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eH@ A REMINDER

= Requirements and R&D status of the
detectors to operate at the EIC were
presented at the Detector Seminar series
in August 2020 by Thomas Ullrich

= A long path forward in the last 4 years
- today seminar
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1 ePIC and CERN

-

This seminar is particularly timely as, following the
application by ePIC, on 6 March 2024, the Research
Board confirmed the positive recommendation of the
Recognized Experiments Committee

Wide synergies CERN / EIC including physics and

detector topics:

= EIC-LHC synergy Workshop, CERN, 21-22 June 2022 & JENAA
= EIC-LHC synergy Workshop, DESY, 14-15 Dec. 2023 PR - uPF-ARPEC Adtities
= CERN EP R&D Day 2021, CERN, 11-12 Nov. 2021

» Session 3 : EIC R&D S

P CERNCOURIER i

= CERN/EIC PID R&D meeting, CERN, 25 April 2023 DoEEmmE e
= |TS3 MAPS adopted in the ePIC detector {—

o with contributions to the development
= EICin CERNCOURIER
= and more opportunities ...
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ePi)| OUTLOOK

= The ePIC context:
the physics scope and the EIC project

= The ePIC detector
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em@ The EIC Project in a nutshell

=  Enable the ultimate QCD exploration

= By a high-luminosity polarized electron-ion . |
collider: the EIC R,

= By a detector highly integrated with the
collider and capable to cope with the
overall EIC physics scope, ePIC

= Status : approved project progressing towards
its realization at BNL

= Key ingredients : the ample community
supporting the EIC and the long dedicated
effort path arXiv:2103.05419
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% THE INTERNATIONAL COMMUNITY: the EIC-User Group

The EIC User Group:
https://eicuq.github.io/

Formed in 2016 —

* 1487 members
* 40 countries

* 6 world regions
« 292 institutions

As of May 10, 2024

Institutions

Africa
outh

America

Oceania

Annual EICUG meeting
2016 UC Berkeley, CA
2016 Argonne, IL

2017 Trieste, Italy

2018 CUA, Washington, DC
2019 Paris, France

2020 Miami, FL

2021 VUU, VA & UCR, CA
2022 Stony Brook U, NY
2023 Warsaw, Poland
2024 Lehigh U., PA

Among the main

Achievements:

The Yellow Report
(2020)

Nucl. Phys. A 1026
(2022) 122447




( e er oliaborarion

-

The community dedicated to the EIC science mission
by the realization of the ePIC detector

Warsaw, July 2023

‘\

JLab, Jan. 2023




L e eF ollaboration

ePIC Institutions ePIC countries ePIC World Regions
177 26 4
Africa
7 SR, & North America Sy
N 45% : ' :ﬂ:
ePIC Initiated in
July 2022
Europe

Currently:
>850 collaborators

(from 2024
Institutional

Survey)

>650 members = - ’ g

active in ePIC 33 ‘

activities S Europe

EOE
gc3
n
~
ES
wh_..
[ 18
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NAS report
T T 2010 EIC projet is compelling,
lorsand e quarkseast 2012 fundamental and timely

T
Y o

Major Nucle
Physics Facilif i ==
the Next Ded

NSA

March 14,8 SN Y

NSAC LRP 2015:

v
The EIC as the highest priority for new

facility construction.

2020 2021

ATHENA Detector Proposal

ATotally Hermetic
Electron Nucleus Apparatus.
proposed for IP6 at the Electron-lon Collide

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
aaaaaaaaaaaaaaaaaaaaaaaaa

NSAC LRP 2023:

EIC as the highest priority for facility construction.

We recommend the expeditious completion of the




Fresh news

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.”

CNER 10



’\ EIC PHYSICS: ultimate QCD exploration

In short words:

Investigate with precision the universal dynamics of gluons to understand
the emergence of hadronic and nuclear matter and their properties

In terms of major open questions: How do quarks and gluons

interact with a nuclear
medium?

How do the confined
hadronic states emerge?

How do the quark-gluon
How does the mass interactions create
of the nucleon arise? nuclear binding?

How does the spin of
the nucleon arise?

How are the quarks
and gluon distributed
in space and
momentum inside the
nucleon and nuclei?

What are the

emergent properties
L% | of dense system of

s 7 4 gluons?

2 . 54’"
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em@ Ultimate QCD exploration

REQUIREMENTS

: Access to gluon dominated
region and wide kinematic range
in x and Q2

m Access to spin structure and 3D
spatial and momentum structure

: Accessing the highest gluon
densities ((QSA)2~¢-Q3[%JI/3)

: Studying observables as a
function of x, Q2, A, hadronic
flavour, ...

THE EIC COLLIDER PROVIDES

Large center-of-mass energy
range:
\s = 21 -140 GeV

Polarized electron, proton and
light nuclear beams 2 70%

Nuclear beams, the heavier the
better (from H to U)

High luminosity (100 x HERA):
1033-34 cm-2 51

Detector Seminar, CERN, 24 May 2024
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e el ollider

Usage of RHIC tunnel and RHIC p/ion complex

Injector
Linac

Electron
Electron _ q@_eration ring

Polarized
Electron
Source

storagejr

Injection
Line

Electron
Storage
Ring

EIC

and storage ring

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

« High luminosity

. to 1034 2 o1
IP6 detector included up to cm“s

in the project « highly polarized e (~ 70%) beams

« highly polarized light A (~70%) beams

{Polarized)
lon Source

« wide variety of ions: from Hto U
Buusi Ii',u"

* Number of interaction regions: up to 2
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4 critical ingredients for HIGH LUMINOSITY

Coherent Cooling with FEL amplifier

Principle |' E2E, 'l
A

V.M.Litvinenko, Y.5 Darbanav, Physical Review Lettars 102, 114801 (2009).
Kicker

ispersion sectiag.
( for hadrangt” N2 %
n

Hadrons  Modulator - NCESE,

S — . e S
“ High gain FEL (for electrons) / \'

Electrens I ol Wi

= cooling of high energy Hadron beams with high band-width; BW: 1THz
short cooling times to balance strong IBS

Proof of Principle Experiment at BNL, ongoing

A el -

[ e,

Strong Hadron Cooling

« Work continues on Strong Hadron Cooling, both the Coherent electron Cooling
(CeC) approach and a backup solution based on a ring cooler

» Both approaches were reviewed in summer, no show stoppers found in either one

Small g’

Bunches and beam crossing rates

Species ‘ [ e ‘ p ¢ ‘ p 14 ‘ p ¢ ‘ v 14
Beam energy [GeV] 275 18 275 10 100 10 100 5 41 5
V3 [GeY] 140.7 1049 632 M7 286
No. of bunches 290 1160 1160 1160 1160
Species ‘ Au e Au ¢ Au e Au 4

Beam energy [GeV] 110 18 110 10 110 5 41 5

Vs [GeV] 89.0 663 469 28.6

No. of bunches 290 1160 1160 1160

Up to a beam crossing rate at the IR every 10ns
a challenge for the collider and the experiment !

