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Barrel Calorimeter Requirement
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Barrel Calorimeter Requirement

* Inclusive DIS
 Up to 10* =~ background suppression at low momenta in the barrel

* General: 100 MeV < y energy < 10 GeV
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Barrel Calorimeter Requirement
» Exclusive DIS (DVCS)

 Up to 10* =~ background suppression at low momenta in the barrel
» Good energy resolution (<7-10%/VE @ (1-3%)

* Fine granularity for good n°/y separation up to 10 GeV
I?VCS photolns
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Barrel Imaging Calorimeter

Barrel Imaging
Calorimeter

ePIC Detector for EIC

Solution: Hybrid SciFi/Pb calorimeter with a silicon tracker to
precisely measure 3D image of electromagnetic shower



Barrel Imaging Calorimeter

Barrel = 48 Sectors #7~ Sector o Sector End View
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4(+2) layers of Bulk Pb/SciFi

AstroPix interleaved section

with 5 Pb/ScFi layers
Length: ""'435 cm AstroPix |ayers built from Pb/SciFi Layer (14X0)
Radius: ~ 82 cm Modules e 5 readout cells per layers

i e 1 light-guide per cell
n Coverage: -1.71 < n < 1.31 v S
-wmﬁlr 4 7457 [181.800] y 3

Depth: 17.1X0 at n= 0 Module - 9 AstroPix chips Barrel Imaging Calorimeter

5 & . . Technical Drawings
Sampling fraction ~ 10% daisy chained together , =
T. O’Connor, K. Bailey



Physics potential with BIC . ¢

Neutral-current Inclusive DIS

e+p/A->e +X

BIC Requirement: 7-10%/VE @ (1-3)%

i | Current polarized DIS e/u+p data: [l
10 - Current polarized RHIC p+p data: [0
<
[¢)] 103 -
O
(9Y]
o
c 102 |-
2 ;
5
= I
w .
Q
. 10
L=

104 10°° 102 107! 1

Parton momentum fraction, x

BLUE: CERN, DESY, Jlab, SLAC

Resolution, Q% (GeV?)

104

. -t —r
o) % <%

—

L IIIIIII

I IIIIIII| 1 IIIIIIII

L IIIIII|

Existing Measurements with A =56 (Fe):

e+A

IllIIII

0.1

105

0 1073 1072 10 1
Parton momentum fraction, x
BLUE: World data 0



Physics potential with BIC
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Physics potential with BIC

~0.12 +/-0.02 ~0.20 +/- 0.10
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High Level Schedule

. . Barrel
ePIC decision about CD-3a CD-2/3 Installation in BNL
Barrel ECAL Jun 29
\ Q224 Q325
April 23

AstroPix v3 AstroPix v4 AstroPix v5
Feb 2023 Nov 2023 Q2 2025
Prototype R&D D

Final Design/PED 4

Pre-production _

Scintillating Fiber Fabrication _

Production SciFi/Pb / local support layers and testing _
Production wafer fabrication v5 _

Wafer testing I

Sectors/Trays production assembly and testing m,m
Integration D
Delivery o

Sector Assembly in a Barrel and Integration with Si Trays - 14



Prototype production of SciFi/Pb
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Pb sheet forming by pressing method
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Proto-type production
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Proto-type production

One module Dimension: 3cmX3cmX32cm
# of lead sheets: 80mMmX4X13cm: 52ea, 107mmX3X13cm: 39ea
# of SciFi: 40cmX520ea
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Super-module (4x4 modules) configuration
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Real configuration Schematic view .



