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Facts about the EIC

What is the EIC:

A high luminosity (1033 — 1034 cm2s1)
polarized electron proton / ion collider
with Vs, = 28 — 140 GeV

lon Injector

Electron
Cooler

EIC at BNL = t’
i What is new/different:

OOOOO

Hera: factor 100 to 1000 higher luminosity
both electrons and protons / light
nuclei polarized, nuclear beams: d to U
Fixed Target Facilities i.e.:
at minimum > 2 decades increase in
kinematic coverage in x and Q?

Electron
Injector (RCS)

(Polarized)
lon Source

 Add electron beam 5 GeV to 18 GeV to
RHIC hadron beams

O 25 mrad crossing angle

O both electrons and light ions (p,d,He-3)

polarized

Hadron Storage Ring
Electron Storage Ring s
S Electron Injector Synchrotron

- Po ne
s ,{‘ ',- A‘;‘% o
S 'l{( }J\‘

| (Fadra
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. Developing The EIC Science Case

S A High Luminosity, High En&y 2010

Gluons and the Quark Sea at

High Energies 2012

OPPORTUNITIES IN NUCLEA
Major Nuclear

Physics Facilities for
the Next Decade

ssssssssssssssssssss

e AN ASSESSMENT OF
NSAC ' « 015 BASED ELECTRON-ION
COLLIDER SCIENCE

March 14, 2013

LONG RAN(
for NUCLEAR Sgge™

National Academy of Science Report:
AN ASSESSMENT OF U.S.-BASED
ELECTRON-ION COLLIDER SCIENCE

“An EIC can uniquely address three profound questions
About nucleons—neutrons and protons—and how they
are assembled to form the nuclei of atoms:

* How does the mass of the nucleon arise?

. How does the spin of the nucleon arise?

E.C. Aschenauer



The EIC: A Unique Collider
EIC LHC /RHIC

collide different beam species: ep & eA collide the same beam species: pp, pA, AA
—> consequences for beam backgrounds - beam backgrounds
- hadron beam backgrounds, - hadron beam backgrounds,
l.e. beam gas events l.e. beam gas events, high pile up
—> synchrotron radiation
asymmetric beam energies symmetric beam energies
- boosted kinematics - kinematics is not boosted
—> high activity at high |n| — most activity at midrapidity
Small bunch spacing: >=9ns moderate bunch spacing: 25 ns
crossing angle: 25mrad no crossing angle yet
wide range in center of mass energies LHC limited range in center of mass energies
—> factor 6 —> factor 2

RHIC wide range in center of mass energies :
—> factor 26 in AAand 8 in pp

both beams are polarized no beam polarization
> stat uncertainty: ~ 1/(P,P, (L dt )*?) > stat uncertainty: ~1/(L dt )2

E.C. Aschenauer



EIC General Purpose Detector: Concept

p/A beam n electron beam

high Q2

medium X

>
8,
+

Central
Detector
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Background/Radiation

The HERA and KEK experience show that having backgrounds under control is crucial
for the EIC detector performance
» There are several background/radiation sources :

% primary collisions

¢ beam-gas induced

O/

% synchrotron radiation

Important to note:

» low multiplicity per event: < 10 tracks

» 1 > 2:avg. hadron track momenta @ 141 GeV: ~20 GeV

> No pileup from collisions 500 kHz @103* cm~2s1 - coll. every 200 bunches
» radiation environment much less harsh than LHC - factor 100 less

Synchrotron Radiation:

» Origin: quads and bending magnet < /
upstream of IP ——

» Tails in electron bunches: can produce hard
radiation

> Studied using Synrad3D

Power on Rear Side Beam Pipes

o Total power: 3.15W

QieR (2.41m long)
N hift
N

No Shi

Total power: 0.40W
0.5m Shift
Total power: 0.43W

Q2eR (1.88m lon
No Shift

Total power: 0.31W
0.5m Shift

Total power: 0.30W

Rear Side Apertures




Background/Radiation

» Primary collisions contribute a substantial fraction of the ionizing radiation and low
energy neutron fluence in the experimental hall

‘ neutron flux above 100.0 keV in [n/em 2} for 1.0 fb ' integrated luminosity
500

Radial coordinate, [cm]

10°
400

10°
300

107
200

10°
100 0%

1 | 1 | 1
—gOU -400 -300 -200 -100 O

100 200 300 400 500
Z coordinate (along the beam line), [cm]

—>forward EmCal: up to ~5*10° n/cm?
per fb1 (inside the towers); perhaps
~5 less at the SiPM location

Radial coordinate, [cm]

‘ Radiation dose in [Jicm °]for 1.0fb ' integrated luminosity
500 ———

400 f=

100

. - __|_ - 1 . -'
—gOO -400 -300 -200 -100 O 100 200 300 400 500

Z coordinate (along the beam line), [cm]

- backward EmCal: ~250 rad/year
(at “nominal” luminosity ~1033 cm s°1)

10-”

» Beam-gas interactions are one of the main sources of neutrons that thermalize within

the detector hall and cause the damage.

