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ePIC, the Context

 ePICis the Project Detector =2

The Electran-lon Collider

e  the whole path to the EIC is also the path to ePIC o

for NUCLEAR SCIENCE

Y
White paper (2012, 2014) Long range plan for Nuclear Science (2015)
the NAS assessment (2018) CDO and site selection (Dec 2019/Jan 2020)
the Yellow Report (2020) the ECCE and ATHENA proposals (2021)

* the whole EIC physics scope has to be addressed by ePIC

e  Status 1y ago (@ EICUG annual meeting 2022, Stony Brook):
. Merging of the ECCE and ATHENA Collaborations forming a stronger collaboration for  _;. 16050 =
the Project Detector @ IP6 >
. Community merging was just completed ~ Call for Expressions of Interest
. Structurin g the ePIC collaboration jU st started for Potential Cnnperatmn.oh ‘the EIC Experimental Program
. Detector consolidation and optimization at a very initial stage

* Today : an update about ePIC progress during
the last year (
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OUTLOOK

. {The composition and the structure of the ePIC ColIaboration}

e The ePIC detector moving towards the TDR
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COLLABORATION ORGANIZATION TIMELINE

Snapshot of collaboration activities towards structuring the COLLABORATION:

* June 2022: via institutional survey
* July 26th-28th: @ Stony Brook University

e August-December 2022:
 December 14: adoption of charter

 December 2022 - February 2023:
 Mid February: announcement of election results

e After April 2022:

Biweekly general meetings, alternating meeting time to account
for a world-wide collaboration including 4 time-areas:
East Cost, West Cost, Europe, Asia
First Collaboration Meeting: July 26-28, 2022, at Stonybrook
Second Collaboration Meeting: January 9-11, 2023 at JLab
Third Collaboration Meeting: July 26-29, 2023, in Warsaw
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ollaboration including 4 time-areas:
East Cost, West Cost, Europe, Asia

e Second Collaboration Meeting: January 9-11 2023 @ JLab

* Third Collaboration Meeting: July 26-29, 2023 in Warsaw
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The Joint WGs (April 22 — March 23)

Tracking:

Xuan Li xuanli@lanl.gov

Kondo Gnanvo kagnanvo@ijlab.org

Laura Gonella <laura.gonella@cern.ch>
Francesco Bossu francesco.bossu@cea.fr

Calorimetry:

Friederike Bock Friederike.Bock@cern.ch
Carlos Munoz Camacho munoz@jlab.org
Oleg Tsai tsai@physics.ucla.edu

Paul Reimer reimer@anl.gov

Cerenkov PID:

Xiaochun He xhe@gsu.edu
Grzegorz Kalicy kalicy@cua.edu

Tom Hemmick tkhemmick@gmail.com
Roberto Preghenella <preghenella@bo.infn.it>

TOF PID (AC-LGADs):
Wei Li wi33@rice.edu

Constantin Loizides constantin.loizides@cern.ch

Franck Geurts geurts@rice.edu
Zhenyu Ye yezhenyu@uic.edu

Far Forward:

Michael Murray mjmurray@ku.edu
Yuji Goto goto@bnl.gov

Alex Jentsch ajentsch@bnl.gov
John Arrington JArrington@Ibl.gov

Far Backward:

Igor Korover korover@mit.edu

Nick Zachariou nick.zachariou@york.ac.uk
Krzyzstof Piotrzkowski
krzysztof.piotrzkowski@cern.ch

Jaroslaw Adam jaroslavadam299@gmail.com

DAQ/Electronics/Readout:
Chris Cuevas cuevas@jlab.org

Jo Schambach schambachjj@ornl.gov
Alexandre Camsonne camsonne@jlab.org

Jeff Landgraf iml@bnl.gov

Computing and Software:

Cristiano Fanelli cfanelli@mit.edu
David Lawrence davidl@ijlab.org
Sylvester Joosten sjoosten@anl.gov

Andrea Bressan Andrea.Bressan@cern.ch

Global/Integration:
Richard Milner milner@mit.edu
Jin Huang jhuang@bnl.gov

Thomas Ullrich thomas.ullrich@bnl.gov
Silvia Dalla Torre Silvia.DallaTorre@cern.ch
Carlos Munoz Camacho munoz@jlab.org
Joe Osborn joshomn1@bnl.gov
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Simulation Production and QA:

Joe Osborn osbornjd@ornl.gov

Wenliang (Bill) Li wenliang.billlee @googlemail.com
Zhoudunming (Kong) Tu zhoudunming@bnl.gov
Wouter Deconinck wouter.deconinck@umanitoba.ca

Inclusive:
Tyler Kutz tkutz@mit.edu

Claire Gwenlan claire.gwenlan @physics.ox.ac.uk
Barak Schmookler barak.schmookler@stonybrook.edu

Paul Newman paul.richard.newman@cern.ch

Semi-Inclusive:

Ralf Seidl rseidl@ribf.riken.ip

Charlotte Van Hulse cvanhuls@mail.cern.ch
Anselm Vossen anselm.vossen@duke.edu
Marco Radici marco.radici0@gmail.com

Exclusive, Diffraction and Tagging:

Axel Schmidt axelschmidt@gwu.edu

Rachel Montgomery Rachel.Montgomery@glasgow.ac.uk
Spencer Klein srklein@Ibl.gov

Daria Sokhan Daria.Sokhan@glasgow.ac.uk

Jets and Heavy Flavor:

Cheuk-Ping Wong cpwong@lanl.gov
Wangmei Zha first@ustc.edu.cn
Miguel Arratia miguela@ucr.edu
Brian Page bpage@bnl.gov

BSM & Precision EW:

Xiaochao Zheng xiaochao@jlab.org
Sonny Mantry Sonny.Mantry@ung.edu
Yulia Furletova yulia@jlab.org

Ciprian Gal ciprian@jlab.org
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Collaboration structure from the Charter :
the management

Collaboration Council

Institutional Representatives

Spokesperson’s
Office
Spokesperson (SP)
Deputies

Standing Committees
DE&I
Conferences and Talks
Membership
Elections
Publications
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Ad-Hoc Committees

