'\n\
_((/éo{o ;\l»\;__i\i\i‘; *i\ﬁg\ L ._
0.05 - i e by 6, 0.03, 0,05, 0.09 recpoctiely 0.05 | I it by 0, 0.03, 0:06, 0.09 respcively

Q2 = 18 GeV? Q2 = 56 GeV2 [ Q2 =56 GeV?2 : Q2 = 180 GeV2
0 Lol Lol L1 Ll L 0 Lol Lol L Ll L
0.001 0.01 0.1 0.001 0.01 0.1 1 0.001 0.01 0.1 0.001 0.01 0.1 1

B B B B
In total: In total:
482 points for 1.3 < Q% < 1330 GeV* 792 points for 1.3 < Q% < 4220 GeV*
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Diffractive PDFs from EIC

Quark DPDF from 5% simulations
E, =275 GeV, Ec = 18 GeV, Q?>5 GeV?, § < 0.1, 375 data points.

0.2 L B L 0.2 L
0.18 0.18
Extraction of quark DPDF in bins of 0.16 0.16
0.14 0.14
O? as a function of z N 0.12 0.12
ducti c —_ 0.1 0.1
Reduction of uncertainty from HERA 0.08 0.08
possible 0.06 0.06
Particularly constraints on quark at large z
.. o L 0.2 0.2 I
Combining with diffractive dijet 018 - ZEUS-S] “/ /
‘ _ 18 | Fit S (A) .
measurements, constraints on gluons 016 016 Fit S (B)
) : A0 = it S (C)
possible 014 014 L it C(C) mm _
N
Similar precision for nuclei possible 012 . )
0.1 0.1 | .
Disentangle Pomeron & Reggeon (see later) 0.08 0.08 |- .
0.06 0.06 |- % = 200 GeV? .
| 1 | 1 | 1 |

0 02 04 06 08 1
z

Armesto, Newman, Slominski, Stasto
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Possihilities for F(P© at EIC

Why F£ is interesting? D(3) _ mDB) _ y_2 7D(3)
L

r 2 Y—|—

FP vanishes in the parton model
Gets non-vanishing contributions in QCD
As in inclusive case, particularly sensitive to the diffractive gluon density

Expected large higher twists, provides test of the non-linear, saturation phenomena

Experimentally challenging...

Measurement requires several beam energies

FP strongest when y — 1. Low electron energies
H1 measurement: 4 energies, E;,=920, 820, 575, 460 GeV, electron beam E.=27.6 GeV
Large errors, limited by statistics at HERA

Careful evaluation of systematics. Best precision 4%, with uncorrelated sources as low as 2%
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F.0® at HERA

X FE cg 0.05_
e Hidata < 0.04F Q&
\ —_—
H1 2006 DPDF Fit B o \
...... H1 2006 DPDF Fit A Z 0.03-
- Golec-Biernat & Luszczak ] X;p = 0.003
L Q% = 44 GeV?
. . 0.02 ¢
Xip F> X i
o H1data 0.01
—— — H1 2006 DPDF Fit B I
0
-0.01- —
10 2x10

(\IA
C
> 0.06-
5_
N

H1

extrapolated Fit B /

X;p = 0.0005
Q% =4 GeV? /

1]

extrapolated Fit B /

X;p = 0.003
Q?=4GeV?

1

Measurements of ¢ consistent with c o c
. < 005 —®" "0 <
predictions from the models o o2
:S_ I +_ _____ - -7 DI:S'O-OZ % )SZ:O.OOSG .
D . L ) ——— n =11.5 GeV
Extracted F; has a tendency to be higher 2 i L L
than the predictions, though compatible X = 0.0005 =
. .. c 1 . . L @°=11.5GeV?
with model predictions within errors 0.05 e Ge 0 |
- -0.01 ]
D D 4x10" 5x10™ 107
Overall: 0 < F;” < F,
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Pseudodata generation: energy choice

0283) = FQD(B)(B, £,0Q°%) - Y, FI?(S)(B, £,Q%) Integrated over t-momentum transfer
2 2
Y, = 2 — J

Y_|_ 1—|‘(1—y)2

Can disentangle F2D ©) from F 1? ) by varying energy and performing the linear fit.

