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Given the detector progress over the last two years and the status of the
ePIC detector, are the projected timelines of the Electron-lon Collider
detector feasible? Do there remain significant open detector technology
questions?

Are the requirements for the detector and their flow down sufficiently
comprehensive for this stage of the project to complete the design of the
various detector technologies?

Are the interfaces between the elements of the design adequately defined
for this stage of the project and to proceed with the detector long-lead
procurement items?

Is the design of these long-lead procurement items sufficiently advanced
and mature to start procurement in 20247 Are the technical specifications
complete?

Is the projected design maturity of the further detector components likely to
be accomplished by the end of 2024 for CD-2 and CD-3?

Is the overall schedule for completion of the design, production, and
installation of detector components realistic?
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Far-forward area
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3D view

Far-forward area
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EIC Interaction Region layout (IP6)

Top view
Hadrons 4—Electrons 3 9.5 m around the IP is reserved

Detactor | for the central detector

. 4 Crossing angle provides beam
| % separation and space for

detector placements
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Magnet\
Lum. detectors\

E —~
X 0.5- SE N 3 Apertures of FFQs and dipoles
ol [ 5 2 are designed to allow forward
g, - (in BO) . .
0.0 - N going particles to go through

4 Design should be able to operate
at different beam energies and
high luminosity
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ff-mom
Roman Pots
ff-momdtum detectors 2

d Far forward and far backward detector components are distributed along the beam
line within +/- 50 m

J We are keeping a full detector integration in sync with the accelerator design from
the early stages on

4 In total 7 sub-detectors (12 sub-components) => Maximizing synergies between
different sub-detectors as much as possible, but keeping performance
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Physics motivation for far-forward detection

Exclusive /diffractive reactions in ep/eA: Jy, o, @, J/¥, Jets..)
k 2

O Exclusivity criteria:
-> reconstruction of all particles in the final state
in a wide coverage in t (~ p2)]
(outside of the acceptance of central detector)
-> charge and neutral particles
-> rapidity gap
Note, Central detector coverage —4 < n < 4 ( crossing angle)
Ofor eA ( lon Species Range p to Uranium )
v veto nuclear breakups
¥ neutron and proton tagging
v protons with different rigidity
v nuclear breakups.
ve+Au events with neutron tagging to veto breakup 3 \/ariable CM energy Vs
and photon acceptance. (eN) ~ 20-140 GeV
> Protons that come from nuclear breakup have a
different magnetic rigidity than their respective p: 40-275 GeV,
e: 5- 18 GeV

nuclear beam: P/P,,,. (x;) <1
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Charge Question #2

Far-Forward detectors (hadron)

BO Silicon Tracker and Preshower

m

BO-dipole

BO-tracker

Off-momentum

Roman Pots

\v B zoc
M

Zero-Degree Calorimeter

Particles Angle [mrad]  p/py..m(x;) Distance from IP
Charged particles 5.5-20 cab-7m

Photons ( tagged)

Charged particles 0-5.0 0.4<xL<0.65 ca23-25m

Protons ()10ccut 0.6<xL<0.95 ca27-30m

Light nuclei 0*-5.0

Neutrons 0-4.0 (5.5) ca3bm
Photons
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Detector requirements: RPOT and OMD

Roman-Pots .\ | |t] value

Geant4 setup: | O'(Z) = Eeo ﬂ(Z))

o (z) is the Gaussian width of the beam,

P (z) is the RMS transverse beam size.

£ is the emittance.

Off-Momentum Detectors:
(0.0<6<5.0mrad, (n>6))

-
L 0.0* (10ccut) <©<5.0 mrad y Protons that come from nuclear breakup

¥ The Roman-Pots should provide measurements of have a different magnetic rigidity than their
charged particles close to the beam core. respective nuclear beam (x <1)

v Movable : as close as 100 away from the beam; v This means the protons experience more
move out during an injection. bending in the dipoles.

v RPs needs to be integrated into the vacuum system => ¥ As a result, small angle (© < 5mrad) protons
very close contact with accelerator to avoid negative from these events will not make it to the
impacts on the machine operation Roman Pots, and will instead exit the beam

v Insertion from top and bottom - need to minimize pipe after the last dipole.
amount of material in front of ZDC. v Movable, beam pipe integration

v Good t-measurements of far-forward charged particles ¥ Detector with sufficient timing and spatial

