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DRCal Collaboration and main R&Ds

South Korea — projective fibre-sampling calorimeter demonstrator

Europa: INFN, Sussex University — fibre-sampling calorimeter demonstrator

U.S. — exploiting time information for effective longitudinal segmentation
and improved energy reconstruction using neural networks

Important synergies
Custom trigger board (low latency ~ 10 ns)

Common DaQ (EUDAQ)
Good sharing of Test Beam time slots

Common simulation framework (Overview of IDEA Full simulation: L. Pezzotti )
DRD4: monolithic SPADs (ASPIDES project supported by INFN)

Target experiments
Next generation of leptonic colliders in the IDEA detector concept framework

I N F N DRD6 Collaboration meeting, 1-4 April (2025) R. Santoro i@\


https://indico.cern.ch/event/1439509/contributions/6298365/attachments/2996483/5279245/lopezzot_8FCCPW.pdf
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Beam pipe: R ~1.0 cm S Ref: arXiv:2502.21223
Highly transparent tracking
S1 pixel vertex detector (monolithic technology) DR Fiber Calo
Drift Chamber _
Si wrappers (strips) Silicon Wrapper .
Dual-readout crystal ecal: = 22 X,
Thin superconducting solenoid: 3T vermexpetecter b — —
Dual-readout calorimetry 2 m / 7 A, L . o 30%
Target jet-jet mass resolution — = NG
Muon chambers
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https://arxiv.org/abs/2502.21223

R&D in Scouth Korea

Different options under study: Goal: Hadronic-size prototype
- Absorber production and assembly procedure

= Fibre types (round, square, single/double
cladding)

5x5 (460 mm)

o Light sensors (PMT, MCP-PMT, SiPM )

Future TB

Mechanical supporter [l 9.2x9.2cm modules: 9
3D-printing module M 1/2 modules: 13 (Opt1)
I 1/2 modules: 11 (Opt2)

Libl L]
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Structure of 3D-Printed Module

7 745mm— (;_m; t;) pin)
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R&D in South Korea

TB 2022 TB 2023 TB 2024

30x30x250 cm
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Larger prototype:
- Copper based

0 Almost 90%
lateral
containment for
hadrons

o Almost 104,

292 cm 2791 cm 5=5,10%, C=5.77%

Upstream view of DRC module

TB 2022 module
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R&D in South Korea

High granularity solutions: MCP-PMT (128 ch) vs SiPM (400 ch)

M4

: ’_29.0cm

> : CP-PMT_
3 Cherenkov  + Scintillation
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= e 3 MCP-PMT ( talk ]2.07)
B M e S-ch: 200
e i MR - The DRC module is divided to ‘tower’ unit, each tower is bundled to C-ch: 200
‘ single readout channel. (Square type PMT, Hamamatsu R11265-100)  ©on the center of M10
.*' » On M5-T3, MCP-PMT is attached, which provides high granularity,

dividing single tower into 64 channels. (XP85012, XP85112)
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R&D in South Korea

Custom DAQ system: 20 DAQ boards and 1 TCB board (to control multi DAQ boards)
Redout based on DRS4 (32 channel / board)

Powerful performance obtained during test-beam campaign

Upgrade plan is under discussion for faster timing resolution

DRS4 chip
200'400 ps With McP-PMTs £ : ;\’Itllrllvllll !
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R&D in South Korea

Analyses and paper preparation

TB 2022 TB 2023 TB 2024
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R&D in Europe: HiDRa

The Low Granular Module The HiDRa prototype

5 Mini-modules (PMT readout
~ 13 x 13 x 250 cm?

Designed to be scalable and large enough to
measure hadronic performances

A SRS BT The High Granular Module

: \ ' l Two central modules read out
The mini-module

with 10k SiPMs (one per fibre)
64 x 16 stainless steel capillaries: 2 mm UHHHEE I et

outer diameter and 2.5 m long.
Scintillating and clear fibres (alternated in
rows) to apply the dual-readout method

Challenging integration requiring precise assembly procedure
and compact components (i.e. SIPMs, services and mechanical

INFN support) to fit in the back of the calorimeter R. Santoro {G}



Construction technique

"8 Reference structure anchored
to granite table for stacking
layers of tubes

High quality tube selection:
Accurate measurement of thickness,
straightness, length, and internal diameter
(pass/fail test with fibre insertion)

Vacuum + double-sided §
tape for tube handling

'
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Construction technique and mechanical precision
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O (10 pum) precision on the mini-module
height (calor2024)

Y (mm)
Z (mm)
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Height uniformity — difference w.r.t. mean
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Production started in November 2023: Planarity measurement
— 28.800
LG minimodules (PMT readout) Eam 4
o 28,600 |
o all glued 8 2500y ||

