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CONCLUSION AND OUTLOOK

The CMS (Compact Muon 
Solenoid) experiment, 
operating at the Large 
Hadron Collider (CERN, 
Switzerland), is a multi-
purpose detector, 
consisting of sub-detectors 
nested around the interaction 
point of the LHC collisions. 
Their combined information 
is used to infer the nature 
and properties of particles.
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Layout of the HGCAL

Calorimeter endcaps:
● Coverage 1.5< | η | <3.0
● radiation tolerant
● high granularity
● precise hit/cluster timing
● Enhanced capability for particle flow 

reconstruction
● Operation at -30°C

HGCAL design inspired by CALICE studies, 

e.g. C Adloff et al 2013 JINST 8 P09001

CE-H ( Hadronic)
Active: Silicon + Scintillator /

Silicon-photomultiplier

Passive: Steel absorbers

7 all-Si layers

21 layers, 9.4 λ (total)

Silicon
● 620m² of silicon
● 6M channels
● 30k modules
● 0.5 – 1.1cm² per cell

Scintillator + SiPM
● 400m² of scintillator
● 240k tiles + SiPM
● 4000 boards
● 4 - 30cm² per tile

CE-E (Electro-magnetic)
Active: Silicon

Passive: Cu, CuW, Pb absorbers

13 double-sided layers (full silicon), 

27.7 X
0
 / 1.6 λ

Philippe Bloch, On-detector integration, 2022

Values for both endcaps:

The ongoing Run3 will conclude the first phase of the LHC program. In the 
HL-LHC phase, the accelerator complex will deliver an instantaneous 

luminosity up to 7.5x larger than the design value (1034  cm-2s-1), with 
typical pileup of 140-200.  
The novel endcap calorimeter[1] will be made of a silicon 
imaging section and silicon+scintillators hadronic 
section.  The choice of the active materials reflects the 
need for radiation hardness,. The high 3D spacial 
granularity (over 6M readout channels), together with 

sub-nanosecond precision on timing timing 
reconstruction,  can be used to enhance the particle 
identification, energy resolution and pileup mitigation. 
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Key Parameters:
� HGCAL covers 1.5 < K < 3.0
� Full system maintained at -30oC
� ~620 m2 of silicon sensors 
� ~370 m2 of scintillators 
� ~6M Si channels, 0.5 or 1.2 cm2 cell size  (6M)

~240k scint-tile channels (K�I)  4-30 cm2

� Data readout from all layers
� Trigger readout from alternate layers in CE-E and all in CE-H

� ~26000 Si modules, 3700 Scintillator modules

Active Elements:
� Si sensors (full and partial hexagons) in CE-E and high-radiation 

region of CE-H. 
� SiPM-on-Scintillating tiles in low-radiation region of CE-H

Electromagnetic calorimeter (CE-E): Si, Cu/CuW/Pb absorbers, 
26 layers, 27.7 X0
Hadronic calorimeter (CE-H): Si & scintillator, steel absorbers, 
21 layers, 10.0O (including CE-E)
~220 tonnes per endcap
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BEAM LINE

TOWARDS ROUTING THE FULL SYSTEM
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Within a 30˚ or 
60˚ wide assembly 
(cassette), the 
nominal 
throughput rate 
can span over one 
order of magnitude.  

Groups of DAQ and trigger front-end concentrator mezzanines (ECON-D and ECON-T) transmit data via VTRx+ modules, 
resulting in approximately 12000 optical fibres per endcap. These fibres must be routed through several patch panels to 
reach the back-end boards, and grouped in a way that balances data volume to simplify firmware implementation. Logical and 
mechanical constraints must also be respected, making the routing and grouping process a complex combinatorial problem.

The DAQ back-end system 
implementation is significantly 
simplified if data are balanced 
over  SLink quads, and the TPG 
back-end system needs trigger 
cells links to fit within the Stage-1 
to Stage-2 capacity. Both 
systems are implemented on 
Serenity boards.

THE OPTICAL FIBRES PLANT

Plane 1 Plane 26 Plane 27 Plane 47
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CE-E

CE-H

1 per plane 
per cassette

Across planes,  
split by 60˚ 
sector and 
CE-E/CE-H

Across CE-E/
CE-H,  split by 

120˚ sector 

Across CE-E/
CE-H,  split by 

120˚ sector 

THE TEST BEAM SETUP

Fibres are carried across patch panels and grouped into sets 
representing back-end quads.

The DAQ back-end grouping algorithm deals with chunks already 
balanced, resulting into a flat throughput distribution across boards.