120 mm

120 mm

Beam Test

Astropix Chip layers

Electron beam CERN,
T10 (PS), up to 7 GeV/c
7th~14t Aug
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Summary

* BIC Requirements
¢ 7-10%/E @ (1-3)%,
 Up to 10* =~ background suppression
 tV/y separation up to 10 GeV
-> Barrel Imaging Calorimeter

* BIC Coordination and Collaboration:
North America + Korea

* Proto-type module production:

« Beam test: 7th~14t Aug 2024 at T10,
CERN
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Physics potential with BIC
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Physics potential with BIC

o,

Polarized photon structure using dijets
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ilR-det] 27 Oct 2021
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Key science questions

* Emergence of the nucleonic mass/spin

SCIENCE REQUIREMENTS
AND DETECTOR
CONCEPTS FOR THE
ELECTRON-ION COLLIDER

EIC Yellow Report

» Parton distributions inside nucleon in
« momentum and coordinate space

b Gluon saturation
* Nuclear modification of PDF

» Colour charge through Cold Nuclear
Matter
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The Electron-lon Collider (EIC)

* Polarization ~ 70%
e ol + pT, dT, He'
« e + unpolarized ions up to U.

.L — 1033—34cm—28—1
— L. =10-100 fb~'/year
*h: 41-275 GeV, e: 5-18 GeV
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DIS processes

' e
e S e A ©
\\ ’,V
Y*
Y i &
X P X
X
p—> p
Neutral-current Inclusive DIS Charged_current |nc|usive DIS Semi'lnCIUSive DIS
e+p/A-e +X e+p/Aosv+X e+p/A->e +ht0+ X

e

Exclusive DIS
e+p/A-e +p'/A +y/h°

29



Resolution o/E [%]

BIC Performance: Energy Resolution
electron photon
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« Resolution extracted from a Crystal Ball fit o

» GlueX Pb/ScFi ECal: 6 = 5.2% INE @ 3.6% NIM, A 896 (2018) 24-42
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BIC Performance: electron/pion separation

r,. Standalone simulation

10%: | Imaging calo sim.
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« Separation of electrons from background in Deep Inelastic Scattering (DIS) processes

« Method: E/p cut (Pb/ScFi) + NN using 3D position and energy info from imaging layers

 e-Tr separation exceeds 1032 in pion suppression at 95% efficiency above 1 GeV
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BIC Performance: Neutral Pion Identification

Separation of y/1r° (upper limit)

15 GeV % — yy
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» Separation of two gammas from neutral pion well above required 10 GeV
 Discriminate between 70 decays and single y from DVCS, =0 identification

* Precise position resolution allows for excellent separation of y/n® based on 3D shower profile
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Barrel Imaging Calorimeter

R L AstroPix: silicon

size

sensor with
500x500um? pixel

40 cm

SciFi/Pb layers
With two-sided
SiPM readout

Slot for AstroPix

10.3cm

* 48 modules covering 21 in azimuth

* 4(+2) layers of imaging Si sensors interleaved
with 5 SciFi/Pb layers

* Followed by a bulk section of SciFi/Pb

* Total radiation thickness ~17.1 X,

* Sampling fraction ~10%
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Summary

® Proto-type modules being prepared for 3 different methods
i) Pressing method
ii) Rolling method
iii) Casting method
* Beam test planned in August with a final goal to
see the synced DAQ signal with Astropix chips

NU & YU



Summary

. . A A
* Origin of Nucleon Spin
: : 1034 |= Mass & 100
* DIS with polarized electrons and £ Tomography (p/A)
)
rotons for a large range in x and Q%  © WLl e
p 9 9 = Distribution and Spatial Imaging
. . 8
« Good electromagnetic calorimetry at > 10% f= Spin and FlavorStuctre of he 10
the level of 7-10%/VE & (1-3)% o Nucleons and Nuclei
% ” Internal Landscape at exreme Ft’_arton 1
. . . . o 10 L : - Saturation =
* Multi-dimensional imaging of the s
Nucleon ' L
c . 0 50 100 150
* Transverse Momentum Distribution e-N Center-of-Mass Energy [V(Z/A) GeV]

measurement by Semi-Inclusive DIS
* Generalized Parton Distribution
measurement by Exclusive DIS

* Nuclear modification of PDF: The same BIC requirement
* Colour charge through Cold Nuclear Matter: Jet Physics

Annual Integrated Luminosity (fb™)



