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 ePIC detector aspects deserving emphasis: examples of recent
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The ePIC DETECTOR:
the combined EIC PROJECT and ePIC COLLABORATION efforts

ePIC (designed for IP6 at
EIC) is the Project Detector

Project mission for the ePIC detector

ensure that all aspects related to the EIC project realization and

completion are satisfied

Project support to the ePIC detector
Administrative structure

Engineer team

Financial support

Past : mainly via R&D program
Present: mainly via PED (Project Engineering & Design)
After CD3: construction

ePIC is the detector to which the
ePIC Collaboration is dedicated

Collaboration mission for the ePIC detector

» optimize the physics reach of the detector
+ manage the Collaboration, goals: making it functional, effectively

operative and a professionally sound environment

Collaboration support to the ePIC detector
» Scientific workforce

For hardware, software and dedicated physics studies

* Financial support

Staff members from academic Institutions and international

Institutions

Past and present: international cofinancing R&D, engineering
studies

international in-kind contributions to constructions
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Engagement in hardware efforts
(detector subsystems) within ePIC

Within ePIC, each subsystem is realized by a Detector
Subsystem Collaboration, DSC (15 DSCs, in total)
guided by a Leader (DSL) or two co-Leaders assisted
by Technical Contacts (DSTC)

« The internal organization of the various DSCs is
different because it is designed by each DSC
autonomously

 The DSCs select their DSLs and DSTCs

* The autonomy of the DSCs guarantees flexibility as
needed and ensures motivation and enthusiasm

Detector consistency is ensured by
» ePIC Technical Coordination
» Role of DSLs/DSTCs in the Project

EIC RRB meeting, November 12-13, 2024
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BACKWARDS HCAL

DSL/DSTC: Leszek Kosarzewski (OSU)

hpDIRC
DSL/DSTC: Greg Kalicy (CUA)

BACKWARD RICH
DSL/DSTC: Alexander Kiselev (BNL)
Deputy DSL: Brian Page (BNL)

BARREL ECAL
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Co-DSL: Hwidong Yoo (Yonsei)
Deputy DSL: Maria Zurek (ANL)
DSTC (Si): Manoj Jadhav (ANL)
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FAR FORWARD
DSL: Alex Jentsch (BNL)

DSTC (Roman Pots/OMD):

Alex Jentsch (BNL)
Co-DSTC (ZDC): Yuji Goto (RIKEN)
. Co-DSTC (ZDC): Miguel Arratia (UCR)
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BARREL HCAL
Co-DSL: Stefan Bathe (Baruch)
Co-DSL: Megan Connors (GSU)
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DSTC (BO): Zvi Citron (Ben-Gurion)

FORWARD ECAL
Co-DSL/DSTC: Oleg Tsai (UCLA)
Co-DSL: Huan Huang (UCLA)
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LUMINOSITY

Co-DSL: Nick Zachariou (York)
Co-DSL: Krzysztof Piotrzkowski
(AGH Krakow)

DSTC (Pair Spectr.):
Stephen Kay (York)

FORWARD HCAL

DSL/DSTC: Friederike Bock (ORNL)
Deputy DSL/DSTC: Miguel Arratia

(UCR)

FAR BACKWARD
HIGH RATE TRACKER

DSL: Jaroslav Adam (CTU)
DSTC: Simon Gardner (Glasgow)

AC-LGAD TOF
DSL: Zhangbu Xu (Kent State)

Deputy DSL: Satoshi Yano
(Hiroshima)

Si TRACKERS
DSL: Ernst Sichtermann (LBL)
DSTC: Laura Gonella (Trieste)

BACKWARDS ECAL
DSL: Tanja Horn (CUA)
DSTC: Carlos Munhoz Camacho
(l)CLab)
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GASEOUS TRACKERS
DSL: Kondo Gnanvo (JLab)
DSTC: Francesco Bossu (Saclay)
DSTC: Kondo Gnanvo (JLab)
DSTC: Annalisa D’Angelo
(INFN Roma Il)

Detector
Subsystem
Collaborations
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The combined EIC PROJECT and ePIC COLLABORATION efforts:
HOW?