>
quads |
close to IP
leaving

~10 m for S e
the h _'mk RIS PR

detector

Crab cavity

-

1t
1\\
1)
A

Collision
with
Crab cavities

Collision
without
Crab cavities

Crab cavity

A

t

4

t

\.1\\] on collisions

CRAB
CROSSING
ANGLE

(25 mrad)

to restore head-

Detector Seminar, CERN, 24 May 2024
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ION SPECIES

MORE unique aspects

BEAM POLARIZATION

ABOUT e POLARIZATION

The existing RHIC ion sources &

ion acceleration chain
provides already today
all ions needed at EIC

ght section

= resonance free acceleration up >18 GeV

wer-periodicity

on average, every bunch refilled in 2.2 min

lon Pairs ABOUT p/ light ion POLARIZATION
in the RHIC Complex

Zr-Zr, Ru-Ru (2018) presently Measured RHIC Results:

Au-Au (2016) * Proton Source Polarization 83 %
Enormous d-Au (2016) * Polarization at extraction from AGS 70%
versatility! p-Al (2015) * Polarization at RHIC collision energy 60%
' a unique 2_23 ggg; empowerment | pjanned near term improvements:
capability! Cu-Au (2012) AGS: Stronger snake, skew quadrupoles,

U-uU (2012) increased injection energy

Cu-Cu (2012) =>expect 80% at extraction of AGS

D-Au (2008) RHIC: Add 2 snakes to 4 existing no polarization loss

(2005) => expect 80% in Polarization in RHIC and eRHIC

k\‘ A Cu-Cu

High polarization 3He and D beams also possible

Detector Seminar, CERN, 24 May 2024
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\

e L9 Electron-lon Collider (§) Brockhaven Jefferfon Lab

|
)

FY19 FY20 FY21 FY22 FY23 FY25 FY26 FY27 FY28 FY29 FY30 FY31 FY32 FY33 FY34 FY35
a1|oz|as|as|as|az|asfps|a1|az]as| os|a1|gz|es|as a1 |az|as|0s s o1]02|03| sz ]a2|as|as|a1| o2 03| as|as|az|as|as| 01| 2| a3 | as|ar|az|as|as| a1|az] 03| as|a1|az]as|as| 1] 02| 03| as]as]a2]as|as] a1 a2 | a3 as
’ / { . |
o] CD-0{A) CD-1(A) D-2/3, Early CD-4 -4
Dec 2019 Jun 2021 D-3B Apr 202 Complation Aproved Completion
- Ot 2032 Oct 2034
Accelergtor I
O Sy I Conclusion of RHIC
Development Derector ; Operations
t
|
Infrastructure ]
Design I |
Accelerator 0
Sysrems
Detecror ! | I |
1 | 1 1
N PSS ———
Infrostructure Cunventional Construction
- L
Construction & Accelerator I 5 wm:rwmlﬁ:t | I
fealiaton R ' | | | | | |
Design phase , e —— .
Commisionig : Construction phase
& Pre-Ops H
. I I I Detector T T | SCIence
] | I | I
Key (A) Actual - Completed J Planned l = ';mms — gﬁ‘“' P h ase
|
We are here
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ePi)| OUTLOOK

= The ePIC context:
the physics scope and the EIC project

= The ePIC detector
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1 Ultimate QCD exploration

&
REQUIREMENTS - ePIC detector
Measurement categories to address EIC physics: |= Large coverage (-3.5 < n < 3.5) for
] ¢ , wide phase-space reach
¢ Inclusive DIS ) )
, o . I Excellent EM-calorimetry with PID
X, Q2

* Semi-inclusive DIS
» 5-dimensional binning in x, Q2, z, |
pr, 0

» 4-dimensional binning in x, Q2 1,
6 to reach [t} > 1 GeV2

Detector Seminar, CERN, 24 May 2024

o EXxclusive processes —

Fine resolution tracking by low
mass detectors

Fine p; resolution

Extended PID systems for hadron
identification

H-calorimetry to attempt TMD
assessment with jets (new world-
wide), as tail chatter, for u
identification

Extend acceptance at extremely
small scattering angles

Fine vertex resolution by tracking

Silvia DALLA TORRE INFN
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( ePIC DETECTOR CHALLENGES

-

Hadrons

ectrons
€

Small g* 15
- quads near to IP
- 9.5 m to host the central detector

1.0

x (m)

0.54

Detector

Asymmetry beam energies / ‘

- Asymmetric detector design

Detector

1EF 5

%5

BOAPF
Q1ApF

Q2pF

Q1BpF

I~ BOpF

pF

-40 =20

Far detectors highly integrated with the storage rings

Synchrotron radiation background
- solenoid axis aligned with e beam
- p/ion beams follow a helical path in the CD solenoid