Executive Board
SP & Deputies
3 members elected by CC
DE&
Early Career
Addtl. Members Nominated by
SP
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COLLABORATION ORGANIZATION TIMELINE S

Snapshot of collaboration activities towards consolidation and optimization:

April 2022: and start of
technological consolidation process, following EIC
detector proposal closeout in March 2022

Apr|I 2022 — March 2023:

Weekly/biweekly WG meetings
* Biweekly meetings WG conveners- Collaboration Management
* WG “Global Detector and Integration” acting as a proto-technical
board, including review processes when appropriate
* Recent reviews for optimization:
Barrel EM Calorimeter, backward RICH

The activity is Continuing within The design of the ePIC Central Detector now,
as resulting from the consolidation

and optimization activity
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PROJECT TIMELINES and
COLLABORATION TIMELINES S

DESIGN Phase | coNSTRUCTION Phase [ SCIENCE phase | The for the
el Y P YR P P Rvas YA B SR S N N N - current and next year:
‘-‘m’ Czﬁ C“ﬁ Cﬁ\ Conc|u|si0n of S i * to prepare the Technical
' S EpsRlion: _3&,,,@ Design Report (TDR) to get
CD3 approval
* To organize the Collaboration
so to be ready for the

e— construction phase at the

N\

Accelerator
Systems

Detector

Infrastructure

Accelerator
Systems

Detector

— o] beginni f 2025
g 'G_anjmnuonal Cllonstrucuc:n , v egl n n I n g O
Constructi = . i
ettt + c ] Procurement. Fabrication, Installation & Test EUERE o SE EiucLL
& Installation g = ' | :
(7)) :
B E g | ‘Procurement, Fabrication, Installation & Test \—%
(= O>J. G— H| [ I ! !
O o : 77 Full RF Power Buildout
~ N o Accefer t Commissioning & Pre- 0!
Commissioning % o S 5}" Shem - °
25 —— The ePIC management plan
= <« De tecta & Pre- op,
I

Key (A) Actual - Completed CI Planned g::: Ir:lﬁ]:;tgnes — g;;'cal %2:3:;:“), by t h e S P_Offl Ce IS fOC u Se d
on the next two-years
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Key aspects of the scientific structure : the Coordinators

Collaboration Council

Institutional Representatives

Standing Committees
DE&I
Conferences and Talks
Membership
Elections
Publications

Ad-Hoc Committees

- = Office

Dashed lines indicate
communication paths
(bidirectional)

Technical Coordinator
(TC)

Spokesperson’s

Spokesperson (SP)
Deputies

Addtl.

CC

3 members elected by CC

Executive Board
SP & Deputies

DE&I
Early Career
Members Nominated by
SP
TC, SCC, AC
Chair & Vice (guests)
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Software and Computing
Coordinator (SCC)

Analysis Coordinator
(AC)
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Key aspects of the scientific structure :
Physics and /software/computing WGs

Collaboration Council

Institutional Representatives

Standing Committees
DE&I
Conferences and Talks
Membership
Elections
Publications

Ad-Hoc Committees

-=- Office

Dashed lines indicate
communication paths
(bidirectional)

Technical Coordinator

Spokesperson’s

Spokesperson (SP)
Deputies

(TC)

Software and Computing
Coordinator (SCC)

Executive Board
SP & Deputies
3 members elected by CC
DE&I
Early Career
Addtl. Members Nominated by
SP

TC, SCC, AC

CC Chair & Vice (guests)

(AC)

Analysis Coordinator

Software and
Computing
WG’s/Task Forces
(as needed)

Physics WG’s
PWG Conveners

SSC activity includes

* Operations and production
* Software development and reconstruction

* Infrastructure
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Key aspects of the scientific structure : DSCs and CC WGs

Collaboration Council Spokesperson’s
Institutional R tatives | | Office
nstitutional Representatives Spokesperson (SP) Executive Board
! I Deputies -t SP & Deputies
: ! | 3 members elected by CC
Standing Committees Ad-Hoc Committees I DE&
DE&| ! Early Career
Conferences and Talks Dashed lines indicate i Addtl. Membe;sl;Nominated by
Membership . . i
Elections communication paths : TC, SCC, AC
Publications (bidirectional) i CC Chair & Vice (guests)
Technical Coordinator | | Software and Computing | Analysis Coordinator
(TC) Coordinator (SCC) (AC)
L TSaeL e-mmT T : !
1 | =~ ~——— -~ ] R
Technical and ! Computing Physics WG’s
Integration Council 1| Electronics, Readout & DAQ WG WG’s/Task Forces PWG Conveners
' (as needed)

DAQ WG Conveners .
CC WG Conveners Detector Subsystem Leads (DSL).and Detector Subsystem Technical Contacts (DSTC)

PTR (ex-officio)

Members: =\
TC, DSL's & DSTC’s Detector Subsystem Collaﬂ?ﬁtions (DSC’s)

Cross-Cutting (CC) WG's
Tracking, PID, Calorimetry Responsibility roles in DSCs integrated

- in the Project at L4/L5 level




Scientific structure : the people

Collaboration Council

Email-list: eic-projdet-ib-I@lists.bnl.gov
Subscribe to mailing list through: https:/lists.bnl.gov/mailman/listinfo/eic-projdet-ib-1 (2 restricted

Collaboration Council Chair: Ernst Sichtermann <epsichtermann@Ibl.gov (2>

Collaboration Council Vice-Chair: Bernd Surrow <surrow@temple.edu (2>

Spokesperson's Office
Spokesperson: John Lajoie <lajoie@iastate.edu (2>

Deputy Spokesperson: Silvia Dalla Torre <Silvia.DallaTorre@cern.ch (2>

Coordinators
Technical Coordinator: Klaus Dehmelt <klaus.dehmelt@stonybrook.edu (2>

Software and Computing Coordinator: Markus Diefenthaler <mdiefent@jlab.org (2>

Deputy Software and Computing Coordinator (Operations): Wouter Deconinck <wouter.deconinck@umanitoba.edu (2>

Deputy Software and Computing Coordinator (Development): Sylvester Joosten <sjoosten@anl.gov (2>

