
Poster Review – Calorimetry
M. Aleksa (CERN)

May 28, 2018 M. Aleksa (CERN) 1



Introduction

• 25 very interesting posters!
• 5 posters on ATLAS (LUCID-2 and TileCal) – Operation, calibration and 

upgrade
• 4 posters on CMS (ECAL, HGCal) – Operation, calibration and upgrade
• 2 posters on smaller experiments – Operation and calibration
• 8 posters on future experiments/upgrades – Results from prototypes
• 6 posters on calorimeter R&D
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ATLAS
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LUCID-2 (1)
• LUCID-2 (LUminosity Cherenkov Integrating Detector) is the upgrade of the main 

detector dedicated to luminosity measurements in ATLAS. Most changes were 
motivated by the number of interactions per bunch-crossing and the 25 ns bunch-
spacing in LHC RUN II (2015-2018). 

• LUCID-2 has provided luminosity to ATLAS since 2015. By comparing 
measurements with different algorithms and detectors, systematics are assessed 
and the robustness of results is reinforced. 
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Carla Sbarra
(presenter)

Response stability over wide pileup range and time by comparing 
different algorithms and detectors → precision of integrated 
luminosity measurement better than 2.5%



Robustness Studies of TileCal PMTs (4)
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Giulia Di 
Gregorio

(presenter)



ATLAS Tile Calorimeter Upgrades for HL-LHC (5)
• In order to cope with the high trigger rates and intense 

radiation environment, expected at the High Luminosity 
(HL) LHC, the ATLAS Tile Calorimeter (TileCal) will be 
upgraded with re-designed electronic systems that will 
ensure optimal performance in its future operation.

• The TileCal upgrade program includes: 
– Redesign of all the readout electronics components (front- and 

back- end) to adopt the new ATLAS readout Trigger and DAQ 
architecture; 

– Improved reliability with a full redundant system with no single-
point failure; 

– Revised calibration systems (charge injection, Cesium system, 
laser system); 

– New mechanical structure, including new tools for easier 
installation and maintenance of the electronics. 
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Stylianos Angelidakis
(presenter)



ATLAS TileCal LVPS Upgrade Hardware and Testing (6)
• UTA: designing and producing new 

testing stations to ensure the 
reliability and quality of new 
TileLVPS (Low Voltage Power 
Supplies), also produced at UTA, 
which will power the next generation 
of upgraded hardware in the TileCal
(Tile Calorimeter) system of ATLAS at 
CERN.
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Michael Hibbard
(presenter)

New LVPS Bricks

Developed Testing Software

New Testing (Burn-In) Stations



Beam Tests on Tile Demonstrator Module (7)
• A brief description of TileCal Phase-II upgrade 

read out system within  the Demonstrator 
project framework.

• A description of the testbeam setup and 
module distribution for testing the new 
electronics.

• The current status and results where the new 
electronics were situated in calorimeter 
modules and exposed to beams of muons, 
electrons and hadrons with different energies 
and impact angles.
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Performance of the CMS ECAL in LHC Run II (14) 
• Electromagnetic Calorimeter is a crucial component of the 

CMS detector 
– measures energy of electrons and photons with resolution up 

to 1.5%; 
– excellent position reconstruction thanks to fine detector 

granularity provides high photon-resonance mass resolution 
• Ever increasing levels of absorbed irradiation dose and higher 

number of pile-up interactions make it challenging to 
maintain the high level of ECAL performance. 

• Nevertheless, it is achieved thanks to a number of parallel 
efforts: 
– Continuous monitoring and servicing
– Regular calibrations
– Improvement of reconstruction 

algorithms
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Nazar Bartosik
(presenter)



CMS ECAL Calibration and Alignment (15)
• Precise calibration and alignment of the CMS 

electromagnetic calorimeter (ECAL) is crucial for 
achieving the excellent ECAL performance 
required by many physics analyses employing 
electrons and photons. 

• This poster describes the methods used to inter-
calibrate the ECAL energy response, using 
physics channels such as W/Z boson decays to 
electrons and pi0/eta decays to photon pairs, 
and also exploiting the azimuthal symmetry of 
the minimum bias events. 

• In addition, the poster details the alignment 
procedure used to calibrate the position 
measurements in ECAL relative to the CMS 
Tracker. 

• Results of the calibration and alignment 
obtained with Run 2 data are presented.
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Tanvi Wamorkar
(presenter)

0.3% 
rms



The upgrade of the CMS PbWO4 crystal ECAL (13)

• In view of the high luminosity upgrade, a refurbishment of the 
ECAL-EB read-out electronics is foreseen to cope with the higher 
bandwidth and latency requirements. The upgraded front-end 
electronics, featuring a fast Trans-Impedance-Amplifier (TIA) and 
sampling 160 MHz ADC, will allow the individual readout of all 
crystals in streaming mode to the off-detector electronics. The TIA 
will exploit the fast response of the scintillating crystals coupled to 
the photodetectors to reach a timing resolution of ~30 ps for high 
energy photons and electrons.