=> momentum resolution < 5%, and pT resolution of 5%  resolution will provide tracking
for pT > 500 MeV/c measurements of the charged particles in the

hadron-outgoing direction.

v Must be resistant to extreme background conditions at

the levels specified by the simulation studies.
P O ———




Detector requirements: BO and ZDC

BO-detectors ZDC
v Eull p; coverage for forward-going protons is v The Zero Degree Calorimeter should
critical for EIC physics. High pr-acceptance in provide measurements of neutral
RPOTs is limited by magnet’s apertures . => B0 particles (neutrons and photons).
detectors . Especially important for low-energy v need +/- 4 mrad coverage => beam
operation element free cone before the zero
v BO-system shall provide theta coverage in the degree calorimeter to detect the
range 5.5 < 6 <20.0 mrad (4.6 <7 < 5.9) with breakup neutrons from heavy lons
respect to the hadron beam line. v For neutrons: provide good angular
v Need to provide measurements of forward photons ~ resolution and energy measurements
and pi0: ¥ + y from 77 separation to clearly isolate (<50%H/ E+5%)
u-channel DVCS v For photons: provide photon
v Must be resistant to extreme background measurements down to 100 MeV.
_conditions, high neutron flux in particular

30 r 0.008 E A I
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Far-forward: participating institutions

BO tracker

Tel Aviv University, Israel e

Hebrew University of Jerusalem, Israel X

|
— = IR
l
o
L)

BO calorimeter

" s
| 3 £
I -

Ben Gurion University of
the Negev, Israel

L

ZDC
Riken, Japan [ RomanPots and OMD
Kobe, Japan ' AC-LGAD Consortium .
BNL, USA ————
o IJCLab - Orsay, France
Kansas university, USA — OMEGA . France l I
PNNL, USA IRFU/CEA-Saclay, France l I

also recently joined Uni’s from
Taiwan and South Korea
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Roman Pots/OMDs

] Technology: AC-LGADs
Total size 25.6cm x 12.8 cm

Si sensor 3.2 cm x3.2 cm, 500 um (pixel pitch)

and with charge-sharing can achieve spatial resolution
< 20um per hit .

Timing resolution < 35ps

Placement: as close as 10-sigma ( 1 sigma ~1mm)

[J Readout: ASIC readout chip EICROC (ALTIROC) for
use with AC-LGADs -> R&D

for each Si-pad 4 ASICS 1.6cm x1.8 cm

] Support structure and integration : close contact with
vacuum and accelerator teams

Charge Question #1,5

32x4=12.8cm

32x2=6.4cm

-—>

6.4

3.2x2

TXTE

wo $°'9

Top Layer with Modules
One Layer

. Sensor 3.2 cm
12.8 cm %
3 >
| g | = 2
- Top Layer -I § :; 2
‘l&%ﬂ" 6.4 cm — 90
Q N
Bottom Layer 7} o
o R 3

ASIC1.8cm

Module
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Charge Question #1,5

Roman Pots: readout, cooling, integration

- The Roman pots need cooling of ~100 Watts per active layer, while the OMD needs
about 40% less.

 Preliminary concept of the readout and cooling, based on the ATLAS HGTD ( R&D)

+ Conductive cooling using thin copper strips couple to LN2 exchanger.

« RF -shielding, impact on the accelerator - it is an iterative process , in collaboration
with accelerator and vacuum team .

- Exit window for the neutron cone -> minimize an amount of material on the way of
neutr

ons. | _
% J CLab Roman Pots: readout and cooling e Urivers

Iréne Joliot-Curie
Laboratoire e Physique Carlos Munoz Camacho
des nfnis

Capacitors  Resistors Wire bonding
for HV

B = Connector]
Flex PCB Assembling with
“~ insulating glue

FLEX tail

Sensor
0000000000000 O O Bumpbonding
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Charge Question #1,3,5

—— Generated

—2ZDC

Spectator Neutrons
e+d collisions
18x110 GeV/n

ZDC IayOUt EMCAL  HCAL

B S J Photons

P I .
10 5 10 i5 20 25
Polar angle, 6 [mrad]

ZDC integration with accelerator lattice

z-location 34m,
stay-clear zone (ca 2-3cm) around the hadron beam-pipe

©
2 ‘Ozzﬂ

Technology (*)
VETO: Si -layer in front for charged particle veto

EMCAL :
» PbWOA4 crystals blocks
» W/Si sampling calorimeter ( imaging
calorimeter)
HCAL.:
» Pb/Sci. sampling calorimeter.

