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Physics Motivation

Exclusive ] /y —» ee™ production
e+p-oe +]/Ylee™)+p’
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(Wﬁg this channel matters:]

Dominated by gluon exchange >
direct sensitivity to gluon GPDs
The heavy charm mass provides a
hard scale - controlled pQCD
description

t-dependence enables spatial
Imaging of gluons in the proton
Fully exclusive final state - clean

P p ; R
event selection and precision
kinematics

J/W—> e eTisa channel for 3D gluon imaging at the EIC
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Physics Goals ePIE)

 Access gluon ’ T J/¥is gluon-

§ 15.8 < Q% + M3, < 25.1 GeV? dominated, Nnot
Generalized Parton | , .
e Ak ST quark-dominated

Distributions through / y N

eXClUSive ] / l/) § ’ 20 02 04 08 08 1 ‘3&2 ” \1\9/ §E§§&

production 5 o, | The momentum

_ 0.016 <xy <0025 | i//.\\.\X//E) §§§\ tranSfer t |S

* Measure the t- - B Fourier conjugate

dependence of the | o to the transverse

: 0.0016 < xy < 0.0025 _—— o0e .
cross section RTETETE TR TS B A Impact parameter
— _ 12 14 16 bTy enabling
b (fm) | W :

e Extract the transverse : spatial Imaging ot

spatial distribution of : gluons.

. Extract the t-dependence to obtain the
gluons in the proton gluon spatial distribution
EurPhys.J. A 52 (2016) 9, 268
Nucl.Instrum.Meth.A 361 (1995) 197-208
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Simulation Sample [Ager ePIC]

LAger, modular Monte Carlo framework for
o10° events simulation applicable to both fixed-

target experiments and collider setups.
> (Ager3.6.1-1.0

10° Generator Level Kin. Ranges
g L5 <10
o 0L xbj el |
10 Ol ey e |

The results presented are based on

Lo &0l ePIC April Simulation Campaign
107 107 - M 25.04.1 (10 X 130 GeV?)
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DVMP Kinematics ePIE)

All Final-State Particles

/ N\ /
— (etpoe +]/plee’) +p )
S b Scattered Prot R :
g Scattered Electror all particles are well separated in 77 and fall
- Decay Electron . 5 G .
L Decay Positron into distinct detector regions

12

v’ Scattered electrons go into the backward
regioninn

v' The decay electrons and the positrons go
Into the central region

v Recoiling protons go into the very forward
region

10—
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DVMP Kinematics ePIE)

All Final-State Particles

(ve+p—>e'+]/lp(eeﬁ+p’J

x10°

S 16 Scattered Proton Scattered and Decayed electrons, since 2
O r Scattered Electron
14 Decay Electron electron candidates are present per event

Decay Positron

Both candidates are tested as possible | /1
— ee” decay electrons, using invariant mass

check,

2.9 < My < 3.2
to separate the electrons.

)

University of
New Hampshire Olaiya A. Olokunboyo




n' Acceptance and Reconstruction
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60 20F- 10t i
- -I_ 181~ - 25~ l
50— = -
- 16— 1035_ B
- ~ - 20—
: 2] 10°E -
- = = 15—
30 10/ - .
20— = = N
- 61— - B
10 i3 E 5
— m™- - - B
n 2 B C
III""""""—‘—‘-E"‘H:IF|-!-"|—l_l|||||||||||||||||| :|||||||||| |||||||| [y Pt L 10—1 -"l""l'"'l""l""l""l""l"" T T ,d " T
MC C

9516 17 18 19 20 21 22 23 24 25 86 07 o8 o9 1 11 12 13 14 0 005 01 015 02 025 03 035 04 045 Y T
E - P,[GeV] Ecalor RECO /p AR

Quality Cuts
15 <E —p, < 25GeV
059 Ein = 1.2
AR < 0.4
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On the Scattered Proton

X

—_

o
w

m— \MC Recoil Proton

Counts
N
o

=== RECO RP Proton

RECO B0 Proton

= RECO RP+BO0 Proton

I

N -h )

-

| ] ] ] ]
6 7 8 9 10

_hO
(6)]

