a COmpact detectoR for the Eic (CORE) Readout Initial plans
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@ Builds upon development efforts for LHC, Belle Il
@ Unified framework for all subdetectors
1. Common Timing/Trigger distribution
2. Cost baseline is FELIX for CRU
® Readout for subsystems from the Generic EIC R&D program
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General Readout Concept — an evolution of common implementations

Mixed RPC+scint readout (Data concentrator)
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1y ASIC/ADC driver (comimon)
2) Ingger/feature extract (subdet. specific)

3) Unified DAQ transport protocol
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® \Where possible, essentially triggerless DAQ
® Based upon above concept
® PCle40 chosen as CRU, but FELIX was equally viable
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hpDIRC: hadron Identification in the barrel

--> Highly integrated readout experience: Belle Il ITOP detector
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The hpDIRC provides central
acceptance n/K separation

The minimum momentum for n/K ID
In threshold mode is 0.2 GeV

Readout has been an essential
eRD14 activity (dualRICH, mRICH)
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Current SoC-ASIC Projects

Sampling Input Number of | Timing Available ' :

Frequency | BW Channels Resolution Date .

(GHz) (GHz) (ps) U A
ASoC 3-5 0.8 4 35

Rev 3 avail

Buffer
Length
(Samples)

HDSoC 1-3 0.6 4k 64 80-120 Feb’21
AARDVARC 8-14 25 32k 4 4 Rev 3 avail
AODS 1-2 1 8k 1-4 100-200 Rev 1 avail

ASoC: Analog to digital converter System-on-Chip

HDSoC: SiPM specialized readout chip with bias and control
AARDVARC: Variable rate readout chip for fast timing and low deadtime
AODS: Low density digitizer with High Dynamic Range (HDR) option



dualRICH: hadron Identification in the hadron endcap INFN

® Using aerogel and gas
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TOF: hadron Identification in the electron endcap

@ While high-resolution TOF is not competitive

8043 4x2 cm? modules made of a LGAD sensor

with Cherenkov detectors in the central flip-chipped to two ASICs
- - . . - 2
barrel (small radius), useful in the electron Pixel size 1.3x1.3 mm
(Cd ~4 pF)
endcap' e 225 channels / ASIC

ASICs signals are wire bonded to a module flex.
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FLEX tail

\|\||||_E %ﬁg
; EE
E 2R

§ -

» Based on ATLAS High Granularity Timing Detector in the forward region made
High-resolution TOF of two double-sided LGAD layers

using LGADs « Read-out by ALTIROC



4 EMcal The PANDA PWO, EMcal
COmpact detectoR for Eic (CORE) covers the endcap and
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n <0 coverage
® PWO, coverage up to 2n
« The PWO, area will be half or less of that planned for PANDA
o 14-bit 250 MSPS (or dual-range)

n > 0 coverage
® Baseline W-Shashlik dual gain-range amplification
o 14-bit 250 MSPS (or dual-range)



Hadron Calorimeter: 10cm x 10cm towers, 6 SiPMs/tower

Cut on tail catcher + re-weighting Hcal towers
W/ScFi + Fe/Sc, Energy Resolution
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Relatively simple readout requirements
80 MSPS probably enough
» 8-bits resolution




Muon ID Basis: Belle Il K -u (KLM) system

2x CAT-7

Minimize cables, board size

Fiber optic
Power (48V?)

7-series FPGA (Zyng?)

SCROD/power

* 2 separate
ASIC cards

* #z channels
always same;
wrap phi
channels as
needed

* 8sectors * 15
layers * 2
FW/BW * 2
ASICs =
480 ASICs,
ASIC cards

* 240 SCROD

High-density twisted pairs
HdsoC

High-density twisted pairs

=

High-density twisted pairs High-density twisted pairs

Services
cables

HdSoC

® Detailed costing numbers from recent upgrade
exercise (DOE Belle Il Operations Review)

@ At the EIC, mid-rapidity muons have relatively low momenta
(placing a muon detector behind an Hcal is not feasible).

® Since jets are best reconstructed from individual tracks, one approach is to trade energy
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Baseline cost estimate with preamplification on HDSoC ASIC.

Phase Resource Basis of estimate | Total (k$)
Pre-production | Carrier+SCROD Engineering 0.5 FTE Andrew 70
DatCon Engineering 0.5 FTE Kunkler 89
Carrier+SCROD Test system 1.0 Postdoc 65
Carrier+SCROD Testing labor 1.0 Graduate RA 50
HDSoC ASIC procurement Nalu Scientific 50
Carrier+SCROD PCB + parts procurement Engr est. 21
DatCon PCB + parts procurement Engr est. 15
Carrier+SCROD PCB assembly Engr est. 14
DatCon PCB assembly Engr est. 8
Production Engineering 0.25 FTE Andrew 35
DatCon Engineering 0.25 FTE Kunkler 44
Carrier+SCROD Test system 1.0 Postdoc 65
Carrier+SCROD Testing labor 1.0 Graduate RA 50
HDSoC ASIC procurement Nalu Scientific 150
Carrier+SCROD PCB + parts procurement Engr est. 121
DatCon PCB + parts procurement Engr est. 115
Carrier+SCROD PCB assembly Engr est. 75
DatCon PCB assembly Engr est. 25
LV Power System + cable ass’blies Engr est. 80
LV Power System + cable ass’blies design 0.1 FTE Visser 20
Commissioning | Carrier+SCROD Engineering support 0.2 FTE Andrew 28
DatCon Engineering support 0.2 FTE Kunkler 36
Installation support / analysis 1.0 Postdoc 65
Installation support 1.0 Graduate RA 50
HDSoC ASIC support Nalu Scientific 80
LV Power System + cable ass’blies integration | 0.1 FTE Visser 20
Total 1,441 k$

resolution for better muon and neutral hadron (K,) ID, and lower cost (cf. Belle Il KLM)



Forward/Far-Forward/Far-Backward detectors: many concepts

» Updated strawman layout with current design for LGAD sensor + ASIC.
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Top Layer with Modules

® Fine spatial and timing resolution,

radiation hardness

, _ AC-LGADs are the baseline for detectors in
@ AltiIROC or CMS variant EIC Roman Pot
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CORE Readout Summary Table

Si-Tracker
hpDIRC
Dual RICH

TOF (eEndcap)
EMCal -PbWO4
EMCal — W-Shashlik

lon HCal

KLM (mu/Hcal)

MAPS
MCP-PMT
SiPM
DC-LGAD
SiPM/APD
SiPM/APD
SiPM
SiPM

Far-Forward/Backward AC-LGAD

ITS2, ITS3
AARDVARC
ALCOR
ALTIROC
COTs ADC
COTs ADC
COTs ADC
HDSoC
ALTIROC?

30G
49 k
65 k
2 M
20 k
30 k
50k?
30 k
TBD

Reuse?
baseline
baseline
needed
needed
needed
needed
baseline

needed

12? eRD25

4 eRD14, Nalu Scientific
4 eRD14, INFN

8

2

3

4

1 Belle Il, Nalu Scientific

® Skeleton for WBS estimation of what needed (however a lot of work needed)

® Additional Forward, Far-Forward detectors possible
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