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%})KGE The Electron-lon Collider at BNL QCC{:

National Laboratory

(4]

New electron accelerator and storage ring at RHIC as part of
$2B project

o More than 1300 physicists from over 250 institutes worldwide
Center-of-mass energies of /s = 20 — 140 GeV

©

o High luminosity of 103 — 103 cm~2s~! for e + p(A) collisions

P8 tecwons Y U
A
o High polarization (~ 70%) of both electron and ion beams eCto’/
IP6 Electrons
o Two interaction points for instrumentation e ) :

Hadron Storage Ring

Electron Storage Ring s

Electron Injector Synchrotron s
Possible on-energy Hadron
injector ring

Hadron injector complex s

(Polarized)
on Source

see talk by Silvia Verdi-Andrés
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RiGE Select physics at the EIC Q C C 6

National Laboratory

more s'uppres‘sion fﬁ)r high‘er s‘expectled

O Gluon saturation ) 04 szees 15 GeV on 100 GeV _|
ible si i j o ey 1
— possible signatures in back-to-back hadron/jet { g <1 P G
fTT osp el j LA

Yt

7

1

correlations or nuclear modification factor

InQ?
C(ag)

o Gluon TMDs ’

@ BK BFKL
— constrained via quarkonium or charm jet production i 0.1

saturation

RS

@ Nuclear modification of particle production L w1 225 s a5 4 4s
A¢ (rad)
Inx

o PDFs and nPDFs in e—p and e—A collisions
— strong constraints over large kinematic range
— DIS kinematics require good tracking for jet and EPPS16H

) mm EPPS16* + Ogic
electron reconstruction EPPO1E* + ot oFE™

o Single particle measurements, e.g. 7°
— also needed for SIDIS or exclusive DIS

O Vast physics program outlined in Yellow Report!

EIC Yellow Report - arXiv:2103.05419
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https://arxiv.org/abs/2103.05419

%})KGE The ECCE detector at the EIC Q C C 6

T EIC Comprehensive Chromodynamics Experiment

@ Chosen as reference design for EIC project detector 1

0 Reuse of existing components
— 1.5T BaBar solenoid, certain subdetectors and infrastructure

0 Designed for IP6 and 25mrad crossing angle
— compact design with ~ 8.5m length and ~ 2.7m radius

3.5m 5.0m

- o Backward Endcap
hRDIRC T T ] — PbWO, ECal, MAPS tracking, mRICH and AC-LGAD PID
m":. &LIL 3™ 5 Central Barrel

— SciGlass ECal, Fe/Sc sPHENIX HCal, MAPS and pRWell
tracking, hpDIRC and AC-LGAD PID

@ Forward Endcap
— Pb/SciFi shashlik ECal, Fe/Sc longitudinally separated
Hadrons HCal, MAPS tracking, dRICH and AC-LGAD PID
lectrons
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& Forward tracking and PID QCCQ

National Laboratory
@ Monolithic Active Pixel Sensor (MAPS) based tracking system
— 5 disks at different z positions with 10um pixel size
0 Tracking and TOF PID via AC-LGAD disk
— derived from CMS ETL [CERN-LHCC-2019-003]
o Dual-Radiator Ring Imaging Cerenkov Detector (dRICH)
— Al-optimized design [JINST 15 (2020) 05, P05009]
— excellent PID

[ PYTHIA €(18) + p(275)

wK 30

P (GeVic)

@ Tracking performance within boundaries set by Yellow Report

O PID coverage over a wide kinematic range

R

o o
= ECGE simulation, single charged pions 3 ,of ECCE simuiation, single charged pions

< 1 15 < .

