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Universe content

visible mr 5% ; What do We knOW?

dark matter 27% 0\_

dark energy 68% j \z»g ~§

0
This is us !!!
protons, neutrons, electrons increase
P"‘ﬁg" Quarks and Gluons beam energy

10""m 10-Vm

. . , . ZEUS
To investigate the nucleon’s partonic structure, the o 1 e
o . . (o H ,,‘gS,-J
previous and only e+p collider, HERA, was built i "3} ¢
08 © —— ZEUS-EW-ZNLO .

uncertainties:
I experimental / fit

The x (of Bjorken) variable: fraction of the nucleon’s -t -
momentum carried by the interacting parton N = paramcterisation

HERAPDF2.0 NLO

HERA’s discovery: Gluon density dominates at x<0.1

Proton:

Quark-Masses: ~1% M

Mass of the “visible matter” is completely
dominated by gluons, QCD dynamics
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Generalized Parton Distributions

Longitudinal momentum &

transverse charge &
helicity distributions

current densities

f(x) F (1)

parton densities form factors

GPDs

The nucleon (spin-1/2) has four quark and gluon GPDs (H, E and their polarized versions).
Like usual PDFs, GPDs are non-perturbative functions defined via the matrix elements of

» ]. dz_ I-T-_-*_"_ _ 1 3 €+ 1
Ft= 5/ s a5 a(52)[P) s+ =0.2=0
1 | 5 » o oA
= HY(z, &, t, p*)a(p' )y ulp) + B9 (x, &, t, n*)u(p’) u(p)
2P~ 2my
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Exclusive Vector Meson and real photon production

. DVCS (v) VM (p, ®, @, /'y, Y)
%
P wwe—g—mm T M e
IP
p p square 4-momentum
at the p vertex: P
\/ _ ! 2
7 t=(p'-p) Z
Scale: 02 T —— ()2 + M2
DVCS: % | VMP:
* Very clean experimental signature « Uncertainty of wave function
* No VM wave-function uncertainty * J/Psi = direct access to gluons, c+bar-c pair
* Hard scale provided by Q2 produced via quark(gluon)-gluon fusion
* Sensitive to both quarks and gluons [via * Light VMs = quark-flavor separation

Alternative/complementary
way to quark-flavor separation

Q2 dependence of xsec (scaling violation) U

DVCS on a real neutron target = polarized Deuterium or He3
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Accessing the GPDs in exclusive processes

Spin-Sum-Rule in PRE: from g;
1

z z_l z z
E=Jq+Jg—EAZ+24q +J
q

=%(f_11xdx(Hq’g +E""’))

11—

) Dominated by H
) slightly dependent on E x

Angle btw the production
Q= ¢, — @, Arslebtuher

0

and scattering planes

— (I) — ¢ Angle btw the scattering plane oo
T h & |

and the transverse pol. vector

Requires a positron beam
done @ HERA

] sin(Dr—gy)
. governed by E and H
Requires a polarized proton-target

responsible for orbital angular momentum
a window to the SPIN physics
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Ingredients for a High Resolution “Femtoscope”

Large center-of-mass coverage:
Access to wide kinematic range in x and O’

Polarized electron and hadron beams:
» access to spin structure of nucleons and nuclei
» Spin vehicle to access the 3D spatial and momentum structure of the nucleon

» Full specification of initial and final states to probe g-g structure of NN and NNN
interaction in light nucle1

Nuclear beams:
» Accessing the highest gluon densities = amplification of saturation phenomena

High luminosity:
» Detailed mapping the 3D spatial and momentum structure of nucleons and nuclei
» Access to rare probes

All these requirement will be addressed by a future Electron-Ion Collider
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Most Compelling Physics Goals

" How are sea guarks and gluons, and their spins, distributed )

in space and momentum inside the nucleon?

&"‘j How do the nucleon properties emerge from them and
* their interactions?

AN

\
4 What happens to the gluon density in nuclei?
)

S Does it saturate at high energy?

-,

h

Does this saturation give rise to a gluonic matter with universal
\ properties in all nuclei, even proton? /

/ How does a dense nuclear environment affect the quarks \
and gluons, and their correlations and their interactions?
How do color-charged quarks and gluons, and colorless jets, interact

with a nuclear medium?