Other physical backgrounds
- beam-gas scattering

Crab crossing rates in kHz Exd1 GeV | 5x100 GeV | 10x100 GeV | 10x275 GeV | 18x275 GeV | Vacuum
> Vertex smearing to be removed with timing information |Tetal e 125kHz | 128kHz | 184 kHz 500 kHz 83 kHz |
fast timing in the range ~30- 40 ps hadron beam gas 122kHz  |220kHz | 31.9kHz 326kHz | 225kHz 10000Ahr
131.1kHz | 236.4kHz | 342.8kHz | 350.3kHz | 241.8kHz | 100&hr
Bunch crossing rate and crossing time I&I&drl:ln beam gas 2181.97 kHz | 2826.38 kHz | 3177.25kHz [ 317725 kHz | 316.94 kHz | 10000Ahr I
> Up to a bunch crossing every 10 ns oIS =4 Kz Kz Kz ! !
9 The WhOIe bunch crossing takes - 3 ns hadron beam (Au) gas | 7.36kH=z 10.3kH= 10.3kH=z ! ! 100004AhRr
79.1kHz 110.7kHz [ 110.7kHz |/ i 10040
inar, , ilvi
Detector Seminar, CERN, 24 May 2024 Silvia DALLA TORRE INFN 19
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"
W

x (m)

 In<4 2 n>4

p/A beam electron beam
—_— -

Hadron

Barrel Frdcse

Central

Detector
(CD)

4<n<+4

/

Electrons

Detector,

. Efit window

Collimator
Magnet_\
. dete:tors_\

—

—40 =20 0 20 40

>4 | ea®

Zero Degree
Calorimeter

Roman Pots and
Off-Momentum
Detectors

Detector Seminar, CERN, 24 May 2024
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eF entral Detector (CD)

p/A beam electron beam
-

e p/ion
—> 4—
hadronic calorimeters
Solenoidal Magnet
e/m calorimeters
Time.of .Flight,
Very naturally organized in: DIRC,
RICH detectors
 Backward endcap
. Barrel MPGD trackers
* Forward endcap MAPS tracker
subsystems
- - e e e e e e e e e e - - | 2
9.5m

Detector Seminar, CERN, 24 May 2024 Silvia DALLA TORRE INFN 21
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N

He Phase separator

Thermosyphon

mandrel

N

Coil length

3512 mm

Warm bore diameter 2840 mm

Cryostat length <3850 mm

Cryostat outer diameter <3540 mm

Parameter Value Comment
Central Field

B 20T R
0 Reference field
Lowest value: 1.7 T
operating 05T
field
’ 12.5%
. FIEIE? . + 100 cm around
Uniformity in
center
FFA i
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
20x3=0.7

R~0.3

~— Copper

11.92

B5300

<10G
(B @2=-5300 mm) Stray field
B7400 <106G requirement is
(B @ Z= 7400 mm) based on IR
83400 106 magnet location

(B @ R= 3400 mm)

B5300 B7400
@ ]

Detector Seminar, CERN, 24 May 2024

Silvia DALLA TORRE INFN 22
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\

Complementary tracking technologies characterized by light materials

F : e SVT: Si trackers based on ALICE ITS3 65 nm MAPS sensors

" Fine space resolution < 20 um

7 | MPGD trackers
Good time resolution O (10 ns)

Cylindrical MICROMEGAS

A ]

< \ )
‘ \ "

Five cylindrical layers in the barrel and five disks in each endcap

» ToF: Part of PID

AC-LGAD Endcap | 0

SVT Endcaps SVT OB SVT IB SVT Endcaps AC-LGAD Barrel |

0.05:

0.3

0.251

§ 0.2
I+ AC-LGAD o5t

VAT ATRAE

0.1y

20

" Planar pR-WELL with GEM pre-amplification
Additional information
" AC-LGADs for ToF (PID) - very fine time resolution: 20/30 ps
" First layer of the barrel imaging EM calorimeter — fine space resolution (150 um), good
time resolution (~ 2 ns)
« MPGD
| pRWEL-ECTl | (RWELL-BOT |  [cymBaL| | yRWELL-ECT | . BOT Length: 340 cm 045 Tra“g&% gr’réatterial
" \ - BOT Radius: 72.5 cr 035

§ Beam Pipe

= Services

N
& Detector

1

e

40

8 (deg)

proton

electron

2% SN ==
60 80 100 120 140 160 180

Detector Seminar, CERN, 24 May 2024
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/ - TN N\l eF -
-
EIC-LAS: 5/6 RSUs (Scalable
ALICE MOSAIX Readout Unit) from ALICE
ITS3 on staves
* Inner Barrel (IB) \
* Three layers, LO, L1, L2, Inner Barrel (IB) Outer Barrel (OB)

Radii of 36, 41, 120 mm

Length of 27 cm

XIXy ~ 0.05% per layer

Curved, thinned, wafer-scale sensor

Outer Barrel (OB)

* Two layers, L3, L4

« Radii of 27 and 42 cm

* X/Xy~0.25% and ~0.55%

* More conventional structure w. staves

Electron/Hadron Endcaps (EE, HE)

» Two arrays with five disks
+ X/Xo ~0.25% per disk Electron and Hadron Endcap Disks (EE, HE)

* More conventional structure

Lengths for L2—L4 increase so as to project back to z = 0; disk radii adjust accordingly

Detector Seminar, CERN, 24 May 2024 Silvia DALLA TORRE INFN 24



Cylindrical MICROMEGAS

. Successful implementation at
CLAS12 (Jlab)
- A single module PCB readout

design, with two curvature radii
(55 cm and 57.5 cm)

» Overlaps in phi and z allow for
hermeticity

m Front end boards (FEBs) on
system edges to reduce material
budget

2-D readout for MPGDs in ePIC

SYSICT TTAMM T premsjoeg

Active area 36 cm

Active area 34 cm

3 mm honeycomh

uR-WELL with GEM e

preamplification layer f

[ Barrel Outer uRWELL L%er ]

[ Inner Cyl Micromegas Barrel Layer CyMBaL ]

Detector Seminar, CERN, 24 May 2024
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Tracking coverage

-3.50 < <-2.50

10
a ® mePIC(24.02.11.11.0)
g [ !
® Bf T | e PWG Requirement
. 6 ; ; I
Momentum Resolution e et
Sfoge—o—o— '
R B B S N -Re
P, [GEV]
-1.00<n<1.00 1,00 <m <2.50
g 5 ; g
£ L ® 7-6PIC (24.02.111.11.0) s ! ®  7-ePIC (24.02.1/1.11.0)
w4 w A i
L e PWG Requirement r . .- PWG Requirement
3 ar —1-
2 of i
1 : : =
Eoro-if i .-
P IR AP I I L L
I N TEEF L e S T,