S %
y— o

- Need to vary the energy \/E to change y for fixed (3,{,Q2)
xs  PEs
E, [GeV]

41 100 120 165 180 275
5129 45 49 57 60 74

10| 40 63 69 81 8 105

E _5 10 18 GGV 181 564 85 93 109 114 141
e - ° v/

S-17 all 17 combinations

EIC energies for electron and proton:

E. [GeV]

E, = 41,100,120,165,180,275 GeV o ol

S-5 5 - green (EIC preferred)
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F D) extraction

= F5(€,8,Q%) — YL Fr(€,8,Q°%) as a function of Yy Binsin (¢, p, Qz)

E 001 [3—056 QZ—IOGeV2

. - E 0. 032 B =0.18, 02 = 10 GeV? 55 £ =0.01, B = 0.56, Q2 = 10 GeV? - £ =0.032, B =0.18, Q2 = 10 GeV?
5-0; EFL (2 82 + 0. 73) 103 '5-0; EFL (3 79 + 0, 55) 1073 ' S-5: EF = ('2.74 + 1.36)-10-3 ' S-5: EF = ('3.73 +1.39)-10°3
S-17: §F.= (2.72 = 0.55):10°3 S-17: EF = (3.78 + 0.34)-10°3 S-17: £F = (2.72 * 0.55)-10-3 S-17: EF = (3.78 + 0.34)-10-3 1
2.6 ]
1= o
= =
x 2.5 » i
k: g
wr &
2.4

23— 181 23— . .. .. 18—
0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1
- E 0032 |3—05602=56Gev2 )5 E 0056 |3—05602=56Gev2 . 5 0032[3 0.56, Q2 = 5.6 GeV? - 5,—0056 B = 0.56, Q2 = 56 GeV?
S9EF|_ (315+438)103 S9EF|_ (068+082)103 ' SSEFL—(458+457)103 ' SSEFL—(069+113)103
S-17: EF = (3.40 = 3.90)-103 S-17: EF = (0.86 + 0.47)-10°3 S-17: EF.= (3.40 + 3.90)-10°3 S-17: EF = (0.86 + 0.47)-10°3 |
o o
S 3
x 2.4 x 2.4
: g
) >
\3
\Y
2.3 L 2.2 T — 2.3 L 2.2
0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1
YL YL YL

Uncorrelated systematics 1%
Differences between S-17 and S-9, S-5 small

Increase in error bar on the extraction when smaller number of energy points
Largest errors for bins with shortest range of Yy
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Simulated measurement of F 2@ vs 8 in bins of (€,02)

Uncorr. systematic error 1%, 5 MC samples to illustrate fluctuations

£ =0.01 £=0.1 £ =0.01 £E=0.1 € =0.01 £§=0.1

I R | TR N B | TR TETEE I ST R v '+' "'"" SR R v "'"- I R | | N ""'" b | | T ""'.
- - 4 N - + 1 - =+ 1N
- | 19 : ! 13 - 1 13
— - + E . — - k - — - E .
| 1 T TR%¥ J ¥ » m | 1 m | | s
X ?! ¥ g I o [ I § i { o
wr T 1 L ~ . ~
WS | L | 1o WS L 1o WS | 1O

° i - — ::::::J—T HHH ° H H 0 H HH—

b | o I I I I I
Ss [ Ny T \& 118 Ss | 18 85| 118
S | 1 T1e S | 1o S | o
» , — »: — »: —
o] 1 1 | 1 o] | L
s I VR o % ] '
0 i 0 0
T | TR | METETEETIT BRI | TR | soath ol PEFEETIT | METETEEETT | METETEETIT BRI | MR | PRI [T Lol MR | MR ETIT] BRI | MR | PR P
0.01 0.1 1 0.01 0.1 1 0.01 0.1 1 0.01 0.1 1 0.01 0.1 1 0.01 0.1 1
B B B B B B
17 energies 9 energies 5 energies

Armesto, Newman, Slominski, Stasto

Small differences between S-17 and S-9, small reduction to range and increase in uncertainties.
More pronounced reduction in range and higher uncertainties in S-5.

