EIC_NET Summary of R&D activities
(mainly a 2020 summary + 2021 outlook)

P. Antonioli

Many thanks to the many people helped me to put together this presentation! INFN/Bologna



Where we are?
E

As starting point use as reference Andrea's summary at last EIC_NET meeting (Bari 2019)
https://agenda.infn.it/event/20360/contributions/103554/attachments/68350/84356/EIC_ GENOVA CELENTANO.v2.pdf

Summary and outlook

What more/less?
* INFN is strongly involved in the ongoing EIC R&D activities, focusing . .
on selected topics of critical importance for this future effort What we achieved (desplte
* PID with RICH detectors
* Readout system with streaming approach

* Electromagnetic calorimetry

* All the activities benefit from the strong knowledge of the Italian
groups, and are coordinated with the international EIC community R
within the US program for the generic EIC R&D planned activities

* We're looking forward into actively joining the EIC yellow reports * from networklng to virtual networkmg

preparation with an effective role in the editorial board

Andrea's last slide Nov 2019

Caveat:
- many references YR SNAPSHOT

_ despite many S|ideS fOCUS on OverVieW not on details https://indico.bnl.gov/event/9913/attachments/31448/49647/EIC_YR SNAPSHOT 19NOV2020-75MB.pdf
)
- link to Eol + YR ity - EIC_NET summary 2

different Covid-impact depending on the type of 2020


https://agenda.infn.it/event/20360/contributions/103554/attachments/68350/84356/EIC_GENOVA_CELENTANO.v2.pdf
https://indico.bnl.gov/event/9913/attachments/31448/49647/EIC_YR_SNAPSHOT_19NOV2020-75MB.pdf

Where our R&D fits in? Forward Direction

system | system components | reference detectors detectors, altemative options considered by the communif

forward, high p fluorocarbon gaseous RICH double RICH combining | high pressure Ar RICH
h-PID forward, medium p | aerogel acrogel and fluorocarbon

forward, low p TOF dE/dx
/h separation | forward TOF & areogel & gaseous RICH | adding TRD

atlow p

TPC endcap
TPC Silicon barrel
and disks e e o
a I I_SI | ICOﬂ an d hyb rld tl’aCkI ng » Cherenkov is only route to PID at extreme momentum. P C'TZ“B“C‘V;‘;K
» Layered indices to combat high threshold in low index material. i et | 000253 | 24t s
d etectors ba SEI | ne (Y R4 " Be rke I ey" ) » Dual-RICH internally does two ranges. e i [
https://indico.bnl.gov/event/9913/contributions/43313/attachments/31469/49682/2020 11 20 YR detector_concepts tracking LG 2.pdf » LAPPD is present best TOF (OK in end caps, B-field trouble in barrel). TOFES,:,’,GQ‘:;M] 00_'1'5 f;f.i
From CDR draft report (table shown by Rolf Ent at YR4) F rO m PI D OVe rVi eW YR4:
https://indico.bnl.gov/event/9913/contributions/43303/attachments/31409/49584/EIC Detector CDR 111720.pdf https://indico.bnl.gov/event/9913/contributions/43315/attachments/31471/49692/PID in_the Yellow Report.pptx
+ . ;s;; - —‘ system components | reference detectors detectors altermative gntions considered by the community
: vertex || MAPS, 20 um pitch MAPS, 10 um pitch
I tracking barrel MAPS, 20 um pitch MICROMEGAS"®
J forward & backward | MAPS, 20 um pitch GEMSs with Cr electrodes
barrel Pb/Sc Shashlyk SciGlass W powder/ScFi W /Sc Shashlyk
ECal forward W powder/ScFi SciGlass Pb/Sc Shashlyk W /Sc Shashlyk
backward, inner PbWO, SciGlass
backward, outer 1Glass - W powder /ScFi W/Sc Shashlyk ©
= = = = =4 barrel High performance DIRC & dE/dx (TPC) | reuse of BABAR DIRC bars | fine resolution TOF
| forward, high p THuorocarbon gaseous m double RICH combining high pressure Ar RICH
I h-PID forward, medium p | aerogel ] aerogel and fluorocarbon
1 | forward, low p TOF dE/dx
M = = = backward modular RICH (aeroge])
e/hseparation | forward TOF & areogel & gaseous RICH adding TRD + DAQ
atlow p backward modular RICH & TRD Hadron Blind Detector | (streaming readout)
barrel Fe/Sc RPC/DHCAL Pb/Sc
HCal forward Fe/Sc RPC/DHCAL Pb/Sc (+ software/computing)
3/12/2020 - P. Antor backward Fe/Sc RPC/DHCAL Pb/Sc 3



https://indico.bnl.gov/event/9913/contributions/43303/attachments/31409/49584/EIC_Detector_CDR_111720.pdf
https://indico.bnl.gov/event/9913/contributions/43313/attachments/31469/49682/2020_11_20_YR_detector_concepts_tracking_LG_2.pdf
https://indico.bnl.gov/event/9913/contributions/43315/attachments/31471/49692/PID_in_the_Yellow_Report.pptx

Vertexing

Contributions to Si-vertex R&D as from INFN Eol:

already started in the framework of the YR preparation:

v" MC and detector/physics performance studies (started in the framework of the

current YR preparation) - talk Andrea B.

ongoing for ALICE ITS3, largely synergic in view of EIC (2021-2024):

v’ techniques and tools for thinning, bending and interconnection of wafer-scale MAPS

sensors based on 65 nm CMOS process;

v’ pixel-chip sensor test and characterization procedures;

v" solutions for cooling, mechanical support structure and assembly

3/12/2020 - P. Antonioli

INFN-BA/ALICE & ITS 3project

@ Layer0

@ Layer1

@ Layer2
Beam pipe

procedure.