2 B0/70 loaded with fibres (36 qualified on beam in 2024) E :ﬁ 11 Nosesetnyotese®s

HG minimodules (SiPM readout)
o procedure qualified with dummy components (see later) 20000
o ready to start the production Module Number

—g—EVEMAQE —p—MiN —p—Max
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https://indico.cern.ch/event/1339557/contributions/5908919/attachments/2861111/5005718/DR-capillary-tubes-calor-upload.pdf

HG: from design ...

mechanical
support

micro-pcb and
SiPM bar

macro-pcb and

support 16 SiPM bars macro-pcb assembly
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SiPM readout strategy

The high granular module is operated with the Caen FERS system (5200)
and the A5202 readout boards

Communication Detector

User Interface Data Center Front-End i
Array

and
»
>

FERS: A5202

synch
Daisy chain

60 mm

TDlinkgo (MMM 16x FERS NEEM ), )
units
TDlink#1 [y 16x FERS WS ),
units
TDlinkiiz (MMM 16X FERS MMM ), |,
TDlinksiz (MMM 16X FERS MMM o), |,
units
it ot
it ot

150 mm

units

<
<
|
|
|
|
|
|
|
|
|
|
|
|

Two Citirocl1A for reading out up to 64 SiPMs

[
>

. . TDlink#6 16:nfESRS 1024 ch
Two 12-bit ADCs to measure the charge in all channels 7] =
TDlink#7 [ “OX"ERS B q074ch
Timing measured with 64 TDCs implemented on FPGA t

v
(LSB = 500 ps) =E-E-

2 High resolution TDCs (LSB = 50 ps)
Optical link interface for readout (6.25 Ghit/s)
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One (20 — 85V) HV power supply with temperature
compensation
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TB 2024 @ CERN SPS with partially completed
hadronic-shower-size calorimeter

Low Granular modules qualification on beam:
36 HiDRa minimodules, 3 columns x 12 rows: ~ 39 X 39 x 250 cm?3

Nominal angle of 2.5° (x and y axis) with the beam
PMT-readout only
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https://indico.cern.ch/event/1386009/contributions/6279026/attachments/3016340/5320498/2025-02-18_TB2024DualReadout_VCI2025.pdf

Custom trigger board

Low latency trigger board (~ 10 ns) (designed in Pavia)
ECL logic
Inputs: 3 analogue signals (coincidence and veto) and 3 digital signals (2 vetoes and 1
pedestal trigger)
Outputs: 2 fast gates (tunable duration) and 2 digital flags (Physic / pedestal)

Prototype expected by mid-May

Final version by end of September
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R&D in Us: DREAM refurbishing

Dual-readout fiber calorimeter with longitudinal segmentation based on timing.

» Different types of information from large number of channels need to be integrated and
collected in a unified manner (EUDAQ)

Outer region - 768 Ch — SiPM Std (FERS)
Core region — 128 Ch Std (FERS), 128 Fast (DRS)

Refurbishing in progress

Scintillation SiPM Cherenkov SIPM

‘ 3mm XX
Outer region | | ﬁ < oo
N2 mm ‘
™~ 54 1 3 mm L and 3.07n
b |
E 3 E
| Core region
4 ’)-(.(‘)/:-'.;D mm
| | ==
Outer Region OnSemi J-Series 6X6 cm? Standard + fast (180 ps) standard (FERS)
Core region OnSemi J-Series 3x3 cm? Standard + fast (90 ps) Std (FERS) + fast (DRS)
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R&D in Us: readout strategy

Optical Data
Standard output FERS )(9()(14) P —»| concentrator ETH ]
Detector " A5202 TDLink DT5215
SiPMs Linux PC
Fast output EUDAQ
VME . USB3
7\ DRSx6(x4) ,| Bridge |___
Trigger |~ V1742 V4718
".'

| I |
| r "‘-. | '1"
, Beam line ! 5 1DCADC ..

I elements | 1775, V792:
|

*\/4716 with multi-client firmware
(2024051500) — DRS + QDC,TDC

: : : Jordan Damgov @ DRD6 N
DRD6 Collaborat ting, 1-4 April (2025 - R.S | )
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https://indico.cern.ch/event/1518461/contributions/6390144/subcontributions/536494/attachments/3021116/5330169/HG-Dream_DAQ.pdf
https://indico.cern.ch/event/1518461/contributions/6390144/subcontributions/536494/attachments/3021116/5330169/HG-Dream_DAQ.pdf

Data Concentrator
DT5215

9 " apc, v792

~

= —
B Bridge, V4817

4xDRS, V1742

: : : Jordan Damgov @ DRD6 7N
DRD6 Collaborat ting, 1-4 April (2025 : R.S {
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https://indico.cern.ch/event/1518461/contributions/6390144/subcontributions/536494/attachments/3021116/5330169/HG-Dream_DAQ.pdf
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DAQ deveiopments in EUDAQ

