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Gluon saturation and very high parton densities

HERA total v* + p cross section data: parton densities ~ x~*, eventually violates unitarity
G HERA A
10} Q2 =10 GeV? )
Qs(x)
V/ oag <1
! pQCD -
~ evolution '
"1 < equation |
? :
— HERAPDF1.0 <« > :
102 - experimental uncertainty '
I:l model uncertainty Y H
[T parametrization uncertainty saturation v
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In x

Non-linear QCD effects at small x (e.g. gg — g) should tame the growth
= Saturated state of gluonic matter
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Gluon saturation and the Color Glass Condensate

@ Very high occupation number xg(x, @?)

e Apparent gluon size 1/Q? (ng

pQCD
evolution
equation

Non-linear dynamics important when

7rR2 = asxg(x, 02)(;2 @ < H@

saturation V

In Q%

non-perturbative region ag~1

Emergent saturation scale Q* = Q2 > Ajcp | —
n X
Characterizes the target wave function

Color Glass Condensate

o Effective theory of QCD in the high energy limit
@ Unitarity built in, relevant d.o.f. is dipole-target amplitude N < 1 in the TRF
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Probing high density gluonic matter in DIS: CGC and dipole picture

Inclusive cross section Exclusive processes (focus here)

Optical theorem: A~ [d?be P2V @V, @ N
TP AVERUR N o ~ |dipole|?
~ dipole N ~ "gluon structure @ Very sensitive, and access to geometry

e TRF and high energy: v* — qq fluctuation has long lifetime
@ Dipole amplitude N: eikonal propagation in the color field, resumming multiple scattering

@ Perturbative evolution equations describing the center-of-mass energy dependence of N
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Exclusive processes: beyond average structure

Exclusive processes: no net color transfer, rapidity gap around the produced particle
Coherent diffraction: I

@ Target remains in the same quantum state, e.g.
vy+p—>J/V+p
@ Probes average interaction
dgV A—VA
dt
()q: average over target configurations Q
Incoherent diffraction, the remaining events:

e Eg. v+ p— J/V + p* (+ dissociation p* — X).

Incoherent/Breakup

do/dt

~ |<‘A'y*Aﬁ\VA>Q|2

Coherent/Elastic

[

o Total diffractive — coherent by “
Good, Walker, PRD 120, 1960
2 2 Miettinen, Pumplin, PRD 18, 1978
Oincoherent ™~ <‘A’ >Q - ‘<A>Q’ Kovchegov, McLerran, PRD 60, 1999

Kovner, Wiedemann, PRD 64, 2001

@ Variance: sensitive to fluctuations Mantysaari, Rept. Prog. Phys. 83, 2020
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Experimental context for ~-nucleus interactions

Electron lon Collider (~ 2030)

High luminosity: £ = 1033 — 103*cm 2571
Scalable CME: /s = 20 — 140 GeV
Polarized e and hadron beams (up to 70%)

Hadron beam: from protons to uranium nuclei :
Located at BNL, re-uses RHIC (longer term plans at CERN)

Ultra Peripheral Collisions e
e UPC: Hadronic collisions (RHIC, LHC) with b > 2R, ze éé—»
@ Strong interaction suppressed, photon mediated -
@ Very high center-of-mass energies —\ =

o Limited to photoproduction (Q? = 0) and (mostly) Au/Pb
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Significant nuclear effects already seen at the LHC (coherent)

g ALICE Pb+Pb — Pb+Pb+JAp Sy, =5.02 TeV o Extensively studied in UPCs at the LHC
N by CMS, ALICE, LHCb
B L[ - STARLIGHT .
8 [ ersosioek e CGC based calculations (e.g. IPsat (LM))
10— ------ LTA (GK2) emmmmms .
- IMBG (GM) - relatively successful
— — IPsat (LM)
— . BGK-I(LS) H H _
Rt @ Impulse approximation = scaled v + p

— - b-BK(BCCM) -~

from HERA = large nuclear effect
e EIC advantages:

e No two-fold ambiquity in kinematics
(which Pb emits photon)

° Qz,A lever arm
E
o \ \ ! |
4 ) -2 - 0 1 ze | —
y oot
MJ/\IJ n «—|] ze
- /= y .
X ﬁ e ALICE: 2101.04577
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Saturation effects on nuclear geometry

ALICE UPC data:

Pb-+Pb — Pb.+Pb-+)/W e Naive expectation: do/dt ~ F[Woods-Saxon]

‘}7; 10 ALICE Pb+Pb — Pb+Pb+J/y m:S,UZTeV — o Steeper t speCtra Observed

> 1 .