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

(€ € €

How do the quark-gluon interactions create nuclear binding? /
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The Electron lon Collider

Two proposals for realization
of the Science Case

Polarized
Electron Source
B

For e-N collisions at the EIC:

v’ Polarized beams: e, p, d/3He

v' Luminosity L, ~ 1034 cm2sec’?
100-1000 times HERA

v/ Vs =20-100 (140) GeV Variable CoM =i

eRHIC

Detector |

lons

Electrons

For e-A collisions at the EIC:

v" Wide range in nuclei

v Luminosity per nucleon same as e+p
v’ Variable center of mass energy

World’s first
Polarized electron-proton/light ion
and electron-Nucleus collider

Electron Collider Ring

Electron Source

12 GeV CEBAF

JLEIC
Thomas Jefferson National Lab

Both designs use DOE’s significant
investments in infrastructure
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“General-purpose” detector concepts

Brookhaven: BEAST

Overall detector requirements:

Large acceptance in pseudorapidity: -4.5 < n < 4.5
Equal coverage of tracking and EM-calorimetry

High performance PID to separate p, K, it on track level
High precision low mass tracking

Forward instrumentation for protons and neutrons
High control on systematic effects

RICH detectors

pooopoo

Brookhaven: EIC-sPHENIX Jefferson lab: JLEIC Argonne: TOPSiDE

M Solenoid I Flux return M Central tracking ])
Electromagnetic calorimeter Il Forward tracking
Hm Hadron calorimeter mm Particle ID
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DVCS at an EIC

Current DVCS data at colliders:

10 3 —O ZEUS- total xsec O H1- total xsec
- @ ZEUS- do/dt B Hi-do/dt
C B Hi1-Agy

[ Current DVCS data at fixed targets:

- A HERMES- ALT A HERMES- Acu
L A HERMES- Ay, AuL, AL
A HERMES-Ayr * HallA-CFFs
¥ CLAS- A|_U X CLAS- AUL

Planned DVCS at fixed targ.:
M COMPASS- dO/dt, Acsu, ACST

s JLAB12- dO’/dt, ALu, AUL: A|_|_

S
L1 1 1 111

HERA results limited
by lack of statistics

EIC: the first machine
to measure cross
sections and
asymmetries

IIIIIII

GO AAIAACAIAA
STEIXIXKIS
qé§&ﬁ§4§ﬁﬁﬂ##¥¥&&ﬂﬁﬂ#¥¥¥%o

&
&
X

SRR

10*

Overlap with HERA:
Large impact on
current fits at low x

19 DEC 2018

Intermediate region:
Fine mapping of the
GPDs evolution

S. Fazio (BNL)

Current data:
See C. Van Hulse’ Talk

Overlap with
JLAB12:
Sanity check
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' The code MILOU by E. Perez, L

Data simulation & event selection

- fLdt=10fb""
L 5 GeVon 100 GeV

Schoeffel, L. Favart [arXiv:hep-ph/0411389v1] i
is Based on a 6PDs convolution by: !

Vs =45 GeV
- 10 fb?

A. Freund and M. McDermott
[http://durpdg.dur.ac.uk/hepdata/dvcs.html]

Acceptance criteria
» for Roman pots: 0.03< |t| < 1.5 GeV?

]
10° 10 10° 102 10 1

* 0.01<y<0.85GeV? 6
° 1 <5 10 - JLdt=10fb! 10°
[ 20 GeV on 250 GeV
» BH rejection criteria (applied to x-sec. measurements) -
. y<0.6 _[| vs=140Gev -
) S
° (GeI-Gy) >0 gb'i 10}
I 10°

* Eel>1GeV?Z; Eel>1GeV?

102

» Events smeared for expected resolution in t, Q2, x

Ll L
10° 10" 10° 10?2 10" 1

» Systematic uncertainty assumed to be ~5% (having in

mind experience from HERA) <> EIC will provide sufficient lumi to

bin in multi-dimensions

» Overall systematic uncertainty from luminosity < wide x and Q2 range needed to

measurement not taken into account extract GPDs
19 DEC 2018 S. Fazio (BNL) 12


http://durpdg.dur.ac.uk/hepdata/dvcs.html
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BNL EIC Science Task Force

(=)

1<Q%<1.78 GeV? 1.78<Q%<3.16 GeV3.16<Q°<5.62 GeV?5.62<Q*< 10 GeV? 10<Q*<17.78_GeV? e
v e e e SGfoa  BH fraction
- (%00 d ) <1,1.58>
cuts keep BH below
N .o (1)
T I ot 550015 00% of the sample at
largey > 0.5
C . 3 .o..“.+ 3 # “T <2.51,3.98> 2
- : +° : 20 x 250 GeV
r e o A
: . e | Tﬁ : BH subtraction will be
- 2 o* a .o’ - r <3.98,6.31> -
. : i i not an issue for y<0.6
[e® | | ! | [ PSR N ST ST ST SR AN TR ST S T N T S S PR R S R TR A
C C o C «**% C . .
3 . o I ’[ - " <631.10~  BH subtraction will be
relevant at lower
] 3 -y -~ ] + <0155»  €energies and largey, in
- . g g -0O2 hi
o e * U some of the x-Q? bin
F - - f_..'° : R <15.8,25.1> BUT
a2 - — R — .’..+ <»s.1308> higher-lower Vs kin.
| T T L A overlapping:
3 3 3 3 . <s98651> X-S€C. measurements at
| | ;, | I a higher Vs at low-y can
] 3 3 “bcesi 00> Cross-check the BH
*x subtraction made at
0 0.5 0 0.5 0 0.5 0 0.5 0 0.5 y 1 |0wer \/S
Yy
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Contribution from ISR

