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v SAIDA Workpackage 8 — Overview

Task 8.1. Coordination and Communication

Task 8.2. Towards next generation highly granular calorimeters

* Integration aspects of highly granular calorimeters (DESY, CNRS-IJCLab, CNRS-LLR, CNRS-LPNHE,
JGU, CERN, TAU, FZU)

 Future Liquid Noble Gas Calorimeters (CERN, CNRS-1JCLab, CUNI)

Task 8.3. Innovative calorimeters with optical readout
 Crystal detectors (CERN, FZU, VU, INFN-PG, INFN-LNF, INFN-TO)
 Large area scintillator detectors (MPP-MPG, DESY, INFN-BO, INFN-LNF, JGU)

Task 8.4. Innovative solid-state light sensors and highly-granular dual-readout fibre-sampling
calorimetry

* Innovative SiPMs and future applications in PID detectors (JSI, INFN-PD, INFN-TO, CERN, FBK, UiB,
FZU, FOTON)

* Development of highly-granular dual-readout fibre-sampling calorimeters (INFN-PV, INFN-MI, INFN-PI,
INFN-BO, UOS, CAEN)
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AIDA Summary — WP8 Milestone

innova

#MS Description Due
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For completeness — WP8

Description Task LEad Type Dissemination

Demonstrator of a combined read-out system 8.2 DESY DEM PU
of highly granular electromagnetic and
hadronic calorimeters

Report on prototypes construction,
performance and assessment of
industrialisation

Qualification of neutron irradiated SiPMs at 8.4 JSI R
different temperatures.

Construction and qualification with beam of 8.4 INFN-MI DEM
10x10 cm?, 2 m long, prototypes




"i' AIDA WP8 — Meetings and Communication

* Regular Taskleader Meetings

* Among others: Reminder on publications and orientation to publication committee
* Expect that number of publications will increase in coming months

* WP8 Face-to-Face Meeting 11/1/23, CERN 222/R-003

* https://indico.cern.ch/event/1219756/

* Mailing lists
* AIDAinnova-WP8-Taskleaders@cern.ch contains all task leaders

* AIDAinnova-WP8-Institutes@cern.ch contains one contact per
group/institute

* AIDAinnova-WP8-General@cern.ch with self-subscription, open for
everyone who is interested



mailto:AIDAinnova-WP8-Taskleaders@cern.ch
mailto:AIDAinnova-WP8-Institutes@cern.ch
mailto:AIDAinnova-WP8-General@cern.ch
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A WPS8 — Task 8.2.1

=~

d
Reminder: Common beam test CALICE SiW ECAL and AHCAL — June 2022
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* Large scale application of readout tools as e.g. EUDAQ DESY, CNRS-1JCLab, CNRS-LLR,
* Calorimeter system with 37000 readout cells FZU, JGU + IFIC, MPP-MPG,
* Important input for common development of readout hardware Kyushu U
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Al D A WP8 — Task 8.2.1 — Technical Specifications for Com
Innova

DESY, CNRS-IJCLab, CNRS-LLR, FZU, JGU

oSV
& + Based on CALICE SiW ECAL SL Board v2
*Update of AIDA-2020 Deliverable during AIDAinnova

* Relevant questions for adaptation to CALICE AHCAL
* identified in 3 meetings, bl 2 physical satellite-meetings @ CALICE

List for AHCAL:

* Central Interface Board for AHCAL has to be shrinked

from a lateral size of ~10 cm to a smaller surface

Power board (ASIC, SiPM, LED pulsing) may stay as a mezzanine

* Important test to do: Can power pulsing be integrated on AHCAL Board ?
Signal transmission via “CORE Kapton” not feasible (length, and not needed)
HDMI cables still optimal, also since five differential pairs

