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Plan of the talk

» Imaging with an EIC

» DVCS
= Experimental techniques
= |mpact studies

> DVMP

» Nuclei (imaging, saturation)

» Summary
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Exclusive Vector Meson and real photon production
DVCS (y) VM (p, @, ¢, Iy, Y)

v* Y * v
T Ty,
IP
p p square 4-momentum
at the p vertex: p p
\_/ _ | 2
t t=(p'-p) 7
Scale: Q? T — ()2 4+ M2
DVCS: 2> 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

Q? dependence of xsec (scaling violation) U

DVCS on a real neutron target = polarized Deuterium or He?
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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 .

(;0 ¢h ¢l Angle btw the production

0

and scattering planes

= P — ¢ Angle btw the scattering plane { s
T h

and the transverse pol. vector

Requires a positron beam
done @ HERA

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

responsible for orbital angular momentum
a window to the SPIN physics

S. Fazio (BNL) 4



The HERA Collider and experiments

® 27.5 GeV electrons/positrons on 920 GeV protons >Vs=318 GeV

® 2 collider experiments: H1 and ZEUS

" HERA I: 16 pble-p, 120 pbl e+p

HERA Il (after lumi upgrade): 500 pb3, polarisation of e+,e-

Closed July 2007, still lot of excellent data to analyse...

Halle NORD (H1) |\
Hali NORTH (H1)
Hall nord (HT)

HERA

Halle OST (HERMES) §
Hall EAST (HEBMES)
Hall est (HERMES)

et (27.6 Gevj
ZEUS

Halle WEST (HERA-B]
Hall WEST (HERA-B)
\\ Hall ouest (HERA-B)

Halle SUD (ZEUS)

Hall SOUTH (ZEUS)
Hall sud (ZEUS) /
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* Fixed target experiment
* Intense program on DVCS!

Detectors not originally
designed for forward physics,
but diffraction at HERA is great
success story!

ZEUS forward instrumentation
no longer available in HERA Il



DVCS @ ZEUS - Strategy

DVCS BH

v

o T :
Y
Y
P P P

|

two electromagnetic candidates (ordered in energy) and up to one track
BH must be removed [uncertainty on BH xsec ~ 3%]

1.5 < Q2 <100 GeV?
40 <W <170 GeV

oAt AH v sample: no tracks matching to the Signal sample
| - second candidate (DVCS+BH)
o | L e sample: a track match to the Control sample
# {otm p/v second candidate (BH+ dilepton + J/v)
=" Wrong-sign
sample:  anegative track match to the Control sample
Kinematic region: second candidate (dilepton + J/y)
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THE LPS
SPECTROMETER

DVCS: f dependence — RPs

ZEUS
||||||||| ]IIII|||I'||IIIIIII(IJlpllzlEiulsllglslololllllll: RomanPo.tssp.ect.rometer
@ pZEUS 94 1 | * No p-dissociation background
: 92532 ;:S“ 1 |+ 0.08 <|t| <0.53 GeV?
n L3 ° ° S1
A Em 95.96 1 | * Low geometrical acceptance - low statistics
¢ ¢ ZEUS 98-00 . ]
o ¢ ZEUS 94 ] This detector was removed after the
0
* Jhy ZEUS 98-00 - - -1
Pt R HERA Il upgrade = L =31 pb
* JAy H1 96-00
% 24 [ d
- > — Dipole model , O  _py
a L & * 1% % i & 8 [---GPDsmodel  Fit: —oxe H1
£ 6 L
s [ o DVCS ZEUS LPS (31 pb") | re———mm—m——tap
- » DVCS H1 HERA | ] ar e H1HERAII
L v DVCS H1 HERA Ilep ] O H1 HERAI
0 Loeivins, I A I P 2r O ZEUS HERA |
0 10 20 30 40 50 W =82 GeV
. Q°+M*(GeV?) 09 5 1015 20 25 30
direct measurement of the outgoing Q2 [GeV?|

proton 4-momentum using the Leading ' The 7ZEUS

result still statistically
Proton Spectrometer (roman pots)

compatible with H1, but hints for a flatter
trend
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Ingredients for a High Resolution “Femtoscope”

Large center-of-mass coverage:
Access to wide kinematic range in x and Q7

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 nuclei

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 must be addressed by a future Electron-Ion Collider
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DVCS at an EIC