ISR fraction

E O
o8 O

3.16 < Q2 < 5.62 GeV?
5.62 < Q%< 10.0 GeV?
10.0 < Q% < 17.78 GeV?

() 20x250 GeV?
| 5x100 GeV?

O MO
[T
[T
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Fraction of ISR events for three
Q2-bins as fct of x for two EIC
beam energy combinations.

ONLY 15% of the events emit a
photon with > 2% energy of the
incoming electron

ISR photons with E, < 0.02 E. do not
result in a significant correction for
the event kinematics.

QK
kﬁ‘ﬁ q>
q1
P~ pyecs *
&

BH -ISR 14



xgF(Xg, by) (fm2)

DVCS & J/y differential cross section

Luminosity: 10 fb-1

20 _ _:
N [
3 .
o 10t
] ; o
0 L L
0.001 0.01 01 1
| e Y
[ ]
Y'+p—=y+p DVCS Y+p—>y+p
104 T T T T T T T T T T T T
S, 20 GeV on 250 GeV s, 5 GeV on 100 GeV
< 10} . : T F fLdt=10fb"! 7
[ (]
O
€ 102} 8
= &
2 10} S
s 1 E
0.1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 02 04 06 08 1 12 14 16 0 02 04 06 08 1 12 14 1.6
Itl (GeV?2) Itl (GeV?)
b e+p—e+pay o b Vs=140Gev - @

Jidt=10fb"!
10 <Q? < 17.8 GeV?

Vs = 45 GeV
6.3x102 <x < 0.1

I I
0.2 0.4

Vs =45 GeV
1.6x102 < x < 2.5x102

I I I I
02 0.4 0.6 08

Vs =140 GeV
1.6x10° < x < 2.5x10

p 07 0.‘2 0.‘4 0,‘6 0,‘8 1 1.2
by (fm) g
19 DEC 2018

1.6x10° < x <2.5x10°®

10< Q%< 17.8 GeV?

I I I
0.4 0.6 0.8

3.2<Q%<5.6 GeV?

L L
0.6 08

1

1.8<Q?<3.2GeV?

by (fm)
S. Fazio (BNL)

Measurement dominated
by systematics

Fourier transf. of do/dt 2
partonic profiles
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Transverse target-spin asymmetry

¢ EIC pseudo data Q2 =4.4 GeV?2 ] [ =415
20 GeV on 250 GeV xg=8.210 ] : . K220
051"~ sLdt = 100 fo-t t=-025Gev2 .- 0.5r T 2 s
2 ' '
<
€
B D
<

: . TN : : Q2 = 13.9 GeV2
o5} '. -05} X =82 10

S N _ . t = -0.25 GeV2

0 1 2

Different ¢ (rad)
assumptions for E

_t‘ ]
Ay * AM> [Fz(t—Fl(t+...:| sin(@r—py)

governed by E and H

Spin-Sum-Rule in PRE: from g;
1

1
— 3z S - < < .
Sl =S AR Y L+ Gives access to GPD E
q
1 1
3 - q.8 q.9
J‘Iag B ) (f_lxdx(H g ))t—>0 E.C. Aschenauer, S. F., K. Kumericki, D. Miller
e | I~ JHEP09(2013)093
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DVCS-based imaging

> A global fit over all mock data was done, based on: [Nuclear Physics B 794 (2008) 244-323]
» Known values g(x), g(x) are assumed for H9, H? (at t=0 forward limits E9, E9 are unknown)

