eP%&) Experiment

Overview



The rise of “Femtotechnology”

5 ®-°-B3-9-%

Water droplet Molecule Atom Nucleus Nucleon Quark/Gluon




The rise of “Femtotechnology”

-B-7 -P-Q-F

Water droplet Molecule Atom Nucleus Nucleon Quark/Gluon

* It's been a long time since we discovered that the matter we see is made ot quarks




The rise of “Femtotechnology”

- B-Q-F

Water droplet Molecule Atom Nucleus Nucleon Quark/Gluon

* It's been a long time since we discovered that the matter we see is made ot quarks
« Itis becoming possible to control several nuclei at will (Nanotechnology)




The rise of “Femtotechnology”

- B-Q-F

Water droplet Molecule Atom Nucleus Nucleon Quark/Gluon

* It's been a long time since we discovered that the matter we see is made ot quarks
« Itis becoming possible to control several nuclei at will (Nanotechnology)
e The time will surely come when the nucleus itselt must be designed as we wish (Femtotechnology)




The rise of “Femtotechnology”

Femtotechnology

- B-Q-F

Water droplet Molecule Atom Nucleus Nucleon Quark/Gluon

* It's been a long time since we discovered that the matter we see is made ot quarks
« Itis becoming possible to control several nuclei at will (Nanotechnology)
e The time will surely come when the nucleus itselt must be designed as we wish (Femtotechnology)




The rise of “Femtotechnology”

Femtotechnology

53D -B-9-%

Water droplet Molecule Atom Nucleus Nucleon Quark/Gluon

 It's been a long time since we discovered that the matter we see is made of quarks
« Itis becoming possible to control several nuclei at will (Nanotechnology)

e The time will surely come when the nucleus itself must be designed as we wish (Femtotechnology)
— Quantum technology (Designing matter, quantum computers, and so on...)




The rise of “Femtotechnology”

Femtotechnology

53D -B-9-%

Water droplet Molecule Atom Nucleus Nucleon Quark/Gluon

 It's been a long time since we discovered that the matter we see is made of quarks
« Itis becoming possible to control several nuclei at will (Nanotechnology)

e The time will surely come when the nucleus itself must be designed as we wish (Femtotechnology)
— Quantum technology (Designing matter, quantum computers, and so on...)

A complete understanding of how quarks and gluons form nuclei is essential to the realization of

"Fermtotechnology”
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precision event kinematics
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The physics accessible in each process is different
Exhaustive measurements can reveal how nuclei and nucleons are composed of partons
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«  World’s first polarized electron-proton and electron-nucleus collider

« Brookhaven National Lab was selected as the site in 2020

Electron-lon Collider

For e-p/A collisions at the EIC

» Polarized beams: e, p/d/3He...Cu/Au/U (Wide range of nuclei)
e Luminosity ~ 1033 - 1034 cm-2s-1 = 10 - 100 fb-1/year x100-1000 HERA
e 29 -140 GeV (Variable \/s) < HERA (318 GeV)

 EIC Critical Decision (CD) Plan

2020: Approve Mission Need (CD-0)

2021: Approve Alternative Selection and Cost Range (CD-1)

2024: Approve Performance Baseline (CD-2)
2025: Approve Final Design (CD-3)
2032: Start Mission (CD-4)

C is a unique project, the world’s on
ikely, the only novel high-energy col

y one approved for the ultimate understanding of QC
ider in the next 15-20 years




Major Nuclear Physics Facilities for the Next Decade

Report of the NSAC Facilities Subcommittee accepted on April 26, 2024, by NSAC

“The EIC will be a new world-leading DOE facility at the forefront of scientific
discovery. The Subcommittee ranks the EIC as (a) absolutely central in its
potential to contribute to world-leading science in the next decade.”

“Concerning readiness of the facility for construction, we rank the EIC in
category (a) ready to initiate construction.”

