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The electron-ion collider (EIC)

 Based on RHIC:
Low-Energy Electron Cooler
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Luminosity and centre-of-mass energy: ep collisions
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The electron-ion collider (EIC)
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The electron-proton/ion collider (ePIC) detector
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The electron-proton/ion collider (ePIC) detector

hermetic coverage:
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The electron-proton/ion collider (ePIC) detector

hermetic coverage:
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The electron-proton/ion collider (ePIC) detector

hermetic coverage:
0°o<d<360°
20<0<178° — -4<n<4
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The electron-proton/ion collider (ePIC) detector

+ far forward

BO detector

+ far backward
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The electron-proton/ion collider (ePIC) detector

+ far forward

BO detector

+ far backward
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Kinematic coverage of central detector

Medium-x hadrons
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Radiation

Energy deposition for & = 1 fb-
Minimum bias for ep collisions at 10x275 GeV?2
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The tracking system
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The tracking system 1.7 T solenoid

@ Monolithic Active Pixel Sensor (MAPS)
Silicon vertexing/inner tracker: high spatial and moment
@ Micro-pattern gaseous detectors
URWELL/microMegas:

timing (resolution: 10-20 ns) & pattern recognition

® AC-LGAD based TOF:
URWELL PID & additional tracking point

microMegas 9
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Momentum resolution
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Momentum resolution
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Momentum resolution
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Track reconstruction in the backward region: illustration
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Particle identification

LTI
(1]

[TIL

[

1. Support electromagnetic calorimeters in providing e*/nt separation: suppress 7+ contamination down to 10-4
2. Provide hadron identification (i, K, p) over a wide rapidity and momentum range
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Kinematic coverage and hadron momentum reach
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Particle identification

detectors based on

Cherenkov radiation
for 1 GeV/c<p<50 GeV/c
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Particle identification
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Particle identification — Cherenkov: backward

Proximity focussing ring-imaging Cherenkov detector (RICH)
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Particle identification — Cherenkov: backward

Proximity focussing ring-imaging Cherenkov detector (RICH)
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Particle identification — Cherenkov: backward

Proximity focussing ring-imaging Cherenkov detector (RICH)
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Particle identification — Cherenkov: backward

Proximity focussing ring-imaging Cherenkov detector (RICH)
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Particle identification — Cherenkov: backward
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Proximity focussing ring-imaging Cherenkov detector (RICH)
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Particle identification — Cherenkov: backward
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Proximity focussing ring-imaging Cherenkov detector (RICH)
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Particle identification — Cherenkov: central
High-performance DIRC (detection of internally reflected Cherenkov light)
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Particle identification — Cherenkov: central
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High-performance DIRC (detection of internally reflected Cherenkov light)
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Particle identification — Cherenkov: central
High-performance DIRC (detection of internally reflected Cherenkov light)
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Particle identification — Cherenkov: forward

Dual Rich detector
spherical mirrors
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Particle identification — Cherenkov: forward 3 | (
Dual Rich detector o —————— |
spherical mirrors i — /

/K separation power
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E [ | aerogel | 20<n<25
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- high momentum

[ 30

-

aerogel
s om gaS afio interplay momentum (GeV/c)
photosensors 120 em between radiators
n=1.02 n=1.0008 within ePIC
lower momentum high momentum simulation framework
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Particle identification

detectors based on

magne

Cherenkov radiation

for 1 GeV/c<p<50 GeV/c

- Radiator:
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L

AC-LGAD based TOF, for p < 0.5 -3 GeV/c

Vv

Particle identification

tstart

tstop

detectors based on

magne

Cherenkov radiation

for 1 GeV/c<p<50 GeV/c

- Radiator:
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Particle identification: time of flight (TOF)

AC-LGAD based TOF

30 pym space resolution

25-35 ps time resolution /
1.20 | 1.20 104
\ ' —— electron | —— electron
——— pion [
1.15] - ':mtn 103 1.15]
. roton 10° "
Barrel Region g s Endcap Region
- e/piupto 0.5 GeV/c | =) 2‘5 8 el ¢ - e/piupto0.8GeV/c
~ pi/Kupto 1.9 GeV/c = 107 o 02— pi/Kupto2.7 GeV/c
- K/pupto3.1 GeV/c 105 £ 105 e - K/pupto4.6GeV/c
1.00 1 = 1.00 1 e
0.95 = ', 100 0.95 = L. —-10°
10 10 10 10
%O AK RIDGE eP_Iéj-nomentum in GeV/c momentum in GeV/c
National Laboratory -