Deputy Software and Computing Coordinator (Infrastructure): Torre Wenaus <wenaus@gmail.com (2>

xx
ek YOO

Co-Analysis Coordinator: Salvatore Fazio <salvatore.fazio@unical.it(z>

Co-Analysis Coordinator: Rosi Reed <rosijreed@lehigh.edu (2>
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SPOKESPERSON’S OFFICE
J. Lajoie (ISU), Spokesperson
S. Dalla Torre (INFN), Deputy Spokesperson

TECHNICAL COORDINATOR
Klaus Dehmelt (SBU)

ELECTRONICS,
READOUT AND DAQ

Fernando Barbosa (JLab) [

Jeff Landgraf (BNL)
Jin Huang (BNL)

TRACKING
Ernst Sichtermann (LBNL)
Matt Posik (Temple)

CALORIMETRY
Oleg Tsai (UCLA)

PID
Oskar Hartbrich (ORNL)
Thomas Ulrich (BNL)

SOFTWARE AND COMPUTING
COORDINATOR
Markus Diefenthaler (JLab), Coordinator
‘Wouter Deconinck (Manitoba), Deputy
Sylvester Joosten (ANL), Deputy
Torre Wenaus (BNL), Deputy

S

1. Lajoie (I5U),
5. Dalla Torre (INFN),

SPOKESPERSON’S OFFICE

Spokesperson
Deputy Spokesperson

Klaus Deh

TECHNICAL COORDINATOR

melt {(SBU)

dRICH
Marco Contalbrigo (INFN)

hpDIRC
Greg Kalicy (CUA)

BACKWARD RICH
Alexander Kislev (BNL)

FAR FORWARD
Alex Jentsch (BNL)

BACKWARDS HCAL
Leszek Kosarzewski (CTU)

BARREL ECAL
- Sylvester Joosten [ANL)
Hwidong Yoo (Yonsei)

BARREL HCAL
John Lajoie (I15U)

FORWARD ECAL
Oleg Tsai (UCLA)

ANALYSIS COORDINATORS
Salvatore Fazio (Unical)
Rosi Reed (Lehigh)

FAR BACKWARL
PAIR SPECTROMETL
Nick Zachariou (York)

FAR BACKWARD
HIGH RATE CALORIMETRY
Krzysztof Piotrzkowski (AGH)

FAR FORWARD/
FAR BACKWARD

[| Simon Gardner (Glasgow)

Nathaly Santiesteban
(UNH)

PRODUCTION
Sakib Rahman (Manitoba)
Thomas Britton (JLab)

Working Groups

PHYSICS AND
DETECTOR
SIMULATION
Kolja Kauder (BNL)

INCLUSIVE PHYSICS
Tyler Kutz (MIT)
Claire Gwenlan (Oxford)

SEMI-INCLUSIVE
PHYSICS
Charlotte Van Hulse (Alcala)
Stefan Diehl (UConn)

FAR BACKWARD
HIGH RATE TRACKER
Jaroslav Adam (CTU)

JETS AND HEAVY
FLAVOR
Olga Evdokimov (UIC)
Brian Page (BNL)

5i TRACKERS
Ernst Sichtermann (LBL)

EXCLUSIVE,
USER LEARNING SRR L) DIFFRACTION AND
Holly Szumila-Vance TAGGING
(JLab) RECONSTRUCTION Raphael Dupre (Orsay)
Kolja Kauder (BNL) 1 Shujie Li (LBNL) Rachel Montgomery
Derek Anderson (ISU) (Gl )
VALIDATION
Tori Jeske (ILab) L] ANALYSIS TOOLS
Dmitry Kalinkin Kong Tu (BNL)
(Kentucky) TeD
STREAMING

COMPUTING MODEL
Marco Battaglieri (INFN
Genova)

Jin Huang (BNL)

BSM AND PRECISION
Ew
Ciprian Gal (JLab)
Michael Nycz (Virginia)

GASEOUS TRACKERS
Kondo Gnanvo (LBL)

BACKWARDS ECAL

‘van Huang (UCLA)

@g@ﬁ r—

rriederike Bock (ORNL)

FORWARD HCAL INSERT
Miguel Arratia (UCR)

AC-LGAD TOF
Zhenyu Ye {UIC)
Satoshi Yano (Hiroshima)

,
A

Detector
Subsystem
Collaborations

Tanja Horn (CUA)




ePIC handling processes for technology choices, ,
the barrel ECal and the backward RICH cases €

 March 13, 2022 — EIC Project encourages proto-collaboration to “...integrate new experimental concepts and technologies
\(\\\ . that improve physics capabilities without introducing inappropriate risk.”
@ * Spring/Summer 2022 — Barrel ECal and backwards PID identified by GD/I as consolidation items requiring additional scrutiny.

* October’22 — March 23:
» First ePIC simulation campaign with 2 geometry concepts to support simulation studies for competing technologies

SciGlass Imaging

* Barrel ECal and backwards PID guidance to proponents, committee charge developed.
‘0(\\ * External review committee members identified.

(3  GD/I review preparation meetings:
Q(GQ \\’bc’e e (ECal) https://indico.bnl.gov/event/17940/ ;
Q * (bRICH) https://indico.bnl.gov/event/18140/, https://indico.bnl.gov/event/18221
. .. REVIEW
* Barrel Ecal reVIGW: httpSI//lndICO.bnl.gOV/event/].SS 17/ Pannels_ Many thanks to our external reviewers:
(at the INDICO site: charge to proponents, charge to reviewers and review report) GD/I & ' Etiennette Auffray (CERN) Y — —
. . | u Y any tnanks to our external reviewers:
(\a\  Backward RICH: https://indico.bnl.gov/event/18499/ externa| | Tom LeCompte (SLAC)
e( (at the INDICO site: charge to proponents, charge to reviewers and review report) - Rainer Novotny (Univ. Giessen) | Ichiro Adachi (KEK)
\(\" @6 ) & prop ! g P reviewers Roberta Cardinale (U. Genova)
Q‘\e S CarmeI?I D'Ambrosio((CERI\)J)
Antonello Di Mauro (CERN
e “'\OQ SP-office and proto-EB = Recommendations
(\66 * April 14, 2023 : Recommendations presented at the ePIC First meeting of ePIC proto Executive Board (proto-EB):
((\e ) 0(\ Genera| Meeting . I};/I;mb;rg: JF ngOle, S. Dalla Torre, K. Dehmelt, M. Diefenthaler,
\ . Reed, S. Fazio
((\ 0‘ . . . . * CC Chair/Vice Chair (invited): E. Sichtermann, B. Surrow (invited, non-voting)
e(ao 6 ((\ Q’A\ Aprll 21’ 2023 : F'{ecomrr']e.n_datlons presented at the CC * Temporary EB Members: B. Jacak, O. Evdokimov, T. Guniji, D. Higinbotham
® ’c}(\ O Meeting, motions to initiate the change control process presented | -« external input solicited: P. jones, P. Newman
’b%g * May 1, 2023 : as result of a CC voting process, the motions to initiate the change control process are approved
E7C