Readout electronics partitioning in EUDAQ

EUDAQ
——
FERS x9(x14) : FERS Producer —» | Storage
As202 | - | (SDD,HDD)
»
DRS x6 - DRS Producer |—» Data
V1742 > Collector
_______ ; _,| Monitor
: ! e (ROOT)
DG, aQbC o +: QTP Producer =
1 V775, V792 :

Jordan Damgov @ DRD6
DAQ SW meeting

offline

Raw2ROOT
(euCliConverter)

¥ ]
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https://github.com/rinopersiani/eudaq rino

Started from Rino Persiani work, incorporating FERS into EUDAQ

US developments: https://github.com/jdamgov/eudaq tb2024

Implementation for DRS and FERS

Run control

CAEN libraries and Drivers:

CAENComm-v1.7.0
CAENDiIgitizer-v2.17.3
CAENVMEIlib-4.0.2

FERSIib from Janus5202-3.6.0
V4718-USB-Drv and libusb.

h_Board00_HG_ADC_Ch00. ‘

Mean 1534 |

T R | = |
Std Dev 9.554

Monitor (FERS)

1
|
|
|

by e b e e e b e U
200 300 400 500 600 70?:
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DAQ SW meeting
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eudaq Run Control v2.4.7-260-g7ef2cf00 x
State:
Current State: Stopped
Control
Init file: | /home/daq/eudaq_rino/user/fers/misc/fers.ini Load
Config file: '/home/daq/eudaq_rino/user/fers/misc/fers.conf Load Config
Next RunN: Start
0% Reset Terminate
Log: Log v LogConfigs
ScanFile scan file not set Load Start Scan
Run Number: 117 (next run) my_dco:DataCollector: 167 Events
my_mon0:Monitor: 34 Events my_fersO:Producer: 194 Events
my_drs0:Producer: 202 Events log: SERVER: tep://35323
Connections
type “ name state connection message information
LogCollector log STOPPED tep://127.0.... Stopped <_SERVER> tcp://35323
DataCollector my dcO STOPPED tep://127.0.... Stopped <EventN> 167 <MonitorEvent...
Monitor my_mon0 STOPPED tep://127.0.... Stopped <EventN> 34 < SERVER> tcp:/.
Producer my_ferso STOPPED tep://127.0.... Stopped <EventN> 194
Producer my drs0 STOPPED tep://127.0.... Stopped <EventN> 202
Fens-oRs ROGT monior =™
= QE!VW P Cooas bamwoen runs. =% =
Average Pulse
. 3 . ' . ["h_Board0_Pulse_Ch00
2 [ e TR I " [entries 1024
< 2000 L ) Lt i [ L l”{ Mean 512
m AR i ooy o
b \ R | U g1 pev 2856
1800 — | ‘, | StdDevy 3208
|
Lo |
1600 — |
E | Monitor (DRS)
1400 — !
1200 — |
|
1000— | | T
r :’Il b ‘L ;'."L, j."i*c
PR S VIRV T LN M S R L |
SN SR A, S " =
0 200 400 600 800 1019§
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https://github.com/rinopersiani/eudaq_rino
https://github.com/jdamgov/eudaq_tb2024
https://indico.cern.ch/event/1518461/contributions/6390144/subcontributions/536494/attachments/3021116/5330169/HG-Dream_DAQ.pdf
https://indico.cern.ch/event/1518461/contributions/6390144/subcontributions/536494/attachments/3021116/5330169/HG-Dream_DAQ.pdf
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DRCal: main user in H8
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Digital 5iPM Platform for High Energy Physics

ASPIDES is a two-year project funded by INFN (2025), coordinated by L.
Ratti INFN-PV)

Goal: development of monolithic SiPMs in CMOS technology detectors
with embedded functionalities (dSiPM)

Photon counting with wide dynamic range (= 30um pitch)
Fully digital output

ToA and ToT with resolution better than 100 ps

Threshold adjustment capabilities for noise rejection

Possibility to enable/disable individual micro-cells and global signal to
enable/disable the array

Study of radiation damage and operation at cryogenic temperatures ASPIDES

Modelling of new SPAD devices with improved performance in radiation
environment and at cryogenic temperatures

Submission planned for Q4 2025 (LFoundry 110 nm, 6 metal layers)

I N F N DRD6 Collaboration meeting, 1-4 April (2025) L. Ratti @ DRD4 WP1 meeting R. Santoro @


https://indico.cern.ch/event/1527184/contributions/6425556/attachments/3040269/5370141/250326_WP4.1_meeting_CMOS-SPAD.pdf

Design is on-going

16 x 16 array, made of elementary clusters of 2x2 cells

(_ _

Basic building macro for the matrix
\ * Front-end
\ * SPAD active region
* Routing region
¢ Counter and NAND tree

