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Forward hadron calorimeter tasks The PSD@CBM and PSD modules at BM@N within FAIR-phase-0 PSD modules structure

WLS F
fibers

To determine the global event characteristics in
nucleus-nucleus collisions - the centrality of the
collision, which is related to the number of
participating nucleons, and the reaction plane
orientation, the forward hadron calorimeters are
used in the fixed target experiments — CBM, BM@N VA = ' - ‘
and NA61/SHINE.
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Fig.4 Modules structure

. Longitudinal structure: 60 Pb/Scint tiles layers:
PSD@CBM [1] FHCAL@BM@N [2] (Pb(16mm), Scint(4mm) grouped in 10 sections.

1897 patopans : Fig.2 Hadron calorimeters of CBM and BM@N experiments Total length is 5.6 A, ..

before collision after collision i - WEight Of eaCh mOdUIe 500 kg.

46 modules ; 34 inner modules . . .
Light collection — by WLS fibers from 6
HEEEEN 2, -- :
] 200x200mm?~; el (MPD type); sequentially placed scintillator tiles in one section

Beam h0|ze | 2 20 outer modules to one optical connector at the end of module.
20x20 cm?; = (CBM type); Light readout: 10 MPPC (3x3mm3) per module.

Total weight — 22t. 7 Total weight - 17t. Readout electronics: sampling ADC.
flow of identified particles, particle multiplicities and

fluctuations and other observables. All modules already constructed New FHCAL (instead of ZDC) already Hamamatsu 512572-010P

. )
by the end of 2017 assembled at BM@N Sept. 2019 | Sensitive area 3x3 mm
-‘ Number of pixels 90 000

Fig.3 Left: PSD@CBM structure; Right: new FHCAL@BM®@N assembled using the PSD@CBM modules \ Nominal gain 1x10°

Fig.1 Centrality and Reaction plane

The event-by-event determination of the centrality
and reaction plane orientation in heavy-ion
interactions is one of important tasks in these ]
experiments and is necessary to study the collective

180 cm

Pixel recovery time 10 ns

Waveform fitting Prony Least Squares method Fit quality assessment

Advantages of the fitting procedure: Allows to estimate a set of complex data samples x[n] using the p-term model of Coefficient of determination*
More correct determination of signal charge exponential components [3]: ZN (x[n] = ®[n])?
n=1

Working with small signals near the noise level p p P =7 (x[n] — )2
Pick-up and pile-up identification X[n] = Z A expl(ay + j2nfi)(n — DT + jbi] = 2 hiezg ™ ~ e .
e— e x[n] and X[n] are the experimental and model values

True signal recover . . — . .
8 y of the variable, respectively. x is the experimental
fit_integral 7115 integral 7596 chi2 0.8 R2 0.02
values average.

n=1,2,.. N, T—samplinginterval.  hy, = Aexp(jOy), z, = exp[(ay + j2nf;)T].

Objects of estimation are: amplitudes of complex exponentials A;, attenuation Adjusted coefficient of determination *

parameters a;, harmonic frequencies f; and phases 6. N —1

R2 = R2
3 algorithm steps: adj N-2

1.Composing and solving SLE 2x2 N is the number of measurements, A is the number of
Zy model parameters.
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2.Polynomial factorization
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3.Composing and solving SLE 3x3 —— hy
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Fig.5 Waveform with Prony LS fit ADC sample
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Fig.6 Charge distributions
calculated by waveform
integral (blue), fitting

function integral (red)
and fitting function ‘ TR P T e . R s o i v 5 My T s 2y L
S P PRt i o f“ﬁ°f“f b integral with true events 80 100 120 140 160 180 200 100 120 140 160 180 200 10000 12000 14000 |WWFI}B‘U§E;:1UW
L selection ( ) Fig.7 Left: Typical waveform example with Prony LS fit; Right: Pile-up event example. Blue line — pile- )
e Py up, dashed black line -- waveform after pile-up rejection, red line — true signal fitting function.
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Fig.7 Coefficient of detemination : SignalCharge
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Calibration results Conslusions

The cosmic muon track in calorimeter is e A new method of waveform fitting is developed

specified by: Z The fit QA is used to reject noise and pick-ups and
* Charge center position & g to identify pile-up events.

e Zenith angle [0, t/2] i ; " Since the muon beam is absent in the CBM@FAIR
* Azimuth angle [0, 2r] ' — S and BM@N experiments, the energy calibration of
the hadron calorimeter sections is possible only

Fig.8 Calorimeter section triggered by cosmic muon (left); Adjusted charge is calculated taking into w0 - with cosmic muons.
Photo of calo modules system with common trigger (right). account the thickness of the scintillator 2 :

1) Selection of triggered material traversed by the cosmic muon track.

The presence of longitudinal segmentation of the

= calorimeter modules made it possible to use a
secti?ns by fit QA & new approach to the muon calibration, adjusting
2) Shift reference system Fig. 10 Particle track Zenith the energy deposition in calorimeter sections by

to the center of gravity: oo 4007 and Azimuthal angles. the thickness of the scintillator traversed.

Std Dev 4179 . e .
Distinct lines correspond to oy e . . .
P The corrected energy deposition distribution has a
the topology of the

calorimeter. more clearly defined maximum resulting in a
more accurate energy calibration.

N
Fig.9 Particle track - 1 .
reconstruction illustration. Rcg. = N Z E[n] 7[n].

n=1
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