» Single particle
* Includes AC-LGAD layers

« Extreme n regions will require
use of other ePIC sub detector
information

* Follows requirements elsewhere

Detector Seminar, CERN, 24 May 2024

Vs n:

2s0<n - 1000 .
= VertexBarrelHits —— SiBarrelHits
& % 9005 MPGDBarrelHits —— TOFBarrelHits -3'5 < n < 3'5
% r ® mePIC (24.02.1/1.11.0) r TrackerEndcapHits ———— TOFEndcapHi
w4 F OuterMPGDBarrelHits —— ForwardMPGDEndcapHits
r <esio. PWG Requirement 8005 BackwardMPGDEndcapHits
- E b1
8 700
of ., 600
E r
E, 500
2 sy E e
400—
300[—
2,50 <1 <3.50 F
—_ 200 —
F 1 E
a r =
s ® 7 ePIC (24.02.1/1.11.0) 100—
w g -
r .+ PWG Requirement Y e o v S S B
6 -4 -3 -2 -1 0 1 2 3 4
n
a- ; T 350 < <-2.50 2,50 <7 <-1.00
fe e e ; <n< <n<
Fee . =200 =200
2p 5 F i 5. i |
I g I ®  wePIC{24021/1110) 0 ® 1 ePIC (24.02.11.11.0)
Gowwnlw1\|\||\\\\ i L I 0 150 PWG Reaui " 0 150}
2 4 6 8 10 12 pl:[GeV] r + lequiremen : e PWG Requirement
100 100#
" —— Lo
i . | Fe |
50 L ——— 50 g X
Pointing Resolution | L e,
—— i
g u 0_ 1 I il L | [ | Ll ‘i.m [ S S
05 1 15 2 25 35 4 GU 2 4 6 8 10 12 14
pT [GeV] pT [GeV]
-1.00<n<1.00 1.00<m <250 250 <1 <350
Ezoo: Emi Ezoo:
g c s L o nePIC(24.021M.110) < |
8 150l ¢ mePlC(26021/1.11.0) 8 15l e L 5 o mePIC (24.0211.110)
i i 2 150/ - g .
i s PWG Requirement i ~ee PWG Requirement [ ~ee.. PWG Requirement
100]- 100] Fo
B 100 - -
H _1 F oL
L] e e
L. . (e - .
501 50— Te 50(- :
| g L F
s P i s . . e e S R . . Lo
2 4 6 8 10 12 14 2 4 6 8 10 12 14 phoee e e
05 1 15 2 25 35 4
pT [GeV] pT [GeV] oT [Gev] __
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1 SENSORS FOR CALORIMETRY IN ePIC

-

SiPM sensors for all Calorimeters in ePIC
* SiPMs recently introduced in calorimetry

« direct experience is coming from the SiPM requirements

applications in GlueX, STAR and sPHENIX for HCals
» these colleagues now at work for ePIC Parametr  |vawd
Calorlmetry — Ecal in red — i:iZI size 3mm
HCal in blue Photon Detection Efficiency (PDE) >25%
Relevant SiPM features for ePIC calorimetry Derk Count Rate (268 00wz
Fill factor >40%
« Cost-effective technology Peak sensitivity ~450 nm
* Operation in magnetic field Rad Dose and NeUtron FlUX
10x275GeV e+p @ 500.0 kHz, 1 b min-bias integrated lumi. 10x275GeV e+p @ 500.0 kHz, 1 fb” min-bias integrated lumi.

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

[ Wide dynamic range With tuned 10x275GeV e+p @ 500.0 kHz, 1 fb" min-bias integrated lumi. ~>-‘I.50<y<1.50cm(1bir:)
parameters for the different calorimeters

X[cm]
g

PHCAL

10°

izing Dose [rads]
S A

* Low noise with appropriate thresholding

1 MEQ Neutron Fluence [cmi?]

23
E

o
%

» Effect of the radiation
* Not new, already addressed for STAR

o
o

o

and sPHENIX = 1
» Further irradiation campaigns on- A0? zem
going “c

Detector Seminar, CERN, 24 May 2024 °°mp Silvia DALLA TORRE INFN 27
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— WI/SciFi
—_

elil@ ELECTROMAGNETIC CALORIMETRY IN ePIC CD
”
b4
a

nnnnnnnnnn

=~
b 7=
e

-1.7<n<1.4 i
17X, 1.4<n<3.7 o —

Pb/SciFi: 5760 readout 23X,
ch.s ~16k towers

AstroPix: ~0.5B pixels Ruter=160cm

P -3.5<n<-1.7
22X,
~3k crystals

Router=64cm Pb/SciFi

AstroPix

Detector Seminar, CERN, 24 May 2024 Silvia DALLA TORRE CNEN 28



1 ELECTROMAGNETIC CALORIMETRY IN ePIC CD

B — i

y

DISe

DVCS photons

SIDIS =0

p (GeV/c) vs 1 —— W/SciFi

MILOU DVCS -,

e+p 18275 GeV ﬁ

PYTHIA
18 x 275 GeV

F PYTHIA
C18 x 275 GeV

7Tt suppression

=y e
e

uuuuuuu

m0/y discr.