AHCAL may consider combining functionalities in FPGA

4/26/23 WP8 - AIDAinnova Annual Meeting April 2023 _



Al D A WP8 — Task 8.2.1 — Technical Specifications for Commo
Innova

DESY, CNRS-IJCLab, CNRS-LLR, FZU, JGU

oSV
& + Based on CALICE SiW ECAL SL Board v2
*Update of AIDA-2020 Deliverable during AIDAinnova

* Relevant questions for adaptation to CALICE AHCAL
* identified in 3 meetings, bl 2 physical satellite-meetings @ CALICE

CORE-Daughter

Control & Readout Kapton

List for AHCAL.:

* Central Interface Board for AHCAL has to be shrinked

from a lateral size of ~10 cm to a smaller surface

Power board (ASIC, SiPM, LED pulsing) may stay as a mezzanine

* Important test to do: Can power pulsing be integrated on AHCAL Board ?
Signal transmission via “CORE Kapton” not feasible (length, and not needed)
HDMI cables still optimal, also since five differential pairs

AHCAL may consider combining functionalities in FPGA

New PCB for SiW-ECAL.:

Improved Layout

Local Power Supply

Delivery February 2023 — (Partially) funded with AIDAinnova funds
Pre-version showed dramatically improved noise

Current version about to be equipped with components

4/26/23 WP8 - AIDAinnova Annual Meeting April 2023



AIDA  WP8-Task 8.2.1 - Compact Calorimetry
Innova

Application for the LUXE experiment (2025+7)
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Prototype at CNRS-IJCLab (Even number of layers)

6x “Input” SMA connectors

4cm

Trace width : 127um
GND width : 250 pum

Trace width : 127um
GND width : 500 pm

6x
“Output”
SMA
connectors
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AI DA WP8 — Task 8.2.2 — Future Noble Liquid Gas Calorimeter
Innova

Prototype at CERN

0.3 a.u.

Input signal on cell 7 tower 7{ one shield |

Output signal on cell T tower T
Shaping time: 150 ns

f ol
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 Small cross talk

(Odd number of layers)

Input signal on cell 7 tower 7{ one shield |
Output signal on cell & tower 7
Shaping time- 150 ns
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\
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* Only one ground shield (instead of two)
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AID A WP - Task 8.2.2 - Future Noble Liquid Gas Calori
Innova

CNRS-I1JCLab CUNI

Energy Resolution CorrectedCaloClusters
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& 20 4 60 g0 100 Study of y/Tr° separation
E (GeV)
* Simulation studies with different ...
.« ... noble liquids (LA, LKr) * LAr Based Detector DD4Hep
.. absorber materials (Pb, W) * Full simulation on Key4HEP
* Code ready for performance and physics studies
. O []
* Best performance with LKr and Pb « e.g. of y/mseparation



Al DA WP8 - Task 8.3.1 — Testbenches for char

Innova
Q)Q Testbench at CERN Testbench at Vilnius Testbench at Perugia
g: Oscilloscope

External HF Amplifier | | Operational
Tnigger (Stop and Energy Amplifier
(Start Signal) Signal) oty S

SIPM + Sample =

(couping through Meftrmount,

no wWrapping)
Collimator

Pulsed Laser

Light output and detector

time resolution for low

density material Material characterisation by
Transient Absorption

Light output at low
Temperatures
(LHe [4K] ou LN [77K])



Al DA WwPS8-Task8.3.1 - Crystal characte

innova
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Al DA WPS8 - Task 8.3.1 — Testbeams

innova

Testbeam to study time resolution Testbeam to study dual readout ~ Testbeam to study highly
of crystals of PWO granular crystal calorimeters

PWO + filters + PMTs
Klever: Concept for
Small Angle Calo

20 cm

Crystal r/o with SiPM and High frequency amplifier

CRILIN Concept
(mu collider)
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Time resolution at MIP level
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AIDA wPS8 - Task 8.3.1 — Blue Sky R&D - Nanomaterials

innova

Test of encapsulation of nano materials (Glass2Power) Toward a calorimeter using nano materials