From YR4 workshop
discussing tracking options

R&D activity - EIC_NET SI

1))

[EL] Lawrence Berkeley National Laboratory

Inner Tracking Silicon technology options

ITS3 silicon design parameters

Parameter Wafer-scale sensor (this proposal)
Technology node 65 nm
s (10 105m) Tracking detector component Stave X/X0
“hip dimensi scalable up to 28 x 10 cm . .
— 200 ITS3 like vertexing 0.05-0.1%
< 100 ns (option: <10ns) o
Lo — ITS3 like barrel (up to 1.5 m length) 0.55%
e 100 MHz/em®
<20 mW/em’ (pixel matrix) 1TS3 like disc (up to 60 cm diameter) 0.24%
>99%
<10 event/pixel
e 10" 1 MeV ny/em”
10 MRad

| [si+gaseous s

Attributes for * dE/dx in gas for PID (TPC) * Readout faster than TPC
consideration ¢ Well understood technology - less * Better momentum resolution than TPC at higher
R&D needed. momentum (>~5GeV/c)
* Costs less (likely) * Can be made more compact
* Less material in tracking region but * Less material in endcap regions

more in the endcap region. * Very high single point resolution
* Worse single point resolution but
more position samples



Bending

Pixel sensor bending

Design and production of sensor bending tools
* Prototyping of bending tools for existing sensors
« Extension to wafer-scale sensors
» Bent sensor surfarce description

INFN-TS/ALICE & ITS3 project

Ref: More on ITS3 results at G. Contin@SVT-EIC workshop
https://indico.jlab.org/event/400/contributions/6536/attachments/5413/6745/EIC workshop 20200903 Contin.pdf
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https://indico.jlab.org/event/400/contributions/6536/attachments/5413/6745/EIC_workshop_20200903_Contin.pdf

Thinning, interconnections and characterization

Silicon Genesis: 20 micron thick wafer

Development and validation of wafer thinning techniques

Development and application of wire/tab bonding techinques =
» Bond-after-bending and bend-after-bonding techniques
» Design and production of bendable printed circuits

» Design and production of bonding tools for bent silicon

i

« Target thickness: 20-40 um

«  With mechanical and etching processes
* Handling tool development

Pixels / 5¢’
w H
3
o
o

~  ALICE ITS3 Preliminary ;

— for 50 ym ALPIDE on carrier board

Effect of curvature on pixel thresholds

2020-05-27-003

flat

o« bentto16 mm
curvature radius

Chip performance comparison bent/flat

Electrical tests and standalone characterization
Detection efficiency and cluster shape in testbeams

65 nm CMOS process sensor characterization

250 300
Threshold (e)

Test structures
Sensor prototypes
Wafer-scale sensors

R&D activity -

400

600 —

200

Y Correlation of ALPIDE 2 and ALPIDE 3

[h_con_Y_ALPIDE 2_vs_ALPIDE 3
Entries 44921

Mean x 218
Mean y 517.4

|StdDevx 8365
|StdDevy 2095

Ly
% 100

INFN-TS/ALICE & ITS3 project

Double-crossing configuration




MeCha niCS & COO“ng INFN-BA/ALICE & ITS3 project

selection/characterization of carbon foam materials (structural/thermal prop.)

Due to the difficulty in accurately modelling all the details that influence the performance of the cooling system,
experimental tests will be performed in order to validate the results o initial Computatation Fluid Dynamics (CFD)
simulations. The vibrational response and the position stability of the large curved sensor areawill be assessed by Finite
Element Modal and Dynamic Response Analysis. CFD analysis will be used to simulate the forced air flow between the
layers and will aim to drive the design of the carbon-foam heat exchanger rings, for optimum thermal management.
Different carbon foams with best thermal properties and low-pressure drop, as well different configuration patterns will be
analysed. Their shape will be optimized to reduce impedance and to achieve the best flow distribution and the optimum C00|ing Opportunity
angles between the half-layer and the flow direction. The definition of a correct CFD model will require experimental tests, vs stabil ity
aiming at measuring the heat transfer and pressure drop across different samples of porous carbon foam. /

development of the assembly procedure

Carbon Foam Support

it must allow bending to shape the half-layers and freezing the position in the detector barrel layout. Verify achieved half-
layers positions through metrology. Glued joints/procedures will be developed in order to guarantee the best M

mechanical/thermal connections. Develop all the necessary tooling to provide alignment reference ' :
development and production of prototype support structures

Similar aspects now under investigation for the developing of the ITS3 structural support can be faced for R&D steps of the new EIC
detector. Carbon foam parts as rings and/or bars will be the baseline for the mechanics and cooling systems. Additional sheet in carbon

fibre could be used to improve the connection in the glued joints and for a more stable alignment between layers and other parts (FPC,
external support structure, ventilation system, etc.)

development of tooling for the assembly procedure

Vacuum jig will be used for the first precision alignment of the sensors. An optical system combined with a micrometrical movement
chuck (manual or automatic) will guarantee the correct alignment between chips and a vacuum mandrel for the chip bending step.
Different moulds will provide and fix the nominal position of the bent chips during the glue polymerization phase. An external
reference system will guide all the vacuum jigs and mandrels in the sequential assembly steps.

3/12/2020 - P. Antonioli R&D activity - EIC_NET summary




Assembly station

If assembling from outer to inner layer all revers to the Cone,
no added errors

Sequence from outer to innermost layer:

INFN-BA/ALICE & ITS3 project

This approach is being mirrored / visible in Italy
(work presented so far was under ALICE, now
- since 2021 — factorized in EIC_NET!)

3/12/2020 - P. Antonioli R&D activity - EIC_NET summary

SVI EIC

September 2-4, 2020

Outlook

https://indico.jlab.org/event/400/contributions/6533/attachments/5409/6741/EIC-SVT-Si-
tech-v1.pdf

ITS3/EIC projects overlap

O The ALICE ITS3 project aims at developing a new generation MAPS
sensor at the 65 nm node with extremely low mass for the HL-LHC
— See

O As presented by
, this effort is particularly interesting for the EIC

— The ITS3 sensor specifications and development timescale are largely
compatible with those of the EIC

— Non-ALICE members are welcome to contribute to the R&D to develop
and use the technology for other applications

O Joining the ITS3 collaboration, the EIC can leverage on a large effort at
CERN, sharing development costs, to design an innovative sensor
solution at the 65 nm node, suited for an experiment starting in ~ 2030

This has been identified has the most efficient way forward

L. Gonella | Overview of silicon sensor technology | SVT EIC workshop, 3.9.2020



https://indico.jlab.org/event/400/contributions/6533/attachments/5409/6741/EIC-SVT-Si-tech-v1.pdf

PID

. EIC handbook:
RICH detectors for PID in EIC All proposed EIC detector concepts incorporate different RICH