Current DVCS data at colliders:
103_—0 ZEUS- total xsec O H1- total xsec
F @ ZEUS- do/dt B Hi- do/dt
C H1- Acy
+ Current DVCS data at fixed targets:
r A HERMES-A; A HERMES-AcU
|l A HERMES- ALy, AuL, Al

A HERMES-Ayr * Hall A- CFFs
% CLAS-Awy % CLAS-AuL

2

(\IA 10 E
> - Planned DVCS at fixed targ.:
(0] o COMPASS- do/dt, Acsu, AcsT
(D B JLAB12- dO'/dt, ALu, AUL! A|_|_
~—

o\]
@)

HERA results limited by lack of statistics

EIC: the first machine to measure cross sections and

asymmetries

<> EIC will provide sufficient luminosity to bin in

multi-dimensions

<> Wide x and Q? range needed to extract GPDs
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E.C. Aschenauer, S. F,, K. Kumericki, D. Mdller
JHEP09(2013)093

Bethe-Heitler
QED bkgd.

Comprehensive EIC studies

* Signal extraction “a la HERA”

* xSec meas.: Specific requirements to

suppress BH

- keep BH/sample below 60% at high
energies

Radiative Corrections evaluated

detector acceptance & smearing

t-slope: b=5.6 compatible with H1 data

| t]-binning is (3*resolution)

5% systematic uncertainties



DVCS — clusters seRaration in raRiditx

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

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
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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 [~ ' £
Eo 3000 F
1500 [ E
1000 [ o 2000 &
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 [
_. I 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 )
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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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? =
_ v e e e g .~  BH fraction
- oo%00® — o) y <1,1.58>

cuts keep BH below

N . (1)

S I ot c1ss051> 00% of the sample at

largey > 0.5
E . 3 ,o’.”'+ 3 f .*T <2.51,3.98> 2
S g +' g 20 x 250 GeV
r e o A
: . e | Tﬁ : BH subtraction will be
- C o e® C o o <3.98,6.31> .
- : ' : not an issue for y<0.6
'_QP | | | | [ PR (N T TR T SR N TN T SN SO S S S SN NN RN TN SN S S NN SR
C C o C «**% C . .
- . o e ’[ 3 i <6.31.10> BH subtraction will be
relevant at lower
] ] - . ] + <01ss»  energies and largey, in
i | et * b some of the x-Q2 bin
F - - f_..'° : K <15.8.25.1> BUT
C :_ - - ¢ ;_+.o..+ <25.1,39‘8> higher'lower \IS kin.

overlapping:
3 3 3 3 . <s98651> X-S€C. measurements at
| | ;, | I a higher Vs at low-y can
] : g g L bcesi00s Cross-check the BH
*x subtraction made at
0 0.5 0 0.5 0 0.5 0 0.5 0 0.5 1
y v lower Vs
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Radiative effects

DVCS

BH -ISR

Initial State Radiation (ISR):

photon collinear to the incoming beam and goes down
the beam line

9
9

9

this contribution can only be estimated via MC

this causes a correction of the kinematics (x and Q?)
and some systematic uncertainty

EIC: ONLY 15% of the events radiate a photon with >
2% energy of the incoming electron Independentely
of C.0.M energy and Q? (see back up slide)

01 OCT 2018

p p

DVCS
&
BH -FSR

Final State Radiation (FSR):

photon collinear to the outgoing scattered lepton
s if lepton is band only little in magnetic field, EM-
cluster of photon and lepton collapse to one
- no contribution (total electron energy
measured correctly)
¢ if photon and lepton are separated enough in
magnetic field, it leads to 3 EM-clusters in event
- no contribution (event will not pass DVCS

selection criteria)
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Contribution from ISR

x 1072
D 30
Entries 600002
5000 Mean 0.1457
RMS 0.4226
UDFLW 0.000
OVFLW 0.000
4000 ALLCHAN _ 0.6000E+06
5x100
3000
2000
1000
O lllllllllllllllllllll
1 2 ) 4 5
£ (GeV)
x 1072
D 10
5000 e
RMS 1.886
UDFLW 0.000
4000 /?E/LFCL:/AN o.eooo@#ogg
20x250
3000
2000
1000
O H\Ll 1 I L1 1 1 | 11 L1 | 11 1 1
0 15 20
E,% (GeV)
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C Entries 87813
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UDFLW 0.000
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8000 5x100
6000
4000
2000
O'111|1111 L1
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/‘ 4000 .T ‘EDntHes 961;2
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10000
20x250
8000
6000
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2000
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S. Fazio (BNL)

the energy spectrum of the
emitted ISR photon for two
different EIC beam energy
combinations.