In the Project organization, subsystems are under
the responsibilty of CAMs and L4 managers — DSCs
are co-responsible at L4 level
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A TC-office initiative: at the ePIC Collaboration Meeting,
the parallel session dedicated to ”Integration & Installation”

An opportunity for a deeper and deeper collaboration ~50 in-person

between Project Engineers and Detector Scientists ~10 online

-10 Engineers

At the July 2024 ePIC meeting in Lehigh

Integration and
Installation

An 1&I session planned
at the coming ePIC
meeting in January
2025, Frascati

Prakhar Garg, Silvia
Dalla Torre

Rahul Sharma [ A B
13:00- 13:35 8mrad Rotation CAD

EIC Project <« ePIC Collaboration
E Full Geometry Exchange, Both Ways
2 .
@)
15:40 v
ddddd T w
E
)
17
P
w
O
=
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TRACKING : the SVT

Inner Barrel (I1B)

2

ITS3 MAPS - NOVEL TECHNOLOGY

¢ CO'dEVEIOpEd by CERN and ePIC groups Electron and Hadron Endcap Disks (EE, HE)

Participating Institutions

CE/RW
\\—/
INFN (il ceRKELEY LAB

N L2
IS

Eg UNIVERSITYOF
n BIRMINGHAM

Je ¢ on Lab

L:.\ Brookhaven

National Laboratory

UNIVERSITY OF

LIVERPOOL

2w | University
Itj& London

Science and
Technology
Facilities Council

[ >
1% Los Alamos

%OAK RIDGE

Outer Barrel (OB)

* Local mechanics

Inner Barrel (IB)
Outer Barrel (OB)

National Laboratory
PURDUE

I N .
II UNIVERSITY

Extensive Si-detector experience in the ALICE, ATLAS, CMS, sPHENIX, STAR collider experiments

beam-test at FNAL with a telescope of ITS3 ER1 ”baby-
IMOSS” sensors




TRACKING by MPGDs

\

| CymMBaL |

URWELL-ECT |

= I

SVT Endcaps

| \RWELL-BOT |

SVT OB

SVT IB

| IRWELL-ECT |

SVT Endcaps

CyMBal — cylindrical MicroMegas

*  Moving to prototyping phase

URWELL-BOT

WRWELL + readout PCB Cathode + GEM block Stack of the hybrid prototype

*  Preparing the
assembly site

* Technology validated by prototyping and testbeam

* Defining configuration
and integration




SENSORS for ePIC CALORIMETRY

SiPM sensors for all Calorimeters
- SENSORS RECENTLY INTRODUCED IN CALORIMETRY

» direct experience is coming from the applications in GlueX, STAR
and sPHENIX (these colleagues now at work for ePIC calorimetry)
* For the first time so extended calorimetric usage in an experiment !

Rad Dose and Neutron Flux

10x275GeV e+p @ 500.0 kHz, 1 fb™ min-bias integrated lumi. 10x275GeV e+p @ 500.0 kHz, 1 fb™' min-bias integrated lumi.

" ¥
10K275GeV e+p @ 500.0 Kz, 1 fs* min-bias integrated lumi, 1,50 <y <1.50 cm (1 bin) 10x275GeV e+p @ 500.0 kHz, 1 fbr" min-bias integrated lumi. —>-1.50 <y <1.50 em (1 bin)

X [cm]

lonizing Dose [rads]

1 MEQ Neutron Fluence [cm’?]

00
Z[cm] Z[cm]

EIC RRB meeting, November 12-13, 2024 71812004

1.5 cm radius
2.5 cm radius

ECal in red

HCal in blue

Run info for 1012 fluence setting

Beam Type:  Proton Target: Si File Name:

Beam E (MeV):  64.0 dE/dx (MeV-cm*fg): 8.334 ci'ref user\UC Riverside'UC-Rir

Date: 5/14/2024

verside_5-14-24.html

571472024 FC Lkg (A): -4.800E-13 = 1.0S6E-13
8:46:03 SEM Lkg (A): 1.299E-11 = L.328E-12
8:47:05 FC/SEM Ratio: 1.8896F-+00 = 4.0255F-03
Run Time Mean Current Std Dev <I> Iner Dose  Acc Dose  Incr Fluenc,
) @ “ (rad) (rad) (plem?)
Run#1
9:00:35 789401 LOI6E-08  1.751E-09  1.336E+05 1.336E+05  1.001E+1.
L2 1.329F+05 1.329F+05  9.95TE~1
1.303E+05 1.303E+05  9.757E+1

Acc Fluence
(p/em?)