» The current FLUKA S|mulat|ons show that the EIC detector will obtain annual dose of

-

“l
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EIC General Purpose Detector
€m-oooooooo- 22 >

MAPS tracker || MPG trackers || ToF, DIRC, RICH detectors

Overall detector requirements:
O Large rapidity (-4 <n < 4) coverage; and far
beyond in especially far-forward detector regions

O High precision low mass tracking
o small (u-vertex) and large radius (gaseous-based)
tracking

O Electromagnetic and Hadronic Calorimetry
o equal coverage of tracking and EM-calorimetry

20 O High performance PID to separate &, K, p on
¢—Fietrens track level
Detector i o also need good e/h separation for scattered
b b electron

/ O Large acceptance for diffraction, tagging,

neutrons from nuclear breakup: critical for
physics program
o Many ancillary detector integrated in the beam
line: low-Q? tagger, Roman Pots, Zero-Degree
Calorimeter, ....
- Integration into IR critical

High control of systematics

x (m)

0.5 ~

Off-momentum detectors 1
Roman Pots
Off-momentum detectors 2

E.C. Aschenauer



EICUG: Yellow Report (YR) Initiative

The EIC Users Group: EICUG.ORG
Report: https://arxiv.org/abs/2103.05419

(((T)D) EIC YELLOW REPORT
Volume II: Physics

Detector requirements and design driven by EIC Physics program and
defined by EIC Community

Physics Topics — Processes — Detector Requirements

Physics Working Group: Detector Working Group:
Inclusive Reactions Tracking + Vertexing

Semi-Inclusive Reactions “ (P:a{tic_le ID
Jets, Heavy Quarks alorimetry

: yQ : DAQ/Electronics
Exclusive Reactions

: : . _ Polarimetry/Ancillary Detectors
Difiractive Reactions & Tagging Central Detector: Integration & Magnet

Far- Forward Detector & IR Integration

Provides critical input for detector proposals

E.C. Aschenauer



EIC General Purpose Detector

EIC general purpose Detector around

Technologies based on Generic EIC Detector

R&D . developed by EIC-UG members
ferenceslindex.phplEIC R%25D

\ ://Wiki_.kgnl‘.g(‘)vﬁs/op
v e ,((

P

o,

a new 3T Solenoid

Hermetic coverage:
2°< O <178° (-4<n<4) with 27 in ®
—> as close as possible to 4n
Most likely detector technologies
further refined by current detector

proposal process
https://www.bnl.gov/eic/CFC.php

system system components | reference detectors

vertex MAPS, 20 um pitch
. barrel TPC

tracking -
forward & backward | MAPS, 20 um pitch & sTGCs®
very far forward MAPS, 20 um pitch & AC-LGAD*
& far backward
barrel W powder/ScFi or Pb/Sc Shashlyk
forward W powder/ScFi

ECal backward, inner PbWO4
backward, outer SciGlass
very far forward Si/W
barrel High performance DIRC & dE/dx (TPC)

h-PID igi:zj: }r;iiliim . double radiator RICH (fluorocarbon gas, aerogel) +
forward, low p TOF
backward modular RICH (aerogel)
barrel hpDIRC & dE/dx (TPC)

e/h separation | forward TOF & areogel

atlow p backward modular RICH

barrel Fe/Sc

HCal forward Fe/Sc
backward Fe/Sc

very far forward

quartz fibers/ scintillators




What is new/special for a EIC GPD

Vertex detector — Identify primary and secondary vertices,
Low material budget: 0.05% X/X, per layer;
High spatial resolution: 10 um pitch CMOS Monolithic Active Pixel Sensor (MAPS)

—> synergy with Alice ITS3

Central tracker — Measure charged track momenta
MAPS — tracking layers in combination with micro pattern gas detectors

Forward tracker — Measure charged track momenta
MAPS — disks in combination with micro pattern gas detectors

Particle Identification — pion, kaon, proton separation
RICH detectors & Time-of-Flight
high resolution timing detectors (, LAPPS, LGAD) 10 — 30 ps
novel photon sensors: MCP-PMT / LAPPD

Electromagnetic calorimeter — Measure photons (E, angle), identify electrons
Crystals (backward), Shashlik or Scintillator/Silicon-Tungsten
new material development: Scintillating glass - very cost effective

Hadron calorimeter — Measure charged hadrons, neutrons and K °
challenge achieve ~50%/NE + 10% for low E hadrons (<E> ~ 20 GeV)

DAQ & Readout Electronics: trigger-less / streaming DAQ
. Integrate Al into DAQ —> cognizant Detector

Yo N
\ . CAl

N
P
1

t VS .
&

dI WOoJJ} 20UD4SIQ/SNIPDY
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MAPS nVertex

® For primary and secondary vertex reconstruction
® Low material budget: 0.05% X/X, per layer

High spatial resolution: 10 um pitch MAPS

—> ref. Alice ITS3

® Compromise:
20 um (or smaller) pixels and ~0.3% X/X, per layer

® Barrel+ Disks for endcaps

All-silicon_ g :

er

Track DCA,, (um)

[Chorerian ] [ Crycatet | [T [TEcar ] e IS IR s oo |[ToF e ][ TR0 |
71,00 w000

a 7
i %00 W 1000 oo ® 1000 +2000 <00 +4000
DCA, resolution VS p_
120
« in FST
100 —+—1n=1015
—4—1=1520
n=2025
80 —— n=2530
—4— n=3.035
60

] 1C+I I I12
Track P, (GeV/c)

=
f
=
[=r]

=8 1<p<2GeV/c
14T

—#— 25 <p <30 GeV/e

1<p<2GeV/e

30T
—— 25 <p <30 GeV/e
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Endcaps: MPGDs

® To improve momentum resolution at large
rapidities.

