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Charges

1. 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?

2. 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?

3. 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?

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

5. Is the projected design maturity of the further detector components likely to be accomplished by
the end of 2024 for CD-2 and CD-37

6. Is the overall schedule for completion of the design, production, and installation of detector
components realistic?




Charge #2

Requirements

* https://eic.jlab.org/Requirements/index.html

_ Momentum Resolution Spatial Resolution

Backward (-3.5 to -2.5) ~0.10%xpP2.0% ~30/pT um @ 40 pum
Backward (-2.5 to -1.0) ~ 0.05%xpH1.0% ~30/pT um @ 20 um
Barrel (-1.0 to 1.0) ~0.05%xpEP0.5% ~20/pT um @ 5 um

Forward (1.0 to 2.5) ~0.05%xpP1.0% ~30/pT um @ 20 um

Forward (2.5 to 3.5) ~0.10%xpP2.0% ~30/pT um @ 40 um



https://eic.jlab.org/Requirements/index.html

Summary on ITS-3 ALICE - EIC SiC

Overall a very positive and successful meeting = clear goal to cooperate as much as possible in
boundary conditions.

Main lessons learned and next steps

* ITS3 open to sharing their sensor design with EIC = necessary agreements will need to be
put in place in the next month.

* ITS3 development made significant progress = received a lot of critical technical information
to guide the next steps in R&D for both sensor and system design/integration of the ePIC SVT

* but there remains still some risk in the ITS development = ALICE team will need to remain
focused on their requirements and timeline challenges

- ITS3 welcomes/seeks partnership in development with EIC designers contributing to ITS3
— Received extremely valuable input to overall schedule and workforce needs for EIC SVT

Example: relation between schedule for ITS3 ER2/ER3 submission and evaluation and the
EIC/LAS development schedule = adjust our schedule to give more time for the sensor
modifications and the schedule and integrate lessons learnt from ITS3

- ITS3 suggests we put in place a backup plan as our workforce is still growing, and the

overall EIC SVT schedule is aggressive
e Allthe inputs are currently folded in an updated plan by the EIC SVT team




Charge #1

Tracking Detector Layout Modifications

Si hits only

* Low number of hits in certain rapidity ranges -
« Need more planes |

Ernst’s fast simulation

* Solve impact from 5 (2) ys MAPS frame accumulation time

* Need enough hits from fast detectors to form a tracklet with a good
pointing resolution

* Need to utilize ToF and maybe Barrel-ECal AstroPix as possible
* Note: Barrel ToF has good t-resolution but spatial resolution is not not to great

 Current layout fin

alized in June 2023



Charge #1

Tracking Detectors Layout
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Simulation — Material Scan
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Simulation — Momentum Resolution

Backward Forward
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Simulation — Nhits vs n

 Only tracking detectors included, will improve further once
calorimeters included, removes dip at rapidity +1

0.2< p (GeV/c) < 0.4 0.4<p (GeV/c) < 0.6 0.6<p (GeV/c) < 0.8
e . o
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Charge #5

Silicon

« MAPS (monolithic active pixel sensors) in 65 nm CMOS
technology, developed with ALICE ITS3 collaboration
 Inner Barrel: Directly use ITS3 wafer scale sensor

« Outer Barrel: EIC Large Area Sensor (LAS), modification of ITS3
sensor

* [TS3 Sensor Development
« MLR1 — Q4 2020: prototype circuit blocks
« ER1 - Q4 2022: MOSS and MOST sensors, proof of principle, stitching
« ER2 — Q1 2024: sensor to satisfy ITS3 requirements
« ER3 — Q2 2025: final production

" K -




Silicon

 ITS3 ER2 design: 12 RSU, left + rightendcap .
12 Repeated Sensor Units (RSU) — '

Left endcap
(power, data)

Right endcap
(power)

Segment

» Large Area Sensor (LAS) optimized for high yield, Iow cost,

large area coverage

Left endcap

(power, data) n

RSU

Right endcap
(power)




Inner Barrel

* Three layers of thin, bent, wafer scale ITS3 based sensors

ePIC—-SVT

» [TS3 concept adapted to ePIC radii
« X/IX0 % =0.05

Layer | Radius (mm) | Length (mm
LO 36 270 3

L1 48 270 4
L2 120 270 5

ALICE - ITS3




Outer Barrel — Silicon

* Traditional stave design
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* Micromegas

* Single Tile
 51.25 x44 cm
« Simplifies production
* 40 Tiles Total
« ~30k Channels

) 1800 mm ;
. u RWELL - Ca;ﬂe u : Front side §
» Capacitive-sharing :
45° U-V strips

e Pitch: 1.2 mm pitch
» ~140k Channels

SEdd x CI

23 x 128-ch flat cables / RO planes
2 RO planes per modules = 46 cables

Back side



Forward/Backward Disks — Silicon

* Foundry rule/limitation, need to limit number of sizes (2-3 total)

