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Abstract

Gutnikov Yu.E., Pitukhin P.V., Semenov V.K. Estimation of the Muon Range with Low Efficiency
Hodoscopic Counters: IHEP Preprint 99-16. – Protvino, 1999. – p. 5, figs. 4, refs.: 7.

Influence of a muon detection efficiency with hodoscopic scintillation counters on the precision of
muon range reconstruction in a detector has been analyzed. The precision and systematic bias of the
estimated range do not depend on counters efficiency starting approximately from 60%.
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pROWEDEN ANALIZ WLIQNIQ “FFEKTIWNOSTI REGISTRACII M@ONA GODOSKOPIˆESKIMI SCINTILLQCI-
ONNYMI SˆETˆIKAMI NA TOˆNOSTX WOSSTANOWLENIQ EGO PROBEGA W ZAMEDLITELE. pOKAZANO, ˆTO TOˆNOSTX

I SISTEMATIˆESKOE SME]ENIE OCENKI PROBEGA NE ZAWISQT OT “FFEKTIWNOSTI SˆETˆIKOW NAˆINAQ PRI-
MERNO S 60%.
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The measurement precision of muon energy by range-energy dependence depends mainly on
the range struggling and the sampling of a detector. The use of low efficiency hodoscopic counters

in the detector leads to the increase of a struggling value and, therefore, to the degradation of
precision of the muon energy estimation.

The analysis of hodoscopic counters efficiency influence on the precision of the muon energy
estimation from its range in the detector is made here with an analytical model and Monte Carlo

simulation based on the GEANT package.
Let’s look at a simple registrationmodel of a signal from muon in the hodoscopic scintillating

counter. Efficiency of the scintillating counter reaction (ε) is defined by the average number of
photoelectrons (Nph.el.)

ε = 1− e−Nph.el . (1)

In the extended hodoscopic counters with light collection based on Wave Length Shifting (WLS)
optic fibers [1], the number of Nph.el. is 1÷10 photoelectrons. Such number of photoelectrons is

determined by the light collection system features [2, 3], light yield of the used scintillator [4],
efficiency of wave length shifting, transparency of WLS fiber [5], quantum efficiency of pho-

todetector [6] and a number of other less significant parameters. Also, it is necessary to keep
in mind, that there is an increase of ionization losses at the end of the range in the material

(Brag’s curve, see Fig. 1) and, hence, the values of Nph.el. and ε.
We can write a differential curve of muon ranges i.e. experimental distribution of muon

ranges (Pn) [7], registered with the counters having the efficiency εn, where n is the number of
the counter. Define the numbering of counters, which the muon crossed, from the point of its

stop. Then, we can write down the probability of finding the signal of muon “stop” in counter
n as follows:

Pn = εn

1∏

i=n−1
(1− εi), n > 1, (2)

P1 = ε1, n = 1.

Characteristics of this distribution (mean and r.m.s. values) can serve, correspondingly,

as a measure of shifting an average run (R̄) of the muon and its standard deviation (σR).
The calculated dependencies of P (R), R̄ and σR from the average number of the registered

photoelectrons are shown in Figs.2-4 using (2) and the GEANT MC simulation program.
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The following criteria were defined to simulate ionization energy losses of muons with the
energy 1 GeV:

1. The cut off for ionization energy losses in the scintillator was set up to 10 keV.

2. The number of fired counters in a muon track is ≥ 3.

3. Responses from hodoscopic counters more than one counter apart from muon track (in

transverse direction) are absent.

Dependencies of muon range measurement precision by both methods are in good agreement
(Fig.3). It gives a possibility to use distribution (2) for an estimated accuracy of muon energy

measurement by its range, which was made with the scintillator counters of the known efficiency.

The authors thank V.I. Kochetkov for the task formulation, Yu.M. Antipov, V.I. Kryshkin

and A.P. Soldatov for their interest to this work.
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Fig. 2. Dependence of the distribu-
tion of 1 GeV muon stops
number on muon range (R)
in iron for different values
of average numbers of pho-
toelectrons (Nph.el.), which
are registered in the low ef-
ficiency hodoscopic counters:
1) Nph.el. = 3; 2) Nph.el. = 1;
3) Nph.el. = 0.3.

Fig. 3. Dependence of measurement
precision of 1 GeV muon range
in iron on Nph.el. (see Fig. 2):
the dots are the GEANT sim-
ulation; the curve is the calcu-
lation based on (2).
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Fig. 4. Dependence of average muon range (R̄) in iron, measured with low efficiency counters, on Nph.el.
(see Fig.2).
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