Slide from Silvia‘’s talk at CERN last week




ePIC Collaboration

ePIC is the only experiment approved for construction at EIC
— electron-Proton/lon Collider = ePIC
— >650 members, 177 institutes, 26 countries

— 45% North America, 37% Asia, 27% Europe, 4% Africa
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« ePIC is the only experiment approved for construction at EIC
— electron-Proton/lon Collider = ePIC
— >650 members, 177 institutes, 26 countries

— 45% North America, 37% Asia, 27% Europe, 4% Atrica
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« The detector will be installed at IP6 (currently in use by STAR)

The ePIC collaboration is the strongest team from all over the world to achieve all possible
physical targets at EIC
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PID Detector Design

High-Performance DIRC (hpDIRC) Dual-Radiator RICH (dRICH)
Quartz bar radiator (reuse BaBar) + MCP-PMTs C2F6 Gas / Aerogel + SiPMs
/K separation up to 6 GeV/c /K separation up to 50 GeV/c

i dRICH

Fused silica

/ bar

Fused silica
prism

&
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Photon sensor

5 Aerogel

Sensors

Focusing lens
AMn —

~

N

Mirrors

Sensors

“H — — — _ inner conical mirror

< »
- ,/'/ J§

*\‘J‘ r @« " Proximity Focused RICH (pfRICH)
N &;&' \ & ~40 cm proximity gap
\ ! fee\ § ,/ o
; %L‘ | Aerogel + HRPPD sensor (t0)
L e PID by timing information

)

4"
———— HRPPD sensor plane T[/K Separation up tO 10 GeV/C
&‘\;;, ; e/t separation up to 2.5 GeV/c

—————— outer conical mirror
_________ vessel




PID Detector Design

High-Performance DIRC (hpDIRC) Dual-Radiator RICH (dRICH)
Quartz bar radiator (reuse BaBar) + MCP-PMTs C2F6 Gas / Aerogel + SiPMs
/K separation up to 6 GeV/c /K separation up to 50 GeV/c

Fused silica Fused silica : | / dRICH

prism / bar \

v /Q@& A =
Photon sensor —
Focusing lens Se/nslonrsn = = “,‘ /7 o hmrs

.« Proximity Focused RICH (pfRICH) Time-of-Flight (TOF)
% Y ~40 cm proximity gap AC-LGAD
= l Aerogel + HRPPD sensor (t0) ~30 ps time resolution
A;.::"?‘f.f.;”t::girr;’ngf'ﬁi(_ﬁtfmér PID by timing information ~30 pm spatial resolution
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PID Detector Performance

 Electron identification, electron-pion separation at low momentum (high-y) complementary to the
ectromagnetic calorimeter

D

pPfRICH performance

Momentum Vs Cherenkov angle (track)

Cherenkov Angle (mrad)
N
N
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PID Detector Performance

 Electron identification, electron-pion separation at low momentum (high-y) complementary to the
electromagnetic calorimeter

» Hadron identification, pion-kaon-proton separation for SIDIS

pPfRICH performance

Momentum Vs Cherenkov angle (track)
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PID Detector Performance

 Electron identification, electron-pion separation at low momentum (high-y) complementary to the
electromagnetic calorimeter

» Hadron identification, pion-kaon-proton separation for SIDIS

pfRICH performance Barrel TOF performance
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Hadron identitfication, pion-kaon-proton separation for Sl

Cherenkov Angle (mrad)

Hyperon decay hadron kinematics

PID Detector Performance

ectron identification, electron-pion separation at low momentum (high-y) complementary to the

ectromagnetic calorimeter

pPfRICH performance
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Far-Forward Detector Design

BO detector i

BOpf combined function magnet

B2apf

RP

B1apf

OMD
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Far-Forward Detector Design

BO detector
4 AC-LGAD layers

PbWO4 EI\/ICaI B2apf
5.5<8<20 mrad (4.6<n<5.9)

n\ é: ZDC
B1apf

BOpf combined function magnet




Far-Forward Detector Design

BO detector Roman Pods
4 AC-LGAD layers 2 stations with 2 AC-LGAD layers each
PbWO4 EMCal 0 < 5.0 mrad (N>6.0) B2apf