• We discuss the present ECAL-EB timing resolution, the benefits of 
improved precision timing on ECAL event reconstruction, 
simulation studies on the timing properties of the crystals, as well 
as the impact of the photosensors and the read-out electronics on 
the timing performance. Test beam studies of the timing 
performance of PbWO_4 crystals with prototypes of the new 
electronics are presented.
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Ghillardi Giorgio 
(presenter)



Detector perf. studies for the CMS HGCal (22)
Proposed design uses silicon sensors as active 
material in the front section and plastic scintillator 
tiles with SiPM read out towards the rear, which 
enables: 

– radiation tolerance
– dense calorimeter
– fine lateral and longitudinal granularity
– precision measurement of the time of high 

energy showers ability to contribute to the level-
1 trigger decision 
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M. Valentan
(presenter)



OTHER RUNNING EXPERIMENTS

May 28, 2018 M. Aleksa (CERN) 14



Calibration of the calorimeter signal waveform in the SND detector (8)
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Ilya Surin
(presenter)

SND ECAL:



Perf. of shashlyk calorimeter read out by SiPMs with high pixel density (11)
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Igor Chirikov-Zorin
(presenter)

ECAL0 of 
COMPASS II



FUTURE EXPERIMENTS / UPGRADES 
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A Compton Spectrometer to monitor the ELI-NP beam energy (10)
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Rita Borgheresi
(presenter)

The energy of the Compton 
scattered electron (Te) is 
precisely measured with an 
high purity germanium 
detector (HPGe) and the 
scattering angle (φ) is 
determined by a double sided 
silicon strip detector. 



The calorimeters of the PADME experiment (20)
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Paola Gianotti
(presenter)

Summary
• The PADME experiment will be held at Laboratori Nazionali di Frascati (LNF) of

INFN to explore the coupling between ordinary and dark matter (DM).
• This will be done by detecting the Standard Model (SM) photons produced in

the reaction e+e− →γA’ [2]. The measurement of the 4-momentum of the SM
photon allows to reconstruct the missing mass spectrum of the process, where
the dark photon A' could appear as a peak.

• Positrons accelerated by the LNF's LINAC at 550 MeV collide with a diamond
target, possibly producing γ and A', with MA' ≤ 23.7 MeV.

• The Electromagnetic Calorimeter (ECAL), made of 616 21×21×230 mm3 BGO
crystals, is devoted to the γ detection and measurement. The scintillating units
composing ECAL are arranged in a cylindrical structure with a central hole. This
allows the passage of Bremsstrahlung photons, that otherwise would over-
trigger the calorimeter. These photons are then detected by a faster calorimeter
(time resolution ~ 90 ps), the Small Angle Calorimeter (SAC), made of 25
30×30×140 mm3 PbF2 crystals. The two calorimeters are presently under
construction.

• In this work are presented the results obtained with prototypes tested during
test beams performed at the Beam Test Facility (BTF) of LNF to evaluate the
performance of the calorimeter's units.



The Mu2e calorimeter: QA of production crystals and SiPMs and 
results from Module-0 test beam (26)
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Stefano Di Falco
(presenter)

The Mu2e Experiment at Fermilab will search for charged lepton flavor violation looking for 
a coherent, neutrinoless conversion of muons into electrons in the field of an Al nucleus. 



Forward hadron calorimeter at MPD/NICA (9)
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Anastasia Timoshenko
(presenter)

• A new heavy ions facility NICA is now under construction in Dubna, Russia. Multi-Purpose Detector, 
MPD/NICA is intended for the study of the dense baryonic matter. Forward hadron calorimeter 
(FHCAL) is crucial element of MPD. Its main purpose is to provide an experimental measurement of a 
heavy-ion collision centrality and orientation of its reaction plane.

• FHCal is intended for the determination of the collision geometry at MPD/NICA. It has fine 
segmentation in both transverse and longitudinal directions.  The FHCal modules have 4 interaction 
lengths that is sufficient for the detection of the spectators with energies up to 6 GeV. The 
longitudinal segmentation in 7 sections ensures the uniformity of the light collection along the 
module and the measurement of the profile of hadron shower. 

• According to simulation, the sampling fluctuations provide the energy resolution of calorimeter as: 
!"/"~(##%)/√("($%&)). 

• The procedure of the energy calibration of the modules with cosmic muons is now being 
elaborated. The light yield of each longitudinal section is about 50 photoelectrons per minimum 
ionizing particle crossed the module. It allows the energy calibration of the FHCal modules with the 
cosmic muons during the calorimeter operation in MPD setup.



The Projectile Spectator Detector for measurement of geometry of heavy ion 
collisions at the CBM experiment at FAIR (12)
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N. Karpushkin
(presenter)

• The Compressed Baryonic Matter (CBM) experiment at 
the future Facility for Antiproton and Ion Research 
(FAIR) is aimed to explore the QCD phase diagram in the 
region of high baryon densities. 

• The Projectile Spectator Detector (PSD) is the forward 
hadron compensating lead/scintillator calorimeter with 
sampling ratio 4:1. The PSD will measure the event 
centrality and the reaction plane orientation in heavy-
ion collisions and will operate in the range of 2-10 AGeV
and beam interaction rates up to 10 MHz.

