
Journal of Physics: Conference
Series

     

PAPER • OPEN ACCESS

Studying the Possibility of Separation of Primary
Nuclei Groups in the Energy Interval 300 TeV – 10
PeV in the TAIGA-HiSCORE Experiment
To cite this article: L Sveshnikova et al 2019 J. Phys.: Conf. Ser. 1181 012019

 

View the article online for updates and enhancements.

You may also like
Optimisation studies of the TAIGA-Muon
scintillation detector array
on behalf of TAIGA collaboration, I.
Astapov, P. Bezyazeekov et al.

-

Design features and data acquisition
system of the TAIGA-Muon scintillation
array
A. Ivanova, N. Budnev, A. Chiavassa et al.

-

Correction for angular acceptance of the
TAIGA-HiSCORE
V. Samoliga and A. Pakhorukov

-

This content was downloaded from IP address 3.145.156.250 on 06/05/2024 at 11:06

https://doi.org/10.1088/1742-6596/1181/1/012019
https://iopscience.iop.org/article/10.1088/1748-0221/17/06/P06022
https://iopscience.iop.org/article/10.1088/1748-0221/17/06/P06022
https://iopscience.iop.org/article/10.1088/1748-0221/15/06/C06057
https://iopscience.iop.org/article/10.1088/1748-0221/15/06/C06057
https://iopscience.iop.org/article/10.1088/1748-0221/15/06/C06057
https://iopscience.iop.org/article/10.1088/1748-0221/15/07/C07010
https://iopscience.iop.org/article/10.1088/1748-0221/15/07/C07010
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsuU5fyj5UyDmblad4GiO3LwVzs_kpUgPwGLEv7JmI1miggJ2XLfREUG00iXPC0gvk_-fERbPv7LXPoZEu9ndkFzXB-nfnsOxxbNyffQM-ObVhPzcYV3DL8TbfMQX1ab6OJc_WBymBMZng6rs35eg8hoPxIFO1A28qL_Dm8LVSjSq4cFGvfxrbFV0gPvz8FKDMEBEhyKWIYKQ8HiRBprf3LcAo-QhrXh2Xgdp2q2E1rGJPIh31WxfKDxqoQ2qFiVNaVg5oTCLXN4c9laH8p5YBEfDgGMreHgdXK2D04u_H0oFFEqXu58NKNIIUcs6cPy5sXVikaYCv5loHQB_ZRkGmFsDVdzpw&sig=Cg0ArKJSzIKtXghGdZwh&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

26th Extended European Cosmic Ray Symposium

IOP Conf. Series: Journal of Physics: Conf. Series 1181 (2019) 012019

IOP Publishing

doi:10.1088/1742-6596/1181/1/012019

1

 
 
 
 
 
 

Studying the Possibility of Separation of Primary Nuclei 
Groups in the Energy Interval 300 TeV – 10 PeV in the 
TAIGA-HiSCORE Experiment 

L Sveshnikova1, A Sh Elshoukrofy1,2, E Postnikov1, E Korosteleva1 and H  Motaweh2 
1 Lomonosov Moscow State University Skobeltsyn Institute of Nuclear Physics (MSU 
SINP),  Leninskie gory, GSP-1, 119991, Moscow, Russia  
2 Faculty of Science, Damanhur University, El-Gomhouria St. 22516, Damanhur, El 
beheria, Egypt 

E-mail: tfl10@mail.ru, evgeny.post@gmail.com, abeershehatamahmoud@yahoo.com 

Abstract. We proposed a method of discrimination between light (p+He) and heavy (C+Fe) 
groups of primary nuclei. It's based on parametric analysis of lateral distribution of Cherenkov 
light in the atmosphere with approximation by the ‘knee-like’ fitting function, proposed and 
studied earlier. Two parameters most sensitive to the depth of shower maximum were revealed 
and used for analysis of the bulk of experimental data obtained in the TAIGA-HiSCORE 
experiment in the energy range 300–3000 TeV for various incident angles of particles. It is 
shown that the method allows estimating the contribution of light and heavy groups of primary 
nuclei. In the interval 300–3000 TeV we do not see a rapid decrease of the light component 
flux, as it was seen in the ARGO-YBJ experiment. This result will be refined after a more 
detailed analysis. 

