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Physics motivation

* Near threshold photo-production of Y (total cross section, da/dt) has been
aroused plenty of interests from theory community

* May be sensitive to proton gluonic gravitational form factor (although the

connections still under debate) PRD 101(11) (2020) 114004
PRD 103, 096010 (2021)

PLB 822:10(2021), 136655
Extract the Y -p scattering length  prp 102, 014016 (2020)

Understanding origin of proton mass EPJC 80 (6) (2020) 507

Proton mass radius PRD 105, 096033 (2022) 096033 PLB 803 (2020) 135321
Short range correlation from sub-threshold productioa imei-671, 2018.

Gluon saturation from exclusive production in eA



Origin of proton mass

Decomposition of proton mass
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* Understanding proton mass from the

shape / amplitude of J/psi (Upsilon)
do /dt at near threshold.

a: momentum fraction carried by all quarks
- constrained from PDF
b: the magnitude of the QCD trace anomaly
contribution
- less known

EPIC 80 (6) (2020) 507
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Simulations results of Y near

threshold production in ep collisions
(from ATHENA)




Event generator and photon flux

* Event generator: eStarlight detail intro: PRC 99, 015203 (2019) source code: https://github.com/eic/estarlight

dwW 5 N 5
o(eA—eAV)= [ — | dk | dQ 2(7y*A—>VA(W, 0°) Zeus: Phys. Lett. B 437:432-444,1998
14 dk dQ Phys. Lett. B 680:4-12, 2009
T photon flux H1: Phys. Lett. B 483:23-35, 2000

W: photon-p center of mass energy CMS: Eur. Phys. J. C 79:277, 2019
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https://github.com/eic/estarlight

Kinematics of e « Y at near threshold

ep 10x100 GeV

Center of L
the detector

|
T

-10

10

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

W<15GeV

————— o — — — — — —

W<15 GeV
e«7Y
ep 10x100, Q%<1 GeV?

IIEII|II\I[I\IIlIIIIlIIIIlIII\

O

1 2 3 4 5 6
)

ep 18x275 GeV

__________________________________________________________________________

IIyI\|II\III!IIlIIIIlIIIIlI\I!

1 | ] | ‘ 1

W<15 GeV
e«<Y
ep 18x275, @°<1 GeV?

Center of o
the detector
_5;
—10[-
0

1 2 3 4 5 6
P, (GeV/c)

=

III\||I|||II|||I|||JI|I|II\I

15<W<25GeV -

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

15<W<25GeV
e«—Y

ep 10x100, Q%<1 GeV? —
I|III|IIII|1III|II\I

1 2 3 4 5 6

W>25GeV

W>25GeV
e—Y

ep 10x100, Q°<1 GeV? -
|III|III\|!III|\III

1 2 3 4 5 &
pT(GeV/c)

P, (GeVlc)
T | T | ) ] :
15<W<25GeV . -5
e<Y ]
] -10

ep 18x275, Q@°<1 GeV?
|III|\I\I‘IIII|IIII

1 2 3 4 5
pT(GeV/c

~ o

II:IIIIIII‘III\lII!IIIIIIlIIII

W>25GeV
e«Y
ep 18x275, @°<1 GeV?

1 2 2 4 5 6
P, (GeV/c)

6



-t (GeV?)

-t (GeV?)

Y distributions in—tand W (|n.[<3.5)
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Projected Y(1S) — e* e signals

From full ATHENA simulation
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Rapity
Wider mass resolution in forward
rapidity (near threshold) due to
worse momentum resolution in
forward compared to central.
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Projected Y (nS) signals
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Projected Y production yield at near threshold

%) T T 1T | |G|| T | T |t| |d|| T 1T T T TT T T 1T T T TT T T 1T | T T TT || TT |_ g : _- PIOtS are from full ATHENA
O] o o(Generate OO — e —3;_-};_# . .
9 2L = *Reconstructed P e & 7 4 1.,5;### simulation
E E :8: _._—I— - _._+++ E : 1 0—2 - ‘#__#__I{_
c o e : S -yf#
S T : S +F
= . - | T | g . e Measurements on
3 == _ 2 2 Y(1S)—>e'e
5 - - W<t GeV . i Y near threshold
S - . Proj. L =100 fo™ N Q’<1 GeV? _
D 10 - Y(1S)»e'e = 107 Proj. L=100 fb"! production cross-
- o ] - . . .
B o eegp 18x275 GeV 7 : _+_ e ep 10><100 GeV Sect|on are pr0m|S|ng
I . - =ep10x100 GeV . i —— ep 18x275 GeV in future EIC.
Ll 1l I Ll 1 1 II Ll II Ll 1 1 I L1l II Ll 1l I L1 1 1 II L1l I Ll 1 1 II L1 1
10 11 12 13 14 15 16 17 18 19 20 107635535 545858579819 50
W (GeV) W (GeV)
R e e IR Saans s aanes sussaanna secs BENE-SHE e e
L A A o T I I B B B e A s e o R RS ol B S S ittty
o o8 | 08 -+ L 08 ++
o = s t
o8] - 0.6 = ooer g
0.4 Y e 0.4 Y ] 0.4 .
. e « ! C e « . s :
0.2- ; . 0.0F - ; S | 0.2? . . ]
- Tracking efficiency vs n - " Tracking efficiency vs py - Y(15) reconstruction efficiency
% 4 3 5 1 0 | 2 a3 4 -5 T e S - S—Y e R R R SR
n p, (GeVrc) Rapidity 10




Projected Y do /dt at ep 10x100 GeV collisions

From full ATHENA simulation
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e Differential measurements of Y near
threshold production is feasible in EIC
ep 10x100 GeV collisions.

* Expected EIC will have separation
power for different model
calculations.

Twist-4 : PLB 822:10(2021), 136655
QCD (GPD factorization) : PRD 103, 096010 (2021)
LARGER: PRD 102, 014016 (2020)
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Summary

* Measurements on Y near threshold production at EIC is promising.

* Physics observable: total cross section, differential cross section do/dt
(slope, do/dt(t = 0) etc).

* Detector acceptance is cut-off at ep 18x275 GeV collisions at near threshold
but feasible for lower energy collisions e.g. 10x100 GeV, 5x41 GeV etc.

e Outlook
* Full simulation from Detector-1 in both ep and eA collisions



* Back ups
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eStarlight/Lager prediction on the slope

Upsilon(1S) cross section AGER: PRD 102, 014016 (2020)
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