$ . 2t i s 1 @ And expected from saturation:

Experimental uncorrelated syst. + stat. | . ..

2 3 Ewormenalcorsaodors. | Center of the nucleus closer to the black disc limit
= | - . . . .

T | | @ Saturation model calculations compatible with data
Rl

— 2.0+ ALICE 1
E -+ Form factor
] I -+  IPsat (zp =0.0006) —A——

=
o

— STARIight (Pb form factor)

= LTA (nuclear shadowing) 3 -+ CGC (zp =0.0006)
— -b-BK (gluon saturation) g 1.6} 4
L o
b=
o
o} =
g L ° o STARight/ Data_| ©
o 150 . ° o LTA/Data | o
B e ° ° N . 7 bBK/Data
g 1 3 ki
= 0 0.002 0.004 0.006 0.008 0.01 20.012 0.8
2 . . . . . .
il (GeV™ e 0000 0002 0.004 0.006 0.008 0.010 0.012
[t| GeV?
ALICE: 2101.04623 H.M, Salazar, Schenke, in preparation
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ent fluctuations at small-x: proton

Study simultaneously coherent (~ average interaction) and incoherent (A variance)

do/dt [nb/GeV?]

HERA v + p — J/W 4 p(*) at xp =~ 0.001

102}

10!

—— With fluctuations
- - - No nofluctuations
{ H1 coherent

L H1 incoherent

100
0.0

0.2

04 06

0.‘8 1.0 1.2 14 1.6
t [GeV?]

Fluctuations
CERNCOURIE

PROTON

- "
LY

“No fluctuations”

&

Parametrize e-b-e fluctuating geometry, fit parameters to data orignal: H.M, B. Schenke, 1607.01711 (PRL)

Similar setup later used by other groups, e.g. Bendova, Cepila, Contreras; Cepila, Contreras, Krelina, Takaki; Traini, Blaizot

Small-x
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Event-by-event fluctuations at small-x: nuclei

o Small |t| < 0.25GeV?: long length scale, fluctuating nucleon positions

o Large |t| > 0.25GeV?: short length scale, fluctuating nucleon substructure

Ph+Ph = J/U 4 Ph + Ph, /s = 5.02TeV, y = 0 0.7 — . . . .
10° . . . . . . —— With fluctuations ¥ ALICE
—— Geometric and Q, fluctuations in the nucleons 0.6} - - No fluctuations 4
=== No subnucleon fluctuations
102 g 0.5}
Z £ o4l |
S ol S oar]
E Incoherent é 0.3} 4
2 1 - T N ———
= go02f T ]
i) =
T 0.1} :
Vs =2760GeV, ratio
» 0.0~ . N . .
10-24 J
00 01 02 03 04 05 06 07 0.0 0.5 1.0 15 2.0
It [CeV? Yy
Subnucleon fluctuations preferred by ALICE data H.M, B. Schenke, 1703.09256 + in preparation w Schenke and Salazar
EIC: nuclear effects on nucleon shape fluctuations as a function of x, A, Q? ALICE: 1305.1467
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Gluon saturation and event-by-event fluctuations

Pb+Pb—Pb+Pb+J/V, /s =5 TeV @ Nucleon shape fluctuations implemented:
8 : : v+ p — J/V + p (coherent) cross sections
e —— With fluctuations . .
7r ~“~~\\ - - No fluctuations | identical
o ° TS % et ] @ Substructure = larger saturation effect:
Ez ] Larger local density when hotspots overlap
=) I i
sl { | by ] e Coherent do/dt prefers substructure fluct
<
¥ . . .
2 ! ;I i ] @ Still less suppression than in the data
Iy
' /5 =5020CeV, coherent 1 X
o L L L L L
’ ' i y ’ ) T(b) ~ Z o (b?=17)/(2B)
i=1