5.5<8<20 mrad (4.6<n<5.9)

I

Off-Momentum Detector
4 layers ot AC-LGAD layer
B < 5.0 mrad (n>6.0)

BOpf combined function magnet




Far-Forward Detector Design

BO detector Roman Pods
4 AC-LGAD layers 2 stations with 2 AC-LGAD layers each
PobWO, EMCal 0 < 5.0 mrad (n>6.0)

5.5<8<20 mrad (4.6<n<5.9

( ) -
BO detector
w 7

Zero Degree Calorimeter
1st: Si layers + PoWO4/LYSO
2nd: W/Si Imaging EMCal

(. l 3rd: Pb/Sci HCal
B < 5.0 mrad (n>6.0)

Off-Momentum Detector
4 layers ot AC-LGAD layer
B < 5.0 mrad (n>6.0)

-

BOpf combined function magnet




Far-Forward/Backward Detector Performance

« BO detector can reconstruct charged particles and photons at
4.6<n<5.9 region by using a bending magnet

— Parent particles can be reconstructea

Momentum [GeVic)




Far-Forward/Backward Detector Performance

« BO detector can reconstruct charged particles and photons at
4.6<n<5.9 region by using a bending magnet

— Parent particles can be reconstructea

Momentum [GeVic)
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Far-Forward/Backward Detector Performance

BO

« BO detector can reconstruct charged particles and photons at
4.6<n<5.9 region by using a bending magnet

— Parent particles can be reconstructea
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Far-Forward/Backward Detector Performance

Scattered proton

« BO detector can reconstruct charged particles and photons at 3 14 18 x 275 GeV
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4.6<n<5.9 region by using a bending magnet i 1

— Parent particles can be reconstructea 08F |
0.6

0.4F 10

0.2; 10

O:_ | | | | . 1

O
N
TN
(@)
(00]
—
o
—h
N
—h
I

BO tracking reso.

T
T

o = ] 27cm spacing + TimePix (3 layers, 16um) + ACLGAD (1 layer, 20um) + 1%X + HD; 80 <p <100 GeV/c
<12 014t ;

Cn - 27cm spacing + full ACLGAD 20um res. + 1%X0 +HD; 80 <p <100 GeV/c
'..C:> I + 27cm spacing + full ACLGAD 20um res. +5%X_+ HD; 80 <p < 100 GeV/c I
=) L
6 O 1 2 B x 27cm spacing + ITS3 (3 layers, 6um) + ACLGAD (1 layer, 20um) + 1%X0 +HD; 80 <p <100 GeV/c
7]
&) v 27cm spacing + faux field map + full ACLGAD 20um res. + 5%X0 + HD; 80 <p <100 GeV/c

0.1 27cm spacing + faux field map + full ACLGAD 20um res. + 5%X_+ HD; 30 < p < 41 GeV/c
E L
-} -
-
C —
© 0.08—
- — +F g2 - (0]
@] - -+ ti 0
E [ n no00 0 omEERg,
% 006 __ O = Famg :_tii“ 1 )
= R T AESARAEas ¢

|
5) — :EC*““‘—%—* ...............
© B ot L,
— B i o VAN
Baaien e e nme ey b VAR e
2E 3-6% -
O_||||||||||||||||||||||||||||||||||||||
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Transverse Momentum, p_ [GeV/c]




Far-Forward/Backward Detector Performance

Scattered proton

« BO detector can reconstruct charged particles and photons at § 14 18 x 275 GeV
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Far-Forward/Backward Detector Performance

Scattered proton

« BO detector can reconstruct charged particles and photons at ?'4_ wxorscev |
4.6<n<5.9 region by using a bending magnet - OMD | .