Thres main Spproaches are foreseen, detectorsfor PID in almost al kinematicregions http://www.eicug.org/web/sites/default/files/EIC HANDBOOK v1.2.pdf

depending on the momentum range:

* Barrel, low momentum (< 6 GeV/c):

e e ctocene. | " Simulations show that in order to satisfy the physics goals of the EIC, it is desirable to pro-

* Modular-RICH approach =1 vide /K identification in the central barrel up to 5-7 GeV/c, in the electron-going endcan

* Forward, high momentum (~ 50 GeV/c): ——————— . .
+ " Duabradator HCH up ~10 GeV/c, and in the hadron-going endcap one would need to reach ~50 GeV/c. "

* Gas-radiator RICH with windowless readout

Ilﬁ INFN very active with many groups (BA, BO, FE, LNF, LNS, RM1, TO, TS)
under two EIC eRD-initiatives (eRD-6 and eRD-14)

ARGONNE - TOPSiDE

Required large p coverage brings to RICH technique, with

0[GeV] 5 10 15 20 25 55 70
§ o Rl LU - challenges @EIC associated to radiators and photodectors
5; Nl * dual-radiator RICH = R&D on photodetectors ("B
e b immune") — wide A range
E K;: i * windowless Csl-based gas photodector (MPGD) — narrow
A range
g o
§ o

HBD mRICH DIRC BB dRICH -deCH DpsTOF(ZOps) dE/dx
aerogel gas i psTOF(10ps) https://wiki.bnl.gov/eic/upload/ERD6 ProgressReport 201907.pdf

(taken from: https://www.jlab.org/user resources/meetings/JILUO 6 19/Romanov.pptx) httpS://Wiki.bnI.gOV/ConferenCES/imageS/S/SE/ERD14 Jan_zozoDdf

3/12/2020 - P. Antonioli R&D activity - EIC_NET summary 9


https://wiki.bnl.gov/eic/upload/ERD6_ProgressReport_201907.pdf
https://wiki.bnl.gov/conferences/images/8/8e/ERD14_Jan-2020.pdf
http://www.eicug.org/web/sites/default/files/EIC_HANDBOOK_v1.2.pdf
https://www.jlab.org/user_resources/meetings/JLUO_6_19/Romanov.ppt

dRICH: the ic

ed

Aerogel

Spherical Mirror

dRICH: flexible configuration (JLEIC, ePHENIX)

Radiators: Aerogel (nypo™1.02) + Gas (N, ~ 1.0008)
Detector: 0.5 m?/sector, 3x3 mm? pixel

Single-photon detection in ~1T magnetic field
Outside acceptance, reduced constraints

-> best candidate for SiPM option

Hit on detector

> Photon impact
/ on mirror(s)

INFN work on:
- simulations

- design prototype towards procurement = test beam in 2021

EMcal (Sci-Fi)
¥ DIRC & TOF I
o E
i 5

£

T ——
5 -
8 acker

GEMC implementation
i by Zhiwen Zhao

hadron endcap

Phase Space:
- Polar angle: 5-25 deg
-Momentum: 3-60 GeV/c

- sensors + readout electronics study

3/12/2020 - P. Antonioli

Photon Detectors Radiators:

* Aerogel: 4 cm, n .. ~1.02 + 3 mm acrylic filter
* Gas: 1.6m (1.1m ePHENIX), nye~1.0008
[H] 6 Identical Open Sectors (Petals):
it ] « Large Focusing Mirror with R ~2.9m (~2.0m ePHENIX)
* Optical sensor elements: ~4500 cm?/sector, 3 mm pixel
size, UV sensitive, out of charged particles acceptance

Aerogel + Charged particle

Acrylic Filter

Spherical
Mirror

1 Beam pipe(s) region

1 A 1
ﬁlrack=15° E
"""""" ”T%

O™, E
C2F6 -
YIS T S B IlEJlllllllJllll !
20 30 40 50 0 20 40 60 80 100

p (GeV/c) p (GeV/c)

R&D activity - EIC_NET summary 10



dRICH prototype Mirror support and alignment . Double radiator imaging

Z-axis mirror
manipulators \

: \\ ‘ P » "gas" mirror
aerogel

gas photons
front-end

electronics
\

- Mechanics Double radiator imaging
Define details for production
Stage: production

o v .~ "aerogel” mirror

- "~ aerogel photons

: %

-
- Gas and erogel: ~~_ _— detector and aerogel box

(n=1.0008 C,F, and n=1.02 aerogel)
Stage: procurement

photon sensor

Bayesian optimization of det. parameters
Aerogel (Track momentum 30 GeVic)

?’WE ‘:_‘hro'“f!( E. Cleanl et al.
0.0035 ; https://iopscience.iop.org/article/10.1088/1748-

1S Field

- Support and alignment °:‘£§: 0221/15/05/P05009/pdf
Stage: design 0.00155 — aerogel (optimal)
0.001=- — gas (optimal)
— 107k --- aerogel (legacy)

INFN-FE/RM1/LNF/CT R T Moo whow

C,F, gas (Track momentum 30 GeV/c)
0.002

- Mirrors:
Stage: procurement

Oy o lrad]
;
v[r

0.0018E- .
< 000165 :
= 0.00145 .

0.0012E- :
0.001E- -— e
0.0008E-

L. Barion et al. https://iopscience.iop.org/article/10.1088/1748-0221/15/02/C02040/pdf g:m%: . . . N
0.0002E —

E e ——— avu " " 10°

% [rad]

7/K separation

5 10 20 70

3/12/2020 - P. Antonioli R&D a s 0 ' %0 polar angie fdeg] momentum [GeV/c] 11


https://iopscience.iop.org/article/10.1088/1748-0221/15/02/C02040/pdf
https://iopscience.iop.org/article/10.1088/1748-0221/15/05/P05009/pdf

Sensors for RICH: SiPM

Photon
Detector

Electronics

Single photon

Magnetic field MCP-PMT is likely duable, but,

spatial detection tolerant and expensive. Need to find
radiation alternatives
hardness; ~ few
mm spatial
resolution
Amplify and Low noise No major risk but need to be
shape single Time res. ~0.5ns tailored to photon sensors

photon analog
signal, convert
to digital,
transfer to DAQ
nodes

us signal latency;
High density

Component Specs/ Mitigation
Requirements
LAPPD may represent an alternative.

