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Hadron Calorimeter: QOutline

Primary task: measurement of the total energy of particles
A Energy -> electrical signal (ionization charge)
-> light signal (scintillators, Cherenkov light)
A Cascades of secondary particles:
A Electromagnetic fraction
A Hadronic fraction
e/h ratio | -% compensation required

innermost layer ——— outermost layer

tracking electromagnetic hadronic muon
system _calorimeter _calorimeter  system

EM fraction increases with energy -> non-linearity photons %
electrons
OUTLINE: —
A 2-4 HCAL: Types & Observables pions.
A 5-8 HCAL: Existing designs neutrons
A 9-12 HCAL: Results on performance simulations K | :
A 13 HCAL: Module tests S

A 14-16 HCAL: Results on radiation hardness
A 17 Conclusions and Outlook
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Hadron Calorimeter: Type

A Calorimeter types:

Homogeneous Calorimeters
A Good resolution
A No direct longitudinal shower information
A Scintillating crystals are expensive
A Very non-linear for hadrons

Sampling Calorimeters (the most popular for hadrons)
A High granularity both lateral and longitudinal
A Two ingredients: active (readout) & passive (absorber)
A Types: Sandwich/Spagetti/ é

A Readout:
A Light (Scintillators + Photomultipliers / Avalanche Photo-
Diodes)
A Charge (Silicon, Gas detectors, Liquid noble gases)
Analog or digital
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Hadron Calorimeter: Observables

Hadron Calorimeter measures number of projectile nucleons and
fragments and therefore initial event geometry.

Collision centrality Reaction plane orientation
A y
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CBM Projectile Spectator Detector

Full compensating modular lead-scintillator
sandwich calorimeter

Main features:

A high transverse granularity
transverse homogeneity of energy resolution,
reaction plane measurements

A lead/scintillator sampling ratio 4:1 (16 mm / 4 mm),
compensating calorimeter (e/h = 1)
high energy resolution <60%/ akEf(

A longitudinal segmentation (10 sections per module)
particle identification, calibration, improved energy resolution

A light readout from each section by novel APDs
large dynamic range up to 104 ph.el.,
no nuclear counting effect

A ability to operate at high count rate and at high
radiation dose

60 sandwiches in one module

45 modules of 20 x 20 x 120 cm?

Total weight ~ 22 tons, 8-15 m from target

Beam hole (d = 6 cm) for intensity up to 10 ions/sec
CBM beam energy up to 35 AGeV (SIS300)
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Similar Calorimeters

NAG61 Projectile Spectator Detector

Super-conduction
magnets

Time Projection
Chambers —

Projectile
Spectator -
Detector

60 sandwiches in one module

16 inner modules of 10 x 10 x 120 cm?

28 outer modules of 20 x 20 x 120 cm?

Total weight ~ 17 tons, 17-25 m from target

No beam hole for intensity up to 2x10° ions/sec
NA61 beam energy up to 150 AGeV

NICA MPD Zero Degree Calorimeter
CD

Yoke Cryostat ECal
. /SC Coil /TOF
/ a3 4
/ / /

60 sandwiches in one module

16 modules of 5 x 5 x 120 cm?

Total weight ~ 10 tons, 28 m from collision estimate

Beam hole (10x10 cm) for intensity up to 1x10° ions/sec
NICA beam energy up to asyy =11GeV (~ E,mn=63 AGeV)
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CBM PSD: Module Design

Fibers from each consecutive 6 layers 60 sandwiches in one module

are collected together via WLS-fibers 10 sandwiches = 1 section, read out by 1 APD
and read-out by a single Module of 20 x 20 x 120 cm?