https://indico.bnl.gov/event/17940/
https://indico.bnl.gov/event/18140/
https://indico.bnl.gov/event/18221
https://indico.bnl.gov/event/18517/
https://indico.bnl.gov/event/18499/
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. {The eP|C detector moving towards the TDR
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ePIC, an extended detector

x{m)
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Total size detector: ~75m
Central detector: ~10m

Far Backward electron detection:

Central
Detector (CD)

~35m

Far Forward hadron spectrometer: ~40m

Auxiliary detectors needed to tag particles with
very small scattering angles both in the outgoing

‘'epton and hadron beam direction

(BO-Taggers, Off-momentum taggers, Roman
Pots, Zero-degree Calorimeter and low Q2-

tagger).

ePIC Collaboration (J. Lajoie, S. Dalla Torre)
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ePIC detector, the chal

‘ E.C. Aschenauer, EIC Asia workshop,w;’s;"

lexperimental measurements categories to address EIC physics:

Parton Spin and Tomography
Distribution; E N Flayor structure Transverse
nucleons al X of nucleons Momentum

nuclei and nuclei

e(k,) scattered lepton

e incoming lepton
T E
e (k) % =

)

: irual photoy ¢
¥ (@)
S
r I
X, /
P, target nucleon

~

String Breaking *

semi-inclusive DIS exclusive process
* measure scattered lepton
and hadrons in coincidence
* multi-dimensional binning:
x, Q2 z,py, ©®
- particle identification over
entire kinematic region is
critical
> Jets: excellent Ey, jet-energy

’ !L_dl‘1fb*f' 7 40 i

+ spanning a wide kinematical range '
« ECM: 20 - 141 GeV

inclusive DIS
* measure scattered lepton
- event kinematics
- e-ID: e/h separation
- reach to lowest x, Q?impacts
Interaction Region design

x, Q% t, 0

detector
-> strong impact on

Tomography
Spatial
Imaging

is needed experimentally?

* measure all particles in event
* multi-dimensional binning:

® proton p;: 0.2 - 1.3 GeV

> cannot be detected in main

Interaction Region design

10 - 100 fb!

lenges

\ ¥
rates in kHz 5x41GeV | 5x100 GeV 10x100 GeV | 10x275 GeV | 18x275 GeV | Vacuum
Background sources -
g DIS ep 125kHz | 120 KHz 184 kHz 500 kHz 83 KHz
. hadron beam gas 12.2kHz | 220KkHz | 31.9KkHz 32 BKHz 22 5kHz 10000ARr
* Beam-gas induced 131.1kHz | 236.4kHz _ 342 8KkHz | 350.3kHz | 241.8KkHz __ 100Ahr
+ Had ron-gas interaction electron beam gas | 2181.97 kHz | 2826.38 kHz | 3177.25 kHz | 3177.25 kHz | 316.94 kHz
. _ . )
EIeCtron gas interaction Main contribution to detector background are

from Bethe-Heitler process:

€beam + HZrest gas — € + ¥ + H2res1 gas

1073 hits per
(100 ns wide) event

E,=10Gev, 1=25A
Gold coating: 5 pm

Bunches and beam crossing rates

Species P I P ¢ P I | P ¢ P [
Beam energy [GeV] 75 18 75 10 100 10 100 5 41 5

V5 [GeV] 1407 1049 632 7 286

No. of bunches 290 1160 1160 1160 1160

Species | Au ¢ Au ¢ Au ¢ Au [

Beam energy [GeV] 10 18 110 10 110 5 41 5 Data from EIC
No. of bunches 2% 1160 1160 1160 ’

Up to a beam crossing rate at the IP every 10ns, with a max
collision rate of ~0.5 MHz (1 event every ~200 bunch crossing)

\
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Crab cavities

Collision
without
Crab cavities

ePIC Collaboration (J. Lajoie, S. Dalla Torre)

+ Synchrotron radiation E

Haw.

5? i f ;5 Data from the
ePIC wiki page

@ CRAB CROSSING ANGLE (25 mr
o) @ @@ Crab cavity Crab cavity ( > ad)
f Collision /
with

Head-on collision is restored by

rotating the bunches before colliding

and, then, back (“crab crossing”)

t
o
t
b

AW
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ePIC detector, the CD solenoid 4

@ ePIC meeting:
Talk by Valerio Calvelli on \
The choice of a new in Spring 2022 Thursday morning

magnetic field (Tesla) in Z direction magnetic field (Tesla) in radial direction;

17T
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Review in October 2022: a5 100
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ePIC detector, tracking y
lechterman
on Wednesday afternoon =
CHALLENGES STATEGIES
- Efficient pattern recognition ‘  Redundancy of the measured space point

coordinates

» Very low material budget for the central tracking ‘ « Monolithic Active Pixel Silicon (MAPS)
region not exceeding 5% X/X, (p resolution!) « Guiding example: the inner tracking in ALICE

Solenoidal fic field ~N (ALPIDE chip, also used in sSPHENIX)
 Solenoidal magnetic fie

« Fine [ B- dl in the barrel

» Limited | B- dl in the endcaps - Fine space resolution — fine granularity Si sensors
> - « Synergies among detector components (backward

e Limited lever arm ECal, barrel ECal, RICH counters, ...)