® Spatial resolution well below 100 pm

® Large-area detectors possible

[

Cost efficient compared to silicon

Micromegas

Si barrel and disks

oiRc | ] ka1 [ERIEE S CR EE
7100 0.0
. i

Nucl. Instr. and Meth. A805(2016), 2

Drift Cathode

Avalanche
ZZ |

Momentum Resolution vs. Particle Momentum
(Pions, Theta = 15.41°)

e No Outer GEMs
With Outer GEMs

30 40
Momentum (GeV/c)

““““

—_—— e — e T e o —

- -

EIC R&D: large 2D GEM module |

e —— - L
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Electro-Magnetic Calorimeter

® Applications
» Scattered electron kinematics measurement at large |n| in the e-endcap
» Photon detection and energy measurement
» e/h separation (via E/p & cluster topology)

» 10y separation - may also consider a highly segmented preshower combined
with ToF and tracking = three in one

® Anticipated stochastic term in energy resolution & available space

oc/E ~2%/\E ~1%NE ~ ~10-12%/NE ~10-12%/NE
space ~50 cm ~50 cm ~30 cm ~40 cm

® Other considerations

» Fast timing ¥ Type samp-  fump Xo Rm A cell % AZ | 0p/E %

ling, mm mm mm mm mm? cm | & B

> Compactness (small X,and Ry) 1 W/ScFi** ©047ScFi 2% 70 19 200 257 20 30 |25 13
> Tower granularity W powd. !

2 PbWO;* 89 196 203 20> 225 35 |10 25

» Readout immmune to the magnetic field 3 Shashlyk 075W/Cu” 16% 124 26 250 252 20 40 |16 83
1.5 Sc

4  W/ScFi** 0592ScFi  12% 13 28 280 252 20 43 |17 71
with PMT W powd,|
Shashlyk*** 0.8 b 20%

1.55 Sc

“N\
- ‘f

((‘(“\\\\'\'S‘J Sc. glass*®

TF1 Pb glass***




[Gherenkow ] ["Cryostat | [INEYATENNN (FEmGaiT |ERawioHN NS IEEHIN (s recer |[T76F T|[7Pc ][ TRD
-1.00 n0.00

Crystals

® High resolution EmCal in the electron-endcap
for the scattering electron measurements

® PWO where space is tight, and the highest
possible energy resolution is required

® Scintillating glass (EIC R&D) otherwise
» More cost efficient, easier manufacturing

» Potentially better optical properties
Example: SC1 glass

PWO: vendor characterlzatlon

— 35 e e e e

- CRYTUR

2018: 1cm x 1cm x 1cm

NN W
o t O
T

2019: 2cm x 2cm X 4cm

=

o
TT
|

(3,
T
1

Light Yield (pe/MeV
o

o

Feb 2020: 2cm x 2cm x 20cm (7 XO0) 0020 304086 e0 7o 803000
Crystal ID

35
30
25 F
20 [*
15 |
10 |

Dec 2020: 2cm x 2cm x 40cm ( 10-20 XO0)

Light Yield (pe/MeV)

T ST S S SO S S S AT S T S I S S ST S SO SR
%000 5050 5100 5150 5200 5250 5300
Crystal ID
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EIC PID

needs
are more demanding
then your
normal
collider detector

EIC

needs absolute
particle numbers at
high purity and low

contamination

" E.C. Aschenauer



Particle ID

J In general, need to separate:
» Electrons from photons - 4r coverage in tracking
» Electrons from charged hadrons - mostly provided by calorimetry

» Charged pions, kaons and protons from each other - Cherenkov detectors
» Cherenkov detectors, complemented by other technologies at lower momenta

Illustration of PID detectors achievements:

E T -I |.r T {. T T LI | . 102 - 104
S10° ionization (gas, 1bar) Q,g_g — -
g | 3

C = ]
c - 8 £ - L 3
2 vl < O 10
510°E £ {P’? 5 — L
3 8§ 1 a
e r S _
g L § o - 10 102
pe) — b —
4 10= 3 —
= - = L
g f | radiat § -

aerogel radiator
o P (n=1.03) 1 - 10
1 =

- & T C.Li -2010 ]

- liquid radiator q?e § _ppmann .

[ \GFu=1d /7 K/rn separation >3c - 15 1

10-1 11 I 1 1 1 1 1 111 I
10 10?

momentum (GeV/c)

g Need more than one technology to -

cover the entlre momentum ranges 35--10 7GeVic 18 GeV/c 100 MeV/c

-1.0-1.0 8-10 GeV/c 8 GeV/c 100 MeV/c

1.0-3.5 50 GeV/c 20 GeV/c 100 MeV/c



Particle

Focusing

DIRC

Soliq
Riﬁr

Mirror

Cherenkov
Photon Trajectories

Detector
Surface

(G| Cyossr| INETTEN () ) T N = - (6 [ ] [T
11,00 10,00

® Radially compact ( ~ 5cm)
¢ high_performance DIRC with better Cherenkov angle resolution angle per particle
OptiCS and <100 psS t|m|ng (T[/K up to ~6 ?112 i_pfxel—based (geometric) reconstruction
Gevio) A S
© - ﬂ\ A
® Re-use BaBar quartz bars ? hs N*‘“““"*“f“ f \\W’\V.,.\,\
® Integration into a 4 detector can be osf
) 0.6 blue: Imrad trackmg resolutlon
Cha”eng|ng 04fF red: 0.5mrad tracking resolution
0.2f black: ideal trackmg
=200 B0 100 T T T
n/K separation power at 6 GeV/c polar angle [deg]
f EO.Emrad tracking assumed - o,=0.05ns
6_ —~“-06,=010ns

separation [s.d.]

