Quankoﬁ um . |
dpportunities at the EIC =~ . |

Wangmei Zha
| Jniversity of Science and Technology of China

(Workshop "Exotic heavy meson
0scopy and structure with EIC”,
Aug. 15 -19, 2022

P

Electron-lon Collider

;.v":‘_-.‘\' U.S DEPARTMENT OF Offi(-:e of
IRVEN  jofferdon Lab (%) ENERGY | e



Why EIC ?

One of the most cleanest environment to study QCD.

Large kinematic coverage

100/1000 times (1033 — 10%* cm2s1) higher luminosity than HERA.

Highly polarized electron ( ~ 70%) and proton ( ~ 70%) beams.

Variable lon beam species: from deuterons to heavy nuclei such as gold, lead or uranium.
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The facility: EIC at BNL
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Luminosity: 1033-34 cm~?sect
(100-1000 times HERA)
Hadrons up to 275 GeV
Electrons : 5-10 (20) GeV

CM energy: 20-100 (140) GeV
Polarized beams
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>1200 scientists, 250 institutions [Webpage]

CDO and site selection at Brookhaven National Lab in
2019

v" Framework for international participation being set up
CD1 achieved in 2021 [Webpage]

Project hosted/managed jointly by BNL and JLab

EIC Yellow Report Physics-Detector studies completed
2021 [2103.05419]

v' Call for Collaboration Proposals for EIC detectors (1 Dec,
2021) [Webpage]

v' CD4 and operations expected in 2030+ i -
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http://www.eicug.org/
https://www.bnl.gov/newsroom/news.php?a=118765
https://inspirehep.net/literature/1851258
https://inspirehep.net/literature/1851258

The EIC status/timeline
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full-fledged accelerator: 2034



Why Exclusive Quarkonium ?

Gluons are massless, yet, responsible for nearly all visible mass
Gluons are hard to probe, as they do not carry electromagnetic charge
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The EIC detector (reference design)
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Tracking performance
—

Tracking
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PID at EPIC
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PID at EPIC
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" BiK<E0GRYe Only Ring Imaging for Cherenkov Detectors
PYTHIA e/(18) + p(275) —

« e/m<15GeV/c

“Veto” mode:

* e/ n above few MeV/c (up to ~15 GeV/c)

* n/K,p above 0.7 GeV/c (or ~1 GeV/c at "full efficiency")
* K/p>2.5Gev/c (or ~3 GeV/c at "full efficiency")

* h-endcap: dRICH

LI

p (GeVlc)
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Ring imaging:
* w/K:2-10 GeV/c
* e/m:0.6-2./2.5 GeV/c
“Veto” mode:
* k/m:0.6-2 GeV/c
 e/mn: <0.6 GeV/c
* K/p<3.8 GeV/c
* barrel: hpDIRC

Ring imaging: Great talks and discussions lead by Elke and Joe about RICH and DIRC
« /K <6-7 GeV/c veto/threshold mode: https://indico.bnl.gov/event/16314/
 e/n<1.2GeV/c

“Veto” mode:
* ¢,K/m>0.2/0.3GeV/c
* K/p>1GeV/c

G.Kalicy, CUA | Cherenkov based PID for EIC Detectorl | 2022 EIC Users’ Group Meeting | July 26, 2022



J/y Reconstruction
—
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J/p Reconstruction Efficiency

Single electron efficiency Jy efficiency
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The theoretical setup for projection
—
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The theoretical input for ep and eAu

Wyp = \/mf, +2my,
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Projection statistics with designed luminosity
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Probe the nuclear gluon PDF
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DVMP and gluon GPD

Average unpolarized gluon GPD

Hard scale: Q* + M¢{
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Spatial distribution of the nuclear gluons

State-of-the-art theoretical model of elastic electron
scatterlng off stable and exotic nuclel

t distribution (Wood-Saxon,

Good-Walker)
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The near threshold production mechanism
e —————

e 2g+3g is still used to describe the GlueX data in YR

e While due to C-parity conservation, 3g will not have a 2g+3qg fits data well but not real? !
contribution
e EIC and JLab can dramatically improve the statistics o _ o A= o (W2, - m2)
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Proton mass decom

position (trace anomaly)

—
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Proton mass decomposition (trace anomaly)
e e —————

X. Li etal., arXiv: 2207.10356
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https://arxiv.org/abs/2207.10356

Proton mass decomposition (trace anomaly)
e e —————

Negligible uncertainty from higher order corrections for Y
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Muon ID at EIC?

—

v’ Less bremsstrahlung v" Detector technology?
v" Internal photon radiation v R&D and cost evaluation?
v' Combinatorial background v Space limitations?
No INTT - 2 Layer INTT - 3 Layer INTT
wEGmlncﬁon 0.79 ; 2000l GaUSS fraction 0.60 mEG-m fraction 0.53
' - : Impact from
1m;o‘.=,,_,=um '“*;-o,,=m=|.auev ’m';"c,.=66.4= 1.7 Mev material to Upsilon

(ee) measurement
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Summary
—

» Quarkonia as powerful probe of gluons at EIC
» Excellent detector response and high luminosity allows to provide
promising constraining power to theory
v Unprecedented precision, unexplored low-x region (deep into
proton sea)
v Address profound open guestions in the fundamental structure of
matter (proton mass...)

» Many other physics with exclusive gquarkonia production:

v Gluonic Van der Waals force (scattering length, binding energy)
v' Proton mass radius

: S W2
—gr -







Detector Configuration (July Concept)
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J/y detection

a forward light cone variables can be used to see scattering beam e- influence
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J/y detection
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Electron identification capability at ECCE

T, rejection
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Electron identification capability at ECCE
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