ol \m==m==m==1 HERA, dip. fit o5l | mcn | 4 Corzooor1 HERA, dip. fit
b [ == .= = HERA,exp.fit ‘6) —~ \ L HERA,exp. fit
;2 2.0 R\ HERA+EIC fit [ :: 2.0 e (él 3t HERA+EIC fit
s 1.5F 1 & 15} o 8 \
N N 10~} - 0°=4 GeV’ = 2f x=10"3
2 10 © - 13 10} 5 2
o N Q=4 GeV? B Um S Q’=4GeV'
= 0.5} e M = 05 ' M\‘\
0.0 : : =1 00 : : : : : .
02 04 06 |@ 02 04 06 08 0 > 04 06 08
S
—t [GeV?] E —t [GeV?] —t [GeV?]
LL
boai?) = —— [ alel g (BWIe ) E (. = 0,107
q X, ,M - ! 0 t xan - 9t7M
40
S sp| x=107 U”PO/W"Z:C’_ “.'; st [ =107 Polarized ; - gluons
b.=0 fm - b, =0 fm _ D b,=0 fm
& 0 = 4GV sea-quarks :_: 0 = 4Go? sea-quarks li sb| o gt
o 1.0f 1.0 ~
2 s Q4
Ny ) )
% 0.5 : 0.5¢ %o o
= > "
=
0.0k . . . . o 0.0k . . , . et ol . . , 3 ,
-15 -1.0 -05 00 05 1.0 15 -15 -10 -05 00 05 1.0 1.5 -15 -10 -05 00 05 1.0 15
b, [fm] b, [fm] by [fm]
E.C. Aschenauer, S. F., K. Kumericki, D. Miiller, JHEP09(2013)093
17
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Spatial Imaging — as in the EIC White Paper

xq°(x,5,0%) 1fm] xq"(x,6,0%) [fm™?) x g(x,6,0%) [fm™]
15} bx=—100_3 1 bx=_100'3 1| x=107 1 E.C. Aschenauer, S. F., K.
Q3;4{;Z'V2 QB‘;4£'ZV2 53;3{;':‘/: Kumericki, D. Miiller,
1t ] 1 (x 0.19) JHEP09(2013)093
0.5}
- : " " —F . . : " " . . . . " "
. ] [0.99 ,1.00]
15} /«_\anolarlzed-- Polarized 1 gluons [0.97,0.99]
| —i—| N arks —¢ arks —— [0.94,097]
1k /‘I\K K + //lJf_\@&K 1 g [0.90 ,0.94]
?\ / / / [0.80 , 0.90]
\ /—"'\ | ’
05 i -~ o 1% | [0.70,0.80]
_ — = , | [060,0.70]
T | ﬁ | [ 9 i ﬁ M g iaom
' =) N | [040,050]
) 05 \\ \\\\ %%” / / // / f \K \\K = \K KQ J / / ]_ [0.30.,0.40]
" i e —— | [020,030]
%é \ s e | [010,020]
_1F tjlj ﬁl:_’;/ Beos e | 10.05,0.10]
e N - il P — | [002,008)
-1.5} — Shift PUE | 1001,002]
. . | ' k , . , Y \ - ) S . , ’ ' : [0.00 ,0.01]
45 -1 -05 0 05 1 15 -15 -1 -05 0 05 1 15 -15 -1 -05 O 05 1 15 o
by [fm] by [fm] by [fm]

Impact of EIC (based on DVCS only): Other capabilit?es.still to be evaluated? | |
v Excellent reconstruction of H%%, and * GPD H-Gluon is nice but can be much better by including J/y

H¢ (from do/dt) * Access to GPD E-gluon > orbital momentum (Ji sum rule)
* Flavor Separation of GPDs (VMP and/or DVCS on deuteron)

v" Reconstruction of sea-quarks GPD E _ _ S _ o
* Nuclear imaging (modification of GPDs in p+A collisions)
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How to separate flavors?

[

Method 1 - VMP

\ e+p—e+p+JY rgy
n 6.2< Q%< 15.5 GeV? , gﬂe
rho0: 2u+d 9/4g § ) 1
— 6 3 X=0.
Omega: 2U'd /4g m 5L 2 0O 0.2 O01.4 06 08 1 12 14 16
phi: s,g g at 1
x = 0.01
rho+: u_d g 8t 90 02 04 06 08 1 12 14 16
. > 2y
J/psi: g o |
..3 0 X = 0.001
We simulated the J/Psi cross section and ) ° 02 04 0e 08 T e e 1e
the Fourier transform but never included it Transverse distance from center, bt (fm)
on GPDs fits

Challenges of VMP (if compared to DVCS)
* Uncertainty on wave function
* measuring muons vs electron decay channel

Method 2 — DVCS on protons and neutrons

* We do not a real neutron target = Use Deuterium (D)
 We incoherent DVCS on D (D can break up) but coherent on n (tagged by ZDC)
* One still needs J/psi to directely access the gluons and extract Eg
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Imaging gluons with J/

EIC White Paper

Luminosity: 10 fb!