Nanocomposite scintillators for :shashlik

Quantum dots used as
emitters for bright, ultrafast
robust scintillators:

» Calorimetry
 Timing-plane detectors

CsPbBr, in PMMA

Absorption, emission @Milano -

10°

520 nm emission

NanoCal project: WP13.5 with synergies to 8.3.1
Realize first calorimeter with NC scintillators:

CsPbBr,, 0.05-0.2% w/w in UV-cured PMMA
« 50% of light emitted in components with t <0.5 ns
« Radiation hard to O(1 MGy)

« Light yield? O(few k) photons/MeV deposit? : . T
Trial production of tiles in
Protvino format (55 x 55 mm?

PL Intanaily

300 400 55[." o EBD ] T00
Wavelength (nm) PrOgress:
- 2022: Cﬂmpﬂnent test at CEHN“IDEFSH"ESJ‘SIPMS] Just concluded!

Absorption and emission spectra demonstrate + 2023-2024: Build and compare full-scale prototypes with conventional/NC scintillato

Successful encapsulation of nano materials
4/26/23 WP8 - AIDAinnova Annual Meeting April 2023



Al DA wP8-Task8.3.2 - Large area scintillators - 1

| NnNNOoVdAd
The “DUNE Side” MS33 achieved LHAIDA
JGU MPG-MPP innova

* For the investigation of scintillator materials for near-detector calorimeters, test infrastructure has been built
up both at JGU and MPG-MPP.

» Scintillator bar prototypes have been tested at MPG-MPP and in the DESY test beam using a test system with
double-sided SiPM readout, coincidence trigger system and a translation stage enabling automatic scanning
sequences across the semhlleter bar surfaee Setup and first results on Tlmlng

e Position:-105, 0

12000 4 C

10000 4

BOOD A

6000 1

Counts

4000 1

Z000

0 = v v ¥ - B
- o a3 10 15 20
Time [ns]

« At JGU, the development of test systems characterising the response of different scintillator materials to

neutrons and photons has progressed further.

4/26/23 WP8 - AIDAinnova Annual Meeting April 2023




A| DA WP8 — Task 8.3.2 — Large area scintillators for e.g. SHIP

MS33 Achieved

L,

New prototype: 3x5 tile matrix

15 instrumented tiles

I2C control lines to set bias voltages, fast
comparator thresholds

Summed analog output for each tile
Digital output from comparators

15x15x1 cm?®

* Choice of scintillator type
EJ 200
* Readout at corners by

Hamamatsu SiPM Model
S14160-6050HSO0

WPS8 - AIDAiInnova Annual Meeting April 2023




< r AIDA  WP8-Task 8.4.1 — SiPM and future applications in PID Detectors

MS 34 achieved in M21 — Lead JSI Single Photon Applications
0 L Y Y N —

Sensor size 5 mm 6 mm 1/3 mm
Grant Agreement No: 101004761 S' I h t _t. 't + + +
- ingle photon sensitivi
AIDAinnova gep y
Advancement and Innovation for Detectors at Accelerators
Horizon 2020 Research Infrastructures project A|DAINNOYA LDW DCR + + +
" >eak PDE Blue Green Green
DEFINITION OF SIPM REQUIREMENTS AND
PERFORMANCE STUDIES WITH SIMULATIONS OF SPTR (ps) 50 50 100
DIFFERENT USE CASES
Operating T(deg. C) -20.. 20 20 (in contact with -100 (Gas vessel @ 20 deg. C)
MILESTONE: MS34
quartz bars)
Light focusing + - +
“ 1 : : : 5 PP T T Y Y T 3 ¥
E - .5..;:::3“"@'"8@ Area to cover 4.5 m2 0.4m?2 1m2/9m2
0‘95:_""' .n: f' ' | Fluence neg/cm? 1012 1011 3x1013
- i':ﬁ' : é ; ; ; : :
- e Bellell Trigger rate 30 kHz 30 kHz 40 MHz
SHE 7 M B B Phot. incident angle deg  0-30 0-90 0-10
- 5 5 5 5 5 * 2xBG,4.0GeV || Start 2035 2028 2033
.75~ 5xBG, 4.0 GeV |+
C : : : : : e 10xBG, 4.0 GeV |
Y 4 N IV AP I AP e B P N

1 1 1
0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
1t missid. prob.