1.001E+12
9.957F~11
9.75TE+11

g Dose Rate Beam Profile
(radJs)

1.693E+02 0-0.5¢m
1.684F+02 0.5- 1.Sem
L6S0E+02  1.5-25cem

Between 1.5 and 2.5 cm radius, the total fluence

relative decreases by ~2.5% compared tor=0.

The absolute beam fluence is measured to about

2% precision.

W



Backwards EMCal

SciFi/W - NOVEL TECHNOLOGY MOVING
TOWARDS COINSOLIDATION

*  Pioneered for EIC and already used for
SPHENIX

PbWO04 crystals, fine granularity

GG T B E | HOAL Detector
S | ECNL Detector d =

Hillman Rollers

PbWO, crystals - WIDELY
CONSOLIDATED TECHNOLOGY

Same technology

* Novel challenge: preserving the
exceptional resolution

* in BO far forward detector

adopting SiPM sensors

- Prototyping advanced and * inluminosity pair spectrometer: first

ready for testbeam validation
— unfortunately, no beam
delivered

/
/N

yin;




ELECTROMAGNETIC CALORIMETRY

Hybrid imaging calorimetry - INNOVATIVE ARCHITECTURE BY
CONSOLIDATED INGREDIENTS

* imaging calorimetry developed at CERN

* Imaging by ASTROPIX MAPS (for NASA AMEGO-X mission,
NASA collaborators), following ATLASPIX

*  Pb/SciFi sampling calorimetry established at GlueX

\
¥

Pb/ScFi tested extensively in for photon umbarof its i 1. 1 pize
- - — - Beam hit map FNAL, May 0 -
2023 AstroPix v3 Test with 120 5
GeV protons “ . o
) §1s £ Argonne National NASA Goddard Space Oklahome State University of University of
errorms well In muc Laboratory Flight Center University Connecticut alifornia Santa Cruz
Perf Il h c California Santa C
Bty harsher conditions than EIC @ @’ :
ng 0% : >
R - Argonne & - UCONN
1 NATIONAL LABORATORY q’w UNIVERSITY OF CONNECTICUT
. . . . . . Mount Allison
Eﬁ g) Un:ersny of Manitoba University of Regina University
. A S
| B o | > University UI'llVel"SlLy .
gl g 2y «Manitoba J«Regina MountAllison
(] ] Kyungpook v i University Pusan Korea Sungkyunk Hanyang _angneung-
(=851 cm+| National . N National N . g_yun_wan . Y .g Wonju Nat|ona|
g University University of Seoul University University  University ~ University
e 60-cm long prototype ® - Y, S,
e 40 light guides on either side ® @a : f /6 g
e 40 SiPMs per side c s *ezas®
@  Karlsruhe Institute of . . .
[ University of Giessen H
= Technology
- BIC Collaborating
UNIVERSITAT
Baby BCal commlssmned with proton, pion, U | 2 GIESSEN H I
y proton, p 2 Institutions
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H Calorimetry in ePIC:
Steel/scintillator sampling calorimetry

Barrel Hcal
(re-use from sPHENIX)

Backward

Heal INSERT by the same technology

with finer granularity at high n A

nnnnnnnnnn

Same technology :

* Zero Degree Calorimeter

Forward Hcal: INNOVATIVE ORIGINAL DESIGN : “SiPM on tile” e

s0cm (0,08 om)