L S . .
F time imaging reconstruction

. —~=0,=015ns

20 40

NS b,

(L

60

80

R T
polar angle [deg]

100
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Dual radiator RICH S

® Hadron PID in the forward/hadron end-cap

® Use a combination of aerogel and C,,F,, with
indices of refraction matching EIC momentum
range in the forward endcap

® Similar to LHC-b, HERMES, JLAB/Hall-B, ...

i H'ts Opnh:::icitr:;actc Radiators: Aerogel (naero~1.02) + Gas (Ng,yee ™ 1.0008)

/ Detector: 0.5 m?/sector, 3x3 mm? pixel

Single-photon detection in ~1T magnetic field

oooooooooo

Aerogel Gas Spherical Mirror _—7—__

Outside acceptance, reduced constraints

» Continuous >3c ©/K separation up to 60
GeV/c and K/p separation to higher momenta

» >3c e/n separation up to ~15 GeV/c

0II'I20III4OII\50IIIBO I100
p (GeV/c)

e
p (GeV/c)

p (GeV/c)
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® For hadron PID in the electron end-cap

® Compact version of a conventional
aerogel-based proximity focusing RICH

Modular-RICH (mRICH)

[Cherenkov ][ Cryostat | INETTENNN [TEwGa | iGN I IO (< v | TOF |[ TPc ][ TR0 |
-1.00 n0.00
N

4 ™~ ke 1.10

New features: a) separation of optical and
electronic components; b) longer focal
length (6”); c) 3mm x 3mm photosensors.

A — e n -

2" mRICH protoftype was tested at Fermilab Test Aerog ,LQ cm/S@ser’plane
Beam Facility in June/July 2018 - -
Y '

rF N

GEANT4 Simulation

+1000 +200.0 +300.0 +400.0 +500.0

N, vs Momentum (2nd Prototype)

» 50
s =  Omm x Omm Pixel size
b I 2mm x 2mm Pixel size |
= (" _3mm x 3mm Pixel size | |
£ 0 222 EESESSSEERssl
2 = = 6mm x 6mm Pixel size
305— . .
25
20F- *
Jst [ ]
v u
151 =
1Uf— . : n
E - - - [ ]
o u ] u
30 =% B T T
07\'IIII|\III‘II\I|I\II|\IIITII\I’IIII!II
3 5 6 7 8 9 10

momemtum {GeV)

Expect /K 3o separation up to 8-10 GeV/c
» Was also tested with SiP

E.C. Aschenauer
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High resolution timing technologies

o ——— — — — — — — — e

0.0%

e - = ~N
7/ AN
/" ® MCP-PMT/LAPPD \
LAPPD57 QE map 365nm 11/20/19 QE [%]
00 30
QEmax=25<97 28
QEmean =24.11+1.01 gi
22
20
= " 18
E 14
> 12
10
8
6
4
2
-100 0
-100 -75 50 25 0 25 50 75 100
. X [mm]
QE routinely >20%
>90% gain uniformity A T
Single photon TTS <50 ps ¢ =
Performance in high B field g
Is still of a concern f:
% E
o 01
o4 =z
Argonne 10 um
" pore prototype
% 0.0 0.13 0?6 0f9 1 TZ 1 .15
% Magnetic Field (Tesla)
%
UV-enhanced version -> TOF!
200 300 400 500 600 700
Wavelength [nm]

Expecting affordable detectors with <10ps
timing on the EIC CD-2 time scale

PG e

\

e e . o — — e — — — — — — — — — — — — — — — — — — — —

entries

® (AC)-LGAD

DC-contact

AC-pad #1 AC-pad #2 AC-pad #3
>, capacitive
resistive p’-gain oxide
n-cathode
p-Si
pt+
1400 250
1900 | | data 200,100 7] data. 200/100
— it &; 1 200 || — fit e T
'_0' =62,uL1 crf=223psl
1000 £ e
900 g 190
2
600 8 100!
400
50 -
200
0 ‘ 0 7
-40 =20 0 20 40 -200 -100 0 100 200

Detectors can provide <20ps / layer

AC-coupled variety gives 100% fill factor and
potentially a high spatial resolution (dozens of
microns) with >1mm large pixels

Trec — Lreal, (I

trec — ttrig, ps
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Streaming Readout Architecture

— Data
=== Configuration & Control

Power
Detector FEB | FEP DAQ
(Front End Board) | (Front End Processor) | (Data Acquisition}) Possible at EIC as data
| | rates manageable
[ BW: O(100 prs):> | BW: O(10 Tbps) > (500 kHz, O(100) Ghps)
I
: ___________ ] Global timing, busy & sync
L~100m | Beam collision clock input
ﬁbelr | Goal: O(100 Gbps>
. I
et | -
Sy

Switch / Switch /

FPGA Fiber Processing |  Bulter T
<—| Monitoring
5 LVDS ~ 5m ( &))
Analog ~ 20m Power Supply System

(HV, LV, Bias)

Cooling Systems

il S 30 July 2020
. EIC Yellow Report — Readout and DAQ

N . -
U

FJ Barbosa, K Chen, J Huang

w
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EIC Readout Partitioning

O FEB - Front-End Boards
O Custom designed for each detector and populated with ASICs.
O ASICs designed to process analog signals and digitization tailored to each type of detector
technology.
O Data transport via optical fibers to minimize cabling.

O FEP - Front-End Processors
O Custom designed to process and aggregate data streams from multiple FEBs.
d FPGAs are dominant components on these PCBs.
O Algorithms reduce data flow (e.g., zero suppression)
O Data transport via optical fibers to minimize cabling.

O Global Timing
O High speed and precision combines custom designed and COTS componentry.
O Provides synchronization of and clock distribution to the readout elements.
O Jitter better than 1 ps.

O Network Switches/Servers/Computing

O High performance COTS infrastructure.

U Enables further reduction of data flow prior to storage via sophisticated algorithms, e.g.,
ML and Al.