Avalanche Photo-Diode (APD or SiPM). Depth ~ 5.7 &y

APD properties:

size: 3x3 mm?2

high dynamical range: 5-15000 ph.el.

photon detection efficiency: ~15%

high counting rate ~ 10° Hz

requirements: radiation hardness to neutrons
~10% n/cm? for CBM

TOP View

To Do Do Do Do

Al contact [Avalanche | SiO2

region

:k\ = I
n-Si wafer |Deep micro-well for
p-Si epi. layer of | charge collection
d~5p Density~104 mm’

2

. : FRONT View
APD with deep micro-wells
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CBM PSD: Readout Electronics

Preamplifier: PaDiWa-AMPS: Trigger and Readout Board:

y Directly attached to photodiode y 8 MMCX input channels Yy 4 FPGAs, 260 TDC channels

y 2 stage, optimized for y Time precision: < 50 ps y Single edge & ToT measurement
high capacitance inputs Yy Rel. charge resolution: < 0.5 % y Time precision < 20 ps

y Gain: 60V /V y Dynamic range: ~250 y 50 MHz hit rate per channel

y Signal / Noise = 864:1 y Compact data : max. 50 MB/s y Extendable by add-ons

y Internal trigger and slow control

A e '
Linear Amplifier i - TDC
— variable Impedance ' . — 1 Discriminator —'—}
any peaking time TEEE T time, width ;
Integrator } Discriminator TDC E—»GbE PC
Integrated signal width ~ charge
I Switch & - <«
- . Delay 1 g
Large R . Constant discharge . FPGA'
................................................... £ B R R R MR R
PaDiWa-AMPS TRBv3

From poster of A.Rost at ICST in Worms, 2014
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CBM PSD:
Experimental and simulation results
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CBM PSD: Simulation setup

PSD
Beam pipe
Yields of participants & spectators
g 101k minbias Au+Au E,=10 AGeV
PSD detector is located: %
Aat 8 m from target for E, ., = 2-8 AGeV >02l
[} E
Aat15 m from target for E,,, = 30 AGeV = =
Simulation: CIh’m*"g—
4 event generators: ;
UrQMD, HSD, DCM-QGSM, LA-QGSM 04l
+ CBMROQOT for analysis '
+ GEANTA4 for particles transport ! DCM QGSM
through the detector geometry 107 - G : ; S—
y/yprojectile

V. Mikhaylov for EPS-HEP 22-29 July 2015 10/17



CBM PSD: Centrality performance

Centrality determination by correlation between
energy deposited in PSD & STS track multiplicity

1
y (@) Epgpy : Mgys

o
5

Energy in PSD, E/E;xx

| DCM-QGSM L
Au+Au, E,=10 AGeV -
0 0.5 1
Multiplicity in STS, M/Myax

n

Average impact parameter, b

—
N

Au+Au E =10 AGeV
r DCM-QGSM

—_
n

{b) £ o, fm
)

centrality, 9

Relative width (~ centrality resolution)

o, /{b)

O » R e [J

A PSD can be used standalone as an independent

centrality estimator with a resolution for centrality of 10%

A PSD helps to improve resolution of the STS for
(mid-) central collisions

STS alone

PSD1 vs. STS
PSD2 vs. STS
PSD3 vs. STS
PSD1 vs. PSD2
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CBM PSD: Reaction plane performance

Reaction plane resolution, U
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Epeam: AGEV

A PSD significantly improves the resolution at energies
higher than 4 AGeV.

A Collision event plane resolution is sufficient for
precision measurements of directed (v,) and elliptic
(v,) flow with CBM after a few months of operation

Reaction plane resolution
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Epeam: AGEV

Does U rp depend on event generator?
See our poster at Heavy lon
Physics Session
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CBM PSD: Testing module components

Tested energy resolution, linearity of the response, longitudinal shower profile,
and compensation parameters with a 3x3 supermodule at CERN SPS&PS with
muon, proton, and pion beams (contaminated by positrons)

Energy resolution with

protons E, ., = 2-6 GeV Response linearity

o

=y

N
[

mean E, GeV
o

0.08 |-

0.06 |

Ongoing:

APSD temperature stabilization system
AMechanical support

AAPD radiation hardness investigation
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CBM PSD: APD radiation hardness

The most critical effect:
the Avalanche photodiodeso (APBAGeEV 35AGeV

degradation caused by the neutron flux
trough the rear side of PSD calorimeter.

Scintillators and other parts are not expected
to be much damaged.

Distributions of the neutron flux (n/cm?/s) through the PSD
calorimeter at radius 10, 30 and 50 cm

FLUKA simulation results:

Flux near the beam hole after 2 months

of CBM run at the beam rate 108 ions/s:
10*2 n/em? for Epeamau 4 AGeV
4x10*2 nfcm? for Epeameay 35 AGeV

Setup for the APDs tests with cosmic muons and LED.
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