ATERRRE RO ER RO
TR RARRRRRRERRREEE RO
R TCITTTI
T TTE TR

(*) Note: Value engineering ongoing to reduce Sasssasas-1 @ B
cost and risk but maintain performance, L B
Synergies with other sub-detectors.

~ v ware

~:((;"" D,
((“lu\\\\'\i'-

~

Yulia Furletova




ZDC technology

(*)Value engineering ongoing to reduce cost and risk but maintain performance

ZDC-EMCAL (~8X0)

JPbWO4 with 2 APD for the
readout ( default configuration)

Single tower: 3cmx3cmx7cm

total size 56cm x54cm

] Evaluation of radiation hardness.

Rdtbd Rdtbd

|

W/Si sampling calorimeter (~22X0).

v Similar to ALICE FoCAL
v Tungsten plates: W alloy 3.5mm
v Low Granularity (LG) Si pads

(1cm x1cm and 320 um thick) , gem zow vv/s

High granularity (HG) Si pads LW/Simode ssm

(3mm x 3mm and 300 um thick) W/f TENCal
v Each tower - 20 layers, One LG cells

20 layer W

module - 7 towers , 7 modules in

¢

total ( 56 cm x 63 cm)

v HGCROC readout

Yulia Furletova

Charge Question #1,5

HCAL: Pb/Sci sampling calorimeter
(~7.51)

v Lead (Pb) - 3cm, Scintillator - 2 mm
Segmented : towers 10cm x10 cm

For one station ( 3 in total)

Total towers: 6x6 = 36 towers each with
15 layers

v’ Readout under evaluation
APD (15 layers are readout together)

TT
p—

02| § Energy resolution for neutrons

Resolution

0.18 y
B\ 48%
e VE

0.16

+4.1%

0.14
0.12
0.1

0.08

0.06
0.04

0.02
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B O _d ete CtO rS Charge Question #1,2,3,5

e Create zero field line at electron beam axis.
v BO-dipole: length is ca 1.5m, field 1.3T for
momentum reconstruction, ~20cm inner bore
(design is on the way)

« Warm space for detector package insert located
inside a vacuum vessel to isolate from insulating
vacuum. ' INNER CRYOSTAT

v B0 placement - after HCAL
= |imited space:access to BO-detectors only
from one side ( after opening HCAL) ~ 15cm
= Beams are separation into two independent
beam-pipes in front of BO, Vacuum pumps
= Beam-pipes: crossing angle

v Tracker for charged particles : Currently
considering all layers of AC-LGADs ( pixels)

= synergies with other detectors(RPs, etc)

=¢cvaluation the use of other technologies

(Timepix, AstroPix, etc) W

v Calorimeter: PHWO, 2x2x7 cm3 - synergies
with bEMCAL

‘l{(( /).
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B O'd ete CtO rS Tracker: momentum resolution (dp/p)

is ~2-4%, depending on configuration.

135 scintillating

crystals %’_IQ_" : 0 27cm spacing + TimaPlx (3 layers, 16um) + ACLGAD (1 layer, 20um) + 136X+ HD; 80 <p < 100 GeVic
= 0-14 - 27cm spacing + 1ull ACLGAD 20um res. + 1%X_+ HD; 80.<p < 100 GeVic
.Q : + 27cm spacing + ull ACLGAD 20um res. 05"&)(“9”0; 80 <p <100 GeVic
% 0'12 : . 27om spading « ITS3 (3 layers, Gum) « ACLGAD (1 kayer, 20um) + n!:)(l + HD; 80 < p < 100 GeVic
8 : v 27cm spacing + 1aux Seid map + full ACLGAD 20um res. + 5’&)(“ +HD; 80 < p < 100 GeVic
0.1 & 27cm spacing + faux ekl map + full ACLGAD 20um res. +5%X_+HD; 30 <p < 41 GeVic
Rails for T - :
installation 2 n .
S o008 ITN—
s F oy,
oo o +
g 0.06 - <>° 4 " —_— ”‘ti¢*”&ﬂ4+t¢¢+
Readout & o s . araane,, ’*i
5 0.041— o T, LR LR L L L S
cable space c 004r Cog. Tre, .
S N ooomo*ap,w‘k
- —_ """’""‘*-Hm*“-&