H.M, F. Salazar, B. Schenke, in preparation; ALICE: 2101.04577, 1904.06272, LHCb: 2107.03222
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Theory developments: towards NLO (Jyvaskyla&Helsinki collaboration)

Most of the CGC phenomenology so far: LO (resumming asIn1/x)
Recent progress toward NLO in the CGC framework:

Photon wave function at NLO Beuf, Hanninen, Paatelainen, Lappi 2018-2021 g
1%

Heavy vector meson wave function at NLO  Escobedo, Lappi, 2020

Small-x evolution equations Bgaiitsky 2008

SU b—elk0n3| Altinoluk, Beuf, Czajka, Tymowska, 2020

°
°
@ Initial condition fitted to F> data Beuf, Hanninen, Lappi, H.M, 2020 \
°
°

Partide prOd UCtion in pA Stasto, Xiao, Zaslavsky, 2013; Ducloue, Lappi, Zhu, 2017 1.4F

Proton color charge correlations pumitru, H.M, Paatelainen, 2021
Exclusive processes beyond LO, need

@ Relativistic corrections ~ v2 Lappi, H.M, Penttala, 2006.02830 0.61

@ NLO ~ ags corrections H.m, Penttala, 2104.02349 R = = G

Tgj

List of references and recent developments far from complete!
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NLO in the nonrelativistic limit

qq (virtual corrections): qgg (real corrections):

= _@ _@

e Corrections from real and virtual gluons to the v and J/W wave functions

(010000000}

@ UV divergences between the qg and qgg parts of the calculation cancel
o IR divergences cancel when one takes into account:

o Renormalization of the leading-order J/W wave function ¢99 using [ ee
o The energy dependence of the dipole amplitude = BK equation (resum soft gluon emission):

0 Neos X2
S Moo = 55 [ L [N(re) + M) — Nror) — Vo) V(i)

= The total production amplitude is finite and can be numerically evaluated 1.m, penttala, 2104.02349
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Final expression (longitudinal production)

H.M, J. Penttala, arXiv:2104.02349 (L, published in PLB) and in preparation (T)

— A = —Qy[T(V — e—et) 4 &b { KLO(Y, asCryniopy, o 0sCr [ (2 0
PAY = —Qy/T(V — ee 167ra Xo01 0) + o Cad (Yaip) + o X20 25 Kqag( Yaqe)

where KL (Y0) = Ko(¢)Nor(Yo), ¢ = [xor|y/5 @2 + m2,

2
KO (Vi) = [KJFZ (z - %7,(01) + Ko(€) (6 - % +Qp (7;2 = %) +L <’y;z = %) - 3|og<\xm2|mq> — 3’YE>] No1(Yaip)

and

Kqég(yqﬁg) 327qu{ | 20 K1(2mqZQ‘X20D {((1 — 22)2 + 22) I(f) + (222 )(1 — 222)I£g)] N012(Yq51g)

1

1-— 1
+ 4mq22 K1(2quz\x20\) |:I(f) I(g):| N012(qug) Jr ((1 — 22)2 + 222) 71‘" 22‘X20‘2
q

Ko(¢)e ™30/ (005" Ny (Vo) }

Equation for transverse production similar but more complicated.
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Towards NLO phenomenology