R&D on SiPM: a promising, quicky
improving, wordwide pursued, and
cheap technology.

ﬁUﬂRUB Baseﬂ reaﬂouf ava||a5|e IOI’ \

prototyping;

final choice will depend on sensor.
ASIC development for optimised
streaming readout (discrimination vs
sampling)

\. J

EIC R&D committee explicitly asked for such a program

In-depth EIC R&D Review Report (11/25/2019): "An important remaining issue is the SiPM

noise rate after irradiation which should be clarified. We expect that it will take 2-3 years to

fully understand if SiPMs can be used in RICH detectors at EIC”.

18th EIC R&D Meeting Report (01/30/2020): ”The committee again recommends the group to
re-examine options that do not rely on waveform sampling, e.qg., a TOT-based design like the

TOPFET?2 ASIC, which is radiation hard, has low power consumption and has achieved a

very good resolution per single photon with SiPMs.”

R&D needed for SiPM:

1. Proof of "feasibility": DCR & operating conditions,
single photon detection etc.

2. Readout electronics: ASIC (+ streaming readout)

3. Radiation tolerance

"dRICH based" for test beams and parameters selection,
but expected R&D outcome might extend beyond

Groups involved: FE, LNF, RM1, CT, BO, TO, TS
"new" activity since 2020 used to "build the plan"
— 2021 to deliver results

* 6x4500 cm? = O(3 m?) active sensors
* 3x3 mmxmm pixel size

- Single Photon Detection (PDE 1)

—> Temperature vs DCR ("not cryogenic")

—> Use timing to help filter DCR

—> Radiation tolerance (expected @EIC 10! n/cm?)
—> Sampling vs discrim. + TOT

R&D activity - EIC_NEI summary
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Radiation damages and recovering via annealing (@175 °C)

10713

e

. Reference i

Room temperature: 400 nm laser

Hamamatsu $S13360-1325CS (1.3x1.3 mm?2— 25 um)
Hamamatsu S13360-1350CS (1.3x1.3 mm?2— 50 um)

Effect of radiation ( ):

- loss of baseline
- room temperature not an option

Ref:
M. Calvietal.; /nq/5
Nuclear Inst. and Methods in Physics Research, A 922 (2019) 243-249

referee

C_NET: incontro co

SiPM selection:

* OnSemi
* Hamamatsu
e FBK

INFN-BO

1tonioli

tolerance

Radiation

-30°C: 400 nm laser

Nuclea ~

Istituto Nazionale di Fisica Nucleare

Irradiation campaign @Trento
+ annealing cycles (BO/FE)

8x4 matrix
different SiPM

O|X|O|X|O|X|O|X
OIX|O|X|O|[X|O|X

llo|x|o|x|o|x|0o|x

L4

irradiation 0 ed el0 el

Radiation damages and recovering via annealing (@175 °C) Radiation

Single photon detection w
1-MeV-equivalent neutror

M. Calvi*", P. Carniti *", C. Got
I

R&D acti

tolerance

Istitute Nazionale di Fisica Nucleare

B AR AT
10412

P .

T )

o Reference’

FReference <o

-30°C: DCR After annealing

-30°C: DCR
@'4OC $13360-1350CS

. T ]

* SPD looks possible at -30°C/-40°C after annealing! . '

* 10 seems a manageable fluence for annealing ~ 10°

* DCR penalty factor (pre-irradiation — post-annealing) @10*!: 200 £ |[||soc e—Reforonce] 4l

* Further lowering temperature is another option to explore N0t Wl 75°¢ irad 10" |k
* Note, however, that with a 200 penalty factor we would have a g L 100°c *imad 10 | fIx 200

2:10° Gbit/sector throughput, still manageable... (and close to e W /e ) i

10 4 - 150°C _175°C !

what "declared" @Temple) | |

““‘ —%oee—_ oo *-o—— L:

:;f:cam etal.; /09/20 E1C NET: incontro con referd 0 100 200 300 400 500 600

Nuclear Inst. and Methods in Physics Research, A 922 (2019) 243-249 Annealing time (hours)



Front-End electronics for SiPM

ALCOR - A Low Power Chip for Optical Sensor Readout

ALCOR:

* Developed by INFN Torino originally for a Darkside application
* Optimized for cryo operation
e 32-pixel matrix mixed signal ASIC *  First samples received from foundry in 2020

@ the chip performs amplification, signal conditioning

and event digitisation, and features fully digital | /0.

, , ) ' * Specs would match — at first order — requirements for EIC, but an
@ each pixel reads an SiPM (up to 1 cm*“, compatible

with smaller pixels) ALCOR++ optimised for RICH application will be next step
° ?’gecl hoshts SiPM VFE, le::iqivg-ledge diicrirzipatorf- 4 * INFN Torino = characterization with a FBK SiPM sensor
s, Charge integrator, digital control and interface N _
o Singlephoton time tagging mode gr time and charge INFN Bologna = development of readout card FPGA-based

measurement (connected to ASIC carrier via fast serial links: as in DAQ for ARCADIA) INEN-TO
@ 64-bit (32-bit on time tagging mode) event and p
status data is generated on-pixel and propagated
down the column

@ Up to 4 LVDS TX data links used, SPI configuration

@ operation from 10 MHz up to 320 MHz (TDC i L : / -
binning down to 50 ps) ] HTA . INEN

@ 10 MHz clock, 500 ps r.m.s. time resolution on single i I f o R TORINO
photon . 4 ). 2 ALCOR Testboard

‘ DA MM 06/2020
@ \s’m\)\\‘“w‘uu‘ M ///g/;/// é ignone /

[ e Y HRAING
| VDD AD
GND!