An extraction of FPy, possible with EIC-favored set of energy combinations
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F.DG) fit accuracy

F fit accuracy for 6sys = 1%

Set S-17 Set S-9 Set S-5
M M D 3 EIII”“I T T "'“:'E"""'I T "'“:'E"""'I T T
Estimate the accuracy of extraction for F{P®) £ =0.0056 f £ =0.0056 f £=10.0056
8 100 b 1 1 |
Q F T T ]
Generate several MC samples of pseudodata © T i
o r 1129 T 26 T
o 10l 1 1 ]
and perform fits oF g s y
... A SN, H SRR . -5
: : : : £=0.01 £=0.01 £=0.01
Use direct arithmetic averaging o i I _
‘; 100 £ E3 E3 E
Q F I I ]
o - 14.:: @ T 1
o 10 — 6 17316525—“— 13163%—“— 17—_
average RS L Bhaarnt  wilont o waw
2 - g-0018  fEg=-0018  fE=0018
S . S, =SUN i K X _
yVy = — (AV) — S 100 B8+ E3 3
N N . 1 3 : 3114 ¥ 15 § ]
— 112034 1 1933 + ]
o r 12121120 T 121317 T 18 1
S 10 - 8 9 5128+ 8 4 100+ ol
n £ 6 7 4 61221 ¥ 7 3 6 1917 ¥ 7 18195
S — E V. I5363128... | 373158881 3 18 854 -
n I |
: F £=10.056 £ =0.056 £ =0.056 :
=1 _ [ 1 1
S 100 ¢ 25:" 1.7i E
3 f 17 24 20 ;; 24 21 ;; ]
. —_ L 1618 16 1589 + 1616 11 1
Where v. is the value of FP” o - 152015 124432 1 2114 13§31 1
! L © 10 - 10 8 11 7 2824'—55— 8 13 5 40 22008 -
N o E 10170 162 Zr 1701;1633 EE 9 172 g 274517 T
in Monte Carlo sample i e R Y Y B
0.01 0.1 1 001 0.1 1 0.01
B B

Anna Stasto, INT Program INT-23-1a, Seattle, February 21 2023
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Simulations of g0

What can we learn about the t-dependence of the diffractive structure function?
Diffractive cross section depends on 4 variables (§,,Q2t):

d*oP 2T 2

FEdBd0Pd — B0 0y, oP W (g, B, Q% t)

Yi=1+(1-y)

1 .
do TR (B,6,Q% ) = ) /ﬁ dz d6** (g,cf) f(2,6,Q%1)

Ansatz for DPDFs:
176 Q7 1) = fip(&t) S (2. Q%) + JR(&0) S (2, Q%)

From the ZEUS-SJ fit Pomeron Reggeon

—0.22 ,-=7|t
Epp(&,t) & e~ 7t At HERA Resgeon part could not be
Epp(& 1) o« E06+18lE] p—2]t] extracted precisely.

[s it possible to disentangle Pomeron/

Very different slopes in t for Reggeon at EIC ?

Reggeon and Pomeron
Anna Stasto, INT Program INT-23-1a, Seattle, February 21 2023 39




ored for ep beams 18 GeV x 275 GeV, L =100 fb-"

GeV2 — E, =18GeV

[GeV-2]

0.1 — Q2 =4,
F B 0

0.01 L &

D(4)
red

Eo

E,=275GeV

0.001 [
0.0001

le-05 L

le-06
' Lines-extrapolation

coooo
OO W
TTWLUTO JO
| | | A | I
coooo
oNoNeN _iI)
TTWUTO O

le-07 |k

NaalNaalNaaNaaNay |
NaalVaalNaaNaa oy |

| ——  Points-simulation

Q2 = 42 GeV2
B = 0.075

1e-08 | |

0.1 Q2 = 20 GeV?
F B = 0.075

[GeV-?]

0.01 F

D(4)
red

Eo

0.001 L

0.0001 —
s Prospects for the very good

1&%;
= measurement of the t-slope as a

le-06 Lk

NaalVaalNaaNaa oy |

function of £

0.30
0.17
0.09
0.05
O.OT’:
1

coooo
oNoNoeN _iI)
H rwuloJO

le-07 F

3
§
3
§
3

1.5 2 1.5 2
-t [GeV?] -t [GeV?]