@ NLO result for exclusive heavy vector meson production

e Corrections ~ as and ~ v?
Both important in J/W production

Relativistic ~ v?2

correction negligible in T production

@ L polarization published, T in preparation

H.M, J. Penttala, 2104.02349, published in PLB

@ Codes for numerical evaluation

What is needed for full EIC/LHC phenomenology

@ Initial condition for small-x evolution:
Fit to HERA F, data with quark masses at NLO

v
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Small-x

10°

= Yok = 4.61

Jw
- Yom = 0.00
Q= 0.05 CeV?
Y — NLO+rel KCBK v H1
; //' —— NLO+rel TBK ° ZEUS
)/ —— NLOtrel ResumBK ®  ALICE
/ S e LO-rel LOBK *  LHCD
10t —a -
107 10°
W [GeV]
10!
—— LO LOBK Y
==+ LO+rel LOBK
—— NLO KCBK Y = 4.61
= = NLO-rel KCBK Yy i = 4.61
10°
m)
7
b / v H1
L/ o ZEUS
107! Q> =0.05GeV? = Cms
* LHCH
10% 10°
W [GeV
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Conclusions and outlook

Exclusive vector meson production

@ Powerful probes of small-x hadron structure

o Approximatively do ~ gluon? (see also next talk by C. Flett)
o Access to geometry (and event-by-event fluctuations)

Lessons learnt
@ LHC data from Ultra Peripheral Collisions: significant nuclear effects

@ Qualitatively described when gluon saturation is included

@ Event-by-event fluctuating nucleon geometry required

| A\

Precision era is coming
@ NLO level O(asIn1/x) + O(as) + O(a2In1/x) accuracy is coming
@ Precise high-energy data from LHC and future EIC coming

.
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Backups
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The Electron lon Collider

Project Goals
o High luminosity: £ =103 — 103%cm 2571
@ Scalable CME: /s = 20 — 140 GeV
@ Polarized e and hadron beams (up to 70%)

@ Hadron beam: from protons to uranium nuclei
@ Located at BNL, re-uses RHIC
°

Two large acceptance detectors

@ First data around 2032

Also: similar longer-term plans at CERN
(LHeC/FCC-he) and in China
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Non-linear dynamics in exclusive vector meson production: EIC simulation

o coherent - no saturation

FJh o coherent - no saturation B
104y v o incoherent - no saturation 1052 ¢ o incoherent - no saturation
Eo = coherent - saturation (bSat) E = coherent - saturation (bSat)
g‘ - « incoherent - saturation (bSat) — . « incoherent - saturation (bSat)
8 103;'D Jidt= 10/ fb'*2 S ET JLdt=10/A rb‘*z
L £ = 1<Q2 <10 GeVZ, x <0.01 0] 1<Q? <10 GeVZ x <0.01
8 F = *
[ Ke)
€ el g Au+Au — AutAu*+J/V
% e
M sanss e
2 oL & K z *
3 Eoe . —
2 7 L z Coherent: Au* = Au
? [ " ..; ! .
z 'E # 2 Incoherent:
E )
) £ o
o £ )
3 101 In(edecay)l <4 ° In(Kdecay)l <4 *#*‘ vl targEt breaks up
E p(edecay) > 1 GeVic 10 p(Kdecay) > 1 GeV/c i
(@) ott=5% 8t = 5%
P I B I || i qo2lel e bbb b
0 002 004 006 008 0.1 0.12 0.14 0.16 0.18 0 002 0.04 0.06 008 0.1 0.12 0.14 0.16 0.18
1t (GeV?) 1t (GeV?)

@ Simulated cross section differentially in —t = A? for v* + Au — V + Au
(V=J/V,p,¢,...), with and without gluon saturation

@ Non-linear effects: significant especially on light meson electroproduction

EIC WP, 1212.1701, also e.g. H.M, Lappi, 1011.1988
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EIC Schedule

FYI9  FY20 FY2l FY22 FY23 FY24 FY25 FY26 FY27 FY28 FY29 | FY30 | FY3l  FY32  FY33

co4

Critical Approve start. 'Approve proj.