10? 10 10°
FoofLa= 100 Fj L= 10
- 5GaV on 100 GeV 10° L 20 GeV an 250 Gev
L + [ ]
g- a 10
-2
3 ¢ @
2 1 g
a1 e 10 10?
: 3 .
‘b 102 ’b
1°
q wl ol 4 10 1 L
10%° 10 10? 102 10! 1 105 104 0% 10° 107 1
%y v
4
o 107 - . . < 10 - - —
3 [ Ldt = 10 15" T — [ Ldt = 10 fb
8 5 GeV on 100 GeV 20l 20 GeV on 250 GeV |
21t} 1 = T
g
? 10 E ‘ID2 3
b .
l 1F 016<x, <025 T 10 00016 <x, < 00025
3 158 GeVZ < Q% + MY, <25.1 GeV? 3 15.8 GeV2 < @7 + M3, <251 GeV?
- S SRR g L
0 02 04 086 08 1 12 14 18 0 02 04 06 0B 1 12 14 16
-1 [GeVE) -t (GBev)
7 . .
0o3
6
™ a2
‘Y‘E 5t
z L
&
= 3 [
18 = . 18 18
= 2r
1 L
o A e S
v 02 04 06 08 1 12 14 16 0 0.2 0.4 0.6 0.8 1 1.2 1.4 18

by (fm}

Measurement dominated
by systematics

Fourier transf. of do/dt 2>
partonic profiles

Average gluon

densities




105204 08 08 T 32

Imaging gluons with Y(1s)

Nominal EIC detector
10x more luminosity
Electron and muon channels

EIC Simulation
1008 HOGeV on 100 Gewi

01 «x <0 15848
884573 Gov® < O & M <91 GaV® sl e panedlial)

80,4973 GaV' < 0" o M < 01 G

S. Joosten, Z.-E. Meziani
2018 EICUG Meeting

EXC Smulation 3
10015 (#0GeV on 100 GeV)
015888 < x < 025118

EIC Stmudation
00 i (10 on 900 Gav)

003881 « ¥ <« 0.0831
884573 GoV® « O & M <91 Go®

20,4973 Gev' < O + W « 51 oV 3

EIC Simulation "3
100 1” (#0GeV on 100 GeV)
o0ed «x<01 o

1[GV 10 —e— v dala (projecied)

L R T T

-t [Ge!

12 14 16 18 2

P + M [GoVA

EIC Simulation {10GaV an 100GeV)
100 i (116 days @ 10™cm®s™

10°

107




Topical Workshops

| A\ Next-generation GPD studies with exclusive
Center for Frontie's meson production at EIC

in Nuclear Science

\,/
Stony Brook, June 4-6, 2018
https://indico.bnl.gov/event/4346/

e Meson production could become essential tool for GPD

studies at EIC

Dedicated community, great interest :
o Next-level impact studies need GPD-based physics models [’
e PARTONS project (H. Moutarde et al) can play important

role in integrating GPD efforts at JLab12 and EIC

Follow-up Workshop: Warsaw (Poland), January 22-25 2019
Prospects for extraction of GPDs from global fits of current and

future data

22-25 January 2019
Heavy lon Laboratory (Cyklotron)

Europe/Warsaw tmezone

https://events.ncbj.gov.pl/event/8/
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Scattered Proton measurement

15 GeV on 50 GeV

Y
o
w

w

o

vl |||||.
=
=Y

15 GeV on 100 GeV

iy
o
N

proton scattering angle [mrad]
o
T T TT | T T TT | T T TT | T T TT | T T TT | T T TT

10
15 GeV on 250 GeV 10
5
1 10 I 1 1 1 1 I .I 1 1 LI}
% 100 150 !
proton momentum [GeV/c]
Note:

high energy colliders (HERA, Tevatron, LHC, RHIC) use
Roman Pots to detect these protons

—> RPs are high resolution movable small tracking
detectors (Si strips, Si pixels...), a crucial component

- 6 <10 mrad
—> impact on large pr-acceptance
- small pr-acceptance limited by beam divergence
and immittance
- rule of thumb keep 10s between RP and beam

Remember, main detector is 35 mrad from
beam line

— so not seen in main detector
- need different detection technology

pt of proton critical for physics
pr=p’sin(O)
p’ L > 97% Of PBeam

ZEUS Coll, THEP 06 (2009) 074

E 2000-_ non-diffractive events &—i ® )

O I
o 1500f e ZEUS LPS )
1000 — SATRAP ]
500} ]

olL e
0.9 0.95 1
Y

X,=p L/pBeam X,
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Impact of proton acceptance

Measurement Physics observable (cross-section vs impact parameter)
DVCS - 20 GeV x 250 GeV - 10 fb™ DVCS - 20 GeV x 250 GeV - 10 fb”
l\l> F
Qo
g | Plots from R . ¢
F EIC White Paper: equirement:
8 . L, =10fb!