the right plots show the same
photon spectra but requiring
E,=0.02 *E,

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

d3 k'
k-ﬁd q2
q1
P pves 7
&
BH -ISR
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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.

d; k'
kﬁ‘ﬁ q2
q1
P pyes 7
&

BH -ISR 15



DVCS at a high luminositz collider

< EIC will provide sufficient lumi to bin in multi-dimensions
< wide x and Q? range needed to extract GPDs

5X 100 20 X 250
102

102

fLdt = 10 fb

fLdt =10 fb™™
20 GeV on 250 GeV

5
5 GeV on 100 GeV 10

—_
o
S
T

104

108

Q? (GeV?)
o

102

1 1 1 IIIIIII 1 1 1 || 1 1 IIIIIII 1 11 11111
10° 10 10°° 102 10 1 10° 10™ 10°® 102 10" 1
XB XB

.. we can do a fine binning in Q2 and W... and even in |t|
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Data simulation & event selection

Acceptance criteria The code MILOU by E. Perez, L

. _ ) Schoeffel, L. Favart [arXiv:hep-ph/0411389v1]
for Roman pots: 0.03< [t| <_0'88 Ge\/ _ is Based on a 6PDs convolution by:
 for |t| > 1GeV2 detect recoil protonin main ' A Freund and M. McDermott

detector [http://durpdg.dur.ac.uk/hepdata/dves.html]
¢ 0.01 <y<0.85GeV?

. <5 ﬁm < |t| < 0.85 GeV? \

(Low-|t| sample)

»BH rejection criteria (applied to x-sec. measurements) * Very high statistics
«y<0.6 * Systematics will dominate!
* (Bel-8y) >0 * Within Roman pots acceptance
* Eel>1GeVZ; Eel>1GeV? 1.0 <|t| < 1.5 GeV?

(Large-|t| sample)
* Xsec goes down exponentially
* requires much longer data

» Systematic uncertainty assumed to be ~5% (having in taking
mind experience from HERA) \ /

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

» Overall systematic uncertainty from luminosity 5X 100 GeV = 10 fb1?
measurement not taken into account 20 X 250 GeV => 10 fb
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http://durpdg.dur.ac.uk/hepdata/dvcs.html

xgF(Xg, by) (fm2)

DVCS & J/

differential cross section

J 20:_ _:
F || [
3 .
o 10
c :
0 L L L ! L PR BRI
0.001 0.01 01 1
Y X8 \
Y'+p—y+p DVCS Y'+p—=y+p
104 T T T T T T T T T T T
e, 20 GeV on 250 GeV 5 GeV on 100 GeV
< 103t T 1 < fLdt =10fb! 3
3 3
g g
5 qof %
g 9
g 2
s 1f 3
01 . . . . . . . . . . . . . .
0 02 04 06 08 1 12 14 1 02 04 06 08 1 12 14 16
Itl (GeV?2) Itl (GeV?2)
effects
(high b;)
A e+p—e+p+y b Vs =140 GeV >
JLdt=10fb! 1.6x10% < x < 2.5x10° Q

10 <Q? < 17.8 GeV?
0.6

05

04
0.3

06F 02
E 0.1

Vs =140 GeV
1.6x10° < x < 2.5x10

B Q7 < 17.8 GeV?

by (fm)
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Luminosity: 10 fb!

e Measurement dominated
by systematics
* Fourier transf. of do/dt 2
partonic profiles
3
10 ot A 100
[ Vs=89.4GeV
L fldt=41b"/A Ew?
__{02L Sys.unc.=1.6% 10 %
S g
() @
) ®
o £
o 10¢ 1
1 10"
10 10° 102 10" 1
X
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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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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 * A M2 [Fz(t) - Fl(t + ] sin(@r—py)

governed by E and H

Spin-Sum-Rule in PRE: from g,
l=Jz+Jz=1AZ+24"+J" :
5 Ya Ve TS ¢ g 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. Mller