4 Tracking layers, ba 0.02- +
front overlapping O:l 11 l 11 1 l 1 1 1 I 11 1 l 11 1 I ] l 11 1 I 11 1 l 11 | l 11 1
_arrangement 0 0.8 1 1.2 1.4 1.6 1.8 2

Transverse Momentum, P, [GeV/c]
electron beampipe
ePIC Simulation Acceptance ]
T “fWork'in progress .. CPlCosmuaton ____  1easceV For photons:
IS 3Iadron beampipe 2, B0 Accent Work in progress | . .
> F & g0 cosplance . >High acceptance in a broad energy
T b o =L EFU>30Mev ] ) .
S T . W s - range (> 100s MeV), including ~MeV de-
r . ——E > 100 MeV ]
_8 o m L cl B . .
S 10 excitation photons
8 o 0.8_ ]
s o ; 1 >Energy resolution of 6-7%
c i 06— I oy .
8- : -1 >>Position resolution of ¥~3 mm
- 04n ———_
i [ RIS R RE R RS
r [& ]
-30- 0.1 02— %
‘central beampipe  £Eg.,>2.00 GeV ' o @ ]
—40Hr ke b beree b b b b L : ; -
40 -30 -20 -10 0O 10 20 30 40 0 Om:w‘lA:A‘l‘l_nJ_u‘u_LJ_u“l_n,Lu‘

0 2 4 6 8 10 12 14 16 18

Generated photon 6, [mfad] Photon energy (ion rest frame) [MeV]



. .
BO-detectors: integration

] Mechanical integration/installation
] Cooling/cabling
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Charge Question #2

Far-backward (electron- gomg) region

1.5

1.0

X (m)

0.0 1

-0.5 A

Collimator
Magnet\
Lum. detectors \

0.5 -

fa

Exit window

—~

Tagger 1

o~
-.
o
o
8
14

r-backward area

=
[ &
O w
Forward speftrometer g‘
(in BO)

Top view
' Electrons

Detector

Roman Pots
Off-momentum detectors 2

far-forward area

-40 —20

0 20 40

Tagger2

Each station:
4 tracking layers
Calorimeter

| Polarimeter

Z \ l

(> This area is designed to prowde coverage for the low-Q2 events (photoproduction,
0? < ~ 1GeV?) . Need to measure a scattered electron position/angle and energy

> And luminosity detector (ep -> e'py bremsstrahlung photons)
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Low-Q2 tagger: requirements

v The Low- Q? detectors need to measure the energy
and position of the scattering electrons with Q2 below
1 GeV?in the far-backward directions.

v The acceptance for the low- Q2 tagger should
complement the central detector to reach the
coverage close to the limit given by the divergence of
the beam.

v LowQ?2 system must operate at a full projected EIC
luminosity and must be resistant to extreme
background conditions (synchrotron radiation,
bremsstrahlung)

v Should have a capability to handle high rate

Yulia Furletova




L uminosity system: requirements

AY v To measure integrated luminosity with

dipole max precision SL/L< 1%
1P ot up
1 EEE—
* photon { ” e electron ot pair spectrometer:
_ exitwindow - jength _POwWN >Low rate ( due to conversion)
SoBeR N min >High precision measurement for physics
e’ Similar to ZEUS/HERA concept analysis
>The calorimeters are outside of the primary
synchrotron radiation fan
> Luminosity measurements via Bethe-Heitler
process
> Photons from IP collinear to e-beam zero degree photon calorimeter
> First dipole bends electrons >high rate
> Photon Conversion to e-/e+ pair >FaSt feedbaCk fOI’ maChine tuning
> Pair-spectrometer / direct photon calorimeter >measured energy proportional to # photons

>subject to synchrotron radiation

LUMINOSITY MEASUREMENT
VIA BETHE-HEITLER PROCESS:

Yulia Furletova




Far-backward: participating institutions

Low-Q2 tagger - tracker :
Glasgow, UK =l Prague, CZ |Dham
W&M, USA

Low-Q2 tagger - calorimeter :

York, UK =&  Pprague, CZ -
Temple, USA B
Lumi - photon calorimeter:
Krakow, Poland @  Prague, CZ -

York, UK ] L
H '/‘ “\

Lumi - pair-spectrometer:
York, UK :\/: :/;\ Prague’ CZ h
Houston, USA

Lumi - pair-spectrometer

tracker:
under study, if needed JLAB/BNL

Yulia Furletova
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Low-Q2 taggers

- Two tagger stations with 4 Si-stations 30 cm
apart and a calorimeter behind.

