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The structure proposed for the SDHCAL :
• is very compact with negligible dead zones
• Eliminates projective cracks  
• Minimizes barrel / endcap separation 

(services leaving from the outer radius)

SDHCAL
The SDHCAL-GRPC is one of the two HCAL options based on PFA and 
proposed for ILD of ILC/CEPC. Modules are  made of 48 RPC chambers (6λI)
equipped with semi-digital, power-pulsed electronics readout and placed 
in self-supporting mechanical structure to serve as absorber
as well.   

SDHCAL Technological Prototype should 

be as much as possible similar to the ILD module
and able to study hadronic showers 

Challenges

-Homogeneity for large surfaces
-Thickness of only few mms
-Lateral segmentation of 1 cm X 1 cm
-Services from one side
-Embedded power-cycled electronics
-Self-supporting mechanical structure



➢ 48 layers

➢ 1 cm X 1 cm granularity 

≅ 3-threshold, 500000 channels

➢ Power-Pulsed

➢ Triggerless DAQ system

➢ Self-supporting mechanical structure

JINST 10 (2015) P10039



SDHCAL prototype was exposed to beam particles

at  CERN PS, SPS in 2012, 2015, 2017 and 2018



Selected results of the technological SDHCAL prototype

Erec = α (Ntot) N1 + β (Ntot) N2 + γ (Ntot) N3

Ntot = N1 +  N2 + N3 

α , β , γ are quadratic functions of Ntot

They are computed by minimizing
χ2= (Ebeam-Erec)

2/Ebeam

N1= Nb. of pads with first threshold <signal < second threshold

N2 = Nb. of pads with second threshold <signal < third threshold

N3 = Nb. of pads with signal> third threshold

Shower track 

reconstruction

Using the Hough 

Transform 

for in-situ control 

JINST 11 (2016) P04001

PID based on BDT

JINST 12 (2017) P05009

JINST 15 (2020) P10009

http://jinst.sissa.it/jinst/common/archiveFile?filePath=/home/jinst/jinstArchive/archive/papers/preprint/JINST_012P_0216/6/2016_JINST_11_P04001.pdf&fileType=pdf


SDHCAL R&D towards future colliders

❑ Detectors as large as 3m X 1m need to be built

❑ Electronic readout should be the most robust with

minimal intervention during operation.

❑Mechanical structure with minimal dead zone

❑ Include time information     SDHCAL→ T-SDHCAL

SDHCAL
ILD Module

GRPC
Glass Resistive Plate Chambers



inlet

outlet

Prototype circulation system New circulation system

Construction and operation of large GRPC necessitate some improvements with respect to the present 

scenario. 

➢ Gas distribution: new scheme is adopted

➢ Gas gap thickness: better control 

➢ Coating:  new paints are tested

I.Laktineh          ILD meeting  2021

New large RPC design

2 m X 1 m



New readout electronics

6 cm

33 cm

6,3 mm

4
,7

 m
m

➢ Independent channels

➢ Zero suppress

➢ Extended dynamic range (up to 50 pC)

➢ I2C link with triple voting for slow control 

parameters

HR2→HR3

➢ Larger PCB (100 cm X 33 cm)

➢ Detector InterFace (DIF) to  read 

out up to 432 ASICs

786 HR3  produced and tested , Yield : 83.3 % 13 ASUs & 5 DIF produced and being tested



Detailed view of one corner

Welding zones

4 plates
~1x3m3 

Absorber assembled with 

Electron Beam welding

Absorber plates planarity after roller leveling Roller 
Leveling

New mechanical structure design

EWB 

minimizes

deformation

and reduces

dead zones



Timing is an important factor to identify delayed neutrons and better reconstruct their energy

T-SDHCAL

Timing can help to separate closeby showers and reduce the confusion for a better PFA application. Example:  pi-

(20 GeV), K-(10 GeV) separated by 15 cm.

1 ns  resolution

100 ps resolution
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How to achieve an excellent time resolution:

An ASIC with a fast preamplifier, precise discriminator and excellent TDC

is needed

→PETIROC 32-channel, high bandwidth preamp (GBWP> 10 GHz), <3 

mW/ch, dual time and  charge  measurement (Q>50 fC)

jitter < 20 ps rms @ Q>0.3 pC

→ TDC either internal or external  (delay-line, Vernier,.etc on FPGA as for 

iRPC CMS upgrade project)

A fast-time DETECTOR

→ MultiGAP RPC is an excellent candidate.  

4-5 gaps of 250 µm each can provide 100 ps tim resolution



• Front-End Electronics for MRPC readout with 
high timing resolution

• The system includes a front-end board (FEB), a 
detector interface card (DIF) and a data 
acquisition system(DAQ) based on ZCU102.Front

Back

DIF Card

FE Board

ZCU102

12V

Petiroc2A Evaluation Board

@ INPAC, Shanghai Jiao Tong University

Test System and Setup

First step towards transforming SDHCAL into T-SDHCAL



Conclusions and perspectives

→SDHCAL was the first technological of the CALICE high granular 

calorimeter protoytpes

→Results of beam tests validate the concept.  Many results are obtained.

→New prototype  with large detectors and improved services is on the rails 

and in principle could be achieved as soon as funding becomes available.

→New features such as timing will play important role in future R&D for 

future colliders.  SDHCAL with its (M)RPC is an excellent tool to 

achieve that.