Good Proton Selection: within angular acceptance in BO or Roman Pot (RP)

6 < 95?,51030 < 20mradand 0 < 95?,52,3 < 4.7 mrad
There is a gap of = 1.3 mrad between the BO and RP
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Invariant M]N, Reconstruction

x10°
o [
% B == MC Decay Electron
O L ——— RECO Decay Electron
5 B —— MC Positron
B - RECO Positron
41—
3 -
2 I
1—
O_ —— |||||||||||||||||||||||| IIIIII

‘s 4 3 -2 -1 0 1
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o Correctlepton
assignment
o Detector resolution

o Clean ] /Y signal
extraction

Good agreement
between MC and
RECO confirms:
Proper electron-
positron identification,
and no significant
acceptance bias.
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x103

30

B —_— RECO
. ePIC Performance Fit

— 26.4.1 Campaign
25 e4p DVJApP, 10 x 130 GeV?

- Ly = 1107, Vs =72 GeV

A

20 = 3.0996 = 0.0001 GeV
-~ 0 =0.0171x 0.0001 GeV
| 3.04 = M,., <3.19 GeV

15

10

] ¥ —
IIII|IIII|IIII|IIII:|IIII|IIII|IIII

G85 29 295 3 305 31 315 3.2 325"3'3'

« 1GeV]

Width, o = 17 MeV with
excellent mass resolution and

signal purity



t — distribution Reconstruction

]

,)'
%)) = /
- — . V4
% = :E’ 0'9; Efficiency to RP+B0 — MC s’
Q 10 =
(@) — 3 0.8F Y 4
N — Accept e /
107 = o.e% —
= RECO RP+B0 ,%\ 5
s ’ N>
106 o V4 \ Z
E 0.3F p’ // \\(é@ X
10° 2 N
E 00‘ | ‘0T2‘ | ‘O‘.4‘ | ‘O‘.B‘ | ‘OTB‘ — ‘1‘ | ‘1‘.2‘ | ‘1T4‘ | ‘1.6 ‘,
104 | Momentum Transfer, -t [GeV?]
s The squared four-momentum transfer at the proton vertex
10°5 is defined as:
N a: I\ 2
10°H CMethod 1 = (I? g & !
10; where
= p = initial proton four-momentum
e p' = final-state proton (or recoil system) four-momentum
10_1 B | I | | I | | I | | I | | I | | I | | I | | I |
0 02 04 06 08 1 12 14 16 2 :
Momentum Transfer, t[Gev]] © t quantifies how much momentum is transferred to the

target during the interaction
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t — distribution Reconstruction ePIE)

Method 2: Corrected Outgoing Proton Momentum

" = ”
e = R4
S - Truth e,/
8 - RECO Method 2 y
1055_ /,
E %
- R4 N
S / A RSBV
3| p/ \ J
10°E // %
= K
10?2 From,;
E Q}‘ﬂmﬁ,{t Pl BB D B
10 we derive;
— R / 2
B tMethod AT (p i pcorr)
15"
10—1_I ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ]
0 0.2 04 0.6 0.8 1 1.2 1.4 1.6
-t [GeV?]
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t — distribution Reconstruction

Method 1+ Method 2: t3.110q 1+METHOD 2 = (P — péorr)z T D P')Z

f@O§/5§ —t Range [GeV?] Reconstruction Method
5
(0.000 < —t < 0.078) | Method 2 (M2) 2 10°E
S -
Q L — MC

(0.078 < —t < 0.270) | Roman Pot (RP) O B

(0.280 < —t < 0.830) | Method 2 (M2) 10* — RECO

(0.830 < —t <2.000) | BO
= T 3L
(:; 0o —— Efficiency to RP+B0 _ 10 -
S oo 3 -
% 0.72— i
iy 10°E"
o5 -
0.42— B
0.3 10
O.2§ E
0.1: :
o o L oo v v v b b b b by
0 0.2 0.4 0.6 0.8 " 1 t 11_.2 f 1.:1 1.6 10 0 2 O 4 O 6 O 8 1 1 2 1 4 1 6
omentum Transfer, -t [GeV"] . . . . . . .
Momentum Transfer, —t [GeV?] Momentum Transfer, -t [GeV?]
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ep Inclusive DIS Background epl&jg