Decisions CD-0A) | CD-I CD2  CD3 of operations completion

Dec 2019 Apr 2021 o202 Jul2023 0ct2030 Jul 2032
Accelerator [ Rasearch & Development. Mm 4q Eary ct
s [ T = o

Development
Detector |Research & Development

Infrostruceore l__—,_l
Accelerator
Systems
oo [ L

Design

Conventional Constructi
Construction !
Aceglerator | procyrement, Fabrication, Installation & Test Full RF HOREREURGbut
& Installation s > L 2
Detector || Procureman, Fabricatlon, Insallacion & Test &

Full RF Power Buildout

Accelerator

Commiss. & Pre-Ops

Commissioning

&Pre-Ops m—
B W,
Data Level 0 Critical [/ Schedule
Key (A)/Acwal - Completed :I Planned | Date Milestones Path % Contingency

Tim Hallman (US DOE), DIS2021 conference
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EIC Physics Program
[ Some fundamental physics questions |

Some fundamental physics questions
@ How does the mass of the nucleon arise?

@ How does the spin of the nucleon arise?

@ What is the 3-dimensional partonic structure of protons, and
how does it change in nuclear environment?

@ What are the emergent properties of dense systems of gluons?

Why nuclear DIS?

o Clean environment for precison studies
(e.g. can construct kinematics exactly)
e Parton density ~ x *Al/3
Increasing A is much cheaper than decreasing x

EIC Yellow Report: arXiv:2103.05419
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Access to completely new kinematical domain

First nuclear-DIS in collider kinematics

—_ Current polarized BNL-RHIC pp data:
N ®PHENIXTt® ASTAR 1-jet
D 102}

104
E  Measurements with A =56 (Fe):
[ o eA/uADIS (E-139, E-665, EMC, NMC)
B JLAB-12
10° == = VADIS (CCFR, CDHSW, CHORUS, NuTeV)
FE o DY (E772 E866)
E DY (E906)
&2
A . ;
E of 0000 oy
) E & ool
= F ) 6o
G 10 W& i
E Q2 (Au %gee
C 2
q
oA el ol AT
10 104 103 102 107 1

X

Reminder: s = @?/(xy), 0 <y <1

ikki Mantysaari (JY

Huge increase in polarized DIS

103 £ Current polarized DIS data:
©CERN ADESY ¢JLab OSLAC
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Spatial distribution of nuclear matter at small x

Total momentum transfer t can be measured in exclusive processes
e By definition \/|t| is Fourier
Example: STAR measurement of exclusive 77~ production in Au+Au UPC = b profile

conjugate to impact parameter, access to geometry

“%; %o“—"’m”""' ‘20035;‘_‘”‘HH‘HH‘HH ‘7:
5 w0h s = £ E
£ H 3 003 -
3 mooom%o%oo& 2 E ]
7 wf ;0.025} -
= C 3
. g £ ]
1ok & %, 00T 60 600 Lo0.02— —
\ A[(GeVicy] r B
' ' 0.015— -
do S g 1
Fo) ~ [ alklkelDy/ ST T ]
E— TE B
t oo did )] : ]
0E o ke %% i 0.005— F Y =
0 tnin E o 3 E
\ ‘t C £ o 1nin 3 It

[ S \ OM

0 005
10

P S T T S S ) B
5 0 5 10

0.1
-t [(GeV/c)]

Impact parameter [fm]
STAR: 1702.07705
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More differential imaging: spatial correlations in the color field

Imaging using DVCS and exclusive J/1 production: e + p — y(J/¥) + p
H.M, Roy, Salazar, Schenke, arXiv:2011.02464

Recall: advantages in exclusive scattering

@ No net color charge transfer: ~ gluon?

@ Possibility to measure total momentum transfer
Fourier conjugate to the impact parameter

Our recent work (arXiv:2011.02464)

More differential measurement
=- more detailed probe of target structure

@ Exclusive vector particle production differentially in
both t and azimuthal angle ¢.a

Heikki Mantysaari (JYU) Small-x Hitupaiva 16.11.2021 23 /15



Deeply Virtual Compton Scattering® — coordinate space description

Calculate v* 4+ p = v* + p 201100064 ,
later take final state to be a real photon or J/¢ ~*

Results in agreement with Hatta, Yuan, Xiao, 1703.02085

Moo ~ /eiA'b/N(r,b)/ei5'r2222QK0(5r)Q'K0(€'r)
b r z
My151 ~ /e_'.A’b/eiQ'.d”AN(r,b)/e_i‘s"zszl(er)elKl(e’r)
b r z
Similar results for M1 41, M41.0, Mo +1.