5 oo +i<nc < ECYR1<n<25 > 25<n<3 EICYR25<n <35
3 415<n<2 g 0.06f

g £

$#2<n<25 +3<n<35
UD‘S_M O0F
i ooif-

T TP T T TN Lol L
2 6 B 10 2 4 16 1820 Z 4 6 8 10 12 14 16 18 20

Track p (GeV/c) — Trackp (GeV/c)
see talk by Xuan Li
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https://agenda.infn.it/event/28874/contributions/169547/
https://cds.cern.ch/record/2667167?ln=en
https://iopscience.iop.org/article/10.1088/1748-0221/15/05/P05009

l({)I[})KGE Forward calorimetry Q C C 6

National Laboratory

0 Forward ECal (FEMC) - Pb/Sci shashlik
— similar to ALICE, STAR and PHENIX ECals

— 66 layers (1.6mm Pb + 4mm Sci) — 18.5 X/Xq aM Tower
— 1.65 x 1.65 x 37.5cm towers Composite\
0 Longitudinally separated forward HCal (LFHCAL) - Fe/W /Sci (Outer)
— similarities with PSD calorimeter at NA61
— 70 layers (16mm Fe/W + 4mm Sci) — 6.9X\/ )Xo 4M Tower
— 5 x 5 x 140cm towers Composite ~—_
— 7 longitudinal segments (10 layers each) (Outer)
@ Modern approaches for better performance
— sub-Moliere radius towers
— longitudinal separation 8M Tower
— SiPM readout Composite
(Inner)
4M Tower
Composite =
(Inner)
7x 10 fibers Lommlead Shjfrism scintillator tiles 8M Tower —T]

read-out by SiPM
16 mm tungsten plates

4mm scintillator tiles 4M Tower

16 mm steel plates
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gﬁ)KGE Forward calorimetry Q C C 6

National Laboratory

0 Forward ECal (FEMC) - Pb/Sci shashlik

var g [T
— similar to ALICE, STAR and PHENIX ECals b T B e 1
— 66 layers (1.6mm Pb + 4mm Sci) — 18.5 X/Xg B [ iatwc vR Regurament

15} " U“/E= 16//E 0 0.7

— 1.65 x 1.65 x 37.5cm towers

0 Longitudinally separated forward HCal (LFHCAL) - Fe/W/Sci
— similarities with PSD calorimeter at NA61 X
— 70 layers (16mm Fe/W + 4mm Sci) — 6.9)\/ Ao
— 5 X 5 x 140cm towers
— 7 longitudinal segments (10 layers each)

-a-0,/E = 29//E 0 0.9

FEMC YR Requirement o
-+ 0y/E = 7U/E 00.0
-t~ 0. [E = 79//E D02

=)

@

@ Modern approaches for better performance
— sub-Moliere radius towers 1/ \E (Gev)
— longitudinal separation
— SiPM readout

O Energy resolution of calorimeters better than YR requirement

ol

[
2

—

r YR Requirement OHCAL ECCE simulation 4
OHCAL: g, /E = 33.6/VE 0168 single e |

— OHCAL TB: o/E = 75.0/E [ 1455

[ [0 YR Requirement LFHCAL

00 ' LFHCAL: o, /€ = 33.2/VE 0 1.4 -

_ G/ E %)

L 0% 1
o
L S 1
1.6 mm lead sheets 50— S8 3
7x 10 fibers 4 mm scintillator tiles L 2K ]
read-out by SiPM K2
16 mm tungsten plates [~ Z . 1
4 mm scintillator tiles r . : 1
16 mm steel plates L P 4
co b e b e e 1oy 1 |
0.4 06 .
1/ \E (GeV)
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OAK .
‘RIDGE Physics performance prospects Q C C 6
Nuclear effects for jets and D°:

0 Large statistics allow for precise D® measurements

— high resolution tracking and vertex finding required
Projected D° (D7) R, Vsz,

I D° () stat 2<n<35
D° (") sys. 2<n<3.5
Theory: 2<n<3.5

0.8

Nuclear modification factor R,

01 02 03 04 05 06 07 08 09
hadron momentum fraction z,

see talk by Xuan Li
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O
RIDGE Physics performance prospects Q C C

