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Sampling hadron calorimeters in heavy ion experiments
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NA61/SHINE
facility paper:
JINST 9 (2014)
P06005

Projectile Spectator Detector

            A – mass number of ion

            E
a
 – beam energy per nucleon (known from accelerator)

            E
s
 – energy carried by the non-interacting  nucleons (projectile spectators)  -  measured with PSD 

 

Number of interacting participants in collision: 

                    N = A – E
s
 / E

a
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Sampling hadron calorimeter (PSD)
on NA61/SHINE beam line
CERN, SPS

            Moving platform

 - move PSD according to
   magnetic field

 - calibration of each module on
   muon beam
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PSD is a hadron sampling 
compensating calorimeter
 
• Pb/scintillator (4/1) 60 
sandwiches in one module
• Modules 10 x 10 x 120 cm3 – 
central part
•  Modules 20 x 20 x 120 cm3- 
outer part
•  10 longitudinal sections with 
10 SiPM readout

PSD section view
NA61/SHINE 
PSD layout

WLS fiber

to SiPM read-out

Muon calibrations:

 - at NA61/SHINE: direct measurements with moving calorimeter moduled to the beam center

 - at T9/T10 beam tests: moving platform + setting trigger counters in front of the module
   under calibration

 - BM@N, CBM → no direct mouns expected from accelerator, we need to use
   another approach

PSD module
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waveform → apply fit

Fitting procedure advantage for moun calibration:

 - more correct determination of amplitude
   and charge

 - working with small signals near the
   noise level

 - interference and pile-up identification

 - true signal recovery

BM@N



7

Methods of signal processing and calibration for sampling hadron calorimeters

S.Morozov, on behalf  of INR RAS, Moscow                             CHEF2019, Fukuoka, Japan    25-29 November 2019



8

Methods of signal processing and calibration for sampling hadron calorimeters

S.Morozov, on behalf  of INR RAS, Moscow                             CHEF2019, Fukuoka, Japan    25-29 November 2019

good events
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beam muon

If you have
mouns
in test beam..
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Horizontal tracks

Measured cell

Two neighbors cells

Measured cell

One neighbors cell

Measured cell

Same amplitude

too low statistics not good for cells at edges too much noise

Types of cosmic moun identifications in longitudinal segmentation of PSD module

..more smart solution is needed

If you don’t.. 
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..segmented calorimeter is a “moun tracker” now..
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Summary:

 - forward hadron calorimeters will be widely used in many ion-ion experimets

 - muon calibration is important and need to be done in a best way (signal processing)

 - transverse and longitudinal segmentation is a good feature to develop a smart 3D
   algorithms to select stright muon tracks

Outlook:

 - further improvements for 3D moun track selection

  - implement waveform signal processing to FPGA based solutions 
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  Thank you for your attention!

ご清聴ありがとうございました。 !



17

Methods of signal processing and calibration for sampling hadron calorimeters

S.Morozov, on behalf  of INR RAS, Moscow                             CHEF2019, Fukuoka, Japan    25-29 November 2019

Backup slides
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