[ E
; Fourier \ i
ok transform 1

| 1 | 1 L | 1 1
0 02 04 06 08 1 12 14 18

0.18 < p, (GeV) < .3
0.03 < |t| (GeV2)< 1.6

Itl GeV?
;‘ limited ; ‘
3 lower < L, =10fb-!
pr-acceptance 0.44 < pr(GeV) < 1.3

) = ‘0.2‘ - I(].4l ' ‘O.SI - l!).Bl = 1 = .1.2l ’ ‘1.|4;|‘é2‘vl2 % l0.2‘ : ‘0.4‘ ] IO.S‘ ] I0.8I = 1 = ‘Ei [fm]
%.10’; I_ ,t d ;:;1.4
s | imite 2 _
8ol higher ol JLin=10fb!

ol pr-acceptance o 0.18 < pr (GeV) < 0.8

o We need a proton spectrometer

B e L % with large acceptance!

Itl GeV?
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Nuclear PDFs and GPDs
an Electron-lon Collider (EIC)
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° ° A v - 7 E “’%’,’J,,, V= Jnp, o,p,Y
Imaging the gluons in nuclei o - i

Diffractive physics in eA
—> Measure spatial gluon distribution in nuclei  Hot topic:
> Reaction: e+Au->e' +Au +J/U, @, p
- Momentum transfer t = | pau-pau |2

p, A
» Lumpiness of source?

» Just Wood-Saxon-+nucleon g(br)
T. TO" T. U"riCh, PhyS.ReV. C87, 024913 (2013) D Coherent part probes “Shape Of black disc’,

0 = 1 o erent - no saturation . o e .
10°f  1SG<10Ge o conerent nosatraton O incoherent part (large f) sensitive to “lumpiness”
EE x<0.01 n poherent—saturatiop (bSat) .
< Ll o) < et sauration (052 of the source [= proton] (fluctuations, hot spots, ...)
[0) = ott=5%
G E.
8 - possible Source distribution with b2 =2 GeV-2
%/ 102 3) OO000000000G -
= B° . " s JLdt = 10 fb™!/A o coherent - no saturation
5 * o = suppress 10° & 1<Q2<10 GeV? o incoherent - no saturation
* 1oL = . = O x <0.01 = coherent - saturation (bSat)
2 E " " by detecﬂng . (m O IN(Kgecay)! < 4 e incoherent - saturation (bSat)
* = o 104 L+ P(Kdecay) > 1 GeVic
‘}’ C L= break-u P % g 0 Stt=5%
S - (O] C "o
- ﬁ‘ﬁ 5 10% e
3 -
© 4o = j/lIJ JL ;i? 102
2l b b b P P P By PRI '; — RO -l. [=) A
%0 002 004 006 008 01 012 0.14 016 0.18 - hi " G -~ Sensitive to
It (GeV2) < - s ., "y saturation effects!
. ; 16 P patal -l. o
Coherent requires forward scattered R - ", %%
nucleus needs to stay intact o "t
':\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\
> Veto breakup through neutron 10 002 004 006 008 0.1 0.12 0.14 016 018
detection Itl (GeV?)
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Measuring neutron via spectator tagging

» Possibility to study neutron structure
*{ » DVCS on neutron compared to proton is

\,_Y\A y important for flavor separation
DVCS on incoherent D (D breaks up) but coherent
on the neutron, the “double tagging” method

O [ * Tag DIS on a neutron (by the ZDC)

* Maeasure the recoil proton momentum

aR PRT * The recoil proton momentum cone is

I = (pR pD)2 - g = (ER + pR||)/(ED + pD||) and pgr
e Gives you a free neutron structure, not
affected by final state interactions

i ’ Polarized He3 also experimentally easy, proton

He3 contributions cancel out!
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Direct access to Wigner function

C. Van Hulse’ Talk Wigner function
W(x,byk;)  QCD genetic map
debT f dsz
Momentum Coordinate
space space
f(x,kq) f(x,bg)
TMDs GPDs

Process: exclusive di-jet production
First proposed in e+p scattering by:
R ki Yoshitaka Hatta, Bo-Wen Xiao, and Feng Yuan,
M Phys. Rev. Lett. 116, 202301 (2016)
o b ks Later extended to UPC:
. Y. Hagiwara, Y. Hatta, R. Pasechnik, M. Tasevsky, and O. Teryaev
ror E E %77 Phys. Rev. D 96, 034009 (2017)

/.\\ ~* New important EIC physics beyond the W.P.!