Neglecting the off-forward phase 6 = (z — 2)A/2:
@ Mjyg ~ angle independent part of dipole-target amplitude N(r,b)

® M1 71t sensitive to cos(2¢, ) modulation of the dipole (~ gluon distribution)
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Deeply Virtual Compton Scattering®

T1

xl,zL:bLi D)

M1 +1 N/eiA'b/eiziO’AN(r, b)/ei‘s"zZQeKl(sr)s’Kl(s’r)
b r

z

Two sources of correlations between r (which knows about the electron in DIS) and A

@ Intrinsic: correlation between r and b in the dipole N(r,b)
o Related to elliptic gluon GPD Hatta, Yuan, Xiao, 1703.02085

o Kinematic: off-forward phase e~ with § = (z — 2)A /2
o Different propagation axis, mixes polarizations
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Azimuthal correlations in DVCS in DIS

Full calculation at Q2 = 0 including the photon flux f(y) in 2011.02464

In agreement with hatta, Yuan, Xiao, 1703.02085

doer—erp
dtdden

~ fTT(Y)[Mgtl,il + Mil,:pl] + fTT,ﬁip(Y)M%,il

— fir(y)Mox1[Mx1 41 + M1 £1]cos(den)
+ 17 ip (Y )Mx1, 1M1 71005(2¢en)

The cos(2¢ea) modulation in ep — evyp:
Access to r, b correlations in the dipole D
via My 41

= elliptic gluon GPD

Figure: CLAS y is the inelasticity in DIS
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Predictions for the EIC, setup

Color Glass Condensate based setup: MV model at x ~ 0.01 + JIMWLK evolution.
~ and J/W t spectra not sensitive to the angular dependence

102 - *+ - )ly+ —_— W .
Y +p-oy+p - 8(2;(;868\/2 y tp=liv+p — El‘l;tgjlﬁléﬁtal{?:‘osns

10! { $-155Gev: x10 102 HI inconerent
% 100 3
[
Q Q
3 10-1 3
= 10 =
= 3 101
T 102 510
° ° o T

073 T4 e

10-4 L5¢¢ ! 100

0.00 0.25 0.50 0.75 1.00 1.25 0.00 0.25 0.50 0.75 1.00 1.25
It] [GeV?] |t| [GeV?]

Good description of the HERA DVCS and exclusive J /1) data.
To compute J/1), we replace v* wave function by Boosted Gaussian describing vector mesons
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Predictions for the EIC, setup

EIC energies, consider e + p collisions at /s = 140 GeV and e + Au at /s = 90 GeV
e Initial condition: MV model with g*12 ~ Q2 ~ T,(b)
e Small-x JIMWLK evolution up to Y = In(0.01/xp)

@ Wilson lines evolved event-by-event, result averaged over an ensamble of configurations

1.15 T T T T T
Y= 0.0,50=0.10, 1y = 2.87% Angular modulation with x = 0.0le™
--- y=15v=0.15,v=1.89% |
110 - y=3000=021, vy = 1.20% dependence computed from the CGC setup
<105
S

Coordinate space modulation can be related to
elliptic gluon GPD or Wigner distribution

&
£1.00
=

0.95

CGC, |r|=0.35 fm, |b| = 0.35 fm
0 1 2 3 4 5 6

O(r,b) Note: recent developments beyond MV for protons suggest negative vo, see

arXiv:2103.11682
HM, Mueller, Schenke, 1902.05087
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Coherent J /1 at the EIC: spectra and relative modulation

10°4 etp-e+p+)iy —— Average i 64 va(xp =0.01)
_ -==- —cos(¢xa) — V2(xp=0.001)
<'> 10_1 E [ N cos(2¢ka) o@ --—- vi(xp=0.01)
% 1072 =i 5 4] vi(xp =0.001)
S a0-3 +
S 10 z
T 1 +
g1t v 24
2107 e
B @
g 10 = 01 e N
° 107 cGe ]