Different requirements for e.g. LHCb and Belle Il



Al D A WPS8 — Task 8.4.1 — SiPM characterisation at differe
Innova

HAMAMATSLU PE 4th sample

DRS4 5 GHz waveform sampler

Keithley 65178

-V meter
- |A trigger
Pilas pulsed 25ps
laser 635 nm
dry air ]_

Light tight box
amplifier
Humidity sensor upcz710

SiPM sample

2mm Al support

Peltier TEC4-24603

OverVoltage —

[ —

TR

Optical fiber SM400

Temperature sensor - PT100

[«}]
[l
-
=
(1]
| -
Q
Q.
0
I_

1
PID temperature

>f  conelers * e.g. LHCDb requires cryogenic environment
* Here setup for temperatures between -35 and 25°C
* Setups to measure -196 and -20°C well advanced

* Room temperature measurements for Belle |l see talk by E. Torassa
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https://indico.cern.ch/event/1191719/contributions/5374330/attachments/2635056/4558513/AIDA-Apr2023.pdf

AIDA  WP8-Task 8.4.1 - FBK Activities
Innova

Current work:

Analysis and review of the data on currently available FBK SiPM technologies,
including NUV-HD-RH and new variantsDefine suitable testing procedures for future
measurements in collaboration with AIDAinnova partners

Plan:

Study / modeling of the effects of radiation damage on SiPM characteristics, under
different sources of radiation.

Design an optimized SiPM run
Fabricate SiPMs in FBK clean-room —in Q3/Q4 2023.
Characterize the newly produced SiPMs.

4/26/23 WPS8 - AIDAinnova Annual Meeting April 2023




AI D A WP8 — Task 8.4.1 — SiPM array for TileCal Application
Innova

One Photon --> Many Photons FZU, U Bergen/U Géttingen, FOTON

|

Industrial Beneficiary

RS

210 00~JooUN~ID00  Aef] [

R
0000000000000

SiPM Array woth flange to
illuminate 4x4 SiPM with fibres

gkéiPMAr“w

~———10x10mm?

=
RE

T MZEOOQO M MMM

~1OH 0o

Next steps: Integration of pre-amplifiers and adaptive power supply
4/26/23 WP8

- AIDAinnova Annual Meeting April 2023




Al D A WP8 — Task 8.4.2 — Development of highly granular dual-read
innova  fibre.ssampling calorimeter

The Mini-Module Beneficiaries:
INFN-fundedR&D | [NFN (PV, MI, PI, BO, CT and
project RM?1), U Sussex, CAEN
Collaborators:
South Korea (KNU, KU)
US (U lowa)

32 x 16 capillaries

The Module /

O 16 modules in total

O 2 central modules equipped with SiPMs
0 14 modules equipped with PMTs

10 Mini-modules d ~65x65x250 cm?

~183x13x250 cm?

Prototype with hadronic

The challenge: containment: HiDRa
We have 10240 SiPMs, fitting the back side of the
detector
4/26/23 WP8 - AIDAiInnova Annual Meeting April 2023



AI D A WP8 — Task 8.4.2 — Development of highly granu
Innova fibre-sampling calorimeter — Module assembly

~ Assembly reference
~ structure anchored
~\ tothe granite table
with the 1% layer of
tubes in place

Vacuum + double-sided tape for
tube handling

Glue dispensing and tube alignment and positioning



AIDA  WP8-Task 8.4.2 - Development of highly gr
innova fibre-sampling calorimeter — Module assembl