1e-08 L

o
U
o
U
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UD(ll) VS §

0.1

o [GeV-2]

Eo

0.0001

le-05

le-06

le-07

e [GeV-?]

Eo

0.0001

le-05

le-06

le-07

1e-08 |

0.01 [

0.001 L

1e-08;:::::

ored for ep beams 18 GeV x 275 GeV, L =100 fb-"

F T
[ Q2=4.2GeV?
© B =0.133

-— .

b

L D D |
~ ~+ ~+

Q2 = 9.1 GeV?2
B =0.133

0.1 L
0.01 [

0.001

L I D
~ ~+ ~+

LU P R
~+ rt+ + +

0.1

0.1

E,=18GeV
E, =275GeV

Lines-extrapolation

Points-simulation

Prospects for the very good
measurement of the t-slope as a

function of &

Double-slope structure:
possibility to measure Reggeon
contribution at EIC

Anna Stasto, INT Program INT-23-1a, Seattle, February 21 2023
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Inclusive diffraction in eA DIS

* Coherent diffraction: sensitive to global shape; incoherent to fluctuations

* Extraction of nuclear diffractive parton distributions would be possible for the first time

Inclusive diffractive structure function in eA Armesto, Newman, Slominski, Stasto
L & H models by Frankfurt, Guzey,Strikman

R L I L oo T TrrTT oo T T T roor T rrrrT I L L L

i & =0.0010 T €=0.0032 — i € =0.0010 T §=0.0032 —

- FGS18-L £200032 — T FGS18-L £20.010 — 1 . FGS18-H £200032 — T FGS18-H £=0.010 —

i £=0010 — T £=0032 — 1 i £=0010 — T £=0032 ——
0.06 - £=0032 — T £=01 — 7 0.06 - £=0032 — T £=01 — 7
' £=01— : : £=01 — ] :
o B T 1 o T
89 0.04 _—Q2 = 5.6 GeV? T Q2 = 10 GeV? ] E’qf 0.04 —Q2 = 5.6 GeV? / - Q2 = 10 GeV? /
: 1 ] : //: #M/%:
0.02 %—— P 0.02 |- - -
: RS ! e ' I ‘
N e ¢ 6 o o o T B e R F T STt —e &+ ¢+ o Tt e . ———e. A
0 HHH——+—— ———HH 0 — 4 } HHH

£=0.010 —— £=0032 —— £=0.010 —— £=0032 ——

i FGS18-L £-0032 — T FGS18-L £=01 | FGS18-H £-0032 — FGS18-H E=01 —
0.06 - §=01— - 0.06 - 5=01— 1 -

o i T o i
& 0041 Q” =156 Gev? T Q% = 180 GeV? 1 5 004 Q2 =56Gev T Q? = 180 GeV? 5
0.02 | i — 0.02 | IRt N
I ] gy : | ]
L 4 L k’\c\.\ 4
0.01 0.1 0.01 0.1 1 0.01 0.1 0.01 0.1 1
B B B B
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Inclusive diffraction in eA DIS

e Diffractive to inclusive ratio of cross sections sensitive probe to different models (ex.
saturation vs leading twist shadowing)

Ratio in LT shadowing : suppression Ratio in saturation model: enhancement
= 1 T T T T = 1 T T T T
2 09 FGSIOH —— 12 o09¢ gluon, Ca-40- AU | | | | |
> 0.8 F FGS10_L e 19> 08} xp=10" . —
w 0.7 Tfr 9 «— 0.7 | =
< 06 1 < 06F - i l
= o5/ 1S % ] a
D 0.4 |, e D 0.4 F e . L |
5 04 '_““||I||'|IIII - 5’ 04 : “““ RTILLLLL —
< 03rF ubar, Ca-40 1 ~< 0.3 . a
— 02 1 1 1 1 — 02 1 1 1 1 e | —
0 02 04 06 08 1 0 02 04 06 08 1 ag
B B < L -
= 1 T T T T = 1 T T T T \<
2 09 ubar, Pb-208 1 £ 09 gluon, Pb-208 - IO / |
= 06 ] %2 oo 1 & e
< 06— 1% o6l ] Sr e~ — — Ca, thick: ipsat thin: bCGC -
5 05 1s 28 r i 4~ - —- Sn, thick: ipsat, thin: bCGC |
T 0.3 F s H Og 0.3 F i J ol — Au, thick: 1psat, thin: bCGC
w— 0.2 . 1 1 1 1 = 0.2 " 1 1 1 1 / , | , | , | , | ,
0 02 04 06 08 1 0 02 04 06 08 1 A) 0.2 0.4 0.6 0.8 1
B B B