» Solenoid and overall detector design
constrains in the barrel
* IR design in the endcaps _J

« Good time resolution to disentangle signal and
* “low” interaction rate (< 0.5 GHz), but - background: this cannot be provided by MAPS, use

background ! additional MicroPattern Gaseous Detector layers

EICUG annual meeting, July 25-26, 2023 ePIC Collaboration (J. Lajoie, S. Dalla“ @' 22
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ePIC detector, tracking

Ongoing layout optimization

Monolithic Active Pixel Silicon (MAPS) Tracker:

= 1single technology: 65-nm MAPS
* 0O(20 um) pitch, <20 mW/cm?
* No fine time resolution:
signal length O(~5 us)
* Developed for ALICE ITS3
= Silicon VERTEX (3 layers)
* Firstlayer @ R~ 4 cm
* Material: 0.05% X/X, / layer
= Silicon BARREL (2 layers)
* Material: 0.55% X/X, / layer
= F & B Silicon DISKs
(5 in Front and Back)
* Material: 0.24% X/X, / layer

DPTS

HE wad et AN, | Yo
[

10pm AMP- || “Z
4

r 20 pm AMP.

: Transistor test

10 pm SF sRa 10 pm AMP

|
11

N

T

SVT MPGDs ToF (fiducial volume)

EICUG annual meeting, July 25-26, 2023

N\

Muiti Pattern Gas DetectorS (MPG D)

2 technologies being considered
= MicroMEGAS

=  pRWELL

= Time resolution <10 ns

2 geometrical implementations
- cylindrical (established for MM, R&D for uRWELL)
- planar

Role of the MPGDs

—-> Additional space points for
pattern recognition / redundancy
- time information

ePIC Collaboration (J. Lajoie, S. Dalla” ¢ 'MEM 23
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ePIC detector, tracking ¢

Ongoing layout optimization

Monolithic Active Pixel Silicon (MAPS) Tracker:

Muiti Pattern Gas DetectorS (MPG D):

= 1single technology: 65-nm MAPS
* 0O(20 um) pitch, <20 mW/cm?
* No fine time resolution:
signal length O(~5 us)
* Developed for ALICE ITS3
= Silicon VERTEX (3 layers)
* Firstlayer @ R~ 4 cm
* Material: 0.05% X/X, / layer
= Silicon BARREL (2 layers)
* Material: 0.55% X/X, / layer
= F & B Silicon DISKs
(5 in Front and Back)
* Material: 0.24% X/X, / layer

2 technologies being considered
v MicroMEGAS

LRWELL

Time resolution < 10 ns

_<vumetrical implementations
- cylindrical (established for MM, R&D for uRWELL)
- planar

Role of the MPGDs

—-> Additional space points for
pattern recognition / redundancy
- time information

10 um OPAMP. AL DPTS

= 25 (o SF* - 'Zﬂummf' M

10pm AMP- | 2"
W

: Transistor test

« 16 pm BF= | 341" 220 pm AMP,

10 pm SF sRa 10 pm AMP

SVT MPGDs ToF (fiducial volume)

EICUG annual meeting, July 25-26, 2023 ePIC Collaboration (J. Lajoie, S. Dalla” ?g 24
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ePIC detector, electromagnetic calorimetry

@ ePIC meeting:

Talk by Oleg Tsaj DIS kinematics: ePID

{\

on Friday afternoon DIS e
s * . o o
G PYTHIA
o 30| 18X 275 GeV o %10‘ -3.5<n<-2 4 2<n<-1 i -1<n<0
e+p 18 GeV x 275 GeV E_
ok 10 PYTHIA DIS — DIS electron
r' - 3 E. --emE
Electron/photon PID, energy, angle/position: o g L L Photons
- -enaca 10
Coverage (in rapidity and energy), resolution, e/m, granularity, projectivity © er—'.ﬂ_ j
[t} B - — 1
Ug —2 0 2 114 [
* ]
Inclusive DIS: scattered electron DVCS photons P (GeVic) P (GeVie) P (GeVie)

40

Mmoupves Detector Requirements: Summary

o etp 18x275 GeV i

E, (GeV)

. 0

g X r . - - )
Semi-Inclusive DIS: 0 — yy, HF — e b 20 = oe/E E range, m* suppression | 70/y discr,
? QB N\ =8 | B= GeV {In combination with
. N 10: el A other subsystems)

. i P o
Ry e o g . 2-3)% 0.05-18 GeV  Upto 10¢ Up to 7 GeV/e
) 8 o S . e-endcap = O - 2% P P /
Exclusive DIS: DVCS photons, J/ —*ee etc. .y \o-t kK Barrel %Ml _3)5 0.05-50GeV  Upto10* Up to 10 GeV/c
» 7 SIDIS 70 ; (10— 12)% 0.1-100GeV  Upto 10* Up to 50 GeV/c
1 pEeVevSn e ¢ e e-3% P E /
PYTHIA .-

18 X275 GeV

Alexander Bazilevsky, » Continuous acceptance (particularly from e-endcap to barrel)

Calorimetry Review, 2022

» Photosensors and FEE tolerate magnetic field

» Operate at full luminosity and expected background conditions (rad. dose, neutron flux)

"

» Minimal material budget on the way from the vertex (particularly for e-endcap to barrel)

EICUG annual meeting, July 25-26, 2023 ePIC Collaboration (J. Lajoie, S. Dalla Torre) 25



Pion Rejection factor

ePIC detector, electromagnetic calorimetry

Backwards EMCE| Concept based on a recent
PhWO04 CWW PWO calorimeter at JLab

’
)