I N F N DRD6 Collaboration meeting, 1-4 April (2025) L. Ratti @ DRD4 WP1 meeting R. Santoro
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https://indico.cern.ch/event/1527184/contributions/6425556/attachments/3040269/5370141/250326_WP4.1_meeting_CMOS-SPAD.pdf

Demonstrator for DR calorimetry

1 Module = 8 dSiPMs 1x1 mm?, interspaced by 2 mm

2 mm

253
7
<)

photon
counting

photon
counting

thresholding thresholding

&

1 mm

TDC close to the signal source: :

possibility to set a threshold Electronics placed in the inter-SiPM

on triggering signal region, taking advantage of the HiDRa
: geometry

19)UN0d
|o|iesed

Threshold: virtually any value
can be set

J8jUNod
|o|jesed

KR R
R R R R KT
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RBRBDVDVD
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R T T

RDRXDBRDVRED
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|ogzn digital
comparator

threshold
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https://indico.cern.ch/event/1527184/contributions/6425556/attachments/3040269/5370141/250326_WP4.1_meeting_CMOS-SPAD.pdf

In summary

The DRCal R&D, at this stage, goes in several directions
Innovative absorber production to guarantee good quality and affordable cost

Assembly solutions that could be considered for large scale production
Different fibres and light sensors

Different readout architectures and analysis techniques

Synergies and common efforts are growing, hopefully we will have
combined test beam in the coming years

New solutions to improve robustness and scalability are also being
evaluated

To follow up the R&D, subscribe:
e-groups.cern.ch and idea-dualreadout@cern.ch

I N F N DRD6 Collaboration meeting, 1-4 April (2025) R. Santoro ‘@



Backup
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Dual Readout: the principle

Non compensating calorimeter (h/e<1):
EM. has a different response to electromagnetic
COMPONENT .
(fem) and hadronic component (1-fem)

! ABSORBER

........... B, e
; Y Honvy fagment | COMPONENT The fem is energy dependent: it induces a
- ' * (- fem) non-linear calorimetric response to hadrons

and large fluctuations

By reading two calorimetric signals (S and C) with different h/e, the fem can be
measured event by event and the compensation can be achieved off-line

h . ().~ (£),(%)
S CHOXES) () (-(),)-(-(),)

E.=E| f. + <£> (1 =) € 1 — (i) x does not depend from B
€J) g (E S~ ZEC) ¢ /¢ energy and particle type.
E = A= 5 It is detector dependent: it
I — (; can be measured on beam

L —— K ¢ tests
S.Lee et al, RevModPhys, 90, 025002 (2018) 5, 1-4 April (2025) R.Santoro { )

DOI: 10.1103/RevModPhys.90.025002




HiDRa: the expected performances

Resolution studies performed with the HiDRa geometry based on a full
simulation tuned on 2021 test beam results
Beam tilted by 2.5° in both X andY directions

Capillary outer diameter = 2mm and fibre diameter =1mm

Resolution and linearity with single pions (different geometries)

Pion resolution in [10, 100] GeV Range Pion Linearity
w = § 0.05——5(5Geo, 2500 mm Depth
° | —— stdgeo2000: oB)_ 36.74% 4 0696 w® —F— stdGeo, 2000 mm Depth
0.12— 2 E = 0.04 T— ExtendedGeo, 2500 mm Depth
L stdgeo2s00: @ - 36.78% 1 9705 g T— FullContGeo, 2500 mm Depth
i \E o W 0.03F
6 1—_ —— newgeo2500: %E) = 35.93% 5 749, ///f Elé 0.02 E_
b tullgeo2so0: %2 = &EZ%m.zs% / i 5 015_
- 2 =
0.08— 0
- -0.01
. 0.02F
- -0.03F
0.04[< F -0.04
s I N SIS EE S S B ] 0 P P P PRI FUUTY PUUI FUTT PUUTL ST I
0.1 0.15 0.2 0.25 03 P10 20 30 40 50 60 70 80 90 100
1VE [Gev™Y Energy [GeV]
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Sensor requirements for DR-Calorimetry

Unit Area (mm?)
Micro-cell pitch (um)
Macro-pixel (um?)
PDE (%)

DCR (kHz)

AP (%)

Xtalk (%)

Trigger

Data: light intensity
Data: time

Final - Package

Connection

Ix1
15 or 30
500 x 500 (or less)
(20 - 50)
Not crucial
As low as possible (= 1)
As low as possible (few %)
External
Number of fired cells in 1 or 2 time windows (tenths ns long)
Time of Arrival in the time window (< 100 ps) possibly TOT
Strip with 8 units
BGA

I N F N DRD6 Collaboration meeting, 1-4 April (2025) R. Santoro
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