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ePIC - First EIC detector collébbration
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’ ePIC de’téctor |
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Far-forward system

Zero-Degree Calorimeter
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- ZDC for neutral particle diffraofi’fo‘h measurement
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Updates from EIC RRB

Reference Schedule

Deadline for “our” detectors in: ~second half of 2031

CD-2 plans will be revised to address actual funding and tk

e Director’s Review.
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Physics topic and hardware development |
« In the detector building phase, physics topic and hardware developments

are not correlated
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' Organization of ePIC colléboraﬁ(')‘nr ,

Integration
Detector Physics
P aEoner] Detector Integration ,
Features (website) Inclusive
Tracking SIDIS
Si Vertex Tracker DAQ Exclusive, Diffraction
TOF PID _ and Tagging_(website)
Calorimetry Main DAQ Page BSM&Precision EW
Far Forward Jets/HF
Far Backward Software
Experimental Solenoid Simulation
Background production&QA
DSC Requests
q . Software and
DSC (website) Computing

Test Beams (2024)

« In the early phase, most of funding and efforts go toward engineering aspects

« A well-balanced investment in hardware development, physical simulation, and
theoretical research is crucial. -> Hz1}H| =7| H|ot




[Korean institutes interested in ePIC (2023)
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MIH| (2024)
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https://www.nrf.re.kr/biz/info/notice/list?menu_no=378&biz_no=532

(Personally) Interesting topics
for both theory and experiment

1. Penta-quark production

2. Meson PDF
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1. Penta-quark production
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High Energy Physics - Phenomenology

[Submitted on 23 Feb 2022]

Production of P.(4312) state in electron-proton collisions

In Woo Park, Su Houng Lee, Sungtae Cho, Yongsun Kim

We study the
pentaquark « High Energy Physics - Phenomenology

\/s is set to | [Submitted on 12 Feb 2024]

asses the po Sty on the ¢p-meson photoproduction off the proton target

mparing ti
2‘.;{:2,, bge; with the pentaquark-like K *X bound state P,
P, > p+Jl

considered a 2aNg in Shim, Yongsun Kim, Seung-il Nam

We utilize the e
photoproductic
the Pomeron, f
resonance state

indicate that, a|
a limited impac n Woo Park, Sungtae Cho, Yongsun Kim, Su Houng Lee

High Energy Physics - Phenomenology

[Submitted on 4 Mar 2025]

The Electron-lon Collider as A Prospective Facility for Pentaquark
Measurements

crucial, particul The Electron-lon Collider provides a groundbreaking opportunity to study heavy pentaquarks with unprecedented precision,
leveraging its high collision energy and beam spin polarization capabilities. As a representative case, we analyze electroproduction
cross sections of Pc (4312) under different spin-parity hypotheses using the vector meson dominance model. To ensure a
parameter-free approach and minimize ambiguity, we incorporate results from the LHCb and GlueX experiments. To characterize
the spin and the parity of Pc (4312), we propose measuring the beam spin asymmetry and decay kinematic polarization, quantities
that can be accurately determined by the ePIC detector. Our approach can be extended to investigate other heavy pentaquarks
produced in electron-proton and electron-deuteron collisions, as well as to study their interactions with nuclear matter in
electron-heavy ion collisions. We strongly encourage the EIC community to explore this potential and integrate pentaquark studies
as a critical element of the scientific mission.
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New exotic particles atL—HCb |
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New. exotic particles atLHCb |
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Pc brothers discovered by LHCb o
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Characterization of Pc -

* Discovered, yet the internal structure and quantum numbers remains
In question
« Spin 1/2? 3/27 5/27?