10-8 Jc6c 2 ‘ ‘ : :
0 0.0 0.5 1.0 1.5 2.0 2.5
It] [GeV?] It] [GeV?]

o Significant vo = (cos(2¢xa)) modulation in J/1 production (and larger in DVCS)
@ Modulation suppressed with increasing energy, larger proton with smaller density gradients

H.M, Roy, Salazar, Schenke 2011.02464
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Nuclear targets at the EIC

1034 e+Au-e+Au+y — Average 1 e+Au->e+Au+]ly —— Average
=== cOS(Pia) 10%; ---+ —cos(Pun) 1
v; 021\ €os(2¢ka) ] i‘ """ €os(2¢xka)
¢ ¢ 10)
£ 10y £ 107
S . ol 3
& 10°%4% $ 104\
< i 2 "\
107144 5 1000 % ,
g S cGe 2 AN CcGC
8102 | R EUSY R T !
B 3 \ "."‘; )
10-3 B4k Ml , 10-2 ¥ || Y , /’\
0.00 0.05 0.10 0.15 0.20 0.25 0.00 0.05 0.10 0.15 0.20 0.25

t] [GeV?] |t] [GeV?]

Much smaller modulations with nuclear targets:
Smoother target, smaller density gradients = smaller dependence on ¢, 4

H.M, Roy, Salazar, Schenke 2011.02464
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Sensitivity on the correlations in the color field

Modulations in e+ p — J/W + p

— MV . . .
61 ---- LCPT Different models for color charge correlation in
------- LCPT no v,
— proton
X 4 .
= e MV: (pp) local Gaussian
—
S HM, Roy, Schenke, arXiv:2011.02464
ISERWE
1'3 e LCPT: (pp) from perturbative calculation
T 0 B S in the dilute region
T TTNNTTIN NN Dumitru, H.M, Paatelainen, arXiv:2103.11682
-2 .
e+p-e+)iy+p, Q2 =2GeV2, NLO, ot = 0.2 @ LCPT no vy: elliptic gluon GPD set to 0

00 05 10 1520 25 Potentially sensitive observable to extract
|t] [GeV] elliptic gluon GPD or gluon Wigner

. . , distribution!
Dumitru, H.M, Paatelainen, Roy, Salazar, Schenke, arXiv:2105.10144
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Toy model example

Demonstrate sensitivity on r, b angular correlations in the dipole amplitude D, using GBW
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¢ =0, no ¢, dependence in D

Smaller effect on cos(dxa)
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do/dtdx-dgxadQ2[nb/GeV?]

22 Tp(b) (1 + %cos(2¢rb))} with T,(b) = e~b*/(25,)
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¢ = 0.5, large ¢, dependence in D
¢r p dependence in D significantly increases cos(2¢, a) modulation in the DVCS cross section

H.M, Roy, Salazar, Schenke 2011.02464
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Virtuality dependence

w

— V2, Xxp=0.01 ===+ v1,Xp=0.01
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0.2 < |t| < 0.04
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Dipole size ~ 1/Q?
@ Smaller density gradients seen by dipoles at high Q?
= Smaller intrisic contrubtion, decreasing v,
@ Small dipoles also result in small contribution from
off-forward phase e 107 visible vi.

o Additional effect: At the kinematical y =1
boundary modulations vanish
In DVCS at xp = 0.001 this is at Q% ~ 20GeV?.
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Coherent DVCS at the EIC: spectra and relative modulation
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e Significant 5...10% cos(2¢xa) modulation at |t| > 0.5GeV?
@ Small-x evolution decreases anisotropies = decreasing v, = (cos(n¢xa))

H.M, Roy, Salazar, Schenke 2011.02464
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Incoherent modulation
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o Substructure changes v» at |t| > 0.5GeV? where one is sensitive to small distance scales
@ Significantly larger modulations with fluctuations

o JIMWLK evolution also suppresses incoherent v,

H.M, Roy, Salazar, Schenke 2011.02464
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