. .
SiPMs of all Calorimeters

Oleg Tsai,
quorimetry Review, 2022

ECAL Detector

Steel Base

s SiPM 4x4 =
i per crystal
WScFi is a unique technology allowing to achieve
e/h ~1 (response to hadrons) and
Carlos Mufioz Camacho, at the same time keep em energy resolution at
Calorimetry Review, 2022 ~10%/N E + 2%
L . . . . . ) _ Realistic ePIC simulation
U PNy PP Y AU PP PV PYRTRNY PO 4 (6) layers of imaging calorimetry by Astropix MAPS, | Maria Zurek, r,  Standalone simulation o @PICSmulton
E generata{Get] and sampling calorimetry by Pb/SciFi GD/I Review, 2023 "
PbWO, sim. 10
; 0 A
ePIC e V|~ o
10° i i : + yv.n=L0 oo B 1 v
E & s y.n=05 0951 107 fFl‘):ISEiJIT(?aS. - 102
3 0] * v.n=00 e 1
8 . »  yon=-05 004 . ' W/ScFi sim.
_ | . resolution + e 2 2' ! P gy PHENN y's from 15 GeV/c =° decay
” —o— pion rejoction @ 1 6E/P cut § 15{ ® § 0851 €02 95%
102 i E ) 40
. —+— pion rejaction @ 2.0E/P cut £ . £ o0 10°51 10 100 . 20
© 20l ? £ p (GeV/c) " N T s o
— " efficiency R— MR AT g
1ol Black: 80% e- efficiency 51 ¢ 1 ri ::EI.: % ’ o .':'i;.: . 1.0 %
Red: 85% e- efficiency e ., " . . 0.5 E s " e, E
- v on=-1 - ] <
T P P T T 00 25 50 75 100 125 150 175 200 .50 H b os
OB 48 B 0 neaniGeV] ST e T T et 0™ ™ oie, S. Dalla Torre) | -wf FullSim =
o4 —0.02 n.lolo 002 ooa 00




Pion Rejection factor

ePIC detector, electromagnetic calorimetry ¢

Backwards EMCal ooy SiPMEs of all Calorimet~

PbW04 crystals

Oleg Tsai,
quorimetry Review, 2022

E resolution[%]

WScFi is a unique technology allowing to achieve
e/h ~1 (response to hadrons) and

at the same time keep em energy resolution at
~10%/ E + 2%

[ . Realistic ePIC simulation
DO’. o, . ‘Strop|x MAPS’ Maria Zurek, g, Standalone simulation .+ ePICSmaion
E generator{GeV] et GD/I Review, 2023 10°
.y by Pb/SciFi : ,
104
¢ 10°
by ] , ePIC . e / @
100 ] + yon=10 : of |
g o . v.n=05 o5 10° Pb/Sc meas. 102
3 20d * v, =0.0 r . N (PHENIX)
I > v.n=05 0504 P L - & W/ScFi sim.
H - - PHENIX ’
e |5 resolution < va=lo s 2' L R y's from 15 GeV/c n® decay
i —o— pion rejaction @ 1.6E/P cut w15 L] = 0854 £ =05%
10°F B £ 40
c 6 0
. —+— pion rejaction @ 2.0E/P cut £ . 5 080 %1 10 100 . 20
A x p (Gev/c) : T, m
1 - ¢ H 20 u F
£ efficiency e L R T
H = + y.n=L0 5 « W s
ono ffici 0.70 * y.n=05 £o - '.t': r 4
10l Black: 80% e- efficiency e 54 # . U < e 1o ‘é_,
Red: 85% e- efficiency * o, 0651 > V=05 e 2
‘ * - il - =10 —20 -D g
. N N PR P PR P B e 060 il os =
0 2 4 [ 8 10 12 14 16 18 20 . 0.0 25 50 75 10.0 12.5 15.0 175 20.0 o0 25 50 75 10.0 12.5 15.0 17. Fu"Sim -

Pion energy[GeV]

£, (Gev] - " joie, S. Dalla Torre) | -= R

—0.04 002 000 002 004
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ePIC detector, the hadron calorimetry p
@ ePIC meeting: &
Talk by Oleg Tsaj
on Friday afternoon
 Jet energy measurement Requirements
 Tag jets with a neutral component n 0g/E, % Ein, MeV

35t0-1.0 | 50/v/E+10 500
-1.0to +1.0 |100/+v/E + 10 500
+1.0to +35 | 50/+/E +10 500

* DIS kinematics reconstruction

« Hadronic method

» Solenoid flux return
« Additional capability: muon ID

\ BarrellHCal ¢ Refurbished sPHENIX barrel calorimeter
Backward HCaI/ Scintillator recycled from STAR endcap EmCal
Forward HCal¥ Brand new design pr——

Calorimetry Review, 2022

All: sampling sandwich design with WLS fibers & SiPM reii“'
= 4 ,

EICUG annual meeting, July 25-26, 2023 ePIC Collaboration (J. Lajoie, S. Dalla Torre) 28
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ePIC detector, the hadron calorimetry

CUTER HCAL

INNER HCAL

s
iz,
8
|
|
4
tie-rods

HHHH'

: ‘ S

A back

pre- / ¥ plate

shower b || |INFS

SMD s
Pb/SS <

lastic PO

PIastic  shower

scint.

Alexander Kiselev,
Calorimetry Review, 2022

EICUG annual meeting, July 25-26, 2023

16mm steel plates

’
)

Friedericke Bock,
Calorimetry weekly, 2023

Option 1 (WLS fibers)

Plastic (Polystyrene) 8M LFHCal Scintillator Tile

19.6¢m 0.5 mm WLS fiber

$8cm

laser etched
lines refilled

wi
epoxy TiO: 0.5 mm groove

refilled with
— — |\ epoxy
notch 0.125cm

Stacking deslgn

7% 10 fibers
read-out by SiPM

16mm thungsten plates

4 mm scintillator tiles

20cm

120cm 8M tower module -20 cm x 10 cm x 150 cm

- 8 5cm x 5 cm LFHCal towers

Option 1b (Buried SiPM) OPtion 2 - GFHCdl

GFHCal Option 2

ePIC Collaboration (J. Lajoie, S. Dalla Torre) 29



ePIC detector, the hadron calorim-* ;

P = .
‘Fe/Sc sandwich, ~2.0 N \ :

\~

Friedericke Bock,
Calorimetry weekly, 2023

of
of we ' 400 Option 1 (WLS fibers)
= ‘:\0(\ ‘:\O(\ plesti (pobyseyrene) M LFHCal Selntillator Tlle

e

i

4
///

SMD
Pb/SS
asti post-
PIastic  shower
scint.

EICUG annual meeting, July 25-26, 2023

g |

.