S 7z

E.C. Aschenauer



EIC Project Status

January 2020: CD-0 & site selection - BNL
June 28" 2021: EIC received CD-1

Accelerator Technical Reviews Spring -- Autumn 2021
Start Preliminary Design April 2021
Detector Proposals Submitted December 2021
Selection of Project Detector March 2022
Start Earned Value Tracking Summer 2022
Clarify In-kind Deliverables - Agreements Summer/Fall 2022
Goal for CD-2 Approval January 2023
Goal for CD-3 Approval March 2024
Goal for CD-4 Early Project Completion July 2031
FYI9 FY20 FY2l FY22 FY23 FY24 FY25 FY26 FY27 FY28 FY29 FY30 FY3l FY32 FY33
x XK T
Dec 2019 May 20! |S[2)¢;121 rf% ;umm‘ ‘W’;
- Aesronnr R whllmﬂom; '—, ERY Dde Eml"r Ko
D s .M..,W;l l Jd2030  Jul 2031
o Infrastructure [ |
o~ n?(r—'——\
Detect w[_—l_.—l
lnfmmuuurcl—-l Conventional Construction 1 77773
et e [ oo P o T27Z2 8 o e
Detector I Pr Fabrication, | & Test L—%
o g | e ARa o LLZZEa s bt
& Pre-Ops [ 7
Detector &Pre-Ops
wac [l coroees [ Jramed |0 MG — R [ Commgoney




Why EIC now?

“all stars align”:

U theory developments will allow to obtain the
answers to the big questions discussed

O detector technologies allow for a collider
detector with high resolution, wide acceptance
and particle identification

BUT MOST IMPORTANTLY

U accelerator technologies allow to built a
collider with

> high luminosity

> highly polarized electron and light hadron
beams

» a wide range in center of mass energies

» hadron beams with highest A

» demanding acceptance requirements

can be realized in IR design

~ .V ;
~
,/
/ Y

(I

Take Away Message
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Let’s get to work

amd built the BIC
W? Can Do It!
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Tracking/Material Budget

___________________________________________________________________________________________________

Vertex + central + forward / backward tracker .
layout ( moderate momentum resolution, vertex e —— a‘
reSO|UtIOn ~20 “,m) Contes b(elzl;i;r)nsection Hadron-outgoing side &S

® At most 3T central solenoid field (maximize B*dl
integral at high |n|)

® Low material budget

O Central area of beampipe (around IP):
~1.5m of beryllium to minimize
multiple scattering for low Pt

> Minimize bremsstrahlung and conversions for particles
primary particles O Low-mass exit window for far-forward
» Improve tracking performance at large |n| by particles

minimizing multiple Coulomb scattering

» Minimize the dead material in front of the high
resolution e/m calorimeters

0 Few % radiation length material
thickness for the required angular
range (low angle)

e - - - - - - - - - - - ——————
- e e e e e e e e e e e e e e e e e e e e e e

0.40
Fun4All-EIC Simulation Hadron endcap side
0.35 Tracking and PID detectors Material in acoeptance, [%]
= TPC end-cap, cable and air excluded '
< 0-30 B mRICH AeroGel
S 0.25 pm HBD-GEM Gas RICH
g === DIRC
— 0.20 mmm Forward silicon tracker
5 0.15 s Forward/backward GEMs
_,13‘ ’ mmm TPC (field cage+gas)
_% 0.10 . MAPS vertex tracker
ec s Mar-2020 beam chamber
0.05
0.00 +/- 60 mrad

—4 -2 0

Psuedorapidit . g
NI o U | oy e



[Chererkay ] [ Cryosial | TN [TEmcar ] (o M= ISRRSE (s 7= |[Tior |[wee [ o ]
1.00 n0.00

Sampling EmCal
® Well established technology
> HERA-B, ALICE, PHENIX, PANDA, ...
® Medium energy resolution ~7..13%/\E
® Compact (X, ~7mm or less), cost efficient

Sc cintillating Fibers embedded In a W/epoxy mix !

Tower boundary

:
:
:

o 1
| y
| ' Light collection uniformity can yet be |mproved
: 0.2f U . X Energy Resolution !
I 0.18 L Fun4All-EIC Simulation = 1 Tower 36 <018 .
I - Geant4, truth energy deposition = : -% — Tower 36 2%(6 pip) @ 3.2(0.1% @ 13.5(0.2)%00 ‘ 1
: 0.16 Total Rad Length = 20X, — . %0.16_ v 5 25 350 .8 128 :
| 14 & 1/5X,: A E/E = 5.92%/VE @ 1.05% 5 1 '3 2018 1
] o 0 " L] 1/4X,: A E/E = 6.72%/NE @ 1.30% . : 0141 e AVETAQE: 2%(5 PIP) B 3.5(0.11% & 13.30.2)%E| ‘ 1
: . N 1
, LT o1z [ 1/2X,: A E/E = 10.64%/NE ® 1.67%  — : 0.12F T T ———— |
I Ly L] 3/4X, A E/E = 13.68%/NE @ 2.06% ] 1 r 2017 !
I 2 0'1 N E o, — 1 0 1—— E ———— THP 10° 2%%(5 pip) B2.9%% @ 16.1%%AE !
| 2 L) 1Xy: A E/E = 16.19%/NE @ 2.12% = ! A ) B2 - |
: L 0.08; — h !
: - 3 . 008 |
' 0.06F - 1 = !
: e 7 ] 0.06[~ :
: F ] B
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Hadronic Calorimeter

Main purpose: jet energy measurement

» Particle Flow Algorithm usage anticipated (where HCal role is identification and energy
measurements of the neutral hadrons, namely neutrons and K)