* inspired by CALICE developments adopted by ePIC

B e ] - ST b ‘
W R ?f: | ’ 200 3D-printe
T"f’*‘ﬁmﬁnﬁ 7 s Same technology : et Ui siiharin \\"ff'
— L=~
‘ ‘/ | —— *  Backward Hcal e
jl‘ ‘I 4 mm Scintillator ZDC

First module at test beam (Sept/Oct 2024)

ZDC module under test at STAR

T —
16mm steel plates. 4 mm scintillatr tiles

I}
It
5

8M Tower =7

i1
1]
néi

HGCROC read-out
board

tH
Endafs

tH

8M tower module - 20 cm x 10 cm x 140 cm

TC Report 16




PARTICLE IDENTIFICATION - Cherenkov Imaging

Proximity focusing RICH E Aerogel characterization
- I I Together with dual RICH

\ aerogel

Characterizationiin;
magnetic field

of mirror samples

z 09¢ AL e e
s ot 0 ety
g B, .+ B ‘T"T;-L*::'*H%t:i*':,:‘f;
+~ - ]
Rl S .

e P T

-t
e 10

FIE S gt




PARTICLE IDENTIFICATION - Cherenkov Imaging

High-Performance DIRC

Fused silica
prism

e — —
T ——————

/ bar

Photon sensor

Geant4

P -

L

Exterior crate
Interior Basket

4
+ h Barbox 6 | W | +
L 7

. Truck 1 - Back of Crate - Y (Up)
—— Exterior Crate

] = Interior Basket

—— Barbox

Force [g]
o

13 16:47 13 16:48 13 16:49 13 16:50

1316:51 13 16:52 1316:53
Time

infrastructure for testing the
disassembled bars

DIRC labs under construction at llab EEL108
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PARTICLE IDENTIFICATION - Cherenkov Imaging

Dual radiator RICH - dRICH

Prototype for principle
demonstration at test beams

2024 sensor
system

®
I

3D mechanical model

Further SiPM studies to confirm the feasibility

of in-situ annealing with thermal cycle

o T
()]
I
= 5
3]
©
u—
o
c
S ; 11—
- B NG E I
107" = i, ‘\ ‘annoaing crces (nours)
X 7 /
N\ ]
oven L
level with -l L ey G
97% cured [ N * M
damage - d
1072 T T T E
T=100°C 1 T=125°C T=150°C ki T=175°C
ol v T ood vowd T oowd o vod ool vood ol ol o
110 110 1 1010* 1 10 10?
light gray points are all sensors annea"ng time (hOurS)

coloured points are averaged over sensors
coloured brackets is the RMS

Photon Detector Unit (PDU) 10 GaVic positive beam with no selection applied
already in use 'E‘ : T, p rings
- in areogel
Heat exchanger SiPM array
Cold plate
10

R

Back-side
connectors

14 cm FEB

(ALCOR)

Service

connechions i SD '30 Idﬂ 20'3 20 i ¢ ks 80 il
x (mm)

ravent

Progressing towards a
full-scale prototype
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Recent progress in sensor
and detector design

An d M O R E soe Time-of-Flight layers: AC-LGAD

Time resolution: 25-35 ps

Za Iy

Low Q2 taggers (far forward detectors)
Tracking — Timepix4 Hybrid (ASIC+Si)
FRONTIER APPLICATION

Same AC-LGAD technology :

* in Roman Pots and Off- IVIomentum
detectors (far forward)
* recentresult:

* AC-LAD sensor coupled to the
FE AIC EICROC successfully tested!

First Tlmep|x4 1 TSV with Slllcon Sensor

NOTMAIZeq CNarge CoNecuon |A.u.|

R EE]

T

« Beamtest:

™ i th .
Mainz 3-6™ December « in luminosity pair spectrometer (far backward) N

V

EIC RRB meeting, November 12-13, 2024 TC Report
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* The organizational model of the ePIC detector

 ePIC detector aspects deserving emphasis: examples of recent
progress

. [ Summarizing }
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Take-away messages ePI—i&ﬁ

« The ePIC detector is fully profiting of the opportunity offered by being, at the
same time,