Yellow Report
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Exclusive diffraction of YM

Exclusive diffraction of VM e -+ A — e + A —+ J / w

Y (q) -z V (g+0)

Good process to extract the shape of nucleus,
sensitive to saturation at low x and large A

dO‘COh B 1
dt 167

<A7*A—>VA>Q|2

() target configurations

AV AZVA Z/de d*r dz e_ib'A\Ifg‘i_‘(Q, z,1) No(r,b,z) U3 (2, 1)
A,

coherent  Nucleus stays intact

incoherent Nuclear breakup
2
0con ~ |(A)ql Tincoh ~ {[A[*)a — [{A)al”
Probing average density Probing fluctuations

Anna Stasto, INT Program INT-23-1a, Seattle, February 21 2023



Exclusive diffraction of VM: dips

_ O HI: W_=100 GeV,Q'=0.05 GeV'
3 ' 3
10 O HI:d40<W_<110 GeV,<Q'>=0.1 GeV"’
7~~~
N> ok
o 10
e
= I N\
~ _ 3F \
-§ 10 | e IP-Sat (Saturation) \
8 ~ = b-CGC (Saturation) \ /
6F — IP-Sat (1-Pomeron) )/
10 |
mc=l.27 GeV 1l
SF " 1 2 1 . 1
10 g 1 2 3
It [GeV ]

e+p—>e+p+ J/P

Y +p—> Jp+p

t-dependence is a Fourier transform of the impact
parameter profile

Hard sphere: N(x, r,b) ~ O(R — b), dips when
J(R\1) =0

. . _p2 .
Gaussian & linear: N(x,r,b) ~ e b*I2B) Fourier
transform is Gaussian, no dips

Saturation, for ex. exponentiation:
2 :
N(x,r,b) ~ 1 —exp(—f(x,r) e ”"?B) dips present

Dips in general present for models with saturation

Position of dips depends on energy, scale, size of
nucleus

Sensitive to modeling
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Elastic diffraction of vector mesons

(W)

(figure

/" <= Central black

from C. Weiss

region growing
with decrease of x.

Y +p s JpHp

do/dt (nb/GeV?)

Advantage over UPC:

%—x [P-Sat (Saturation) -
~——= [P-Sat (1-Pomeron)
[+= =]b-CGC (Saturation) |

Examples for ep at very high energy (like LHeC)

do/dt (nb/GeV?)

Y 4D Jptp

Y= [P-Sat (Saturation)
~——= JP-Sat (1-Pomeron)
[+ =+]b-CGC (Saturation)

Q2 dependence

Precision t, W and Q2 dependence of vector mesons

Example : tests of saturation from the slope in t

il [GeV']

One of the best processes to

test for novel

small x dynamics

Anna Stasto, INT Program INT-23-1a, Seattle, February 21 2023
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Exclusive diffraction of VM: nuclel

Theory EXp eriment plot from P.Steinberg et al

e L I I I I I I I I I I I I I I -

E JLdt =10 fb /A o coherent - no saturation < o .. -
104 == 1<Q%<10 GeV? o incoherent - no saturation % ECCE Preliminary

- o x <0.01 = coherent - saturation (bSat) 0] 1 04 i Sartre+BeA1GLE 18x108.4 GeV _

- = IN(egecay)! < 4 e incoherent - saturation (bSat) < H L, =10fbo /A . E

g & P(edecay) >1GeVic - ePb— JAp (uu)+e'Pb .

107 o ott=5% — Corrected for BR ]

- . .o) 3 [ Sartre uu truth
. o B 10°F O ECCE reco.+uuPID+FF =
102 LS = U .

do,(e +Au—¢€e’' +Au’ + J/ljJ)/dt (nb/GeVZ)

qj 2 = ——

2 " ¥ .