In general the “conventional” hadronic calorimetry is considered per default

Anticipated stochastic term in energy resolution & depth

oe/E ~50%/NE +10%  ~100%/NE + 10%  ~50%/\E + 10%

Other considerations

» Space!
Interplay with EmCal in a “binary” EmCal+HCal configuration
Tower granularity (~10 x 10 cm? suffices)

Readout immune to the magnetic field
3> s n/"’,._y““ R .

v

v
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Fe/Sc sandwich ~

® HCAL in endcap
® Compact LEGO-style design

» Can be used with a mixed Fe/Pb absorber

c 03 -
S [
= = 0 -
= [ ~60%/\E expected - _
L . - L
T 025—
B o T
B ~ a
02— o
B * e
B . . ;
L e -
0.15/— w.
[ ."‘-’
L . .
; g
C -t
0.1— -’
T . "
:‘_,‘r' ° Run13&-146RawHaumn'%:[DE(E%&OO?W o
: _ 05850
0.05 _ Ll m  Run 136-146 Corrected for ransverse leakage according 1o GEANT4 m@uoﬁﬂdl

0.1 0.15 0.2 0.25 0.3 0.35 = —
1/ |Energy (GeV)

= 50
....... S -
b e < -
% 2 40
| E -
S S [ m\=
[ ) 0] -
AE R 5F W
e = L S
,,,,,,,,,,,,, e ’ o : ( Real data: EE ~ %+5.6%
T /
a i) T 20| ¥ S - : :
Eos o' e B4 3] - : :
% r \g
................. o ) . S ‘ ¥
________________________ W 10 gE/dx Simulation: —£ ~ 49% g gos
- = " e
s b T - -
0 5 10 15 20 25 30 35

Incident p* beam energy [GeV]
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Fe/Sc ( barrel) _—r .

® Similar as used in sSPHENIX ] § -
> Solid 32-sector steel frame, but only ~3.5 A, 7 J ; i

420
n-4.20 n

» Moderate energy resolution e e e

~~=a Scintillator plate with embedded WLS fiber

Position X (cm)

80
Position Y (cm)

~
-
~
AN
\
\
+ |
e T = 1 \ /
AE/E = 2%(dp/p) Gi) 12 4% ® 88.2%/\E \ OUTER HCAL y;
T ;I N //
AE/E = 2%(dp/p) @5 10.8% @ 87.5%/\E :| S~ -

INNER HCAL

10 20 30 40 50
Input Energy [GeV]
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Additional e~ ID T

® To improve e-identification for
leptonic/semi-leptonic decays.

® In addition to Calorimeters and Cherenkov
detectors in the hadron-endcap
considering TRD.

® GEM -TRD/Tracker :
» e/n rejection factor ~10 for momenta

between 2-100 GeV/c from a single
~15cm thick module.

o Xe 20mm, e/n
{ = Xe 20mm, elem
»x  Xe 20mm, data

-
@
TTT[TTT

Rejection factor

T I T[T [T T T o oTT

8
/P"On /elec'rr'on 6 e
E 4
Radiator V\?i:;i(:nnv:e )
I r— | m \ Ll
% 5 10 15 20 25 30
Thickness [cm]
Primary g = = ) & = L =
1 = F T T - — T
g’ﬁ/dx ° ™ E:h = drift distance
clusters photon Xe. gas — % s E n
mixture s S o B
ERy
I H"m;_:lificu'rion
/ ! Readout o . — - . . o = mm
pion electron - E_
® . . . . (:éo _ E_ —‘P—*— — ==
. Very precise Tracking segment behind dRICH: &=
=S5
S =

.~
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Far forward (hadron going) region

¢ Electrons

B2pf dipole
« — 2ZDC

/
Roman pots

(inside pipe) P B1apf dipole 0 - ) * *
\ B1pf dipole
Off-Momentum \
Q1bpf quadrupole

Pz nucleon Detectors

pz’ beam s Q2pf quadrupole
Hadron FeamlP Q1apf quadrupole
coming from BOapfdlpoIe P4
Detector Angular accept. Pt coverage
_ o) o e
(inside magnet bore) BOpf dipole

X (m)

ZDC @ ~30m 0<55(n > 6) pT<1.3 GeV

Roman Pots 0*<0<5.0(n > 6) *Low pT(t) cutoff
(beam optics)

Off-Momentum 0.0<8<5.0(n>06) Low-rigidity particles

Detectors from nuclear breakups

BO forward 55<6<20.0 High pT(t)

spectrometer (4.6<n < 5.9

e e 000 : \ " E.C. Aschenauer



Far-forward detectors

____________________________________________________________________________________________

BO-spectrometer (5.5<6<20.0mrad) i detectors 0.0* (100 cut) < @ < 5.0 mrad

1 ome um
» Warm space for detector package X off-Mome"” P

. . . 1 Deted'ors /
Insert located inside a vacuum vessel 5 Foman POt

to isolate from insulating vacuum. ¥ " —
> Higher granularity detectors needed S gea e ZDC

in this area ( MAPS) with layers of ¥ ™

fast-timing detectors (LGADs) ' » Low Pt particles Pt < 1.3 GeV

> Shape and coverage of BOtracker 5 ppg: movable, integrated into the

needs to be further evaluated ' vacuum system

| isﬁﬁ({g —INNER CRYOSTAT " > Fast Timing and moderate granularity
. _oroecor i (500x500um?)
N i » AC-LGADs

QUADCOIL 1 o(z) = \/8 - B(2))

11

1 -

1

1

1 A
11

1 -—

1

]

] v

.C: Aschenauer

ELECTRON
QUAD COIL

ELECTRON—
BEAM TUBE
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EIC General Purpose Detector