Test of the ASIC expected to end by ~2020

'm.m.at

Based on 2020 results and coupling with SiPM - y //‘“H‘ \ ,J

2022 for an ALCOR v2.0 better tailored for EIC ///// \\\ 000 WO v
. 1/, ’ H \\\ 4

requirements ,,,/// / TR

"smoke test done, absorption ok (6 mW/ch), comms. test with FPGA on-going"

3/12/2020 - P. Antonioli R&D activity - EIC_NET summary



"Drawing phase”

SiPM Readout

Activity in the last 3 months:

| It

5x SiPM Carriers
Hamamatsux2, SensL, Bradcom, FBK
Minimum components + edge connector
for irradiation and anneling
Stage: design and procurement

oumi (am: (g

2x Adapters_base
Slow and fast SiPM signals SiPM Adapter
Direct connection for characterization Carrier base
Stage: design and procurement
INFN FE/ BO/ 10 2x. Adapter_alcor dRICH SiPM readout
Slow and fast SiPM signals with ALCOR
Connection to ALCOR and Firefly readout
Stage: design

1x ALCOR test board
ALCOR chip validation
Stage: delivered and under test

1x FireFly DAQ
ToT based readout
3/12/2020 - P. Antonioli Stage: under development and test




Sensors for RICH: MPGD-based photon detectors

context: COMPASS RICH, sensors in operation since 2016 45mm

MPGD-based photon detector

recent COMPASS performance report:

https://arxiv.org/abs/2006.10447

( Entrics

>

16000
14000F
12000+

Count

Mean

3459

INFN-BA/TS B
FUSED SILICA WINDOW -
PROTECTION WIRES B 0 s e e s e s ereeereresreeeeeEIIIIIRIIRIEIRIEIIEIIEIERSTTETS
38.5mm
@g‘f E:F WIRES : Z et hrttaddtadtett Z
\\,ﬂ THGEM | o LA A A A
PN THGEM 2 3 mm
- o
MESH >mm

0y

ANODE wiTH PAD

10000F 1.8 mrad
8000 7.5 x 7.5 mm? pads
6000F
4000
3 key R&D:
20005 . ) .
05 S T TN - GEM vs THGEM - improve photoelectron extraction yield?
Al - -0.) : . .
E (O - 6 )l mrad] from the fit 10-12 photons - improve spatial resolution
510 — at Cerenkov angle saturation - & related electronics!
£ 8 :
uture prospecuves
2 5 Fut prospect
s 6 o
2 4 a0 The THGEM-MM hybrid PD technology could be used for other applications, for instance for
2 a RICH dedicated to PID of high momentum particles at experiments at the future EIC collider
- 4 e 5 ORI [17], where higher space resolution of the PD would be needed because of the more compressed

3/12/2020 - P. Antonioli

geometry that imposes a reduced lever arm.
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THGEM 1
THGEM 2

Micromegas

Capacitive
Anode PCB

R/O Card
Support

{ R/O + HV CARD

INFN-TS

2D hit distribution

Shutter in front of radiator open

Shutter in front of radiator close

Difference between open and close

prototype with 3.5 x 3.5 mm? pads (mini-pad prototype)

quartz radiator

Noise studies (from lab+test beam data 2018):
noise level too high for single photon detection:
3o thr @ 10 k electrons eq!

noise @3300 el-eq I

(Compass: 900)

too noisy to determine spatial resolution + efficiency limited at 70%

3/12/2020 - P. Antonioli
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Voltage On
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https://arxiv.org/abs/2006.10447
https://arxiv.org/pdf/1908.05052.pdf

Optimizing the minipad prototypes

Various improvement strategies to reduce noise problems
modifying: HV distribution + FE electronics + PCB design

Moving from APV25 to VMM read-out board based:
- low noise at high C + trigger less operations

INFN-TS

resistor

— resistor cards providing

HV to individual pads near
and parallel to FEE cards

Vertical vias to minimize crossing signal lines +

equalization of signal line length (same input capacitance)
New design of the anode PCB

Noisevs C

(a)

ENC 1rms chegwr

2000 — -

; ]

£ Peak mode 246+ 36upk
1600 £ Deconvolution W6+ % 44F =T 51 N
1200 » l A

E .
B0 F . " ! |

E e

3 g |
oy -
] ¥ ! |

L
1 Bl I FURTEV WY PPN SV FUPES SV

ENC (slectrons)

(b) VMM
Lt

Input capacitance (pF)

PPN SR
10’ 10

MM for comparative
(VMM3 vs APV25) studies

L gl

The vertical vias,
zoomed view at pad face
(in front of micromesh)

The vertical vias,
— zoomed view
at connector face

MMFE1

b

ned: Meorebcsl
wmibols memani e

The vertical vias

SRS-APV25
card

A PV2 5 + https://cds.cern.ch/record/1069892/files/cer-002725643.pdf

VM M . http://cds.cern.ch/record/2093606/files/ATL-MUON-SLIDE-2015-822.pdf?version=1
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Actually, this was already the 2020 plan, highly penalized by COVID
(lab closed @INFN-TS) ® = moving these studies to 2021
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Radiators for RICH: aerogel _
-
* Aerogel critical component behind dRICH design. Currently two main producers Budker (Russia) [CLAS12
supplier] (hydrophobic) and Chiba University (hydrophilic)

LHCb, AMS-02
Belle 11, CLAS12, PANDA

0 nm (mm)
@

* 2020 Developments (INFN-BA) Meeting with Belle Il experts (I. Adachi and M. Tabata) on 15th of May

Belle, g ' '"/
* Reviewed main production procedures and aerogel parameters, good improvement of transparency "t -
(lsare = 70 mm at 400 nm for n ~ 1.03-1.05) B ™~