Tracker: Timepix technology

- Good timing (~200ps)

- Rate capability is very high ~20kHz per 55um
pixel , 10ns shaping time

Calorimeter: PbWO4 (or similar to PS-lumi) —

allows essential cross calibration of tracker and

luminosity system during low current runs

o CAD layout with dimensions are based on the
actual Timepix module design

O Cables and cooling pipes are included

O Support stand and movable station for
position adjustments

OPlacement : outside of the primary vacuum
But Timepix is designed to operate under
10-6mbar vacuum => working on possible
with detector sitting in the secondar



Charge Question #2

Low-Q2: performance and backgrounc

- Energy ( dipole), angle => need good position resolution =>

f\"“10_1_""!""""""!""!""l"" .
detector granularity s b i
- Beam smearing ( angular, energy) are included into the (SRilae
2 B
simulation ; Multiple scattering ( exit window) 8 oo, I e
- Location => minimize a gap between central detector & 5 £ [ kbl :
g | 0—4 2 : Lo L e I
LowQ?2 taggers 2 I
8 I 102
10°
_ TAGGER 1 TAGGER 2 :
8 Tagger 1 QR Hit Distribution [Hz/ 55um pixel] Tagger 2 QR Hit Distribution [Hz/ 55um pixel] 10°® "
% el 100 T [ u 10
o — g g 60 C
o = - 107
> 102 C
d 10—8—IIII |i||||i||||i|||| 1
10® 107 10°® 10° 10* 10° 102 107
20 ‘ Generated true Q? (GeV?)
—40 103
60 ‘ g 10°gT B e
" § ; — ? : gqguearsi real electrons
B [ T T — 0 50 100 150 E“’s; :E?:iﬂ_ejz
(oY) X [mm] X [mm] F L
g Tagger 1 Brem Hit Distribution [Hz/ 55um pixel] 10! ; y 1
—_ — 100 E
<  E oL {
g = T '
17
)
£
[
S
aa] L
\\ I°g10(02)

FIG. 16: Coverage in Q2 for tagger detectors and ECAL.
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Charge Question #1,3,5

XY fibers

Luminosity monitor

Value engineering on the technology choice is
ongoing ( synergies with other sub-detectors)
v Pair-Spectrometer Calorimeter
= Technology: W-powder + epoxy infused
into a bundle of scintillating fibers (like fECAL).
=Total size 20cmx20cmx20cm 2
=*Module size 2x2x20cm”3 v recent design optimization: split second dipole

=i - i . .
‘llz!bersl radu;.s 0'102 bundled to form a sinale in two: sweeper and analyzed dipoles- allows a
Ve closes Tvers a g controlled low conversion rate

readout channel
vPair-Spectrometer tracker ¥ Trackers
= Timepix,AC-LGAD, micto-strips,Astropix...
= Benefits from Tracking Planes in front of

CALs:
* Enables standalone detector calibration Vacuum chamber

with conversion foil

+ Better energy resolutions compared to inside
CALs. _ _
Dipoles design

+ Well defined acceptance, no “fuzzy”

edges as with CALs. properties: 8
« Pile-up easily identified and treated. v'1.2m long with field
« Tracks allow rejection of background reaching about 0.8T

particles (beam-gas) and assessments v 15cm bore diameter
divergence. v Fringe field at electron
beam pipe < 4 Gauss

Yulia Furletova -



Luminosity monitor: High rate photon Calorimeter

Direct bremsstrahlung photons measurements can provide very simple

and precise EIC luminosity measurements: almost 100% acceptance. HR
Base-line HRC detector choice: photon Cal
1. Quartz fiber/tungsten spaghetti calorimeter
for energy flow — maximal radiation hardness
2. Sci fiber/tungsten spaghetti calorimeter for single
photon measurements — maximal energy resolution
Baseline choice still under consideration due to
high rates for eA and high synchrotron load =
balance radiation hardness with energy resolution
‘_;| 0.1ElIIIIllllllllllllllIllllllllllllllllllllllllE
G 0.09F e
At nominal L = 10734 cm-23-1EO 08 E E. =10 GeV E
about 23 hard photonson 2§ 55:5715(?3’ E
average will be emitted for 5 0.07 c ' E
each bunch crossing Z0.06 - ] =
0.05 E_ =15 —E
goneratea win Braver, . 0-04 F —un=23 E
1600 E,>0.1 GeV (A. Kowalewska) - ]
1400 0.03 :_ _:
- 0.02F
. 001F
% 40 20 30 40 50 60 70 80 90
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Timeline