e 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 [ :: 2.0f e (él 3t HERA+EIC fit
s 1.5F ] & 15} N 8 \
N N 10~} - 0°=4 GeV’ = 2f x=10"3
2 10 - S 1.0} 5 2
o N Q=4 GeV? B Um S Q’=4GeV'
= 0.5} e M = 05 ' M\‘\
0.0 : : === 0.0 ‘ ‘ - - . —— e
02 04 06 |o 02 04 06 08 0 > 04 06 08
S
—t [GeV?] B —t [GeV?] —t [GeV?]
L
b} = —— [ alel g (BWIe ) E (. = 0,107
q X, ,M - ! 0 t xan - 9t7M
40
st x=107 Unpolariz:d_ «g B = Polarized ; L - gluons
b.=0 fm _ b, =0 fm _ D b,=0 fm
§ @’ =4GeV? sea-quarks - 0% =4 GeV? sea quarks li 6| O =4GeV?
o 1.0f 1.0 ~
2 s Q4
Ny ) s
% 0.5 : 0.5¢ %o ol
= > "
=
0ok ==t 00bcc St ol —
~15 -10 -05 00 05 10 15 15 -10 -05 00 05 10 15 -15 -10 -05 00 05 10 15
b, [fm] b, [fm] by [fm]
E.C. Aschenauer, S. F., K. Kumericki, D. Miller, JHEP09(2013)093
21
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Spatial Imaging — as in the EIC White Paper

x ¢(x,0.0%) fm™] xq"(x,,0%) [fin~) x g(x,5.0°) [fm™?]
15} bx=—100_3 1 bx=_100'3 =107 1 E.C. Aschenauer,S. F., K.
Q5;4{;Z'Vz QB‘;4£'ZVZ Zﬁ;z(f;’:‘ﬂ Kumericki, D. Miiller,
1t i 1 (x 0.19) JHEP09(2013)093
0.5}
ot : " " " . . . : " " . . . . . .
. ) [0.99 ,1.00]
1.5} /«_\unpolarlzed T Polarized + gluons - [0.97 ,099]
| —4—¢ iq arks —3 arks —— 0.94,097]
1k /‘I\K K + //iJf_\@% : [0.90 ,0.94]
PITes Y 4 [0.80 ,0.90]
05 = 1 / / // QIQ | 1070,080]
—_ 0 o . . [060,0.70]
z | ﬁ | [ 9 [ ﬁ L g o
' =) N | [040,050]
) 0.5 \\ \\\\ %%” / / // / f \K \\K e \K KQ J / / ]_ 1030, 0.40]
-° T R | 1020030
%é \ s e | [010,020]
_1F tjlj ﬁl:_’;/ Beos e | 10.05,0.10]
L N - al ~ | 10.02,005]
-1.5} — S 1|ft PDE | [001,002]
: : . : ' : : . ; A : : . . ; y . . [0.00 ,0.01]
15 -1 -05 0o 05 1 15 -15 -1 -05 O 05 1 15 -15 -1 -05 0 05 1 15 —
by [fm] by [fm] by [fm]

cpens . N
Impact of EIC (based on DVCS only): Other capablllt!es.stlll 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 _ _ o _ 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
rhoO: 2u+d 9/4¢ S ‘ 1><
omega: 2u-d /4g o | ) T A R EI
ph| S,8 g il 1 X =0.01
rho+: u_d g 3¢ 90 02 04 06 08 1 12 14 16
J/psi: g é i

— x = 0.001
We simulated the J/Psi cross section and %’ Yo 0z o4 o5 08 1 1z 14 is _
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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EIC White Paper
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by (fm}

Imaging gluons with J/=|=

Luminosity: 10 fb!

* Measurement dominated
by systematics

* Fourier transf. of do/dt =2
partonic profiles

Average gluon
densities



Imaging gluons with Y(1s)

, S. Joosten, Z.-E. Meziani
=« Nominal EIC detector i e

L 2018 EICUG Meeting Z 00 (116 dave @ 10t -
=« 10x more luminosity v [
=« Electron and muon channels v L -
10 30 Sominion i 11 10
1008 110GeV an 100 Gevl
*: 1 maw: 10 | Ecomum E 108 .
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' N Next-generation GPD studies with exclusive
e e meson production at EIC

Topical Workshop, CFNS, Stony Brook U., 4-6 June 2018
Organizers: Marie Boer, S. F.,, Lech Szymanowski, Christian Weiss
35 participants, 3 days of presentations and discussions