- % T

1L Hﬁ 10E... . E

Al [ 1
10 = 1
- Jhy S
10'2 i 1 1 1 | L1 1 | L1 1 | L1 1 | L1 1 | 1L | L1 1 | L1 | | (IR :

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18
I£] (GeV2) 0 0.15
p2 [GeV?]
P.Steinberg quote from talk at EIC Theory WG: T

‘Measurement resolution (both e’ and J/{) limit the ability to measure(or even) see diffractive dips.
incoherent background can only be removed so much, esp. with acceptance of IP6. Begs the question: can
these distributions be unfolded ?’

More theory work : robustness of dips, model dependence

More experimental work : detector design, unfolding method
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JI exclusive production in “He & °He

Coherent exclusive production of J/{ with light ions and deuteron 5
Probing shadowing in a more controlled environment
Change of t-dependence depending on the number of scatterings

N
Aoy« A g/pA Aoy« N5 J/yN P
(t) = (t=0)
i dt B
A 2
x| Fy(t)elP @2 LN " (t)
k=2 Guzey, Rinaldi, Scopetta,Strikman,Viviani
10%: y 10 d
- <_U) ————— 1-body (IA) - (d_") ----- 1-body (IA)
18 dt ) . 1] t) sy -
10 E Y 4He—>J/’¢1 ‘He _ ].—bOdy —|—2—b0dy 10 X v*3*He—J/¢ 3He _ 1—b0dy —|—2—b0dy
C dO‘ C do )
0L
100% =0) enosy N 1-body + 2-body + 3-body 10 § t=0/) eN_osp N —— 1-body + 2-body + 3-body
107! 107"
1072 % ___________________ 10_2 E
03N e 107
107 \ e 10“% """"
- ‘\‘ /' . ; B \
-5 f 107 ¢ N
° g \“\ ,"I E “\ S -
6| , , . , . . . . A\ . . . . . -6 . . , . , , , l . . N s . .
100 0.2 o1 0.6 o 200 0.2 0.4 0.6 0.8
2
—t [GeV?] —t [GeV~]

Anna Stasto, INT Program INT-23-1a, Seattle, February 21 2023 48



Physics with light ions at EIC

Examples of physics with light ions

Neutron structure: standard PDFs/TMD/GPDs,
O improve flavor determination u/d ratio at large x,
spin structure of neutron from polarized target

Nucleon interactions: nuclear modifications of
@ quark and gluon densities, short-range
correlations

Coherent phenomena: coherent interaction of
Rdng high-energy probe with multiple nucleons,
shadowing, saturation

Light ions : simpler system, tagging allows for more controlled environment

Anna Stasto, INT Program INT-23-1a, Seattle, February 21 2023
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Example: DIS on a deuteron with spectator tagging

High—energy

process
Forward
spectator
etected
eD 18 x 110 GeV? BeAGLE
. ' T ' I ' ]
04 y*+d—=X+p' 099 <a, <1.01
i 0.09<x<0.2 )
. tagged proton .
[ 'aggedp 28 < Q° < 34 GeV? |
—~ 0.3
G — P
- . Free neutron ™=
%~ | point )
0.2 :
Ee) =
e | a
o] . .
0.1+ *IMC Generated -
i O Acceptance Only
I O Full Simulation |
i : — Linear Fit _
0 | l 1 | Il
Jentsch, Tu, Wei 0 5,005
entsch, Tu, Weiss V
pﬁT (GeV?)

0.01

P
— ()

o
n

Effective neutron polarization D,
=)
n o

1
[

-1.5

Spectator tagging allows to control the nuclear configuration
in the deuteron initial state : active nucleon and relative
momentum. Differential analysis of the nuclear effects

Unique method with several applications:

Free neutron structure function

Configuration dependence of the EMC effect

Proton structure function ( analysis of nuclear effects)

Neutron polarization in polarized DIS (S, D waves)

pure S-wave a, 1

mainly D-wave
- Longit. spin asymmetry
A;=DyA,

0 0.1 02 0.3 0.4 0.5 0.6

Cosyn, Weiss proton transverse momentum pyr [GeV]

Double tagging can be done
with light nuclei: 3He,3H.
Neutron, proton structure
nuclear modifications
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Diffractive JAD in electron-deuteron

Diffractive J/{ scattering on a deuteron as a way to study short - range correlations (SRC)

Short-range correlated nucleon pairs with high internal nucleon momentum ( quasi-deuteron
inside the nucleus). Possible strong link of SRC to EMC effect.