FY19 FY20 FY21 FY22 FY23 FY24 FY25 FY26 FY27 FY28 FY29 FY30 FY31 FY32 FY33 FY34 FY35
al[qz‘os‘cm QI‘QZ‘03|Q4 Ql‘m‘as[m Ql|QZ|Q3‘Q4 u1|a2[q3‘04 Ql|Q2‘03‘Q4 al[qz‘os‘cm 01‘02‘03|Q4 Ql‘m‘as[m Ql|02|03‘04 Q1|Q2[Q3‘04 Ql|Q2‘03‘Q4 Ql[qz‘os‘cm QI‘OZ‘OB|Q4 QI‘QZ[QS|Q4 Ql|Q2‘03‘Q4 01[02‘@‘04

w5 cD-0(A) CD-1(A) cD-3A c-2/3 Early CD-4 -4

Dec 2019 Jun 2021 Jan 2024 Apr 2025 Completion Aproved Completion
Oct 2032 Oct 2034
Accelerat
Research & Sy“f""s
Development
Detector

Desigt
I | | |
| ' ' |
Conventional Construction
Construction & Accele I : |
cceleraton Procurement, Fabrication, Installation & Test
Installation Systems |

Procurement, Fabrication, Installation & Test

Accelerator
Systems

|
I
Commissioning & |
Pre-Ops Commissioning & Pre-Ops

Detector
Key (A) Actual - Completed Planned

Data Level 0 Critical
Date Milestones Path

> Preliminary design review of ANC detectors in mid Dec 2023

> The installation of far-forward equipment is at later stage and synchronized with
commissioning activities. All scattering chambers that house detectors will be installed from
the start of pre-ops. The detector packages will be installed later, after achieving a stable
operation of the accelerator

> Luminosity detectors has to be at start of pre-ops.

> Working on the interface and requirements documents ( see example in backup)

S

>

y \}J
.
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Summary

> Physics requirements drive the design of Far-forward and Far-backward regions
and the current configuration satisfies the requirements.

> The detailed detector layout and configuration are driven by the ongoing EIC
community efforts and will be further improved.

> Keeping a close contact with accelerator group

> Work on the detector support structure, services, detector installation and
maintenance (CAD) is ongoing and approaching preliminary design level (review
in mid Dec 2023 )

> Installation of ancillary detectors needs to be synchronized with the install
superconducting magnets. =

T Il
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Interface

document- example for Low-Q2

Type RelatedSystemID InterfaceName Description Type RelatedSystemID InterfaceName Description
cooL DET-INF-COOL Process Cooling Either a liquid or gas MECH DET-INF-MECH LowQ2 Support The LowQ2 detector is
cooling system will be supported by a
required to remove heat freestanding platform
from the calorimeter, that is adjacent to the
tracking and readout outgoing electron
electronics, to maintain beam
them at room ’
temperature. SPACE Forward Space The LowQ2 detector
ELEC DET-ELEC Low Voltage The detector wil i t”r‘]:s;:;g;“’;:;’c‘“:;"; n
receive DC power
provided by the from the B2ER magnet.
Detector Electronics SPACE Backward Space The LowQ2 detector
group. Constraint must be upstream in
ELEC DET-ELEC Bias Voltage The detector will the electron direction
receive DC power from the Q3ER magnet.
greot‘égi? Igl{a::':reonics SPACE Vertical Space The LOWQ2 detector
group to support Constraint must be at the same
electronics. Ibevel ells the electron
eamline.
ELEC DET-ELEC High Voltage The detector will -
receive DC power SPACE LowQ2 Beamline The LowQ2 detector
provided by the Proximity must be positioned as
Detector Electronics close as possible
group to support silicon electron beam pipe in
sensors and order to detector
calorimeter. particles at a shallow
angle from the electron
CONTROL DET-COMP-ONLINE Slow Controls Network connection beam.
from the DAQ system to
the detector's slow ENV Lumi-Dipole The LowQ2 detector
controls interface. Interference should be position such
DATA DET-COMP-ONLINE Data Transfer and Fiber connection from tmh:t :gﬁg?;gffg:;:?eal
Control Interface the DAQ system to the anc?secon A
detector's RDO to :
perform configuration, Ecatt_e'g_ng Ifrom the
control, and data umizbipole.
acquisition. ENV Beam pipe Exit Window | The performance of the
DATA DET-COMP-ONLINE Timing Interface Fiber connection from LowQ2 detector will
the DAQ system to the depend on the
detector's RDO used thickness and shape of
for timing thg elgctron beam pipe
synchronization. exit window.