Up to 7 GeV/c

Up to 10 GeV/c

Up to 50 GeV/c

o/E E range,
GeV (In combination with
other subsystems)
| e-endcap S :é)% o129 0.05-18GeV  Upto 10¢
2 Barrel %mu _3y9% 0.05-50GeV  Upto 10
Rl h-endcap %w _3y 0.1-100GeV  Upto 10

AstroPix

Detector Seminar, CERN, 24 May 2024
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ELECTROMAGNETIC CALORIMETRY IN ePIC CD

ECal in backward endcap: PbWO,
+ Consolidated technology

* Finest energy resolution

* New challenge: preserving the

resolution with SiPMs

* Fine granularity

Readout coupling

oo- NIMA1013 (2021), 165683
Pl

Ell--ll.l.llIJll-Il-llLllllJll-
R N ST SR B

9

2634 £ 0.012
1.073 £ 0.081
0532 £ 0,012

2.6%$ 1.1
JE " E

44 I L L Y
10 11
Energy (GeV)

C-fiber
structure to
hold crystals

Detector Seminar, CERN, 24 May 2024
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1 ELECTROMAGNETIC CALORIMETRY IN ePIC CD

ECal in the barrel: hybrid architecture

* Internal layers: imaging
« SENSOR : Astropix (derived from
ATLASPpix3, design for NASA
AMEGO-X mission)
* New: active interposing layers

« External and interposing layers:
* Pb/Sci (validated: KLOE, GlueX, ...)

n w3 - Singls Chi

AsyroP

AstroPix vd4

_size chip Final design but sm

Performance based on simulations

AstroPix v5

Full-size praduction chip
[ Energy Resolution - ScFi layers | ¥ nat 1536/ 10
R 4 5.01 +0.04523
& 1 0.6544 + 0.02608 N -
i e Standalone simulation
< al —E Ry
= N T A i 3 10 [Imaging calo sim.|_} — Neutral pion identification Separation of y/r®
g 0=5%NE®0.7%atn=0 ] N7 _ ¥
1E i i i i R - PEWO, sim. 0.8 ¥y Merging Probability of n® decay at R = 0.8 m
Fl= i _f 10° == Imaging Calo [6.0 x FWHM of Hits Distribution]
: E o — PBWO, [20mm] —— Shashlyk [55 mm]
20 . —— TF1[38 mm] —— Shashlyk [110 mm]
g 2 . ; 10 e~
e 10 Pb/Sc meas. “El,s S z B ) el
S TN U IO RO U (PHENIX) x g 5°° IRyl /
5 10 15 20 25 _ 30 35 W/ScFi sim. / 0.4 & £0.6 / - /
v Enseyy’ (Hex) 101 (SPHENIX) # 5 £ / /
# 03 @ 0.4 [/ i
15 GeV 10 — yy ki . / AT /
£:=95% < a3 0. = / / [
ol 1 PN L P ] o | 0.0 i I
10%1 10 10.0 S i 2 0 : 3 5 ST 50
p (GeV/c) . fm:u B P (GeVic)
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1 ELECTROMAGNETIC CALORIMETRY IN ePIC CD

ECal in forward endcap: W/SciFi

* Pioneered by UCLA
 sPHENIX EMCal: 25k towers

« Good resolution
« High granularity for 70
« e/h~1 for jets
- ideal to operate in duet with the
forward endcap HCal

Qﬂslmllaﬁlgn gf |Ighs EQ"EEIIQn BEMC Superblocks, UV LED Map

2
-
3 ECal Resolution
o w Posiion of i £ 008y ry] £ 18.49/89
= _— v g PO 0.07178 £ 0.0004916
" of Light G E} o.08] P 001787 +0.0003075
g ] 3 c ot ¢ Rawdata 21 ndl 170879 |
= Tt = ° 0.0?? Mult+Ce+Geom P 007119 £ 0.0006402
. ] gy hiscograms . il— + Mu“_}ce_‘_eeom_‘_pbei pl 0.000650 + O.TH?EIS
: | 0.06| 21 nt 173319
s W 18 N » X B M I i
Old BEMC, Sylgard 184, 3fim 4'50- 0Old BEMC,\C-630, coupling is important — [ B RATIT200MNM
Mesy 0.05/ Bl 0.00805 = 0.0008499
Sltg, E i
004
» One Ecal block was build 003 1
k.. o with pre-bunched fibers to 1
i . | B perform scans with UV LED. mi‘ | _:
o N But there were no beam 0 2 4 6 8 1303al11 ger }ée\n
. M test. ay

DB
WO A EIC Backward, FNAL 2016
Better fiber arrangement and better

'k s e " iiﬁﬁ’ing.
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1 HADRON CALORIMETRY IN ePIC CD

Backward and barrel:

Barrel Hcal

Steel/scintillator (re-use from sPHENIX)
sampling calorimetry -
CONSOLIDATED

TECHNOLOGY

« |dentification of
neutral hadron jets,
especially at low x

« Tail catcher for e/m
calorimeter

+ u identification _/ | Forward endcap
« Original design inspired by
CALICE development:
» “SiPM on TILE”
= ! « High granularity insert at
I ; 2 high 1
- Jet energy measurement
« DIS kinematics
reconstruction “Hadronic
method”
— - muonID
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1 HADRON CALORIMETRY IN ePIC CD

EHaI in forward endcap: “SiPM on tileu Test beam data 01 |rqn scuntlllator calorlmeters

0.30 -.- wm 1980) _'

i CDF (1997) ]
4% COMPASS (1997) 1
48 ATLAS (2009) |
& CALICE (2012)
8 sPHENIX (2018)

STAR (2019) .
48 EIC ref. detector in DD4HEP |

15.8 mm ahsarber

« Sampling calorimetry with Fe absorber
R * Derived by a development for CALICE
 Tower structure with read-out at the rear face 0.20}

0.25}

w Simulation studies
© 0.15F
1.8 mm absarber I
The Insert e
BM tile assembly i + ]
! 0.05f n
detailed 8M tile assembly B
Iapton ape 98 | | ] | ] ]
reflective foil -oam - A A F— F— A A
=00 20 40 60 80 100
amu m* energy [GeV]
‘suntillator topwan&M module
dmorher : |
insulating
layer
ESRfois e with staggered tiles for
3D-printed frame iPMs -
it and LEDs improved space

resolution

RaTama ta o080l e5ar,
‘% ‘.an g § (0 € :b {3
Qg‘giggﬂ 2ot 8" ! ‘

16mm steel plates 4mm scintillator tiles ‘°§:g\ 980
9
—-— 50
[ hadrons |\“‘l“ ‘“‘.‘g.‘“ g.! ¢ .