 What the best machine to shed light on it?
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Photo-production of P

electron /

proton

Perhaps we can create Pcbye +p — ¢ + p.
in the e+p collision in near future!
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_Electron lon Colider -~~~

[1] https://www.bnl.gov/eic/science.php



Pec production in e+p sy‘s_tem o
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Pc production in e+p sy‘s_tem |

_

Jy

K »

“ C . 7
[1] Gounaris, Sakurai PRL 21, 244-247 (1968) ross section:
[2] Klingl et al, Z.Phys. A356 (1996) 193-206
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Computation of P Cros‘s_.:;"se_,c’tion at EIC

Vector meson dominance

henomenolo
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v 9v

m
(O Tl T/ ) = == *Fel;

8,pp, cOmMputed using P decay
width measured at LHCb

[1] Gounaris, Sakurai PRL 21, 244-247 (1968)
[2] Klingl et al, Z.Phys. A356 (1996) 193-206
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Formalism for VMD

4 - Vector meson dominance model
_ J
LJ/‘//V _gFlm/Fl,wa

L}/e‘eJr — —61/77”14”1//,
J/
v + Coupling constant gy is computed
from Jlwy—e*e- decay width

-+ 2m?
I'= ma \/mf/w 4m? (l+ i )
3 gJ mJ/W

= 92.9 keV x 0.05971,
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Formalism for P. production

Interaction strength J/y,
proton and P is computed
from the decay width
measured by LHCb

i

Lagrangian (tensor potential & R-S eq.)
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Fix interaction strength using I
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87tmp
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- Results in 2 spin x 2 parity cases
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Formalism for P. production

Interaction strength J/y,
proton and P is computed
from the decay width
measured by LHCb

tLq4
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- Photo-production strength
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Pc(431 2) ylelds N pO|aI’IZed e+p i
r :—:’b[mbl JP\ Spin 3/2 case

—_— (312)*
s (312"

= /=< =" Parallel polarization
e P

= rp-<€ = Anti-parallel polarization

Spin 1/2 case

= /=< }== Parallel polarization
e P
= ;<€ /= Anti-parallel polarization
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P.(4312) yields in polarized e+p

_ do/dn [RL] — do/dn (RR)

BSA (n) = — /dn [RL] + do/dn [RRE]

Spin 3/2 /o.8!

. w8 =D 1 2 3 4

Spin of Pc can be resolved by measuring forward-to-backward ratio!
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P:(4312) in ePIC simulation
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P:(4312) in ePIC simulation
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P:(4312) in ePIC simulation

e—» <«——pP
£ [mb)

1078

—_ (312)*
e (U2}
— (112)*
asess (112

-4 -3 -2 -1 1 2 3 4
Forward detectors (p-going direction)

-wﬂ
!

SiPM-on-tile HCAL

Off-Momentum
Detectors

BOpf combined function magnet

31



- Particle reconstruction performance
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(7 is one-to-one function of p due to 2-body process)
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Particle reconstruction performance

N(Pc) > 2
-1 11 I 1 1 I LI I LI I LI I LI I LI I LI I LI I LI 2;50 l;ﬁ*o
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Fixing m,.,- = m Ty WE can resolve P;(4312) and P;(4440) with ePIC
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2. Meson PDF
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Sullivan process

- DIS for pion and Kaon

 EIC can shed light on meson structure function more clearly
- Tagging X -> exclusive measurement
- Measurement of forward 79, n and A are all possible
- Polarized beams are huge benefit




- Sullivan process

- Tagging this event will rely solely on the ZDCl
- To be made by Korea-Japan collaboration
- EMCal + Hcal (Silicon trackers) ZDC (Zero Degree Calorimeter)




ZDC detector

ZDC (Zero Degree Calorimeter) P A

e How to reconstruct A?

vV (67%)\ —>p+T1t

v (33%)A > n+m?
om Hy+y




ZDC detector

= Transverse segmentation 1mm
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e How to reconstruct A? ZDC
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 Japan and Korea collaboration
suggested to upgrade ZDC with
Silicon detector (ALICE FoCal-like)




_Summary

- The experimental community is putting most effort into detector R&D
and manufacturing, which are not correlated with physical topics

 Yet, there are ongoing efforts to explore novel opportunities on the
experimental side.

« From a theoretical perspective, some topics appear to be particularly
interesting:
- Pentaquarks — studies of cross sections, internal structure, quantum
numbers, and more

« Meson form factors — investigations of pion and kaon form factors
through analytical methods or lattice QCD

« Of course, we should also not overlook the potential application of
quantum computing algorithms in EIC physics, either for data analysis or
for simulating scattering processes

39



