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<e,; Introduction — The SDHCAL concept

SDHCAL - Semi-Digital Hadronic CALorimeter

A sampling hadronic calorimeter under development at CALICE Collaboration intended to be used with
PFA reconstruction techniques. ( = High Granularity is a must)

One of the proposed options for the ILD (International Large Detector) at the ILC (International Linear
Collider) and for and CEPC (Circular Electron Positron Collider) detectors

. . o o 4o - .
Sampling calorimeter: Absorber: Stainless Steel + Detector: Glass Resistive plate Chambers > | \,\@
. .. . GRPC Sketch
Detector: GRPC (Glass Resistive Plate Chambers) operating in avalanche mode ot 500 _ readut s
PCB(142)‘1m)+ASICs(1.7 mm) e m:erconnect Readout ASIC
Pcb sup| \ rt (polycarbonate)\ ““ (Hardroc2, 1.6mm)
1x1 cm? pads. Semi-Digital Readout, 2bits - 3 thresholds ‘ T ’
=» It counts how many and which pads have a signal f/ B - e :
Iarger than one Of the 3 thrEShOIds Myér(l?Su) Ceran:c ball spacer (1.2mm) Sa::;g:vgelacsosaﬁllnglmm)
Glass fiber frame (=1.2mm) Anode glass (0.7mm)
+ resistive coating
Embedded electronics:

PCB separated from the GRPC by a mylar layer (50um). z
=» Bottom: 1x1cm2 pads 1 pad= 1cm*,

=>» Top: HARDROC (HAdronic Rpc ReadOut Chip) & related connections interpad 0.5 m

Power-pulsed electronics: In stand-by during dead time in between ILC
Collisions or spills in beam tests

144 IC= 921 Gchannlsl
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SDHCAL at AIDAInnova — Task 7.2.2

General goal: Extending the Semi-Digital Hadronic CALorimeter (SDHCAL) to include timing information (100 -
200ps resolution) for a 5D-calorimetry (space, amplitude & timing)

Implementation Build small multi-gap RPC (MRPC) equipped with a new version of electronics with timing
capabilities to prove the final performance

The use of MRPC will improve the intrinsic timing of the detector
but electronic on the previous SDHCAL 1m3 prototype has not
high resolution timing capabilities. e
=>» Readout Chip HARDROC3. Time Stamping=200ns o 7

For AIDAInnova developments

Bottom steel plate ‘

Using PETIROC (~50ps) as first step before a future new ASIC :
Also some chamber tests using NINO
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THIS TALK PRESENTS THE ADVANCES SINCE LAST YEAR
REPORT AT 2NP AIDAINNOVA MEETING IN VALENCIA

Previous report is available at:
https://indico.cern.ch/event/ng1719/contributions/531526 4/attachments/2634658/ 4557670/ AIDAInnova SDHCAL AnnualAprz3.pdf
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https://indico.cern.ch/event/1191719/contributions/5315264/attachments/2634658/4557670/AIDAInnova_SDHCAL_AnnualApr23.pdf

Chamber tests ongoing @ Lyon
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ABOUT ELECTRONICS FOR SMALL CHAMBERS

Design finalized

48x35cm2 ASU- 1.5X1.5cm?2
and the associated readout electronics.

Production
\ Pending to solve some budgetary problems |

33x50 cm?
Strips 2cm width
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New GRPC chambers since April 2023

£

General design aims:

* Gas-tight, low volume

* No gluing which allows re-opening and disassembling chamber in case of issues
* Easily adaptable in terms of readout board

* Time resolution of O(<100ps)

two times 3-gap

o | e
e L s . -
3 ylar spaters

— Gas volume contained inside gas-tight metallic frame, sandwiched between 2
Printed Circuit Boards containing strip pattern, connection to readout electronics

and services (HV, T-H sensors) — .