sion leng
w

- e Helix, J-Rarc
* Production timeline: 60 batches of 28 tiles of 18x18x2 cm3in 1y, to cover 25 m? with two layers 0 e 2 ’
assuming a yield of 60% one needs 90 batches ~ 1.5y
* Cost ~ 10 kEuro/ batch
* Aerogel samples procurement with LHCb from Chiba University in progress, (agreement with LHCb for e ..
common R&D) - Optical characterization to be performed in lab and test-beam |

~~~~~~

* Synergy with an ALICE initiative (consider a RICH within ALICE 3.0 to complement TOF at high-p) |

Single layer aerogel Double layer aerogel -> focusing, reduced geometric aberration A = Time Of Flight
(TOF)
SPAD or SiPM SPAD or SiPM — aerogel
=
= i R=49.3 mm
/,//47//
S o
\\\\\:}\ \\\ .. insert-able
\\\ii::i::\\ conversion layer
G—N—_—\:
2cm 20cm n,=1.03 < n,=1.0326
n=1.03
First GEANT studies using single layer aerogel tiles of 2 cm and n=1.03 | mary
INFN-BA/BO - ALICE

< ~400cm >




Aerogel for RICH: simulations and synergies

e-photon Cherenkov angle

singl

= 03 B I RICH parametric model —~ 100 cm TOF layer
T : C dt | TOF '
I : ompared to nomina et
2 - ‘ Credits: E. Nappi, R. Preghenella, G.
10 T » 10 T x 10—
" t 1 \ I 1 . H
3 x T 1 km | £ | | PK  3separatonupto  Volpe + A. Di Mauro
9 " s | B B} l
°ﬂ|5 + | r
I bl ol
(] ‘: : o || . " s% ‘\l e/m ~3GeVl/c
E . \\ [ Khir ~10 GeVic
r 40 I \ [
: + = o= 4 p/K ~18 GeVic
£ 20 | LR . \ \. [
Df AAAAAAAAA | PRV PPN TPPUTE PPN FPRTY PPPEY FPTe Pree 0 2: \-\ n= 1 2i \ 2; .
o B 3 4 5 o 7 .p (G'eVIc‘) : = d\ \ valuable extension
Qb T e ——— e T — Ly e Of TOF capabilities
- 03 1 1
g ¢ reconstructed ring angle (HMPID-HTM) L] p (GeVic) p (GeVic) p (GeVic)
o e &
° | T g ' T
5 E n 4 % @'t 3o separanin % x Jo separancn % ;» 35 sepira:
> 02 (o} s o e | parmel TOF
g f 12 a ¢ i a o 1 o 15i o
§°'51 “’{TL’ . 0 10~ f
5§ £ J ’ t
EN 10
O'Z || | p M = :
oas} i ° ;
F 2 I \ ] ’ |
U POV FOVOT IR FTOP TR IOY . | = ey [ . T waming:
p (GeV/c) R B I e B I Ol e~ low momentum efficiency turn-on

n n 0 yet not included in the model
TOF + RICH can provide PID over extensive p range, with some overlaps

access to a 2"d potential provider for aerogel (a radiator critical for RICH@EIC)

R&D for the silicon-based sensor (which could possibly allow both MIPs and single
photon detection) = see SiPM studies (radiation tolerance, Single Photon + timing)
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Radiators for RICH: Argon

Ref. SllVla @YR]. ("Ph”adEIphia"): https://indico.bnl.gov/event/7449/contributions/35912/attachments/27095/41303/DallaTorre RICH high-p March2020 Temple.pdf

—> not easy to predict availability & costs in ten
years from now

PRESSURIZED Ar vs FLUOROCARBONS

The issue: fluorocarbon gas mixtures are not eco-friendly!

GWP: CF4 4400, C2F6 6200, C4F10 4800

VISIBLE (bialkali with ext. UV glass window) Csl & quartz window Csl~ 120 nm (windowless RICH)
Why fluorocarbon? o - T
T n o 6_max |n_ph/ o n_ph/ o 6_max |n_ph/
d ense 9 ma ny p h OtO ns (n-1) |(n-1) |6_ma (chrom |m (n-1) |(n-1) |o_s (n-1) |(n-1) |6_ma (chrom |m
.. . gas [P [*10° [*10° [x 6.0 |.only) |(B=1) [*10° [*10° |x (B=1) [*10° |*10° |x |5 0 |.only) |(B=1)
small chromaticity = good angular resolution o) (mbar b ) mbarmbar )
CFy 1) 497| 115 315 04 1.2| 10.0] 545 7 2.5 33.2| 0.83 25| 122

GFo | 1] 1367 46) 523 09 17| 27.5| 1564 1.0

LN S /B A /TS Ar 1| 294| 10 242| 04| 17| 59| 340
Ar 15| 441 15[ 2970 05 17 89| 510
Ar 2| 588 19.5| 343] 06 17| 11.8|| 580

Ar 3| 882 29.5| 420/ 07 17| 17.7)|1020
Ar 3.5[ 1029| 345/ 453 08 17| 20.7]] 1190

Idea: use noble gas (Ar) at high pressure (low
chromaticity and make it dense)

03 11 16
03[ 1a] 23
04 12[ 27
05| 11 a [ 4
os| 11] 55

9 d eve |Op VGSSE' StU d 1es (kee p h |gh Promising: enough photons and T'_‘e promising testbeam r_esults
Chromatic effect as for C,Fy, nnth CF, st;glgf)st exploration here
successfu

pressure/limited material budget) + simulations

minimum material budget

1st YR meeting, 19-21 March 2020 h-PID @ high p ~—
(LNS/BA) % @ —
—> test with dRICH prototype (FE, RM1, LNF) s Pt {: .
—> (at Stonybrook activity looking at MPGD operating - e ]
at high pressure) o
3/12/2020 - P. Antonioli R&D activity - E - " ‘ et L "



https://indico.bnl.gov/event/7449/contributions/35912/attachments/27095/41303/DallaTorre_RICH_high-p_March2020_Temple.pdf

Streaming Readout (SRO

+ calorimetry

Goal:

e Measure the main parameters of a large number of samples (light
yield, rad. length, timing)

o Test different readout options

Infrastructure:

* AEEE-like telescope (three Multi-gap Resistive Plate Chambers,
80x160 cm?) has been assembled to map out material response over
large area in short time — synergy with ALICE/EEE

Using streaming readout boards developed at INFN for EIC streaming
readout — compatible with PMT/SiPM/APD

* Absolute time stamp from readout board allows to correlate
hits with cosmic—rays tracks from chambers

Streaming readout system currently being assembled (milestone
2020). Based on WaveBoard digitizer + TriDAS DAQ SRO system

GPS synchronization between telescope and SRO verified
SRO DAQ under installation

* Test setup while waiting for scintillating glass samples: plastic
scintillator plate with 4 SiPM readout. Test coincidence between