3 3

X 10 ¢m X 150 cm

120 cm 8M tower module
-85cmx5am TS

Option 1b (Buried SiPM) Option 2 - GFHCdl

GFHCal Option 2

i

148 sheerker

Alexander Kiselev,
Calorimetry Review, 2022

30
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ePIC detector, PID subsystems : double mission ePI&S

&
ng: n
\C«\ee“ Ve h-PID: Cherenkov imaging complemented with ToF
@e?m‘“"w e (SIDIS, heavy fl )
1% mﬁ\ e-T separation: , heavy flavour, ...

o0 " Cherenkov imaging support the Ecal effort,

in particular needed at low momenta e —

(the whole EIC physics scope) E
: 10x100 GeV
1:: = Hhci(N) Galf . 1:}; B, Value Q2 >1 GeV?
B, vaue 3 -

= 1 1 £ 1 L
= 10" veue 1 & 101 pen*®” bal'l"9|
£ 10gane . | L B 10 -
R T -2 SR B T B APy A I - =
& 0 s, 1 Uil

0k asonez0 ‘i e-endcap

i ] {Ge'l.l' ic) " °C p {G;v.rc}

& e —

11I:| P Vale 10<n <00 _; 1:;} .-.
E M yaass, L % 1| *r,
o« g 'h._ 1 <ol
2 100 . L B 1w
= 10 y RS
£ 10 . . i lialy

10% e 1 w0 00<n<10

043 1 — 095 -

D (Gevic) pIGevic)
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ePIC detector, PID subsystems

hpDIRC

Fused silica Fused silica

prism > ‘ bar
_ T

-i”?‘im 7 ,”,;‘
--.-"‘:_-u ,'/b«‘bc
< Photon sensor
Focusing lens
HRPPD [ HRPPD (10 x 10 cm?, 10 ym pore) |

photosensors
(hpDIRC, pfRICH)
Also providing
timing in pfRICH

<+ ——— aerogel container
———— acrylic filter
— —— inner conical mirror

———— HRPPD sensor plane

—_—— outer conical mirror
P ———————— vessel

=7~

———

EICUG annual meeting, July 25-26, 2023

Barrel TOF

180 cm

N\

dRICH

SiPMs as single
photon detectors

ToF layers by AC-LGADs

Forward TOF _
oﬂ,’/
N\% S
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ePIC detector, PID subsystems

hpDIRC dRICH

Fused silica

' / bar

Fused silica
prism

’/
rs

o
’ &
<8

Photon sensor

Focusing lens

HRPPD
photosensors
(hpDIRC, pfRICH)
Also providing
timing in pfRICH

gle
. detectors

I 3
: _______ vessel
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ePIC detector, the far forward region p

‘Physics channels require tagging of charged hadrons (protons, pions)
or neutral particles (neutrons, photons) at very-forward rapidities
(n > 4.5).

EICUG annual meeting, July 25-26, 2023

\~

@ ePIC meeting:
Talk by Alex Jentsch
on Saturday morning

. Olapr Vs 02,
Pl O/’(;D'Zf Quedrzgiyrup::f
e
Detect or 7 accep. [mrad Particles
Charged particles
BO tracker 5.5-20.0 B E
Tagged photons
Off-Momentum 0.0-5.0 Charged particles
Prot
Roman Pots 0.0-5.0 s
Light nuclei
Neutrons
Zero-Degree Calorimeter 0.0-4.0
Photons
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ePIC detector, the far forward region

o™

‘Physics channels require tagging of charged hadrt
or neutral particles (neutrons, photons) at very-foi
(n > 4.5).

EICUG annual meeting, July 25-26, 2023

~ »10ns)
. rapidities

Particles

Charged particles

Tagged photons

Off-Momentum 0.0-5.0 Charged particles
Roman Pots 0.0-5.0 Frotons
Light nuclei
Neutrons
Zero-Degree Calorimeter 0.0-4.0
Photons

ePIC Collaboration (J. Lajoie, S. Dalla Torre)
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N\

2D

\\ C
Hadronf:’;eavmmaftérfP ‘‘‘‘‘‘‘‘ ) A‘ *
7 A
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f’ Mop, | /
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M
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ePIC detector, the far backward region

N\

&
Low Q? taggers

LumanS|ty meaSU rement principle @eP'C meeting
Talk '

* measure IP6 luminosity with an absolute precision better y Undated default confisuration by Alex JentSCh
than 1% absolute and a relative precision better than max| P S on Saturday mOI’ning
0.01% using the electron-ion bremsstrahlung by three largely dipole  Positron_— | UP Including some integration considerations.
independent and complementary measurements _[ _ / ] > [pHOT Detectors in secondary vacuum.

photon — max 2 mm Carbon fibre exit window @ 90 degrees to beam.
lectron d il also b d | 2 E exit window slectron - DOWN
+ electron etegtors will also be used to tag low-Q? Events Iength _ 100 Toil @ 30 degrees to beam.
(photoproduction) L Lots of optimisation studies still required.
different CM energy PHOT different Luminosity Beam impedance not yet studied just given suidance.
I T 01
+ E x1072 I or Layers m
L J}Ll__‘\j g::::z > ?@‘&LE‘ZUA'I'_nqown >1GeV 0.09 ;— Eei:?]f;:\l o mEm: 7% 975 GeV ﬁ:"mnr_\' i’m: it
Technologies for the calorimetry: 107 J SR o lexamGey 1 008 o on Gov : =0
P | Mo . —  5x41GeV = 007 i 2mm Carbon fbre window
» Spaghetti W-calorimeter with radiation- 3102; FH b % oot 1]
hard scintillating fiber, read out with fast B F \ “lr W ogosE o d
N r b b=l E 200 400 600 800 R .
PMTS = LLL b4 004 £ |.1|:|1|:|u>|t_1-' systems exit
E109E - T 004
<Z“) E L|I “ll ‘g_ 003E 1idmm Copper foll
+ Cherenkov-radiating quartz fibers read i I Mﬁﬂ P
. 104 £ E
out by SiPMs L M R omfE S
(_5 10 20 30 40 0(5 10 20 30 40 50 I 0 70 80 90 :
Incident energy bunch crossing (GeV) ZEy (G . .
FullSim Timepixs Timepix4
L=22 65and 10 x 10¥ cm2s71, Timepixs ASIC,

multiplicity u

corresponding to the average phaton

? 7

Thin silicon sensor ~ 50gm.
Appropriate rate capabilities.
Good spatial resolution 55um pixel