7 B
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Requirements and spec. for ANC set. - example for low-Q2

GENERAL REQUIREMENTS

FUNCTIONAL REQUIREMENTS

Low-Q2 System

Low-Q2 System

G-DET-ANC-LOWQ2.1

The Low- Q7 detectors will measure the energy
and position of the scattering electrons with
Q? below 1 GeV? in the far-backward | _’\

directions.

F-DET-ANC-LOWQ2.1 The acceptance for the low- Q% tagger should |G-DET-ANC-LOWQ2.1
complement the central detector to reach the
coverage close to the limit given by the

> divergence of the beam.

I F-DET-ANC-LOWQ2.2

The Low- Q7 calorimeter will be used to G-DET-ANC-LOWQ2.1

measure the energy of the scattered
electrons.

F-DET-ANC-LOWQ2.3 The tracking system will be used to G-DET-ANC-LOWQ2.1

PERFORMANCE REQUIREMENTS

determinate a position and angle of the
scattered electron.

Low-Q2 System

i F-DET-ANC-LOWQ2.4 Low- Q7 tagger will be located along the

G-DET-ANC-LOWQ2.1

P-DET-ANC-LOWQ2.1

outgoing electron beam, after the B2eR
dipole (20 -40 m away from the IP).

Low-Q2 will have 2 tagger stations

F-DET-ANC-LOWQ2.5 Low- Q7 tagger will have at least two stations | G-DET-ANC-LOWOQ2.1

P-DET-ANC-LOWQ2.2

each Low-Q2 stations will have 4 layers of
tracking and 1 calorimeter

positioned next to the beam-pipe.

P-DET-ANC-LOWQ2.3

F-DET-ANC-LOWQ2.6 LowQ2 system must operate at a full projected
EIC luminosity and must be resistant to

extreme background conditions (synchrotron

The Low-Q2 tracking system shall provide a
momentum resolution < 5%.

P-DET-ANC-LOWQ2.4

Low- Q7 taggerl tracker shall provide timing

radiation, bremsstrahlung events and slow
resolution (to be determined)

neutrons in particular) at the levels specified
by the simulation studies

P-DET-ANC-LOWQ2.4

Low- Q7 tagger1 tracker will have dimensions
XXinXand XXinY (to be determined)

P-DET-ANC-LOWQ2.4

Low- Q7 tagger2 tracker will have dimensions
XXinXand XXinY (to be determined)

P-DET-ANC-LOWQ2.3

Low- Q7 tracker will provide

Next step:

P-DET-ANC-LOWQ2.3

Detector Specifications

Low- Q7 calorimeter will have granularity ( cell
size) XX (to be determined)

P-DET-ANC-LOWQ2.2

Low-Q2 calorimeter energy resolution for
electrons shall be s(E)/E < 10%/sqrt(E) + 3%.

P-DET-ANC-LOWQ2.4

Low- Q7 tagger 1 calorimeter will have
dimensions XXin Xand XXinY (tobe
determined)

P-DET-ANC-LOWQ2.4

Low- Q7 tagger 2 calorimeter will have
dimensions XXinXand XXinY (to be
determined)

P-DET-ANC-LOWQ2.4

Must handle a data rate and operate reliably
at a full projected EIC luminosity.

Yulia Furletova
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Far-Backward (electron-going)
region : 3D layout

Luminosity Luminosity

_|detector | dipole B - __

2nd tagger

1st tagger Cen-traIA Detector [®
Low-Q2 56 P,/ F

Low-Q2 gl e H T
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|IR-related physics requirements

Table 2.2: Summary of the requirements from the physics program on the overall IR design.