.
‘-s:‘ it
Sy

8M tower module - 20 an x 10 an x 140 amn
-8 5cmx 5em LFHCE towers
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1 The double role of PID in ePIC CD

-

Support electron identification, wnich
cannot be provided by ECals only in DIS experiments
with electron beams (see HERMES, JLab)

275GeV p 2 € 18 GeV

-20<n<-1.0

1t/e Ratio

- o

ol 1 o1

1
p (GeV/c) \

Adding PID

The different physics channels require
n contamination in the electron sample
down to 10+

Hadron identification, a key ingredient for
TMDs address by SIDIS and with the novel approach
of jet reconstruction

275 GeV p 2 € 18 GeV|

0011 <z<005 005<z<0.10 0.10 <z <0.15 0.15<z <020
10
o
Eoky 4
1 o E
s ook
w 020<z<025
& w©
) P
9 ol -p o
L ({d&,f;ﬁ& R > &
oo S o0 "o on
L oo L o
YT ST PYRTY £: =51 FRUTY IRTTY SYRTY PRURURC =1 PRUTY SRTY
o 1 <178
T pomcer | | AR
5=18x275 GeV' 5.62@‘:\6
ol o o B
0 A %0 o 816<Qi<562
oty
o s
oF 0011222008 0 0ez=0 20
o 4
1 ° v
: Lol Liplggenl
4 3 2 1 32

e
5=18x275 Ge\?

Momentum coverage of hadrons

1 “ 3 o
% -10fb" 21

T SWUTH FUTTI FRNTE SRTRA PRI Svift Lovlevaa b b baa sty

25

000
oo
sé%NA
58

cosoo
.
ﬁgugﬁ
Y
LERE
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1 PID IN ePIC CD

-

Here performance areas are with

referenceto 3 o n/K separation

Momentum [GeVic]

10"
DIS
10
: 10°
ing.
aRiH g
e 10¢ — : = '
Imaging \
- Cherenkov 103 i e —
Imaging == by e ——— — - -
(I:’;nerenko Ch]e,::,:lﬁi(:ebv de@“Eﬁ o hpDIRC o — = ' A dRICH
hoDIRC '
ToF by - . 10 e
LG/ } —
-4 -1 [i] 1 2 3 fRICH L . _
\ { =
\
T AC-LGADs K
—— = SSlss iR -
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ePI&j CHERENKOV PID IN ePIC CD

- ) ) Momentum Vs Cherenkov angle (track)
Cherenkov imaging PID in backward 820— L
300 g
endcap: 5 20 "
E 260
.. i 2 240 &
proximity focusing RICH (pfRICH) £ 220 :
2 200
g 180 7% ~ 2(n — 1) - T’—l: 20
5 160 T
140 v 0%~ 02, — e 10
156 24é£|51‘01‘2 0

momentum (GeV/c)
e/n/K/p response integrated over the whole 1 acceptance

n=1.040 > 10-11
detected photons/ring
at SatU ration n=(-3.5,-2.8) n=(-2.8,-1.9) — n=(-1.9,-1.5)

The long proximity gap (~ 35 cm) e P
enhances the resolution

.
» Three radial bands

£ /;;iif:g\«\ > Opaque dividers

b P > 2.5 cm thick, 42 tiles total
| O -

s

=
T
3
=

N, separation
N, separation
N, separation

s o @
& o

o
o

o N & o ®
L i

b T
3 4 5 6 7 8 9 10 1112

o i
Momentum (GeVrc)

o > Vessel
> Lightweight structure 1ce n/K N separation in ) bins
« ——— aerogel container » Reinforced carbon fiber and 3D
H__ __ acrylic filter printed materials

— ———[inner conical mirror | » Filled with nitrogen

7T sensorplane ¥ HRPPD) photosensors

> 120 mm size
> Tiled with a 1.5mm gap =es -
> 68 sensors total J—— 400~ i.f/ o

600)|

Sensor plare Y, [mm]

—600/—

-600 -400 -200 0 200 400 600
" Sensor plane X, [mm]
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1 CHERENKOV PID IN ePIC CD

-

- N

“F’/D'\RC Cherenkov imaging PID in the barrel:
— \\ . K ti t 6 GeV
== High performance DIRC (hpDIRC) }_?/ separation powerat6 Gev/e o
° EGBG ‘M I | j I I I
= || High performance thanks to s
. . o = 5 A L1
focalization and fine photosensor [ | |
{ pizelization g H\% : | |
A 4 3 :_ — e — e L % _________
of ;
e R Radiation-hard 3-layer lens prototypes F time imaging reconstruction :
’ Sapphire (RMI, USA)  PbF, (HIT, China) 0.5 mrad tracking, 100 ps phbton timing
0 20 5 80 700 T%0 T4 160
polar angle [deg]
hpDIRC expected e/n separation at 1.2 GeV/c
without MS mitigation
—_ 8
A
5 o
A further option: § sE-
HRPPDs LB
3= -- -

Geant4, stand-alone, single particles, no B field

P S R S S N S S R AN S SN S AN ST RO S A SR S N |
40 60 80 100 120 140
polar angle [deg]

n
B
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CHERENKOV PID IN ePIC CD

Cherenkov imaging PID in the forward endcap:

Dual radiator RICH (dRICH)

dRICH Simulation: Momentum reach

S H P M \ n/K No vs p (n =2.5;nominal envelope sensor at nominal)
i . 10
I S spherical mirrors o~ simulation
-sigma s
Mirror

— 3-sigm:
eeeee

Momentum reach 6x100

§ ax10°
H

& 3x10°
g

: e

2

2x10°

Gas
Aerogel
100
40 45 60 65

50 55
momentum (GeV/c)

n/KNovspn=1.6

Interplay between radiators . sensor ’
c Mirror
.g 6
E
Ga:
2
aerogel Aerogel
4cm gas volume
phOtosensors 120 an ° 10 12 14 16 18 20 22 24 26

momentum (GeV/c)

Aerogel: n=1.020 - 1.026

Gas: C,F;
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1 PHOTOSENSORS for CHERENKOV PID IN ePIC

For pfRICH (option for hpDIRC) :