Performance and practicality

. h X Sub beam bunch timing resolution (~ 2ns currently
of construction being studied

limited by sensor).
Rates from synchrotron and separation technique
unknown

Need Lo determine

Similar to forward ECAL

X fibers

XY fibers

CAL designs

radiation load and tolerance

S. Gardner,
TIC meeting , 6/26/2023

34 & BOGR/ = 2460 Gl

D. Gangadharan,
TIC meeting , 6/26/2023
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ePIC detector, the far backward region

E o~ | principle
qé §
* measure IP6 luminosity with an absolute precision better | _ . ¥ Updated default configuration
than 1% absolute and a relative precision better than - - ~ Including some integration considerations
_0.01% using the electron-ion bremsstrahlung by three largely dipole  PO” Del.n(.mr‘s . seﬁandﬁry .
independent and complementary measurements S
photon &0 2 mm Carbon fibre exit window @ 90 degrees to beam.
+ electron detectors will also be used to tag low-Q? Events e ‘e(s o m_” @. 70 {_Jugruc_s [U.Uw_"." .
(photoproduction) . «\e ots UI. optimisation studies 5l_|ll rt_equugcl_ .
: ‘am impedance not yet studied just given guidance.
et a\o(\ d L yet studied just d
Ireren er
Y\e C ﬁ Detector layers m
0& ‘ . 0“ 0 !ﬂ"l'l)lb:l.’ll_‘\.' waciam
: : 0 \
Technologies for the calorimetry: \%‘\ (3‘ . Carbon fibre window
deste ks : (\xe%
+ Spaghetti W-calorimeter with radiatic ' \,\\ (e((\ . 0“‘
hard scintillating fiber, read out with fe . es &0 eaS\) \-\,La’(.\ Luminasity sysems exit
PMTs s‘\)d\ ‘\‘q ((\ . C (ea 100um Gopper foll \
» Cherenkov-radiating quartz fibers read C «\'\ o a\'\S"\
out by SiPMs ‘ \\) e (e

Timepixs

\ yl 33 o251 : i
b \O o the z;\lijer:gr; psho’ton Tlmnpl'ﬂ ASIC.
[t
‘\(\e iy ’ 27 Thin silicon sensor ~ S0gm.

Appropriate rate capabilities.
Good spatial resolution 55um pixel

Similar to forward ECAL Performa nce and ‘practica‘lity Sub beam bunch timing resolution (~ 2ns currently
of construction being studied limited by sensor).

S it 1
| . & e( ) G‘, O 70 80 9%
Fulls: 5’&\)6\65 2 (a8 - ‘(7{ Timepix4

Rates from synchrotron and separation technique
i X fibers XY fibers unkriown
CAL deS|g ns Need o determine radiation load and tolerance
S. Gardner, [

D. Gangadharan, TIC meeting , 6/26/2023

TIC meeting , 6/26/2023
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ePIC detector, R-O & electronics & DAQ,

A R-O and DAQ architecture with built-in streaming read-out concept

~100 m fiber

Detector

Switch/Server /
- Link-

Anziog 20m

Front End Board (FEB) _ | Readout Board (RDO) 1 Data Acquisition (DAQ) | @ epiC Meeting:
- 100 Tbps = 10 Tbps o 100 Ghps ' Talk by Jeff Landgraf

on Friday afternoon

EICUG annual meeting, July 25-26, 2023 ePIC Collaboration (J. Lajoie, S. Dalla Torre) 38



ePIC detector, R-O & electronics & DAQ,

Detector ~100 m fiber

X2
ade!
ec®
et ©
N
Readout Board (RDO) 1l Data Acquisition (DAQ) 1
10 Tbps ' 100 Gbps 1

EICUG annual meeting, July 25-26, 2023 ePIC Collaboration (J. Lajoie, S. Dalla Torre)
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ePIC detector, a new strategy for the simulation campaign

Trai @ %)haners, tam

Week 1: Week 2:
Verification & Targeted Week 3 Week 4
validation development

YY.MM. YY MM. YY MM

0 1 2
Production Strategy
Strategy

We use three types of simulation productions:

. simulation production for validation and verification that is submitted on a fixed
time schedule, with whichever features are available at that time. The train leaves the
station at a fixed time.

. a simulation production that is requested by the Technical and Physics
Coordinators, with larger standard data sets that are already benchmarked. Charter
simulation productions can be run after the validation and verification, in the third and
fourth week of a month only. The Production WG determines when the charter starts
(within a launch window).

. simulation production that is requested on a one-off basis, for individual datasets.
Afaxi is only available when no frain or charter is available. Taxi simulation productions
can be run in the third and fourth week of a month only. Due to the overhead required for
a taxi simulation production, no faxi can be guarante=d

@ ePIC meeting:

Talks by Markuys Diefen
EICUG annual meeting, July 25-26, 2023 and by Salvatore Fazio

thaler on Thursday morning
on Friday afternoon

Simulation Production Strategy Document

Critical Dates:

Cut-off Date for Inclusion in Train
Campaigns: Last working day before first
Monday of the month- June 2 and June 30
for next two months.

Discussion of summary of changes,
identification of missed targets, and
prioritization of sprint goals in compSW
meeting: First wednesday of the first working

week- June 7 and July 5 for next two months.

Discussion of validation studies in
compSW meeting: Second wednesday of
second working week- June 14 and July 12
for next two months

Week 1: YY.MM.O
Verification and Validation

Last working day of first week: Train 1

Week 2: YY.MM.1
Targeted development

Last working day of the second week: Train 2

Charters and taxis - Requests for
charters by DSSs, DSCs, and
PWGs, need to be filtered
through Technical and Analysis
Coordinators

ePIC Collaboration (J. Lajoie, S. Dalla Torre) 40



Last year: 1 year of great progress for ePIC

SP-office, CC, Coordinators, new scientific bodies, the DSCs
Welcoming new collaborators world-wide

Tracking, calorimetry, PID, FF/FB, r-o & electronics & DAQ

The monthly simulation cycle



EICUG annual meeting, July 25-26, 2023

Thank you

ePIC Collaboration (Lajoie, Dalla Torre)
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Backup

ePIC Collaboration (Lajoie, Dalla Torre)
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