« The EIC Project Detector
e The ePIC Collaboration Detector

« The ePIC Collaboration
« Brings in scientific workforce
« Allows for a holistic approach (hardware complemented by simulation and
physics studies)
« Opens the way to in-kind contributions

« The subsystems are progressing thanks to the dedication and expertise of
the ePIC Collaborators

« Adequate qualified expertise is available for all the selected technologies
thanks to the ePIC Collaborators

EIC RRB meeting, November 12-13, 2024 TC Report 22




EIC RRB meeting, November 12-13, 2024

Thank you

ePIC Collaboration (Lajoie, Dalla Torre)
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THE COMPLETE ePIC DETECTOR

Barrel

A
/’@/}7/}70, S

Central
Detector (CD)
“4<n<+4

,

Qr

Formed by:
* Backward
endcap
* Barrel
*  Forward
endcap

2.0

Hadrons Electrons

Ea
1.5 - 28

Detector

n <_4 [ Exit window

Collimator

E Lum. detectnrs_\\
5

£R3%
=
2 o
o I
=] {
o L
Forward specfometéer j
(in 80) |

@ff-momdntum detectors 1 _/

Roman Pots
htum detectors 2

0.0

Tagger 1
B

|

Tagger 2
=
=
3

—0.5 A )
far-backward area, far-forward _area

0
~40 -20 0 20 40 Q\Pb

z(m)

Zero Degree
Calorimeter
|

Roman Pots and
Off-Momentum
Detectors




);

W
]

L <

P~

mandrel

o
®

{

Solenoid design :

Parameter Value ‘ Comment
Central Field 20T
By Reference field
Lowest value: 1.7 T
operating 05T
field
. 12.5%
. F|e|c? . + 100 cm around.
Uniformity in
center
FFA .
80 cm radius Magnetic Field

<0.1(mrad@30GeV/c) Properties
Projectivity in <10 T/A/mm?
RICH Area From Z =180 cm to
280 cm

Conductor Design
NbTi

Fiber Glass Insulation

Realization :

A combined effort Saclay — JLab —
BNL

groups with wide expertise in
magnet design (magnets for
accelerator/projects at CERN,
Orsay, Jlab, BNL, ...)

Il=

interest from Italy under
investigation

the considered Italian company
realized the CMS solenoid and ~1/3

of the LHC dipoles

TC Report 25



The combined EIC PROJECT and ePIC COLLABORATION efforts:

5

SPOKESPERSON'S OFFICE
1. Lajoie (ORNL), Spokesperson
Dalla Torre [INFN), Deputy Spokesperson

TECHNICAL COORDINATION OFFICE

HOW?

In the Project organization, subsystems are under
the responsibilty of CAMs and L4 managers — DSCs
are co-responsible at L4 level

Silvia Dalla Torre {INFN, acting)

Prakhar Garg (Yale), Deputy
Oskar Hartbrich (ORNL), Deputy
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ePIC engagement in EIC pre-TDR

* Enthusiastic contribution by the collaboration

* Domain of ePIC contributions:
* Chapter 2 “Physics Goals and Requirements”
* Chapter 8 “Experimental Systems”

* ePIC planning: with priority to preTDR, prepare in parallel 3 publications on high-rank scientific journals,

reshaping the preTDR material and focusing on
* The ePIC Detector (from chapter 8)
* The ePIC detector performance for EIC physics scope (from chapter 2)
* The ePIC software and computing model (from dedicated subsection in chapter 8)

* PROCESS TIMELINES: Wearehere
E;TEE'S structuring the draft ePIC Sl iz
g offort ore-TDR TDR (CD- 2)
phase
writing Preparing
_ (TDR/notes) papers for
Mid Jan.24 | publication i
EIC RRB meeting, November 12-13, 202Mid Mar.24 End Oct. 2‘4 Late 2024 2()'25
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2 preTDR draft versions in 2024

* Version0 by September 29
v" ACHIEVED (all subsystem texts inserted in the overleaf support tool)

e During October 2024, internal review process!
v' ACHIEVED

e Versionl by December 1
 material for the Jan. 2025 DOE OPA review
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a flavor of the ePIC contribution to the pre-TDR draft
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