INDICO page: https://indico.bnl.gov/event/4346/

Objective: Assess potential of hard exclusive
meson production and related processes for GPD
studies and plan EIC simulations

e Concepts and interpretation: Quark/gluon
imaging, energy-momentum tensor

e Reaction theory: QCD factorization, finite-size
effects

e Experimental results: HERA, JLab 6 & 12 GeV,
COMPASS; LHC UPC pA, future RHIC UPC plans

e EIC machine and detector requirements

e Simulation tools: Physics models, PARTONS
framework, detector models



https://indico.bnl.gov/event/4346/

N Next-generation GPD studies with exclusive
Center for Fromiers meson production at EIC

Outcomes
e QCD factorization with finite-size effects provides realistic description of

exclusive meson production
Use in GPD & imaging studies
Need theoretical work: NLO corrections, relation between approaches

e UPCs at LHC extend energy frontier in heavy quarkonium production
LHCb, ALICE results for y+p > J/y +p (upto W~ 1.5 TeV)
Consistent with HERA data; no indications of nonlinear effects

e Meson production could become essential tool for GPD studies at EIC
Dedicated community, great interest

* Next-level impact studies need GPD-based physics models
Aim for GPD extraction with uncertainties

» PARTONS project (H. Moutarde et al) can play important role in integrating GPD
efforts at JLab12 and EIC
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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 p;-acceptance
—> small p;-acceptance limited by beam divergence
and immittance
- rule of thumb keep 10s between RP and beam

Remember:

Detector-4to4in h
- 35 mrad from beam line
- so not seen in main detector

- need different detection technology

p; of proton critical for physics

pr = p’ sin(6)
P’ >97% of pgeam

ZEUS Coll, THEP 06 (2009) 074

2000}
1500
1000}

500

Events

non-diffractive events

e ZEUS LPS
SATRAP

«—

0.9 0.95

XL=pIL/ pBeam
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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”
K ; F
g1 Plots from R . "
5°F EIC White Paper: equirement:
3 | JL..=10fb!
M3 0.18 <p, (GeV) < 1.3
Fourier
ransform 0.03 < |t| (GeV?)< 1.6
T Y TS T PR TS I I L'/
0 02 04 06 08 1 12 It1I4Ge:ISa
3
g
= limited
s lower J‘Lint= | Ofb-!
pr-acceptance 0.44 < pr(GeV) < 1.3
0‘ ] 0.2‘ ‘ ICIAl : ‘0.6‘ ‘ I0.8 ‘1 = II.Z‘ : ‘1.?;]‘&:‘\;2
N>10": Lo
= limited 2"
2 L2 L= -1
Sl higher . JL,..~=10fb
pr-acceptance o 0.18 < pr (GeV) <0.8
ol We need large acceptance
B Proton spectrometers!
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Proton acceptance with eRHIC

J.H. Lee

EIC Users Meeting

Events

Events
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pr acceptance for forward scattered protons from

exclusive reactions

BO Si tracker

* Plots: HD (high divergence) mode
* Acceptance gap between RP and B0
will be further optimized

Accept 0.3 < pr< |.3 GeV and higher
- Low pr-part can be filled in with

HA (high acceptance, smaller beam
divergence) running mode

20mrad vacuum pipe

DVCS - 20 GeV x 250 GeV - 10 fb”

3 :\‘
107 <>
‘HA
HD
L. . L,

Itl GeV?



Proton acceptance with JLEIC

.|~nlll~ "“‘“ul..,_‘__"" IP specﬂ:gr\neters electron
IR Layout IIIII HIH-g g% - FH
—— forwéard e

Compton [ detection ~ Jhﬂ“l‘. I,l--—-l—w—-l-—-—l
. i ~
polarimetry——— forward ion detection |'l' S ——"

ions

Two forward charged hadron detector regions:

- Region 1: Small dipole covering scattering angles from 0.5 up to a few degrees (before
quads) “2’2

- Region 2: Far forward, up to one degree, for particles passing through (large aperture) 8
accelerator quads. Use second dipole for precision measurement. (Hi Res)

acceptance proton at 100 GeV

2 0.8
ultra forward 0.7
small angle hadron detection
central detector with endcaps hadron detection 15 0.6
2
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And What about nuclei?
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Imaging the gluons in nuclei

Diffractive physics in eA

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

aF JLdt =10 fb"1/A o coherent - no saturation
107 &g 1<Q2<10 GeV? o incoherent - no saturation
Fo x<0.01 = coherent - saturation (bSat)
— - IN(egecay)! <4 e incoherent - saturation (bSat)
N> 3 m . P(Edecay) > 1 GeVic
()] 10 ? o Ot/t = 5%
Q - -
2 C o
~ 2
5 s
§ > L] ] ® AR T T
3 s m suppress
; | w " .
z 0t - by detecting
° - % 0 break-up N;
2 TE ons ®
° g | | <
R ® €
107 =
E Re)
VAL ) S
B +
10'2 L1 1 ‘ 11| ‘ 11| ‘ 11| ‘ L1 1 ‘ [INIAI ‘ L1 1 ‘ L1 1 ‘ Lo 2
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 _;
It (GeV?2) !
<
+
Q

)
Physics requires forward scattered nucleus’
needs to stay intact

- Veto breakup through neutron detection
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Hot topic:

» Lumpiness of source?