— Parent particles can be reconstructea |
« OMD can detect 40%~65% momentum proton w.r.t steering magnet
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Far-Forward/Backward Detector Performance

Scattered proton

»  BO detector can reconstruct charged particles and photons at 3 48 iBx275Gev |3
_4.(3);2;5.9 r.elglon bg)/ using a benjlng magnet - 1: OMD | .
particles can be reconstructe 8- CD + RPs

»  OMD can detect 40%~65% momentum proton w.r.t steering magnet ~ °
* RPs can detect 60 - 95% momentum, proton 5 BO B £
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Far-Forward/Backward Detector Performance

Scattered proton

»  BO detector can reconstruct charged particles and photons at § 148 18x275Gev | ]
_4.(3);2;5.9 r.elglon bg)/ using a benjlng magnet & 1: OMD ..
particles can be reconstructe 8- CD + RPs

»  OMD can detect 40%~65% momentum proton w.r.t steering magnet ~ °
* RPs can detect 60 - 95% momentum, proton 02 BO ’
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Far-Forward/Backward Detector Performance

Scattered proton

« BO detector can reconstruct charged particles and photons at @ 14E ex2756ev |

4.(3)<n<5.9 r.e|g|on bg)/ using a benjlng magnet - OMD | .

— Parent particles can Oe recoonstructe | 32: CD + RPs

« OMD can detect 40%~65% momentum proton w.r.t steering magnet iy +7DC b
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« /DC can detect neutron/photon
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ePIC-Japan team

« Member institutes in Japan

— Nucleon structure
* Yamagata University
« RIKEN

* Nihon University

— High-energy nuclear physics
« University of Tsukuba
« University of Tokyo
 Nara Woman's University
e Hiroshima University

— High-energy particle physics
« Shinshu University
« Kobe University
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Summary

« Mankind will not be able to take the next step unless it can manipulate quarks and gluons at will
« EIC is the only machine to open the “Femtotechnology” era
« The ePIC collaboration is the tirst experiment to start measurement at EIC

» The ePIC detector is a masterpiece of modern technology
— Tracking, PID and calorimetry cover

« Japanese team plays important roles in the collaboration
— Detector R&D: AC-LGAD TOF and ZDC

The EIC is a significant experiment that will satisfy our intellectual curiosity
and create a new era for mankind!
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Thank you!
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Neutral Current DIS

Detection of scattered
electron with high-
precision event kinematics

Parton Distributions
in nucleons and

nuclei Saturation

QCD at Extreme
Parton Densities -

P

>

U

Charged Current DIS

Event kinematic from final
state particles (Jacquet-
Blondel method)

Spin and F
Structure

ucleons and

avor
of

nuclei

Experimental Process to Access EIC Physics

Semi-Inclusive DIS

Precise detection of
scattered electron in
coincidence with at the

least 1 hadron

Tomography
Transverse
Momentum Dist.

QCD at Extreme
Parton Densities -
Saturation

~ 10 fb~!

J 7

Deep Exclusive DIS

Detect all particles in
event

Tomography
Spatial
Imaging

~ 100 fb~!

84




Requirements for an EIC detector

: : L /A beam electron beam
 Precise primary and secondary vertex determination P e —

— Heavy flavor hadron and hyperon reconstruction

» Precise low-mass tracking at an extensive range
— Good low momentum resolution

Particle identification at an extensive range
— 1/ K/ p separation

« High-resolution EMCal covering a very wide rapidity region
— Scattered electron identification and kinematic determination

« Reasonable resolution HCal covering a very wide rapidity region
— Neutral hadron, n / KO identification for PFA (full jet reco.)

13t 10 2
 Far-Forward and Far-Backward detectors Expected radiation 10 neq/Cm at EIC

— Large acceptance for diffraction, tagging neutrons from nuclear (101516 neq/sz at HL-LHC)
breakup

Precise vertex, tracking, PID, and calorimetry, hermetic detector system (In/>0, [pl<m)
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Requirements for an EIC detector

10x275GeV e+p @ 500.0 kHz, 1 fb' min-bias integrated lumi. — -1.50 <y < 1.50 cm (1 bin)
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