EIC general purpose Detector around a new 3T Solenoid with hermetic coverage
(Cherenkov ] Cryosia | TN (G IEummonn I MG [ occer ][~ ToF [ TP6 ][ 0 |

n-1.00 n 0.00
A
-~ s I R=410cm ! i  1.10
N ' i
P R R R T S T - 2
[ R=3 m : 1 i
. i ‘
AN p/A | < electron L
1 | I
— I I I~
1 1 1
1 I I
[ l 1L
1 I I
1 1 I
_ 1 | (.
1 I I
1 I 1
1 0 1
1 1 I
1 I 1
1 1 1
— ' ! ______________ ' b—
I 1 I
I I 1
1 1 I r
1 : 1in4.20
n-420f ———1__1 . e e e e e e e S e 1
1 Y i e & T T 1 =
T T T T T T T ¥ T 1 p ) ¥ -
-500.0 -400.0 -300.0 -200.0 -100.0 0.0 100.0 200.0 +300.0 +400.0 +500.0

Important to note:
» low multiplicity per event: < 10 tracks
» 1 > 2: avg. hadron track momenta @ 141 GeV: ~20 GeV
> No pileup from collisions 500 kHz @103 cms** = coll. every 200 bunches
' @latlon enwron men
NS
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IR Requirements from Physics

Hadron

Lepton

Machine element free region

High Luminosity - beam elements need to be close to IP

beam elements < 1.5° in main detector volume

EIC: +/- 4.5 m for main detector

Beam pipe

Low mass material i.e. Beryllium

Integration of Detectors

Local Polarimeter

Low Q?tagger

Acceptance: Q2 < ~0.1 GeV

Zero Degree Calorimeter

60cm x 60cm x2m @ ~30 m

scattered proton/neutron acc.
all energies for ep

Proton:

0.18 GeV < p,< 1.3 GeV
0.5< X <1 (XL = E;’)/EBeam)
Neutron: p, < 1.3 GeV

scattered proton/neutron acc.
all energies for eA

Proton and Neutron:
® < 6 mrad (Vs=50 GeV)
® < 4 mrad (Ns=100 GeV)

Luminosity

Relative Luminosity: R = L*-/L*/+ < 104
- Flexible spin patters for both beams
1; +-+--+-++-+-

2. —+-++-+-—-+-+ 3 ++-—++--++-- 4;

e

2> JL/L< 1%

y acceptance: +/- 1 mrad

&
f ‘v
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What is needed experimentally?

experimental measurements categories to address EIC physics:

Distributiong
nucleons aRr
nuclei

X(p,/
P(p,)

inclusive DIS
® measure scattered lepton
® multi-dimensional binning: x, Q2
- reach to lowest x, Q2 impacts
Interaction Region design

incoming lepton

Tomography

Transverse
f nucleons Momentum
and nuclei Dist.

scattered lepton

|
target nucleon ! P

! TN
String Breaking - P

semi-inclusive DIS
® measure scattered lepton
and hadrons in coincidence
® multi-dimensional binning:
X, Q% z, py, ©
—> particle identification over
entire region is critical

ILdt: 170

Extreme Parton

QCD at

Tomography
Spatial

Densities - :
Imaging

Saturation

r+¢/ \*—¢

~ H.E,EH(xE1)
D et

exclusive processes
®* measure all particles in event
® multi-dimensional binning:

X, Q%, 1,0
® proton p;: 0.2-1.3 GeV

- cannot be detected in main

detector

- strong impact on

Interaction Region design

10 - 100 fb-

E.C. Aschenauer



EIC General Purpqsg Detector: Concept

electron beam

. . p/A beam
inclusive DIS: semi-inclusive DIS
e(k,)) BaCkward_n Forward-n _ o leot scattered lepton
g incoming lepton
e(ku3 er h"
v @, medium X
m= - .
_ o 6 uud ';' ,: .
P, @ A90 @O/"O targetnucleo%mng Broaking ' \p
N=0.88"\\"
0 =45°
8’ Central
Detgctor
5 / =
= AL =
net Hadron >
é"— Endcap e
very low Q? in n=4
9 © =2° particles from nuclear

scattered lepton

» Z breakup and
from diffractive reactions

ZDC

Bethe-Heitler photons——
for luminosity

Luminosity Detector _
Forward Tracking

QULQ2-Tagger «
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o
°
YR: Detector qumrzmgnts
oD a y
Tracking ‘ Electrons and Photons miKip PID HCAL
n Nomenclature Muons
Allowed Min Resolutio p-Range Resolution
Min pr Resolution XIXo Si-Vertex E n oelE PID (GeVic) Separation Min E oelE
-69—-58 58/8 = 1.5%; 106 <= Q2
< 102 GeV?2
Auxiliary
|l pa
D
45—-40 e IOrS | trumentation to
separate charged
4.0—-3.5 particles from 1 ~50%/E+6%
-3.5 —-3.0 2%IME+
(1-3)%
3.0—-25 Oefp ~ 0.1%xp+2.0% Oy ~30pm/pr+
— CCaopm
25—-20 ~45%/E+6%
20—- 30pum/pr+
20—8 Oplp ~ 0.05%xp+1.0% > oum T%NE+ n =7 GeVic
-1.5—-1.0 (1-3)% suppression
1.0—-05 ‘ up to 1:104
05—0.0 ‘
Central 100 MeV TT ~5% ar gz ~ 20 pm, ~500 .
00 — 05 . Barrel aplp ~ 0.05%xp+0.5% less do(2) ~ do(re) | pev < 10 Ga\llo =30 MeV/ ~B85%/MNE+T% Useful for
~ 20/pT GeV ~ bkg,
05—1.0 | m+ 5 pm P improve
0.5—10 ‘ . W =15 GeVic resolution
1.0—15 (10-12)%/ <30 GeVic
I VE+(1-3)% —
15—20 Oplp ~ 0.05%xp+1.0% amggumfﬂﬁ
20—25 . doefn = 50 GeVic ~35%E
25—30 aﬂ""igﬂmmr" = 30 GeV/c
Opfp ~ 0.1%xp+2.0% -
30—35 Oy ggﬂn";’"’ﬁ < 45 GeV/c
35—40
40—45
Awuxiliary
Te Detectors
=62 Tirrinsic{ | H)/t] < 1%;
_ Proton Acceptance:
Spectrometer 0.2< pr<1.2 GeVic
S
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Requirements