• The PSD supermodule is an array of 3x3 modules and 
is assembled from 9 modules with transverse 
dimensions of 20x20 cm2 and longitudinal dimension of 
5.6 interaction lengths. A study of the PSD 
supermodule response at proton momentum range 2 –
10 GeV has been done at the CERN T9 and T10 beam 
lines.

• The construction of the PSD and the simulations of PSD 
operation under radiation conditions are discussed. We 
present the results on the PSD supermodule resolution 
and the linearity of response, as well as the PSD 
supermodule operation with irradiated photodetectors



Test results of 3D fine-grained scintillator detector prototype for a T2K ND280 

neutrino active target (3)
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Oleg Mineev
(presenter)

Highlights:

• A small superFGD detector prototype  was tested 
in charged particle beam and at test bench with 
cosmic rays. 125 scintillator cubes of 1x1x1 cm3 
were assembled in 5x5x5 array. 3D fiber readout 
was implemented by 1.3 m long Kuraray Y11 WLS 
fibers and Hamamatsu MPPCs.

• Average light yield in a single cube was over 40 
p.e./MIP per a readout fiber.

• Time resolution for a single cube with two 
readout fibers was  σt = 640 ps. Four cubes with 8 
readout fibers produced  σt = 330 ps.

• Optical crosstalk between the cubes was 
measured to be ~ 3.4% through a single cube 
side.



Shashlik calorimeters for the ENUBET tagged neutrino beam (18)
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Michelangelo Pari
(presenter)



JUNO Stereo-Calorimetry System JUNO (23)
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Marco Grassi 
(presenter)

Detect from Nuclear Reactor Goal: Determine 
Neutrino Mass Ordering by performing a precision 
measurement of the oscillated antineutrino energy 
spectrum at 53 km baseline



CALORIMETER R&D
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Predicting hadron-specific damage from fast hadrons in crystals for calorimetry (2)

• Fast hadrons have been observed to cause a cumulative damage in 
Lead Tungstate and LYSO calorimeter crystals. 

• The underlying mechanism has been proven to be the creation of 
fission tracks, which act as scattering centers, thus reducing the 
light collection efficiency. 

• For calorimetry applications in an environment where large, fast 
hadron fluences are anticipated, predictions about damage in 
crystals are of great importance for making an informed choice of 
technology. 

• In the study presented here, simulations using the FLUKA package 
have been performed in Lead Tungstate, LYSO and Cerium Fluoride, 
and their results have been compared with measurements. 

• The agreement that is found between simulation results and 
experimental measurements allows to conclude that the damage 
amplitude in a given material can be predicted with a precision that 
is sufficient to anticipate the damage expected during detector 
operation. 
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C. Martín Pérez
(presenter)



Compact Calorimeters with Oriented Crystals (17)
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Laura Bandiera 
(presenter)

• Experiment at CERN SPS H4 beamline with 120 GeV/c 
electrons

• Good agreement between simulations and 
measurements 



A first large calo. prototype based on Lanthanum Bromide coupled to SiPMs (21)
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P. Schwendimann
(presenter)



CALPRO, an unconventional calorimetry approach (24)
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Michele Iacovacci
(presenter)



Test beam results of a SiPM based Dual-Readout Calorimeter module (19)
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Massimiliano Antonello 
(presenter)

• Detectors for future collider experiments in high energy physics have to provide 
extreme precision in reconstructing trajectories and energies of both isolated 
particles and jets springing off the colliding beams. 

• The energy measurement performed for hadronic showers is typically worse than 
the ones for electromagnetic showers mainly due to the event-by-event 
electromagnetic fraction (fem) fluctuations, unless measured. 

• Following the Dual-Readout calorimetric technique, which reconstructs fem through 
the simultaneous measurement of the scintillation and the Cherenkov light 
produced by hadronic showers, a first Silicon PhotoMultiplier (SiPM) Dual-Readout 
calorimeter module was designed, constructed and tested on beam. 

• An overview of the latest beam test results is reported together with the R&D 
program required to move towards a prototype conceived as a building block for a 
calorimeter that could be used in detectors at future accelerators. 

• The next steps are:
– Reduce the optical crosstalk between fibres improving the fibre insulation
– Prevent the saturation of the scintillating channel applying a filter and improving the 

dynamic range of the sensors
– Increase the Cherenkov light yield using an aluminized glass mirror
– Find an optimal readout electronics solution (ASIC, FPGA, etc)



Identification of Double-Beta Decay Events in a Liquid Scintillator Detector (25)
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Andrey Elagin
(presenter)

PE arrival times R = 6.5 m TTS=100 ps Spherical harmonics analysis 0!""-decay vs 8B

• Use fast photo-detectors to separate Cherenkov and scintillation light
• Use directionality of the Cherenkov light to identify event topology
• Suppress the “irreducible” 8B background

Backgrounds:
8B, 10C solar neutrino 
interactions



Conclusions

• Thank you for your Attention!
• Very interesting posters in this poster session!
• Please have a look and talk to the presenters!
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