HRPPDs by INCOM
- large-size (12 x 12 cm?) MCP-PMTs, pixelized

g £ e ey 2 b et /s
g 100 FE o= ¢ S P 2w
S b2 saoiim > | 2 33812008
o 2 onssy  © [ ] 12622 142
s0— b4 807001 e r el 008= 0.0t
qi: E N 150/ . . . . |
L gL L F
g eof g F
3 H]n \ﬂ HV. (PC) = 20V: ~75ps 2 100¢ k HVA{PE)=100V+~35ps
40 F
) A b,
0 C
500 0 500 1000 1500 —%00 500 1000 151
[ Leading edge timing, [ps] Leading edge timing, [ps]

100

80: \
60: \\l

40

20

SPE core distribution o, [ps]

o 20 40 60 80 100 120 140 160
Photocathode voltage, [V]

For dRICH : SiPMs at -30°C

- Robust R&D for the validation

Studies of radiation damage on SiPM \High-temperature annealing recovery

< F T T T
= £ FBKNUV-HD-CHK Vover =4V
(= E
L10tE
5
o |
10%k
L current increases
linearly with fluence
1 0~8 -
——|
1 040 L
f > rew point is average over several channels
107"° & —e— irradiated rectangle represents RMS dispersion
| 1

proton irgadfation campaigns.
in 2021, 2022 and 20233

|
new, 10°n, 10N 10'ng

all results are reported at T = -30 C

Repeated irradiation/ annealing cycles

3x3 mm? SIPM sensors
4x8 “matrix” (carrier board)

Hamamatsu S131360-3050 @ Vover =4V, T=-30C

“Online” self-induced annealing
. ; )

* HPK $18360-3050VS Vover =4V —

107 f -

E e new
£ —e-imadiated
107" = —s— oven anhealed (200 houi's @ T = 150 °C)
£ 1
"
10" ngq

new 10° Pl 100 Neg

300 kHz

i
no annealing limit
online annealing limit
oven annealing limit
possible operation

500 fb!

£ F T T T T 1 R \; § 7
T HPKS13360-3050VS Vowr =4V ()] =
D4l 3 S
£107 : ©O|8 |
S Fs 1 3 @) ’
- £ 1 E 108
10°% 8 g < E
F == “ee= = e N |
e |
1078 ( = = 10°E
E oy 2 3 m f
=1 ' K=l
107k . s E r—_— I
L E DO «
10“2; ; Ul
E__| | | | | | L3 <
new irradiated annealed irradiated annealed irradiated annealed imadiated annealed
tleycle 2™cycle 3“cycle 4" cycle 2

Lol L

10 102 10°
integrated luminosity (fo™)

Lol Lo 1

10° 10° 10"
delivered fluence (1-MeV n_ / cm?)
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N

ToF PID IN ePIC CD

=

Ae,-oge\;\‘/‘[ "
' J\Cheren kov
Imaging

=y

ntt p-stop n*t

——re < a——

(DC-)LGAD wbeop I e
p-Si
Nt ()
DC contact
AC pad #1 AC pad #2 AC pad #3
o~ coupling
AC-LGAD
resistive nt ph-gain
i
Nptt )

~ 100 % filling factor

OneGoodHit Efficiency
FNAL 120 GeV proton beam
as

FNAL 120 GeV proton beam HPK type 3.1, 195V, -20 G

- - ! N
EE s Sl s wts 055 o oo £
£ E LT L N T - +
- TE so L np it e s S 08 o
o 5
E F. 0. P
i —os
é‘;- 05
3 0.4
= E B 3
02 s
0.1 “
o
™ aske
x[mm] T

X [rm]

AC-LGA

s
0 §
i}
0s €
o
01

os
ot
o
o2

CR

BTOF with timing resolution of 35 ps can
provide 3¢ n/K separation upto ~1.3 GeV/c

1.5
I\ start time ot, = 20ps ~ ePIC Simulation 103
b 4 P Single Particle
14 | BTOF ot =35ps —142<n<142 :
1 o
3 = b
1025
5
£ -
&1.2 5
= 5
o
s
. 10t =
1.0
0.9 10°

2 3
p (GeVic)

Inn !
] - Strips
\ : AC-LGADs
3 J Goals for the applicationin ePIC:
f — === g . [30 pm space resolution ]
* | 25-35 ps time resolution

FTOF with timing resolution of 25 ps can
provide 30 /K separation upto ~2.4 GeV/c

1.5 : .
start time ot = 20ps ~ ePIC Simulation 52
b £ Single Particle
1.4 -_‘FTOF 61—251)3 1.75<n<3.80
Az - .
£ 3
13 I g
—= I 1025
g — plF 9
al2 °
2 5
£
E
1.1 10 €
1.0 T —
0.9 i 3 3 4 s 10°
p (GeV/c)
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7
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BO detector _

BOpf combined function magnet

Particles Angle [mrad]

BO-tracker Charged particles 5.5-20

Photons ( tagged)

. Off-momentum Charged particles 0-5.0
v'protons at wide range of p%

T e R Pot Prot
v protons with different rigidity oman Fors roens
Light nuclei 0*-5.0
v'neutrons and photons ZDC Neutrons 0-4.0 (5.5)
Photons

Exclusive /diffractive reactions
driving the design of FF area ->
reconstruction of particles outside
of the central detector ac%aptance

R A 1 ¥
t=p,’
Distance from IP
cab-7m

0.4< xL< 0.65 ca23-25m
0.6<xl<0.95 ca27-30m

ca3bm
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’\ THE ePIC FAR FORFWARD DETECTORS
BO trackers with
AC-LGADS RPs and OMDs

by pixelized AC-

B0 calorimetry by LGAD
S

crystals

- Synergies with
forward ToF

« TRACKING -
Synergies with
forward ToF

« CALORIMETRY -
Synergy with
backward ECal
and ZDC

B0 Trackers + Calorimeter

ZDC by crystals and SiPM-
on-tile

ECal - Synergy with
backward ECal and B0

BOpf combined function magnet )
calorimetry
- HCal - Synergies with

BO-tracke forward ECal insert
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N

¢ THE ePIC FAR BACKWARD DETECTORS

e .