Copper coating (0.035 mm)
////l///// ﬂﬂimﬂ l *Y

— ey 5 PCB 1 (2 mm) = i

> Mylar foil 1 (0.25 mm) A ———
—> Resistive glass plate 1 (1.1 mm) -
—> Glass electrodes (0.55 mm)

= Circular Mylar spacers (0.25 mm)
> Gas inlet/outlet

S Spacer

> 3p printed frame

/v

> Resistive glass plate 2 (1.1 mm)
> Mylar foil 2 (0.25 mm)
PCB 2 (2 mm)

VRU E Copper foil (0.2 mm)
UNIVERSITEIT 4
BRUSSEL - P
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AIDAinnova Annual meeting. WP7 . Catania 19/03/2024

perpendicular strips on both sides of

New design of chambers with
the chamber

4 MRPCs (high resistivity glass)
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Beam test at CERN/PS-T10 — H
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DAQ diagram based on ZYNQ

(to be used with small — 16 x 16 cm? - GRPC prototypes)

ZYNQ
PL PS ' PC
Petiroc2B  |€ >|FIFO LWIP UDP €— UDP —2|Qt5 Ul
DMA DMA control kuthon software
|User logic *) PL = Programmable logic (FPGA part)

*) PS = Processor system (Process part)
*) DMA= Direct memory access
*) LWIP UDP -> data transmission protocols

-
—_— e~ o~ —~

/ m user AXI-Stream \ / m user AXI-Lite \
m— logic — Ay logic o n

Data Flow l SC (slow control) Flow

-0 -El--3
(& /
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DAQ Tests Setup 9

Prototype of high-resolution timing system

Hosting 2 Petiroc ASICs
to readout 64 1cm x 1cm pads
for 16x16 cm? detector

-
,‘J

\

Board (version2)

PC SOFTWARE

* Main settings
— Control masks, thresholds, etc.

? e « EN/PP
#l Board™rz T‘Séfap‘” — Control other binary configurations (ON/OFF)
BOttom Using Z{CUIOZ evaluation board o Calibration
’ SLALAALLLLLLY / — Control individual DACs and offer S-curve drawing and
calibration function

* Slow Control
— For slow controls in user logic in FPGA
* Data Transmission
— For sending, receiving and ethernet connecting
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DAQ Tests
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ALIBRATION

asic12; chn0; freq=10khz
> e : :

S-Curve before Calibration < L ﬁ‘ — 120 T T ' —
. . num, = [ Total Number =
1 — : 2 1010 1G-atu:ilan ::)it‘ting3831
P 1 1000 [ A
25¢ 1
g 06 | / 800 | b
504 ' 20} 1 s
02 € 600l
= = ——/)<\7 — - 15 | g
0f a2
320 340 360 380 400 420 440 - | 400 ¢ 38
time threshold
S-Curve after Calibration 51 1 2or 1 :
1! 5 _ ‘ . . - ‘ 1 16 > 2 12
e 5.7996 5.7997 5.7998 57999 5.8 5.8001 5.8002 5.8003 5.8004 10.3994 10.3995 10.3996 10.3997 10.3998 10.3999 10.4000 10.4001

[O) FREPPEEEN
go.e Timing performance tests using ILA Timing performance tests using ethernet
S04 (std is 53.6ps, 70 instances) (std is 56ps, 3831 instances)
02

o b e —

320 340 360 380 400 420 440 . .

time threshold Ethernet communication developed.
It allows to receive much more data, compared to using ILA.
(*) ILA Integrated Logic Analyzer
M.C Fouz
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mM-GRPC + electronics tests

File  Edit  Utility  Help

Waveform View E X ] Waveform - hw_ila_2
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ILA Status: dle
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easic2 {.._|BUF |
e asic2_tright 1B
e asic_s..0BUF
aasic_sr..d_0BU
aasic_srin_OBUF|

o axis_trans_bgn

MRPC TEST WITH OSCILLOSCOPE N - TEST WITH PETIROC

o hokd_ext 0BUF

eraz_chn

voltage 7500V voltage 7500V

detector 10cm x 20cm copper panel detector FE board with 2x32 1cm x 1cm copper pads

result Signals could be obtained and the signal result  Petiroc could be triggered by the mRPC,
characteristics were consistent with muons. if and only if mRPC voltage was turned on.




MGRPC cosmic tests

<Z
Qe

40MHz clock

to Si5345_1
external
clock source

FE board 1

St up for cosmic tests

Sl

FE board 2
mRPC 2

SjV\Ch?OV\iZQEEOV\ s

Pone

Under final development
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