Good Proton Selection A few events - There is no signal, all events are background candidates.
o Reconstructed in BO or Roman Pot

o Within angular acceptance: % 1 — —
6 < 9512775%0 < 20 mrad S T —— DIS BacKglound RECO
0 <675 %p < 4.7 mrad 0sl
Good Electron / Positron Selection i
o Exactly two oppositely charged tracks in the Central Detector -
o ldentified as e and e~ 0.5~
o Energy—-momentum consistency: -
0.8<E/p<1.2 0.4
Good / /1 Candidate i
v'Formed from ee ™ pair .
v'Invariant mass window: 02
2.7 < M_+,- < 3.4 GeV i
Suppress Photoproduction & Radiative Backgrounds g e L
dLongitudinal energy balance cut: Mq:o [GEV]
15<E —p, <25 GeV
Exclusivity Cuts 0 events from RP+B0{t = (p — p')?}and 2 events
“*All final-state particles reconstructed from Method L{t.,, = (» — Dlor)?}

)
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ep Inclusive DIS Background ep@

: Af ts-There ignal, all t back d didates.
Good Proton Selection ew events ere is no signal, all events are background candidates

o Reconstructed in BO or Roman Pot c 10°e

o Within angular acceptance: S F > Signal, 1 fb
6 < 95%%0 < 20 mrad % 10%_ —— DIS Background, 1 fb”
0 <675 %p < 4.7 mrad é -

Good Electron / Positron Selection 8 108

o Exactly two oppositely charged tracks in the Central Detector o« |

o Identified as e and e~ 10° B,

o Energy-momentum consistency: : %O%%o%

0.9 < E/p <12 0% R
Good / /Y Candidate : 00
2 AR 105 M‘?@%
Formed from ee ™~ pair 5 W

v'Invariant mass window: - %ﬁﬁﬁl
29 <M, +,- < 3.2 GeV '

Suppress Photoproduction & Radiative Backgrounds 10_1‘| T T e e

dLongitudinal energy balance cut: 6 0z 04 06 08 1 12 1-'t4[Gev;]'6
15 < E —p, < 25 GeV

Exclusivity Cuts 0 events from RP+B0{t = (p — p')?}and 2 events

<+ All final-state particles reconstructed from Method L{t.,, = (» — Dlor)?}

)
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Early Science Projection Results

,
-
.E 106 g [ | T 1T 1 1T T 1 1T T 1 1T T 1 | 1T T 1 | 1T T 1 _ |
2 F 4  Signal, 1 b 0.55[ —
£ I —— DIS Background, 1 fb” - — MC ]
8 105 =3 , 0.5 ePIC Performance ¢ RECO ]
(&) ] — 26.4.1 Campaign 7
i - DVJ/yP, 10 x 130 GeVA —
E il _ 0.45 :_:Z= 1 ft:ﬂ, \s=72 GeVe B
.éi 10 = O ~ .
O ] O 04 —]
(a - —~~ - -
|_ | ]
10° Eog, 2 0.35 =
u OOO'O‘OQO LL [ _
B %0‘0!000 " 0 3__ ]
2Ll e ~ ~ ]
10°E 00,

= 0000, s — 7
10 &- %(P(P(P L — N
s %ﬁﬁ«% 0.2 —
il ﬁﬁﬁl 0.15F —
; 0'1: I I I I I I I :
10_1 I T R T R T AN RN RAN TN N B R B A A R _15 _1 _05 O 05 1 15

0) 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 b. [f

-t [GeV?] T [fm]

Ao R : o 1 : o . ; :
d—: distribution using 1 fb~! projection — included realistic fluctuations using Gaussian (mean, error).