two systems

First results

The response of the inner part (PbWO4 +SiPM) to electrons was evaluated

Crystal: Energy Resclution
* Material: POWO4 -
* Size: 2x2x20 crmy ¢
o LY : 240 y/MeV "

— . . Energy Resolution - CLAS12 FT
* Area: 1.2 x 1.2 crrv?
« pixal pitch: 25 um? . .
* PDE: 0.22 L i
f 1 ' i
e- 06 GeV . . i

, .
- 2 * Sk 14
a S

)

.
------- ¥ e " o. NIM A 958 [2020) 163475
i L) L] " 12 " b S I T R B N B * R
EGav] ETe)

Energy resolution In agreement with expected value

o - Lo - . '-._». °
O 2 P A OO T ——————RID activity - EIC_NET sum

MC simulations for EIC EM calo

As part of EIC eRD1, INFN-GE supports R&D
on PbWO and new Scintillating Glass (activity
led by CUA): characterization

« Baseline measurement with 3x3 PMT based PWO prototype

= Prototype installed, surveyed and aligned

= HV connected, tested (remote contral)

= FADC250 RO channels, PS trigger bit

= Readout with GlueX data stream (parasitic)
* Energy resolution ~1.9% for ~4GeV lepton
= Calibration made by regression algorithm

Participate to the Hall-D beam-test (2020/2021),
providing expertise for a SiPM-based readout and

participating to the data analysis.
mary 22

Credit: M.Bondi, V.Berdnikov, S.Grazzi



SRO: validate the new DAQ approach

E
As eRD23 + YR, INFN is contributing to define a SRO framework for EIC by defining the EIC SRO specs

(YR) 9 new FE E|eCtr0niCS On'Site + testing SO|Uti0nS @JLab (Ha”'B and Ha”'D) Strong involvement in the YR activity and
development/test of the FE digitiser (WaveBoard)

Streaming readout activity @ INFN 2019/2020 Kkttt

2020 SRO VI workshop
* We participate to the eR&D-23 activity: monthly phone meetings and dedicated workshops (twice per year). httpS'//indico Jlab org/event/378/

* Last meeting: May 2020 (remote-only)
* Strong involvement in the EIC »Yellow Report» initiative. Streaming RO - Hall-D tests

* A. Celentano is co-convener of the «Readout and DAQ» working group.

V.Berdnikov, T.Horn

* Main experimental activity: validation of the new DAQ approach.

HallD parasitic test beam area,
secondary lepton beam with energy P Spectrometer
range (3-6) GeV
EIC DAQ i .

LIt «  Triggered DAQ with NPS and FCALIl  comvene
The current focus of the working group, concerning the DAQ system, PrOtOtypes (base“ne) ) :‘h::ﬂ
triggering and building is necessary and (ii) if we should save raw dati o New prototypes PbWO/SCIGIaSS 1
- SiPM or PMT photosensors (3X3 Setup scheme SiP. ’\!l/( //) & PMT{right) cal. prot Waveboard
s matrix)
* SRO: preamps, fADC or WaveBoard

digitizers

epole magnet

he status of the ongoing discussio

ssible general scheme for the EIC detectd

Spring/summer run 2020 HallD tests:
* 3x3 PMT based PWO prototype installed

* Baseline performance established with GlueX

* 1 post-doc hired to work through “Ministero degli Esteri - progetti di Grande Rile R -:EEARLOR R EID)
* Central cell events hits (PS tile 59) correspond

Dedicated personel:

* 1 master thesis student, currently applying to PhD program to ~ 4.5GeV lepton
. * INFN WaveBoard fADC for SRO tests
On—Bea m tests at J La b/Ha”-D a matrix Of * Scintillator pads in front of central cell installed

for software L2 trigger

PbWO+SiPM has been exposed to 4 GeV secondary + SRO DAQ cabled/connected and tested
electron/positron beam using the WaveBoard as
front-end readout and TRIDAS + JANA as back end

Data analysis in progress
Calorimeter response, channel by channel



https://indico.jlab.org/event/378/

The SRO "demonstrator" at JLab — Hall B ()

Streaming RO - CLASI2-FT tests « On beam test in Hall-B used the INFN
* SRO DAQ full chain test: FE + RunControl + Streaming ROsw + Rec CLAS1 2 Forward Tagger as a benCh teSt
* On-beam tests f0r' a SRO DAQ

* Runl: 10.4 GeV electron beam on Pb targeq in Jan/Feb 2020
* Runl: 10.4 GeV electron beam on H2 and 02 targets in Aug/Sepr 2020

* Hall-B CLASI2 Forward Tagger: Calorimeter + Hodoscope + (Tracker)
Test equipment

Goal: + FT-Cal: 332 PEWO crystals (APD)
* collect data with 1-2-3 clusters in FT-CAL + 10412 fADC250 beards + 2VTPs (in 2 crates/ROCs)
* |dentify the reaction . ‘ * FTl-Hodo: 232 plastic scintillator tiles (SiPM)
e HIDVAIPE — (X) &' 10 —(X) e'yy * 15 fADC250 boards
* reconstruct Mao o double-clusters (110) mass cbtained
from ET-Cal RG-A data fed to TRIDAS
i [—
- Entras 100
X Mo 1494
scattered CLASI2 b POr 2R
- FT-Cal -
Y " w0 peak
o
1&5,
Y :
mf
N X - not detected i
DciA“‘;oAAAAV&U‘Avs‘-:AAA‘J&‘L‘Aﬁo““sﬁu
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The SRO demonstrator (I1)

» Tests ran the TRIDAS (INFN-BO) back-

Y

Mol A ey e D T

L I I TR

S S e e 4

end developed for KM3_NET

FTC FADC SCALERS

1 Max: 12kMz 1
Total: 1.1 MMz
N .
X-Asy: -7.6%

Y-Asy: +51%
1 Fretee tme e

e % 4 3 2

Y
P 123 4 »5(&4 9 -0 -1

IR0 98 48T éo X

1mmw L 87

1

10"

A¥eif FADC-TUIDS MB-132 MV.0f LED-M

- On-line

scalers
during
Run2

Streaming RO - CLASI2-FT tests

« TriDAS: backend SRO sw
framework

+ developed for KM3_NET

« installed on Hall-B cluster
Tested on multiple CPUs

+ Data rate ~50MB/s

+ Tests performed with
different parameters
(thresholds, HM, TCPUs)

+ Profiling and performance

(
Front-End:
fADC250 ssgoi\;v
VTP
RunControl F1- el
CODA
\ L

"

llll

Canda 1rarshabor

Online REC
JANA2

T -8

+ FT-Cal rate: 20-30 MHz *——t—H——f——-———
+ Few hot-channels > | MHz --;;.:- !

|

TriDAS Core

E}

TRIDAS
T.Chiarusi, C.Pellegrino

HMy cohergntly slice the timelre refying on time !,"\(h'ﬂl’-’lllrjn T

e pete hoe ot Dewons

TCPUs applies L1 + L2 fitering

L1 Trigger : Oth

-
i "w Jara ¥ lugin 4".
.-"‘/. ‘
Tagged /0 (with reco-/ | ot Tagged )

Past-trigges file

AR
i
{ \
E‘ ‘
\ I

[JLAB Digitizer + VTP (SRO-ready)] + TRIDAS (KM3-NET) + JANAS (GLUEX) -> scaled up to 600 channel

3/12/2020 - P. Antonioli
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Runl Data analysis * Preliminary results demonstrated the validity of the framewo

S.Vallarino, A.Celentano
* Data analysis is still in progress

¥ . Efficiency: comparison between online/offlin clustering

Efficiency Vs Cluster energy _ Hits position 0
5 B F 1400
4 3 r
E g, 20l 1200
= F « hitmap Run 1
* :_ 800
10 :— 600
E 400
5000 80O T0%0 8000 5—
Energy [MaV] C 200
* Two pio peaks Ivariant mass o indl €098/ 60 ° :K;_ ' 5‘ — 1‘0 — 1‘5 — ZJ(_) — 0
corresponding to two = B e invariant mass X [integer value]
vertices (and a wrong . relyy : = . . .
sssumption on the . oL First use of Al/ML in a real-time Streaming DAQ system
vortex position) ' { E 1202 - YA Tt
\ usarn:;s; AT .
3 , - N, 1 - e A Runl Data analysis (Al-supported)
o LA ot B wf . e e LA C.Fanelli
am v‘-f | - ] n: e % o ,‘ el N S P S
hoo | ”'r“‘lli ¥ | Mazs Mev] s % 3 1] £ 2% —
r / L e mayl . - H
=) Pt Al Measured (expected) pi0 yield Accomplishments . e Implementation of Al
3 j AL T Peakl = 1600+-40 (2700+-500) 4000 T T T T T T supported L2
i J Peak 2 = 1500+-38 (2600 +-450) i wrong clusterization ] reconstruction
0 5 % o - — algorithms for SRO:

Run2 data analysis in progress
- —

i :J:e:rt;:dard cut-based “h-r; ; e Optimized cut-based clustering offiine and online

tests accomplished

:

...++. Unsupervised clustering

* Based on positive results, join effort JLab/INFN-BO to build a possible
EIC SRO framework to be tested with the whole CLAS12 detector

* Expected a deeply involvement of INFN-CNAF in the SRO framework in
2021

* August 2021 target integration up to 5000 ch + more detectors in Hall-B

e Unsupervised (no
cuts required)
hierarchical
clustering generally
robust against
variations in
experimental
conditions

:

UL I L L L l LI L I

B

entries/2.0 [MeV/c?]

e Al tolerates larger
hits multiplicities

Credit: FAmeli, M.Bondi, R De Vita, T.Chiarusi, C. Fanelli, L.Marsicano, P.Musico, (highest ene. clul, clu2) [MeV/c?]
C_Pe”egrino’ S_Va“arino The cut-based clustering seems to assign more hits to the highest energy seed cluste
3/12/2020 - P. Antonioli R&D activity - EIC_I Runl: offine only  + Run2: real time! Data analysis in progress



A tentative mapping summary & outlook....
MAPS/ITS3 BA/TS detector ALICE EIC is joining ITS3
dRICH FE/RM1/LNF/CT CLAS12 eRD14
SiPM BO/FE/TO/TS DARKSIDE (ARCADIA) eRD14
MPGD BA/TS COMPASS (ATLAS) eRD6

ﬁ

INFN

detector
sensor + FEE

sensor + FEE

aerogel BA/BO radiator ALICE
high pressure Ar BA/LNS/TS radiator Stonybrook
calorimetry GE/RM1 detector eRD1 / CUA

eRD23

(+ eRD20 simulations)

streaming readout GE/RM1/(BO/CNAF) DAQ KM3-NET

* R&D well integrated with EIC main initiatives
* strong synergy for tracking with ALICE:

H H H ':-_\alem \l system components | reference detectors jons considered by the community
2020 was a good year to integrate this in EIC flow . [ s =y MATS omngiets ]
.. . . . I tracking I Garrel “TPC rCT MAPS, 20 um pitch MICROMEGAS"®
* promising contri butes in different PID areas: L Jiorwand & backward | MAPS, 20 um pitch GEMs with Cr electrodes
barrel Pb/Sc Shashlyk SciGlass W powder/ScFi W/Sc Shashlyk
1 H forward W yder/ScFi SciGlass Pb/Sc Shashlyk W /Sc Shashlyk
2021 will be a key year to deliver results needed to | T =
. backward, outer SCIGIass TOWO3 W powder/ScFi W/Sc Shashlyk
Ste e r C h O I Ce S ----- ™| barrel High performance DIRC & dE/dx (TPC) | reuse of BABAR DIRC bars | fine resolution TOF
{ i forward, high p | 'fluorocarbon gaseous RICH double RICH combining high pressure Ar RICH I

i forward, medium p | aerogel aerogel and fluorocarbon

* we are leading as coordinator the SRO proposal. Other =

INFN streams of work should now become part of this

| forward, low p

TOF

dE/dx

e/h separation

atlow p

backward

forward

modular RICH (aerogel)

TOF & areogel & gaseous RICH

adding TRD

+DAQ

backward

modular RICH & TRD

Hadron Blind Detector

(streaming readout)

integration/demonstration effort s Howam Fors RAC/DHCAL o/
3/12/2020 - P. Antonioli R&D activit backward Fe/Sc RPC/DHCAL Pb/Sc




(all this despite a very difficult 2020 R&D Zoom-mode)

Sunday November 01, 2020 Can You Zoom Now

DILBERT

OKAY, HES
TYPING AGAIN. NO,
HE STOPPED AGATIN.

ARE YOU AVAILABLE
FOR A ZOOM CALL?

NOPE, HE
STOPPED,

uf
.

i
5
;

L 8 8 8 & ¢
BY SCOTT ADAMS

IM AVAILABLE
AT 2 PM. TOMORROW,
THURSDAY AT 9 AM.. OR
NEXT WEEK ANY TIME
AFTER THREE, AND
NOW.

PERFECT.
HOW ABOUT

3/12/2020 - P. Antonioli R&D activity - EIC_NET summary

TOO
WORK? LATE!!!
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