The front-end board
with signal grouping

The mini-module

1 readout board serves 64
front-end boards with
grouping: half mini-module
FERS: A5202
... In cooperation
With CAEN

60 mm

150 mm

4/26/23 WPS8 - AIDAiInnova Annual Meetin



AIDA WP8 - Summary and outlook

innova

* WP8 on track
* Already rich set of results
* All milestones achieved
* Active participation of industrial partners

* Face-to-Face Meeting in January 2023
* Will allow for seeing more facettes of workpackage

* Will put from now on also emphasis on publication record

* WP8 is also “nucleus” for DRD Calorimetry and a forum to connect planning level
with working level at an early stage
* Improves mutual understanding right from the beginning
* Forum for identification of synergies
* Might be necessary to clarify the role of the WP when DRD gets going in 2024
* |nitially AIDAinnova may be one of the few sources for dedicated funding

4/26/23 WP8 - AIDAiInnova Annual Meeting April 2023



Al Towards DRD on Calorimetry
INNOoOVvVaAa

. . ECFA CERN Research Board -=#{ CERN COUNCIL
Proposed organisation [ ]- . -
Recommends
scheme : [fﬂf-‘::‘l:;::;v Appmvts‘
r E = lli I-I'WH I. & K
mm?‘d N\ Mﬁﬂﬁi:mhmm\?m Reports p[ CERN SPC ]
Endorsed by IECFADEEET:: mmwﬂe&mm.
- AL st K A5 Bl { Onreques, addonal apers from e EDP can |
CERN Council in pepfoniiliia L - 2 )
Sept. 2022 el
Detector RD (DRD) Collaborations

O60E

2030-  2035-  2040-
2035 2080 2085 2045

Research themes calorimetry:
<2030

DRDT 6.1 Develop radiation-hard calorimeters with enhanced electromagnetic =~ ===

energy and timing resolution
DRDT 6.2 Develop high-granular calorimeters with multi-dimensional readout —_— =
for optimised use of particle flow methods
e e———f

DRDT 6.3 Develop calorimeters for extreme radiation, rate and pile-up
environments

110 Institutes from four continents have declared interest to join DRD on Calorimetry
4126123 P Aipsmors st Wesing 20z e NPT




innova

AIDA Towards DRD on Calorimetry

Management: Gouvernmental and executive bodies including Speakers Bureau (- Dissemination)

Work Areas: Will deliver monitorable results and enable R&D with shared interest

* Technologies
will emerge from
input-proposals
* Maybe after some
minor regrouping

Transversal Activitites (common collaboration

Full integrated sampling
Calorimeters
~Track 1

Technology 1
Technology 2

Liquified Noble Gas
Calorimeters
~Track 2

Optical Calorimeters
~Track 3

Technology 1
Technology 2

interests):

Network established

by existing collaborations
and

European Projects as
AIDA-2020, AIDAinnova
etc.

IS iInstrumental to set up
the DRD

Materials

Photodetectors,
Electronics and DAQ

Testbeam Facilities
snd Infrastructure

simulation, algorithms

Detector Physics,

and s/w tools

Industrial connection
+ technological transfer

- Transversal Activities are vital for the success of the collaboration
- Transversal Activities will also ensure relations with other DRD

4/26/23
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Al D A Workpackage 8 - Beneficiaries and Ass

Innova
Beneficiaries: Associated Partners:
CAEN (Industry) FOTON (Industry)
CERN GLASS2POWER (Industry)
CNRS-IJCLab, CNRS-LLR, CNRS-LPNHE Minsk
CUNI HZDR
DESY Crytur
FBK (“Interface to industry”)

FZU

INFN-BO, INFN-LNF, INFN-PD, INFN-PG,
INFN-PV, INFN-TO

JSI

JGU

MPP-MPG

TAU

University of Bergen

University of Sussex

Vilnius University
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