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Beam tests are critical to test the 
performance of devices and 
tune/validate the simulations*
particularly for hadron calorimeters 
ϝƘŜǊŜ άǘƘŜ ǎƛƳǳƭŀǘƛƻƴǎέ ƳŜŀƴǎ ǘƘŜ 
geometry description and use of 
appropriate physics list etc. 
(Rong-ShyanLu)
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Why beam tests? Can we not just simulate?
TARGETS of the HGCAL test beam team:

Validate the overall conceptual design of the HGCAL - i.e. can it be built 
similar to the original Technical Proposal and does it work as planned?
Compare the measured performance of the prototype systems with 
GEANT4-based simulation
Start to build a team of people who will be able to follow the design, 
development and construction of the new calorimeter



HGCAL APPROVED AS "THE" 
ENDCAP CALORIMETER

STARTING PLANNING 
TESTBEAMS

OMEGA STARTED THE 
DESIGN OF SKIROC2_CMS

FIRST "HEXAGONAL 
MODULE" WORKING AND 
TESTED IN BEAMS AT FNAL 
(LESS THAN A YEAR AFTER!)

16 LAYERS TESTED AT FNAL

8 MODULES TEST START AT 
CERN

HEXB DESIGN STARTS AT 
CERN INCLUDING SKIROC2-

CMS ASIC

FIRST SKIROC2-CMS 
RECEIVED AT CERN

FIRST TESTED HEXB

BIGGEST SYSTEM TESTED 
AT CERN: 22  SILICON 

MODULES + CALICE AHCAL

PREPARING FOR ~100 
SILICON MODULES WITH 28 
IN ECAL AND THE REST IN 
HCAL PART PLUS A CALICE 

AHCAL (SCINTILLATING 
TILES + SIPM READOUT)

TESTBEAM AT DESY MIP 
AND OTHER CALIBRATION 

PURPOSES

TODAY

Apr-15 Jun-15 Aug-15 Oct-15 Dec-15 Feb-16 Apr-16 Jun-16 Aug-16 Oct-16 Dec-16 Feb-17 Apr-17 Jun-17 Aug-17 Oct-17 Dec-17 Feb-18 Apr-18

Major beam/system-test related milestones in the HGCAL project
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Skiroc2-based 
double-layer 

modules

Skiroc2-CMS-based single-layer modules 
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Readoutsystemin 2016

Readoutsystemfrom 2017

18th International Conference on Calorimetry in Particle Physics- University of Oregon Joaquín B. González (CERN)

Two iterations of the electronics chain for beam tests
still on going, and not related with the final system

Fast deploy system (mix of market electronics with 
ad-hoc design)
Know-how generation, training people and prepare 
the rest of the system (mechanics, electronics, SW, 
ŦŀŎƛƭƛǘƛŜǎΧύ

Skiroc2-cms added 
(ToT, ToA, data 
handling 
ƛƳǇǊƻǾŜƳŜƴǘǎΧύ
Very scalable, 
Relatively inexpensive 
(ORM from CMS)
Quite high bandwidth 
up to ~14000 
channels @ 50 Hz
Fully integrated on 
EUDAQ Software 
(reconstruction on 
real time during 
testbeamand data 
quality assurance)



Module assembly for testbeamprototype (2016)
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Gold  platedkapton
layer(biasing)

CuWbaseplate

Sensor layer

Four layers design for the sensor module
For 2016, PCB (top layer of the stack) was interconnection. 
For 2017, PCB was already the front end electronic board
These modules for beam tests is enabling us to tune our 
module production process



~700 wirebondson eachmodule
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After the sensor glued and wire bonded to the PCB
2016 module example

6 minutes each module



Skiroc2 ASIC is inheritedfrom
CALICE. Alreadyworking, Well 
known, and toolsalready
developed.

Startingpoint that allowsthe start
of the other partsof the work, like
mechanics, systemdebug, sensor 
studies, software development
(control, data handling, 
reconstruction, data quality
assuranceΧύ

It is a two layers design, that gave 
us the flexibility need in this first 
beam tests, using well know 
electronics, to simplify calibration 
and debugging of the new parts
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Finally mounted device. First Hexaboard
2016 module example



With new ASIC Skiroc2-CMS ready, and 
with some improvements from what 
we learnt with previous design

One layer only design. Readout PCB is 
now attached to the sensors

4 skirocs(instead of 2) for improving 
capacitance from the trace length

Only two connectors during working 
(HDMI and HV) plus one miniUSBfor 
FPGA programming (offline)

Better DAQ chain (smaller, faster and 
more reliable) avoiding proprietary 
parts. 

Avoids data converters, kaptoncables 
and other parts that reduce robustness 
while increase performance
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The hardware evolves step by step towards its final shape
2017 modules example