* EIC impact studies still be done
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Summary on GPDs

We studied and quantified the capability of an EIC to provide high precision
and fine binned DVCS and VMP measurements of both cross sections and
asymmetries over a large phase-space. This opens an unprecedented
possibility for

< Accurate 2+1D imaging of the polarized and unpolarized quarks and gluons
inside the hadrons, and their correlations

+ Investigate the proton-spin decomposition puzzle (orbital angular
momentum

To do list

/7
0.0

Include VMP in global fits (flavor separation, precision on gluons)
« Study of GPDs in nuclei (and possible gluon saturation effects)

/7
0.0

Wigner fcn.
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DVCS & VMPs at HERA

o p ZEUS 96-00
E pZEUS 94

» p ZEUS LPS 94
o p ZEUS 95

A p H195-96

¢ ¢ ZEUS 98-00

¢ ¢ ZEUS 94

* Jiy ZEUS 98-00
* Jiy ZEUS 96-97
* Jiy H1 96-00

¢21 9 e

s [ « DVCS ZEUS LPS (31 pb™) —
i » DVCS H1 HERA| 1
" DVCS H1 HERA Il €p

0 i | IR T W IS W T W B Y Y T 0 P
0 10 20 30 4o 50

Q*+M*(GeV?)
do/dt measured for the first time by a
direct measurement of the outgoing
proton 4-momentum using the Leading
Proton Spectrometer (roman pots)

10

19 DEC 2018

THE LPS
SPECTROMETER

ZEUS released the only DVCS
measurement with Roman Pots
Spectrometer at HERA

* No p-dissociation background
* 0.08 < |t|] <0.53 GeV?2

* Low geometrical acceptance - low statistics
This detector was removed after the
HERA Il upgrade 2 L =31 pb?!

— 10
N
> — Dipole model . do bt
8 8 [--- GPDs model Fit:. —xe H1
Q

6 -

ar % e H1HERAI

O H1HERAI
2 r O ZEUS HERA |
W = 82 GeV
0....I....l....l....l....l....
0 5 10 15 20 25 30

Q?[GeV?]
The ZEUS result still statistically

compatible with H1, but hints for a flatter
trend
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DVCS — clusters seEaration in raEiditz

Very important: hermetic tracker

32r — 5GeV on 100 GeV - 10 GeV on 100 GeV

H

28 [

Oe’ (rad)

2.6 *

2.4

2.2

;||||||||||.||.|.-F|-|:|||||||

051 15 2 25 051 152 25
Oy (rad) 0y (rad)

N.B. - Need for a emCAL with a very fine
granularity, to distinguish clusters down
to AO=1 deg v

This is also important for A¢ calculation in
asymmetries measurement and for BH
rejection in the xsec measurement

20 GeV on
100 GeV
Lol Lovoolo ool mml
0.5 1 152 25 3
Oy (rad)

N.B. — when electron lies at a very
small angle its track can be missing

v

A pre-shower calorimeter needed to control

background from n%>yy

19 DEC 2018 S. Fazio (BNL)
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BH suppression

20 X 250 20 X 250
x102 _ x102 x102F :
2500 [ 3000 [ 7000 |- I
: EE 6000 i—
2000 2500 3 s000 £
2000 [ a000 [
1500 [~ ' £
o 3000
1500 [ E
1000 [ o 00 E
1000 [ 1000 £
[ F 0o B
500 | s00 4
0 1 11 1 I 11 1 1 I 11 11 1 o X102
0 5 10 15 20
2500
x102 E I E |- BH )
e e x10 2000
6000
E 1500
5000 [ :
C: 1000 BH
4000 '
3000__5 I R B
Ee 1 15 2 25 3
2000 |- . 0_-0
3 BH dominated BH and DVCS
1000 [
_. , FCAL FCAL
-: 1 11 1 1 I 11 11 I 11 1 |1 : 11 1 I 11 11 I 1 11 1 1 1 1 N Y
0 0 e N +
0 5 10 15 20 0 5 10 15 20 - £ = p
R
E,, - DVCS E, - DVCS :
A
BCAL I
Eel Ey

BH electron has very low energy (often below 1 GeV) DVCS: most of the y are less “rear” than e

(Bel-B8y) >0 -> rejects most of the BH

Important: em Cal must discriminate clusters above
cuts keep BH below 60% of the sample

noise down to 1 GeV

even at large y > 0.5 — at high energies
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Rosenbluth separation

do=do,,+do,, +do,,

Rosenbluth separation of the electroproduction cross section into its parts

F A 50n 250 GV’ [<y» = 0.20, 100 16 ")