19



Particle identification: coverage

Range of 30 n-K separation

| HJUHUI' I IIIIIII|

10 = Pythia, e+p 18 x 275 GeV 108
Q d 5
S n 10
- g
= 10 = 10*
& =
2 2
s - 1 o0
CE) ----- —
= 1 102
10
10_1 RN BN A B L 1

-3 -4 -3 -2 ~1 0 1 2 3 2 5

n

I|IIII|IIII|IIII|IIII|IIII
Range of 30 K-p separation

—
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N}

10

Momentum (GeV/c)
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5 4 3 2 141 0 1

n
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Electromagnetic calorimeter
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Electromagnetic calorimeter

Electromagnetic showers
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Electromagnetic calorimeter

Electromagnetic showers
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Electromagnetic calorimeter

Reconstruction of electromagnetic showers

scintillator (low Z) absorber (high Z)

(active material) (passive material)
l particle
shower M
incoming .” ‘. .ﬂ |
particle

i

Incoming
particle

Ground
State
g

~ 10~ 16g

Excitation
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Electromagnetic calorimeter
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Electromagnetic calorimeter

Electron Endcap EMCal
PbWO, crystals

External structure &
cooling

Flange of the ____

beam pipe | g

cooling plates

beam pipe

Internal structure &

cooling
read-out boards N
PbWO, crystal &
internal support structure

universal support frame  pJrcC bars

 Backward EMCAL.:
high-precision PbWO4 + Si sensors

as——
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Electromagnetic calorimeter

Electron Endcap EMCal
PbWO, crystals

External structure &
cooling

Flange of the ____

beam pipe |l

cooling plates

Cables

beam pipe

Internal structure &
cooling

read-out boards

PbWO, crystal &
internal support structure
universal support frame  pJrc bars

i)

AstroPix: silicon
sensor with
500x500pum? pixel
size developed for
the Amego-X NASA
mission

 Backward EMCAL.:
high-precision PbWO4 + Si sensors

* Barrel EMCAL.:
3D imaging with MAPS and sampling Pb/
scintillating fibres with Si sensors

e —

""""
........

[T

ScFi Layers
eersd With two-sided
eeereareren  SiPM readout



Electromagnetic calorimeter

Electron Endcap EMCal
PbWO, crystals

Flange of the _____

External structure &

beam p|pe i o

cooling

cooling plates

Cables

beam pipe

Internal structure &
cooling

=

read-out boards e T — -

PbWO, crystal &

internal support structure
universal support frame  pJrc bars

/i
e Backward EMCAL:

high-precision PbWO4 + Si sensors

 Barrel EMCAL:

3D imaging with MAPS and sampling Pb/

scintillating fibres with Si sensors
* Forward EMCAL.:

finely segmented W powder/scintillating fibres

[ I

''''''''

AstroPix: silicon
sansor with
500x500pm? pixel
size developed for
the Amego-X NASA
mission

ScFi Layers
o with two-sided

e SiPM readout

Steel Structure

ECAL Detector

Steel Base

HCAL Detector

/‘\{ Hillman Rollers




Hadronic calorimeter
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Hadronic calorimeter

Hadronic showers

' ABSORBER 2

: e’ > E.M.

| = e COMPONENT
: e’ y
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E p? n? TCD K?' ,,'—-O—'” . B
Vo S N > . HADRONIC

: AT Heavy fragment COMPONENT

: ) LIRS J

JV215.c
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Hadronic calorimeter

electromagnetic shower

100 GeV e-
Fe
hadronic shower
100 GeV 7 _—
; Fe
T

150 cm
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40 cm

40 cm

Fig. from R. Schoefbeck
Experimental Particle Physics Lecture
20 Novembre 2020



Hadronic calorimeter
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Hadronic calorimeter

— S—

e Backward HCAL.:
steel/scintillator sandwich as tail catcher
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Hadronic calorimeter

e Backward HCAL.:

steel/scintillator sandwich as tail catcher

 Barrel HCAL.:
steel/scintillator sandwich: detection of
neutrals

e

flr-e—-_ e




Hadronic calorimeter

||
/

1.7 T magnet-
h T — 1 Iﬂ | Al |

 Backward HCAL: |
steel/scintillator sandwich as tail catcher v R * .