> This area is designed to provide coverage for the low-Q2 events (photoproduction, Q2 <~ lGeVz) :
Need to measure a scattered electron position/angle and energy

> And luminosity detector (ep -> e’py bremsstrahlung photons)

LUMINOSITY MEASUREMENT
VIA BETHE-HEITLER PROCESS:
KoL Polarimeter -
Tagger2 '
dipole max y
IP UP
Each station: * | ~ photon > | PHOT
4 tracking layers " . exit window f Iengltictron DOWN
Calorimeter = min
B2BeR .
e’ Similar to ZEUS/HERA concept
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1 THE ePIC FAR BACKWARD DETECTORS

-

Low Q2 taggers

+ High rate capability

+  Fine tracking
pixelization

* | > DAl PHOT
‘.,\\\ ‘ phOton 1
. ~._ exit window len POWN

min
B2BeR e imiI}m«Zﬁlmﬁc/:pt
* TraCking — TlmepIX4 Hybl‘ld (ASIC+S| LUMINOSITY _ pail’ /
. g:fokr?,z(;rFR_OSr\JcTi::Ei»z APPLICATION spectrometers Luminosity — high rate calorimeter —
y CONSOLIDATED TECHNOLOGIES
Ti d ) . + TRACKING - AC-
. imepix4 — wide experience : : LGAD strips - W-SCiFi - synergies with forward
accumulated with the different timepix Synergies with ECal
versions barrel ToF - Cu-QFi
R CALORIM ETRY _ diFfelientCM energy | | PHO'L different Luminosity
W'SC'F' - Synel’gy J}T\’ ?52:57%(1;2?;\?&%%6&\/ 0.09%2:;3:;:\’ iz_lﬁi,:évggssev
with farward ECal ||,"] H T | e [ A /\
Em?. [ L 3 DiOGE—.L o+ \
§ ; J L‘“"r % 0,05; (2:7
%10@; L[‘ \LHH/‘ klh];”u- % 0-04; \‘ 200 400 600 80O
+  CALORIMETRY - Synergy with forward gl [ LLWH [ ) gzz LN O
ECal | I |8 e T
’ In;i?lentener;?bunchcrossing (Ge:/) peE 302;?((350) o

L=22 65and 10 x 1052 cm2s7",
corresponding to the average photon
multiplicity p

27
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1 A COHEREENT EFFORT FOR ASIC FEs IN ePIC

-

>

SALSA

H2GCROC / CALOROC
(derived from the CMS
HGCROC)

«  Cylindrical MICROMEGAS
- uR-WELL

« For all calorimeter SiPMs in ePIC
A discreate component approach ALCOR ‘
still under consideration for the an the development

backward Ecal (PbWO,) for the DARKSIDE j

cryogenic experiment)

EICROC - dRICH SiPMs

(derived from the CMS HGCROC)

m

—
(CFD within ASIC FE) FEEEEas

» Pixelized AC-LGAD (RP, OMD, 1ToF) . Strip AC-LGAD (ToF, luminosity PS)

« An option for the hpDIRC and the pfRICH ) A“;I]Coppt;?v'l}for the hpDIRC and the pfRICH
(MCP-PMTs) ( -PMTs)
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(v@|| STREAMING - Detector, Electronics, DAQ, Computing

Global Timing Unit (GTU)

On Detector Fy
| ASIC [ ¥
Sensor Adapter Front End Board Readout Board Data Aggregation Echelon 0
(FEB) (RDQ) Module (DAM) Computing
k J | ] | J k !
¥ r r S
Detector Groups Electronics DAQ BNL/JLab Joint Institute
\ )
| Electronics and DAQ WG | | Y
DSCs & \ Software WG
Integration SRO WG

No External trigger

All collision data digitized but aggressively zero suppressed at FEB

Low / zero deadtime

Collision data flow is independent and unidirectional-> no global latency reguirements
Avoiding hardware trigger avoids complex custom hardware and firmware

Data volume is reduced as much as possible at each stage ensuring that biases are controlled
Integrate Al/ML as close as possible to subdetectors = cognizant Detector
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1 TECHNOLOGIES: WORLD FIRST AT ePIC

EIC Large Area Sensor HRPPDs for Ch k

(LAS), modification of imagingsanodr Timeer-e(;]f-lgl\i/ght first-time full-size

ITS3 sensor with 5 or 6 for pfRICH - CALICE-like calorimeter
’ in collider experiment in

RSU forming staves as the

basic building elements for

the Outer Barrel and the
Tracking Disks

the forward HCal

Up to 520 mm B
(No RSU overlap)

planar double
amplification (GEM &
MRWELL) modules & 2D-
strip readout for the MPGD

outer trackers and disks l—s

First use of SiPMs as Photonsensors
in a RICH for the dRICH

SiPM as Photonsensors First time use of
in crystal calorimetry for AC-LGAD in a collider
b ck___—war edcap ECal Use of ASTROPIX in detector for barrel and
i Calorimetry for the forward endcap ToF
imaging barrel ECal N
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’\ TECHNOLOGIES: Main synergies with CERN

TRACKING Cherenkov PID

|pRWEL-ECT| [pRwELLBOT]|  [CymBaL | fEmE==c LHCb, COMPASS/AMBER,
DRD4 / ePIC :

Aerogel, gas radiators,
photosensors

B RD51 & DRD1 / Cylindrical

———— MICROMEGAS and double
Mo 978 TR gmplification MPGD (GEM
& NRWELL)

Streaming read-out

LHCb, ALICE, ... / ePIC:

AC-LGADs |

* DAQ /analysis TOF PID HL-LHC, DRD3 / ePIC :

architecture
° G TU lllllll iming Unit (GTU) AC'LGADS
e =
B ii ﬁ u
((((((((((((((((((((((((((( ing And more -
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‘ AVE A/ AV A f
-

The EIC is a unique project, the word only one approved for the ultimate
understanding of QC

Most likely, the only novel high energy collider in the next 15-20 years
3 The EIC project is approved and progressing according to schedule

: The ePIC Collaboration for the project detector ePIC is working and
highly committed

= The ePIC detector design is dictated by the physics scope

= A number of established and novel technologies needed to match this
scope

= Relevant synergies with CERN in physics (not discussed today) and in
detector technologies

3 Exciting perspectives in front of us designing, building, operating
ePIC and progressing in physics with our detector
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