. . .

The latest test beam campaigns, carried out in 2024, featured a setup 
of two layers of multiple silicon modules and one of scintillators, read 
out by close-to-final prototypes of the full vertical chain. The 
detector prototypes were placed within a 3T magnetic field along the 
H2  secondary beamline branching from SPS (Super Proton 
Synchrotron, CERN)[2].

  Back-End

ATCA boards

DTH

DAQ servers

10.24 Gb/s (up)

2.56 Gb/s (down)


optical links

The back-end system implemented a Serenity Z board equipped with a 
VU7P-2 FPGA and a DTH-P1 board, with a software based on HERD and 
XDAQ.

Caption: In the absence of leakage current 
(i.e., before sensor irradiation), the noise is 
expected to scale with the capacitance, and 
thus with the cell area. In the following, we 
assume a simple quadratic scaling (as 
suggested by HGCROC simulations) and fit 
this model to the data. The plot shows noise 
as a function of cell area, normalized to the 
area of a full cell. The red curve represents 
the result of an unbinned fit to the data using 
the polynomial function shown on the canvas, 
alongside the expected values based on 
HGCROC simulations. The noise model 
assumes that noise scales quadratically with 
capacitance (or cell area). The light red band 
represents the 68% CI of the fitted model.

Cell noise distribution (after CM correction) (2) 

13

E
ve

nt
s

N
oi

se
 (A

D
C

 u
ni

ts
)

SILICON SYSTEM
MIP studies

Caption: ADC counts measured in a single cell as 
a function of trigger phase. The chip, which is 
designed for synchronized clock signals during 
beam collisions, is running unsynchronized in this 
test beam, so trigger time is measured 
accordingly. The goal is to study signal evolution 
in the cell using a muon signal. Events consistent 
with pedestals are excluded from the distribution.

Caption: Muon signal and pedestal in a single 
silicon sensor cell after an overnight muon run. 
Events are selected with trigger timing within ±5 
trigger time units around the maximum. After 
pedestal subtraction, the pedestal peak is fitted 
with a Gaussian, and the muon signal with a 
Landau convolved with a Gaussian. The first 
peak corresponds to the pedestal. 

Caption: Signal-to-noise ratio used to evaluate 
the quality of the MIP fit. It is defined as the 
ratio of the most probable value of the 
Landau-Gaussian fit to the sigma of the 
Gaussian fit to the pedestal. The ratio is 
calculated for each cell individually. Only cells 
within the beam spot, where sufficient signal 
was observed, were considered in the 
evaluation, as the beam does not illuminate all 
cells uniformly. The procedure for obtaining 
and fitting the cell distributions is illustrated in 
the center plot. 14
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SCINTILLATOR SYSTEM
Comparing ROC DAQ and ECON-T TPG tileboard data

Caption: Histogram of the energy 
value of a super trigger cell (STC) 
compared to the sum of ADC or ToT 
from the DAQ readout for all 
channels in this STC. The histogram 
bins are represented as colored 
dots, with the color and size of each 
dot corresponding to the number of 
events in the bin. The population 
around 9000 is due to ToT 
saturation, mainly from one sensor 
cell located directly under the beam 
spot, which regularly saturates due 
to a conveyor gain of 4 and an 
overvoltage of 2V. The adjacent 
sensor cell receives fewer ToT 
events. This explains the saturation 
and smearing in the 2D histogram.
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The noise scales with the cell area (i.e. 
with the capacitance) prior to leakage 
current induced by irradiation. Noise 
is measured after correcting for 
event-by-event baseline shifts 
("common mode noise”).

Muon signal and pedestal in a silicon 
sensor cell after an overnight muon run. 
The pedestal-subtracted distribution is fit 
a Gaussian plus a Landau-Gaussian 
convolution for the µ signal contribution.

The energy value of a super trigger cell 
(STC) matches the sum of ADC or 
Time-over-Threshold from the DAQ 
readout for all channels in this STC.

The busy collision environment of the upcoming HL-LHC program requires a complete change of paradigm in detector technology. The HGCAL addresses this challenge with excellent capabilities in spatial, 
energy, and timing measurements. System integration and validation are progressing swiftly, and the readout chain has been exercised under beam and magnetic field, together with calibration routines and 
data quality monitoring. Further studies on the detector performance will be made using data from upcoming test beam campaigns. Meanwhile, the mass production of cassettes and modules is ongoing. 
Strategies for routing the data and trigger fibres are in place, and are being validated along with the cassettes assembling program.

Fib
re

s
Q

ua
ds

Back-end boards
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