Hadron

Lepton

Machine element free region

+4.5 m main detector
beam elements < 1.5° in main detector volume

Beam Pipe

Low mass material, i.e. Beryllium

Integration of detectors

Zero Degree Calorimeter

scattered proton/neutron acc. Proton: 0.18 GeV/c < pr < 1.3GeV/c

all energies for e+p

Local Polarimeter

‘ 60cm x60cm x 2m

05 <xL < 1(XL = E;;/EBeam)
Neutron: pr < 1.3GeV/c

scattered proton/neutron acc.

all energies for e+A

Proton and Neutron:
6 < 6 mrad (for /s = 50GeV)

6 < 4mrad (for /s = 100 GeV)

Luminosity

@s =30m

Relative Luminosity: R = L**/~—/L*=/=+ <104

7y acceptance: mra
— J0L/L <1%

Acceptance: Q% < 0.1GeV

\‘- < Low Q?-Tagger
R i ))
(
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0.0* (10ccut) < < 5.0 mrad --small |t] value

Roman Pots

b4 Zero-Degree Calorimeter

BO Silicon Tracker and Preshower ,

[ A

Off-Momentum Detectors

=2
o

RP Location: Station 1 @ z = 26m, station 2 at z = 28m

' Central Detector ‘

2



ZDC integration

sl

| | 3 I 13 | 13 | 1 4 | | 4 1 % !l 1% i 1 3 | 1 i 13 | 1 3 |

33

Electron-lon Collider



3 D I t Zero-Degree Calorimeter
a y O u B0 Silicon Tracker and Preshower _‘
: ~ %= | L 5 : ﬂ‘/ é‘, ;‘i;ir- 4 w

BO-dipole

\t{i', ’
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3D layout: close look to the
experimental hall




Contributions/ detector
selection process

’ . ]y Ecveow rerorT
any thanks to all who contributed !

Joint EIC community effort

(Scientists from theory and experimentalists ,
Engineers and Designers, Accelerator colleagues)

Contributions from =
the EIC Yellow Report,

Detector selection process (ECCE, ATHENA,CORE),

EIC Project

CORE - a COmpact detectoR for the EIC

CCe

EIC Comprehensive Chromodynamics Experiment
Collaboration Detector Proposal

g 'AEmWHamaw -
Electron Nucleus Apparatus

FIG. 2. View of CORE created using “SketchUp” 3D modeling software.

* chyde@odu.cdu
* turonski@ilab.org.

% The ATHENA Colaboration '

December 1, 202 A state of the art detector capable of fully exploiting the science potential of the EIC, realized

through the reuse of select instrumentation and infrastructure, to be ready by project CD-4A

December 1, 2021
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|t| -distribution for DVCS and
DVMP

10°

? e + p_’ e| + p| + Y § 1 §l L l LI ] TTT [ LI I T TT | T 1T ] LI I T 1T l 1T l TT Ig

- ] - Exclusive J/y Production :

10 e+p 10x100 GeV 10 fb™" (10GeV on 100 GeV) :

: Q2> 1 GeV? : 107 g E

g 100 ° 3 R E

> - ] > - -o-Full Simulaton

2 i 1 o B — Exponential fit .

2 _

g” 10 = E (_g 1072 = — Fit envelope =
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- i 107 E
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£ I . | . l ] 107 E 24 GeV? < Q% + M2 < 39 GeV?
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EIC IR: Forward Direction

1.4 - Detector

Cryostats

1.2 4 | \

0.6 - § =
o | A
5 5 &
0.4 - Lo B
8‘1 w
02 7 Forward spectrometer ) -
(in BO) E
0 5 10 15 20
z(m)
|_Name | Rl [ length | B | grad | Bpole |
[m] [m] [T] [T/m] (7]
BOApF 0.043 0.6 -3.3 0 -3.3
. QlApF 0.056 1.46 0 -72.608 -4.066
Q1BpF 0.078 1.61 0 -66.18 -5.162
Q2pF 0.131 3.8 0 40.737 5.357
B1pF 0.135 3 -3.4 0 -3.4

e U — 0000 g



Luminosity monitor

~
~
=~

~
~
L

~
-
O

pair spectrometer:

> ow rate ( due to conversion)

>High precision measurement for
physics analysis

>The calorimeters are outside of the
primary synchrotron radiation fan

zero degree photon calorimeter

>high rate

>Fast feedback for machine tuning

>measured energy proportional to #
photons

>subject to synchrotron radiation




BO- detectors

i = = ==

‘” e _' L II = Dipole field 1.3T: for momentum
reconstruction . Design is on the way
(length ~1.5m)

= B0 placement - after HCAL

4 Limited space

4 Access to BO-detectors only from one
side ( after opening HCAL) ~ 15cm (!)

4 Vacuum pumps

4 Beam-pipes: cro
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Far-backward

Horizontal x (mm)

800 ——

600 —---
400 —--
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0

-200
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Ex

-40000
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-25000 -20000
Length z (mm)
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