QUGSUOHSI Role of gluons in SRC pairs?

Relation of SRC to shadowing and/or saturation ?

Spatial and momentum distribution of partons in high momentum configurations ?

Momentum transfer t, the difference between outgoing
proton momentum and incoming proton momentum,
which is not known in ed, unlike in ep

2
t=(p'—p)
Reconstruction of t : through leading nucleon and

spectator measurement (proton and nucleon are back-
to-back in the rest frame of pn before the interaction)

t=(p —(-n))’

Simulation in impulse approximation
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Diffractive JAD in electron-deuteron

3-momentum distribution of the spectator nucleon in the rest frame of deuteron

Reflects the internal nucleon momentum at the initial state of the deuteron wave function

108 BeAGLE 108 BeAGLE
T T T T | T T T T | T T T T T | T T T T | T
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7 _ 7 _
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S ! S [ B
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o Full simulation o Full simulation ? ﬁ %
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p_(GeVic) p_(GeVic)

Neutron spectator: 4-6 mrad cone in the ZDC, 100% acceptance up to 0.6 GeV, momentum
smearing up to 300 MeV

Proton spectator: Better resolution, less bin migration at low momenta
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Distribution in t for diffractive JAD in electron-deuteron

BeAGLE BeAGLE
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Integrated over a range of pm
Method requires double tagging of both proton and neutron
In general t distribution affected by acceptance and resolution of nucleons

Good precision in neutron spectator case
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Distribution in t for diffractive JAD in electron-deuteron

SRC dependent t-distribution
Distribution in t is a Fourier transform of the source distribution
Gluon distributions of the bound nucleon can be measured for different internal momentum ranges

Link between the role of gluons in the SRC and modifications of gluon structure functions

Assume 10% difference in the nucleon size for events p,n>0.6 GeV
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Gluon source distribution F(b) and ratio between SRC protons and free
protons from the FT of the t distribution of elastic J/1{
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Passage of color charges through cold nuclear matter

e Modern theories of QCD in matter (such as SCETg and NRQCDg) have enabled novel understanding of parton
showers on matter. Capabilities to calculate higher order and resumed calculations in reactions with nuclei

* EIC will provide important input on hadronization mechanism in eA

* Different scenarios: parton evolution in medium or hadron absorption

Parton energy loss and in-medium fragmentation function modification
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Lower energy beams better for this process
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Jets as probes of cold nuclear matter

Jets emerged as a premier diagnostic tool for hot nuclear matter at RHIC and LHC

Also excellent probes for cold nuclear matter. Using jets, elucidate the properties of in-medium parton showers.

PDF partonic cross section jet function
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 Pioneer jet substructure studies with heavy quark initiated jets performed in a EIC regime very different from
the one probed in heavy ion collisions  ; iy vitev

 Pave the way to a qualitatively new level of understanding of the role of heavy quark mass
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Summary

EIC : precision tool for high energy nuclear physics

* Nuclear structure functions, precision extraction of nuclear PDFs, testing the limits of
collinear factorization in nuclei. Initial conditions for hot QCD.

 Explore the onset of saturation in eA, DGLAP vs non-linear evolution, x,A, and Q
dependence. Precise measurement of F; needed (variable energies)

e Extraction of diffractive nuclear PDFs possible for the first time, potential for FiD.
Prospects for measuring Reggeon. Diffractive to inclusive ratios needed to distinguish
between the different scenarios (saturation vs leading twist shadowing).

* Exclusive diffraction of vector mesons, excellent process to map spatial distribution
and test saturation. Experimental challenges.

e Test the mechanism of hadronization with hadrons and jets (heavy flavors, low energy
beams). Initial vs final state effects.

e Rich program with light ions: spectator tagging, configuration dependence, neutron
structure, SRC, coherent nuclear processes, polarization
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