» Just Wood-Saxon+nucleon g(by)

Q coherent part probes “shape of black disc”
O incoherent part (large 7) sensitive to “lumpiness”
of the source [= proton] (fluctuations, hot spots, ...)

possible Source distribution with b2 =2 GeV-2

10°

104

108
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10

1

10"

102

0.25

g fLdt =10 fb"V/A o coherent - no saturation

= 1<Q2<10 GeV?2 o incoherent - no saturation
O x < 0.01 = coherent - saturation (bSat)
(= O IN(Kgecay)! <4 e incoherent - saturation (bSat)
- P(Kdecay) > 1 GeVic

ETT O stt=5%

F m

P

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18
Itl (GeV?)

S. Fazio (BNL)

Sensitive to
saturation effects!
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Detector Requirements for Exclusive Reactions in ep/eA
e

7, p, @, J/W, Jets

O Exclusivity criteria:
» Large rapidity coverage or tracker and Calorimeter (ballpark -4.5 <n<4.5)
» Reconstruction of all particles in event
» wide coverage in t (=p;2) = Roman pots

(J eA: large acceptance for neutrons from nucleus break-up
» Zero Degree Calorimeter
» veto nucleus breakup
» determine impact parameter of collision
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Summary

We studied and quantified the capability of an EIC science program will
EIC to provide high precision and fine binned profou ndly impact

DVCS and VMP measurements of both cross our underStanding of nucleon

sections and asymmetries over a large phase- structure and the glue

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)

- Study of GPDs in nuclei (and possible

gluon saturation effects)
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Back up

S. Fazio (BNL)
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Forward scattered neutrons

0.008
0.007
0.006
0.005
0.004 102

0.003

0.002

neutron angle 6 [rad]

0.001

neutron momentum p [GeV/c]

Requirements:
» Need at +/- 4 mrad beam element free cone before the zero degree calorimeter to
detect the breakup neutrons
» Neutrons are also critical to reconstruct collisions geometry
L. Zheng, ECA, J-H. Lee arXiv:1407.8055
—> precision neutron energy reconstruction = transverse size of ZDC

E.C. Aschenauer
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http://arxiv.org/pdf/1407.8055.pdf

BH rejection

20 X 250 S5X100
1102£ x102 <102 x 10
2500 [ 3000 :~ ‘ 1200 F V' 1800 3
C ! C 5 1600
2000 2500 [~ 1000 (74 1400 |
¥ L 1 1200 [
: 2000 800 : 3
1500 - 3 [ ] 1000 |-
oo I 1500 3 600 oo |
5 1000 | 400 : 600 F-
oo | 3 g
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Eel E, -DVCS Ey E? -DVCS e E_ - DVCS Ey E? -DVCS
BH electron has very low energy (often below 1
GeV) Important: em Cal must discriminate
Photon for BH (ISR) goes often forward (trough the clusters above noise down to 1 GeV
beam pipe)
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BH rejection
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<1.58,2.51>

<2.51,3.98>

<3.98,6.31>

<6.31,10>

<10,15.8>

<25.1,39.8>

<39.8,63.1>

<63.1,100>

BH fraction

5 x 100 GeV?

BH subtraction will be
relevant at low beam-
energies, at large y,
depending on the x-Q?
bin
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radius Vs X

Model of a quark GPD

b+ decreasing as a function of x
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“General-porpose” detector general requirements
JLAB B. Sorrow BNL

ePHENIX

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, 1t on track level
High precision low mass tracking

Forward instrumentation for protons and neutrons
High control on systematic effects

coopooo

A full silicon detector concept also proposed by Argonne
EIC Detector and R&D program

—> https://wiki.bnl.gov/conferences/index.php/EIC_R%25D
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A model detector concept: BeAST
(Brookhaven eA Solenoidal Tracker)