EIC-UG Yellow Report results:

O Detailed subdetector simulations and technology performance evaluations tabulated
> Interactive version: https://physdiv.jlab.org/DetectorMatrix

O performance difference for different magnetic fields (1.4 T vs. 3 T) were evaluated

B —_— 3 T Tracking Electrons and Photons n/K/p HCAL
Ti
n Nomenclature Relative  Allowed Minimum- oo e Longitudinal Resolution MinE  p-Range Resolution Muons
Resolution Pointing PID Separation Energy
Momentum  X/Xo pT - Pointing Res. oe/E Photon  (GeV/c) oefE
Far
<-4.6 Backward low-02 tagper
L pfA Detectors
-4.6 to 4.0 Not Accessible
-4.0to-3.5 Reduced Performance
-3.5t0-3.0 op/p 1%/E i
-3.0to-2.5 ~0.1%xpEH2% 2.5%/VE €@ suppression 20 MeV
-2.5t0-2.0 1% upto1:1E-4
Backward 150- 300 — M
. <10Gev/c S0%/NED10% Hons
2.0to-15 Detector op/p™ MeV/e  dealxyl~  dealz) ™ WEDIE s ) useful for
-2.0to-1. suppression
0.02%x 1% 40/pT pum & 100/pT pm 50 MeV bkg,
10 um 20 um BI%NE B 2% up to 1:(1E-3 imbrove
-1.5t0-1.0 -1E-2 .
resolution
-1.0to-0.5 d . 4 . 29/ 12
0.5t00.0 Central anlo ~5% or less deaho) ™ dealn)™  ZWEDUZF L 100%VE+10
0.0t00.5 Detector Barrel ~0.02%x D53 X 400 MeV/e 30/pT um & 30/pT um & 5 14)HNE @ (Zsuppression 100 MeV £6GeV/c 23g % ~500MeV
. . . pEpSss X %
o 5um um 3% upto 1:1E-2
0.5t01.0
d £
1.0to1.5 e dea(z) ~
ool 40/pTum & 100/pT um
100/pT um &
1.5to 2.0 ~0.02%xpeH1% 10 um 2%/E 4*-
2.0to2.5 150 - 360 2pm 12)%/MNE & aelitupto 50 MeV < 50 GeV/ 50%/VE+10%
N 0l e - ev/c +
MeV/e % 15 GeV/e
2.5t03.0 op/p —
~0.1%xp 2%
3.0to3.5
Instrumentation to
separate charged
3.5t04.0 - Reduced Performance
particles from
photons
4.0to4.5 Not Accessible
Te
Proton
Spectrometer = o =
>a6 Example of physics and detector technology requirement for IR/Roman Pots in backup

Zero Degree
Neutral Detection

P e————




Subdetector Technology Choices

system system components | reference detectors detectors, alternative options considered by the community
vertex MAPS, 20 um pitch MAPS, 10 um pitch
tracking barrel TPC TPC? MAPS, 20 um pitch MICROMEGAS?
forward & backward | MAPS, 20 um pitch & sTGCs® GEMs GEMs with Cr electrodes
very far forward MAPS, 20 um pitch & AC-LGAD? TimePix (very far backward)
& far backward
barrel W powder/ScFi or Pb/Sc Shashlyk SciGlass W/Sc Shashlyk
forward W powder/ScFi SciGlass PbGl Pb/Sc Shashlyk or W/Sc Shashlyk
ECal backward, inner PbWO, SciGlass
backward, outer SciGlass PbWO, PbGl W powder/ScFi or W/Sc Shashlyk®
very far forward Si/W W powder/ScFi crystals/ SciGlass
barrel High performance DIRC & dE/dx (TPC) reuse of BABAR DIRC bars | fine resolution TOF
forward, high.p St e (s i aro aes ) fluorocarbon gaseous RICH | high pressure Ar RICH
h-PID forward, medium p aerogel
forward, low p TOF dE/dx
backward modular RICH (aerogel) proximity focusing aerogel
barrel hpDIRC & dE/dx (TPC) very fine resolution TOF
e/h separation | forward TOF & areogel
atlowp backward modular RICH adding TRD Hadron Blind Detector
barrel Fe/Sc RPC/DHCAL Pb/Sc
HCal forward Fe/Sc RPC/DHCAL Pb/Sc
backward Fe/Sc RPC/DHCAL Pb/Sc

very far forward

quartz fibers/ scintillators

@ TPC surrounded by a micro-RWELL tracker
b set of coaxial cylindrical MICROMEGAS

¢ Small-Strip Thin Gas Chamber (sTGC)

d MAPS for B0 and off-momentum poarticles, LGAD for Roman Pots
¢ also Pb/Sc Shashlyk
f alternative options: PbWQO,, LYSO, GSO, LSO

Alternatives to primary technologies for the different subdetectors
fulfilling the requirements

@
W
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