National Laboratory

12 T T

Nuclear effects for jets and D°: 2L (=140 Gev 3
Tt H 0 - R=1Anti-k; «Charged hadrons
O Large statistics allow for precise D” measurements o Q210GeV? +Neutral hadrons ]
. . . . . . C «Photons |
— high resolution tracking and vertex finding required P 0.05¢y<0.95 ol
6 JUURSE Lt
[ PR ]
O Jet reconstruction profits from high tracking and RSl JUUSRSS 0
calorimeter resolution 1
— small number of constituents requires high efficiency ]
‘
@ Charged jet energy resolution about 10-25% %0 3
. . . - GeV]
— further improvements possible with full particle flow Pr [GeV]
0.6 T T T —r T
g\ L pReso‘\ulion ‘ ! +-‘3.5</7<‘-1,5,
= Pythia 8, ep 18x275, Q%100 —»—-15<<15
Il [ anti-ky, R = 0.5, Track Jets —~+-15<n<35 7
N L 2<0.95 pT<30
g 04
=2 |
®

0.2 T *

*$ﬁ¢¢if*****+‘ ]
=4 T 1
GO L 2‘0‘ L \4\0\ L ‘6‘0‘ L 8LOA—< L ‘160‘

p* (GeVic)
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RIbGE Physics performance prospects Q C C 6

National Laboratory

Nuclear effects for jets and D°:

\
ECCE Simulation
O Large statistics allow for precise D% measurements ) PERPSIONL CHANG | M iy oy X275 GV evAa Ak, 2y BOS
. . . . . . anti-ky charged-particle jets
— high resolution tracking and vertex finding required | TR
_
O Jet reconstruction profits from high tracking and & ——— i
calorimeter resolution * 1 os
— small number of constituents requires high efficiency * + #-0s S
R=05 inal or
02F + R=08 5 = l";y 15 25
o Charged jet energy resolution about 10-25% ool T £ 00k o Jap (G
— further improvements possible with full particle flow P (Gev/e)
O Jet Rea probes anti-shadowing and EMC regions of .
nPDFs at large x N PVTHIS 1006, B0 ] & , i
. EPPS16 NLO, CT14 NLO i [~ Anti-k, 2<n<d 10 GeV x 100 GeV e+Au 1
— clear suppression observed 1) onbkr chargedparide s 4 & gL e
- 3 r 1
su &
g £ -
0 Jet R.A double ratio approximately flat versus pr I . - ,L < b |
. . .. 3 T t 0.8, ) =
— probes final state effects, but insensitive to < 10% = | r 4
effects within uncertainties oy [ 5581
o7 R=03 0.6 -
R=05
T 4 Ro08  Projeced £ = 10087, £~ 00515 o T8 Jetp, Gev)
o 10 15 20 2% 30 35 0 (3
P (GeV/c)
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RiGE Summary and Outlook Q C C €

National Laboratory

ECCE/Detector-1 designed to explore rich physics program at the EIC!

Comparably low risk detector with reuse of several existing components
Modern approaches for detector design (Al optimization, SiPM readout, ...)

Technology choice evaluation via Geant4 simulations and testbeam data

© 06 06 0 o

Physics performance presented for exemplary R.p measurements

Towards EIC Project Detector 1:
@ Further evaluation of detector performances and
physics impacts
@ Selection of final technologies
@ Prototype design and testbeam studies
@ First data in ~ 10 years
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‘RIDGE Forward calorimeter details Q C C 6

8M Tower

Composite
(Outer) ~N

4M Tower
Composite ~_|
(Outer)

/

B
LFHCAL Sci tile . FEMC Sci tile

8M Tower
Composite
(Inner)

4M Tower
Composite =
(Inner)

1.6 mm lead sheets

7x 10 fibers 4 mm scintillator tiles 8M Tower —
read-out by SiPM

16 mm tungsten plates
4 mm scintillator tiles
16 mm steel plates

4M Tower
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