EIC-SVT Disk-1 Tile ePIC-SVT EDO/HDO z=-/+250 cm
250 [AS 250 EIC LAS e
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200| T5:12(1x5) 200 Te:42(1x6) T3 ~
T4:8(1x4) 1 ™ r_bp =31.8 mm
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150 T3: 4(1x3) 150 r_low = 47.2 mm \\x
T2:4(1x2) r_high = 210.0 mm | | -
100 T1:4(1x1) 100| r_max =240.0 mm
r_bp =31.8 mm Sensors: 86
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g
I
- all
-0 0 50\ i i
Lon =\ Original |Study 100k i
—1502— —1502— \'\\\ ,//

-200 n i -200 \ / 2 sensor layers
_I|||||||||||||||||||||||||||||||||||||I|IIII|IIII _||||||||||IIII|IIIII=IT ||=IIIII|IIII|IIII|IIII

_25—850 —200 -150 -100 -50 O 50 100 150 200 250 50 -200 -150 -100 -50 O 50 100 150 200 250




Forward/Backward Disks — MPGD

« Capacitive-sharing 45° r-phi strips

 Pitch: 1.2 mm pitch

e ~2 x 1570 phi-strips + ~ 2 x 400 r-strips = ~4k strips per disk
(32k channels for 8 disks)

Front side



Services — Silicon

» Power: OB/Disks use serial power via constant current scheme
« Shunt-LDO regulators convert current into voltage needed by LAS
« External (but close) to LAS sensors

—

(P — B

—_—— e
» Readout: optical links

» ITS3 uses multiple 10Gbps links, not needed for ePIC
» Multiplex externally (Rad-hard FPGA) or internally (modification to sensor itself)

Readout board (RDO)

| DAM board

Few cm? FPC with circuitry
for electrical/optical
conversion (VTRX+, IpGBT)

DAM board

MUX integrated in
sensor’s periphery



Services — MPGD

« Common ASIC for all MPGDs: SALSA
« Initiative of Sao Paulo University (USP) and CEA Saclay (IRFU)
* Previous chips: USP — SAMPA, IRFU — AFTER, AGET, DREAM

* ASIC details in Fernando’s 6.10.08 talk

« RDO details in Jeff's 6.10.09 talk




Services
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Services

 RED = power
« BLUE = cooling/gas
+ ORANGE = signal




Charge #3

Interfaces

* https://eic.jlab.org/Interfaces/InterfaceMatrix.html

- Some highlights
 QOuter barrel limited by DIRC
* Disks limited by pfRICH/AC-LGAD

« Requires cooling/power from infrastructure
» See Rahul’s Talk

 Inner Barrel first vertex layer 5mm from beampipe



https://eic.jlab.org/Interfaces/InterfaceMatrix.html

Charge #3

Interfaces — Beam Pipe

* Unique beampipe

« Tapered beampipe, tracking detectors must be installed prior to beampipe installation
in central detector gerylium Section

« Beampipe exposed to ambient prior to installation ' e

« Need min 100°C in beampipe to break H,O bonds ‘ — ‘..:.,i-
« Silicon detector epoxy limited to 30°C due to CTE N

mmmmmmm

.

\etecTRONS

~/BEAM SCREEN SUPPORTS.
(1mm COPPER)

Closest Port Locations
|
N

|

‘beamline

Beam pipe outlet

sssssss




Charge #6

Schedule

* |Inner Barrel Silicon

Pom  mRmm mEem oRmm Dhem meem meem meem med ITS3
0102‘03040.1020304010203040102030401020304010203040102303040102030401020310401010304010203040102030401QZEOS(MQIQI(BQ‘QI0203040102030401020304
3 Qo Qo ( )
@ Do) | (EBd an | | == fuf e « ER2-Q124
soes * Quter Barrel/Disk
Silicon (LAS)
o« 2025-2027
Design .
o Stave/Disk
Construction
- — Complete
Installation ".L | | i Q4 28
o = . « Ready for installation
Fre:Ope Detect | Commissioning & Pre-Ops
| [ | | e Q229




Conclusion

1.

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?

° Yes, but relies on CERN/ALICE efforts. No, detector technologies are well understood.
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?

° Yes, design requirements and geometry constraints are defined and tracked by EIC System Engineering.

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?

e Yes, interfaces are defined and tracked by EIC System Engineering.

Is the design of these long-lead procurement items sufficiently advanced and mature to start

procurement in 20247 Are the technical specifications complete?
. N/A, no LLP for tracking detectors.

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?

° No, but this is expected due to silicon sensor schedule

Is the overall schedule for completion of the design, production, and installation of detector components

realistic?
° Yes, but with a technically driven schedule
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Collaboration

« Current progress is the result of many people’s effort. Included
(in no particular order) are some that generated some of the
included figures and plots

« Laura Gonella, University of Birmingham

* Ernst Sichtermann, LBNL

 Roland Wimmer, BNL

* Francesco Bossu, CEA Saclay

« Kondo Gnanvo, JLab

» Peter Jones, University of Birmingham

« Stephen Maple, University of Birmingham

e Shyam Kumar, INFN Bari

¥ " e
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Services — Silicon

« Shunt-LDO regulator design
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