Ao i e : \ : > A s Sk
Realistic d—: distribution — applied Fourier transformation to extract spatial distribution.
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Performance Across (Q~, x) Phase Space

PiC]

Bin (0%) Range [GeV ()]
: 1.00 < Q2 < 1.78
2 1.78 < Q2 < 3.16
3 316 =% <567
4 5.62 < Q2 < 10.0

Bin (x) Range

1 107* < x < 2.5x107*
2 2 5%105 <y 63 X107
3 6:3x107 " <haa< 1057
4 072 =2y e G
5 25%x1073 < x < 6.3x1073
6 6.3x1073% < x < 1072
7 L2 = <5 25X 1052
8 25%107% < x < 6.3x107%
9 6.3x107% < x < 0.1
10 0.1 < x < 0.25

11 025 < x < 0.7

Total kinematic bins: 4 Q2 bins x11 x bins = 44 (Q?% x)bins used in the differential t-distribution study.

U
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Performance Across (Q%, x) Phase Space

i 10* <x <2.5x10”
102 «\» Signal
*f**i
BLE!
10F Hi}f* {*f
i ”ﬁ{ﬁ #
T
10 0501008 T T T 6
-t [GeV?]
" 10° < x <2.5x10°
€ 10
3
10°Beae,, + Signal
102 ¢ I.u.““! *
Pty
10 t **{ { }{ }ﬂ
tt it
]
10! saad e e by by s s by y o by by s sy
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1<Q%?<1.78
i 2.5x10” < x <6.3x10™
€ o
(@]
O
10° oo, +Signal
10 ..."'mm
i’ﬁH ;
Fat
10 } ”*i{{{ {
| i
10_1, | | Lol | | ' |
0 02 04 06 08 1 1.2 14 16
-t [GeV?]
2.5x10° < x <6.3x10°
o 10
[
=
(@)
O
3
10 F + Signal
1 02 L oo.'... 8 ..'
$338¢ §
Wit
F HH{} *H{ { |
| l
101Fllllllll | ' | | | "
0 02 04 06 08 1.2 1.4 1.6

6.3x10% <x <10°

" 6.3x10° < x <102
§ 10°
&)
+ Signal
102 § .0'99’!§§!§§* §
- it *ﬂ ** HH *
10F * H *
: Hi}{{ }l f
1F “ I
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This region has the
largest event statistics.

The t-distribution
exhibits a clear
exponential falloff.

Excellent reconstruction
performance is observed
over a broad trange.

The highest statistics

occur around
1073 S xS 1074

Statistical fluctuations
only become significant

at very large t.



Performance Across (Q%, x) Phase Space

-4 -4
59 10_10 <X <2.5x10
2 F
>
@]
@)
+Signal
1
10_1 T BT A AT A BFErET S BT E BT BT A N B
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
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§2)
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O =
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10?2 " st
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| !
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t [GeV?]
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Counts

1.78 < Q*< 3.16
2.5x10” < x < 6.3x10™ . 6.3x10% <x <10
a
103 ©
F + Signal 10 E‘.. + Signal
g ""*'u**{»f $ 102;_ ..... "'mm L
¢ . ]
t ****{ ** [ L **f**
1o H 10k "ty g
z it i 't} |
107 g e e e T e T e 107 g e e s T e T e
t [GeV?] -t [GeV?]
Ir2.5><1 0° <x <6.3x10° " 6.3x10° < x <1072
104k £
§ 10°
10° Be.. + Signal + Signal
Fene, 102k Yeap
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b adsh _ t
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Event statistics begin to
decrease.

The exponential t-
dependence is still
clearly visible.

Most x bins remain well
populated.

Detector acceptance
and reconstruction
remain stable across the
accessible trange.



Performance Across (Q%, x) Phase Space

-4 -4
10_10 <X <2.5x10

Counts

+ Signal
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10F i } t
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3.16 <Q° <5.62
2.5x10" < x <6.3x10™ 6.3x10* <x <10°
n 10 n
€ - T 10°F
> 2 =
S S
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10 T
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Hy
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The reconstructed
distributions still follow
the expected exponential
behavior.

PiC]

A significant reduction in
event yield is observed.

The highest-x bins begin
to lose statistics.

Some bins become
sparsely populated.



Performance Across (Q%, x) Phase Space

10* < x < 2.5x10™

10

Counts

+ Signal
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This is the most
statistically limited
region.

Several low-x and high-x
bins contain very few or
no events.

Only the central x bins
remain sufficiently
populated.

Despite limited
statistics, the expected
t-dependence is
preserved in the
populated bins.
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