— - n
2 3 : ‘ ° - A 50n 250 GeV (<y>=0.11,1001b™) _aA—A~A-AcAA
S [® 5001006 (=05 10167 S [ e 50n100Gev?(cy>=027, 101" e
8\ . il g g Rk A 8\ L A
- A —h— > B Y V—
- i " y— o
; . RS oo
'Un-l —— - —h— \
1 :E- _‘_ i
E
; — \
f —f— A —h— -
» +H4 ok e
| +4 :
) I —+— : —4—
10
: L +
: - -3 -2
[ a 12 6.31x107° < x < 10
r J98x 107 < x < 6.31x10 ! 3.16 < Q® < 5.62 GeV?
i S5462<0Q° < 10 GeV®
P EPEPEE P I EEPEPE EPEPEP PRI BRI B P ol o by b b b b b
18 14 .2 -1 T T 04 0z [ 1.6 1.4 1.2 -1 -0.8 -0.6 -0.4 -0.2 0

t (GeV?) t (GeV?)

= The statistical uncertainties include all the selection criteria to suppress the BH
= exponential |t|-dependence assumed
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Fraction of Statistical Uncertainty

Fraction of Statistical Uncertainty

—~ 10% ¢ 2~ —~ 10% ¢
N> E e+Au 10 &\°’ <\'> 10 E e+Au
8 Vs =31.6 GeV 5 8 Vs = 44.7 GeV
o Ldt= 2fb™/A ~ ~ Ldt= 4fbA
o 102 Sys. unc. =1.6 % 10 © &) 102k Sys. unc. =1.6 %
10 3 1 10
1= > 10 1
10 10 107 10 1 10 10°
X
Fraction of Statistical Uncertainty
~~~ 3 F 2 —
N> 10 F etAu 10 é
S Vs = 89.4 GeV 5
~ Ldt= 4fb /A -
O 102 : Sys. unc.=1.6 % %

10

10

10"
10 10 102 10 1
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Impact of collected luminosity

See also B. Mueller’s talk 0.18 < pr < 1.3 GeV

10 fbl1 > 1 fb?
20 GeV x 250 GeV - 10fb™

Y F 2 ndf 2675126 _ DVCS-20GeV x250 GeV - 10 o™
(0] C Constant  9.033 + 0.02036 “I‘E
O] ol Slope  -5.019 + 0.06494 £ 128 Plot from
o = = |
Q E o |
o . o EIC WP
—_— - [T L
e N\ P
X 107 1\ ™ os- 10 fb-!
Q F ' Fourier N i
> C ) i
i __transform -~ 06~
T 10 E 2 .2 2 / i
o [ 10.0GeV?<Q?<17.8 GeV s 0l
* - 0.004 < x <0.0063 L
< IR B AU RrUR SN RAFRRININ NSNS SNSRI SR S i
o] 0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 0.2~
o 2 L
[t] GeV T T T DT e
G0 0.2 0.4 0.6 0.8 1 1.2
1 by [fm]
o 10%c 20 GeV x 250 GzeV - 1fb DVCS - 20 GeV x 250 GeV - 1 fb™"
L 3 2/ ndf 2294 /24 —
(o) o Constant 8.916 + 0.05887 ‘e 16
) - Slope -4.724 + 0.1926 =
o) i ¢ . o4
Q .3 N\ o
— 107 L X2
% o R L L;m -
= f [r Fourier N i
>0 |_transform - osh
1 107 /
o [ 10.0GeV?<Q?<17.8 GeV? v oo
x : 0.004 <X< 0-0063 0'4_
R PRI SRTT AR NSNS S NS ST S NS SN SRS B U -
g 0 0.2 0.4 0.6 0.8 1 1.2 1.4 02k
\ It| GeV? L
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Wigner function in UPC @ RHIC

e Use RPs to measure the scattered diffractive protons

Py (A1); A Y. Hagiwara, Y. Hatta, R. Pasechnik, M. Tasevsky, and O. Teryaev
! Phys. Rev. D 96, 034009 (2017)
Jet
Jet Type of collisions: p+p, A+p (where the first p,A is the photon source)
P Exclusivity requirements:
* Veto proton(nucleus) break up with RPs (ZDC)
P,——>——O+—> P,

LHC: C. Van Hulse’ Talk
STAR @ RHIC:
— ideal detector = large acceptance for low p; di-jets
(PRD95(2017)71103) + RPs

— 2017 data: provides proof of principle

- future pT+p RHIC runs with upgrade of RP with
curved edgeless sensors

— factor of ~2 increase in acceptance

Estimated yield @ STAR: ~8000 events in p+p
collisions at Vs=510 GeV for a potential run 21/22

(Assumes RPs spectrometer upgrade)
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