* Barrel HCAL: _- . —
steel/scintillator sandwich: detection of . W ‘; \ .
neutrals — “ei &! 3 | I i

 Forward HCAL.: . N &

steel/scintillator sandwich longitudinally
segmented, high granularity: good E resolution




Far-backward and far-forward systems
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Far-backward and far-forward systems

] — > —
S — PR S, |
S — T s,
— — ; |
— >\

Low-Q2 taggers:
' g detect the lepton scattered
s under very small angles
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Far-backward and far-forward systems

Low-Q2 taggers:
detect the lepton scattered
under very small angles

side view:

Luminosity monitor dipole

required absolute precision: 1%
required relative precision: 0.01%

exit window/
converter

=
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Far-backward and far-forward systems

BO detector

B0 system: trackers+electromagnetic
calorimeters inside magnetic field
to detect protons and photons

I}

Low-Q2 taggers:
detect the lepton scattered
under very small angles

dipole

Luminosity monitor N mt

required absolute precision: 1%
required relative precision: 0.01%

exit window/
converter

=
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Far-backward and far-forward systems

BO detector

B0 system: trackers+electromagnetic
calorimeters inside magnetic field
to detect protons and photons

N —,
T f— (s

‘J Roman pots and off-momentum detectors:
= reconstruct far-forward protons
U\II == l/\// "' X ( (and other charged particles+light ions)

Low-Q2 taggers:
detect the lepton scattered
under very small angles

Luminosity monitor side VIeW:  dipote bl
required absolute precision: 1% il B [ (T e M H
required relative precision: 0.01% exit window/ '

converter
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Far-backward and far-forward systems

BO detector

Zero-degree calorimeters:

detection of neutrons and
B0 system: trackers+electromagnetic photons

calorimeters inside magnetic field
to detect protons and photons

N —,

\‘:I/:II:)AU Roman pots and off-momentum detectors:
r ” E reconstruct far-forward protons
\IH\::U://:I‘U (and other charged particles+light ions)

Low-Q2 taggers:
detect the lepton scattered
under very small angles

Luminosity monitor side VIeW:  dipote bl
required absolute precision: 1% LB T R, X A s e M H
required relative precision: 0.01% exit window/ '

converter
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The far-forward system and proton detection for exclusive processes

ECCE Excluswe productlon on proton

oton in BO oton in BO
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The far-forward system and proton detection for exclusive processes

ePIC Simulation ep 10x100 GeV
> 5 " ' 2 > 2
8 10 Gap pOSItIOﬂ EpICep—>pX,Q >1 GeV
2
~ P ton <0.3 GeV
S — depends on proton
o -
Exclusi ducti t = o beam-energy — EpIC MC gen.
ECCE xclusive production on proton g 10°2 Reco. BO
Q AP B A B S Q LR IR BN e o AL L LA ] 8 — R RP
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Summary

* EIC accelerator and ePIC optimised in order to address the key deliverables of the EIC, using polarised beams.

* Fully instrumented central detector:
> tracking detectors: vertex and momentum reconstruct
> electromagnetic calorimeters: reconstruction of electrons and photons, suppression of (pion) background
» hadronic calorimeters: detection of neutral hadrons, improved reconstruction of hadrons in jets
» Cherenkov-based and TOF-based PID detectors: electron/pion separation and pion, kaon, proton PID
* Far-backward system:
> luminosity monitor
> low-Q2 taggers

* Far-forward system:
>»reconstruction of scattered beam protons and of charged particles produced close to the beam line
>»reconstruction of light ions
»detection of photons and neutrons (emitted by the beam ions in the interaction)
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