 

1.  Introduction 
The well-known problem of chemical composition in the range 300–3000 TeV below the knee in the 
cosmic-ray energy spectrum has not been solved yet due to the lack of statistics collected from direct 
experiment. For most extensive air shower (EAS) experiments energies lower than 1000 TeV are 
below threshold. In the TAIGA-HiSCORE experiment [1] due to the lower detection threshold (∼100–
200 TeV) we can try to distinguish showers from light and heavy groups of particles [2]. The lateral 
distribution functions (LDF) of Cherenkov light Q(R), emitted by EAS originated from high energy 
primary particles (gamma rays, protons, nuclei), can be measured in details for millions of individual 
events with good accuracy, if the number of hit stations is sufficiently large (greater than 7) [2]. As it 
was well known, a steepness of the LDF is sensitive to the depth of EAS maximum and as a result to 
the sort of primary particles. In this work we continue the development of a parametric method of 
discrimination between heavy and light groups of nuclei using the 'knee-like' fitting function of the 
LDF, which were proposed in [3, 4]. The experimental uncertainties, caused by the procedure of 
measurement, were investigated and included in Monte Carlo simulations [2]. For preliminary testing 
of the method, we used data (several days of exposition from season 2016–2017 observation) obtained 
in the TAIGA-HiSCORE experiment [1]. 

http://creativecommons.org/licenses/by/3.0
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2.  Parameters of the LDF sensitive to the sort of primary particles 
We developed the function, called the ‘knee-like approximation’, and studied its properties and 
applications on CORSIKA [5] simulated events in [3, 4]. It is a function of the distance to shower core 
R, Q(R), whereas earlier [6] this function was used for describing the knee in the CR spectrum, F(E). It 
depends on five parameters C, γ1, γ2, R0, and α: 
 αγαγ /

0fitting
21 ))/(1( RRCRF +=                              (1) 

where C, γ1, γ2, R0, and α are parameters of the Cherenkov light LDF, R0 is the knee position, γ1 is the 
slope of the LDF below the knee, γ2+γ1 is the slope of the LDF above the knee, and parameter α 
characterizes the sharpness of the knee.  

We started this work using Monte Carlo simulated data and have revealed that the most sensitive 
parameter to the sort of primary nuclei is R0, but it also slightly depends on energy. For the energy 300 
TeV the practically linear dependence on the distance to the shower maximum: 

θcos/)(d obsmaxmax XXX −=  
is shown in figure 1 for four sorts of primary particles: p, He, C, Fe.  

 

 
 

Figure 1.  Dependence of parameter R0 (from the function (1)) on the distance to the shower 
maximum for primary p, He, C, Fe. 

 
We present the distribution of the parameter R0 for two groups of showers, simulated by the 

CORSIKA code: the sample of light nuclei consisted of 50% protons + 50% helium nuclei, and the 
sample of heavy nuclei: 50% CO +50% Fe. R0 strictly depends on Xmax. In figure 2 it’s seen that using 
the R0 dependence one can try to separate light (p+He) and heavy (C+Fe) nuclei in Monte Carlo 
simulations. 
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Figure 2. Distribution of the parameter R0 for p+He (left curve) and C+Fe (right) for the energy range 
300–1000 TeV and zenith angles 0–25°. MC simulations without experimental uncertainties.  

 
 

However, our further study showed that the accuracy of R0 estimation depends on the accuracy of 
Q(R) measurement; hence, additional fluctuations of Q had to be studied and taken into account in MC 
simulations. We use the experimental sample of showers accumulated in the TAIGA-HiSCORE 
experiment during one day of 2017. The TAIGA-HiSCORE array is under development and in the 
season 2016–2017 it consisted of 28 stations. Each station contains 4 PMTs equipped with light-
collecting Winston cones with the observation solid angle 0.6 sr and a light collection area 0.5 m2, 
stations are distributed over the area of 0.25 km2 with the step 106 m. The i-th optical station records 
the maximum amplitude Ai, arrival time Ti, and a total number of Cherenkov photons Qi, obtained as 
the integral of the pulse. Only events with more than 12 triggered stations were considered for detailed 
analysis of the experimental LDF shape.   

The standard procedure of the core position and arrival direction (θ, φ) reconstruction was applied 
for data analysis [7]. Thus, for each station we calculated the distance to the shower core, R (in the 
shower plane); obtained the experimental LDF, Qexp(R); approximated it by the ‘knee-like’ fitting 
function (1) and estimated 4 parameters: R0, γ1, γ2, α. In the first stage we studied the distribution of the 
Qexp deviations from the fitting function value, Qfit. Distributions of the value: 

fitexp lglglgd QQQ −=  
were analyzed for three narrow intervals of Q. Our study showed that for narrow intervals of Q a 
distribution F(dlgQ) can be successfully approximated by the Gaussian normal function. However, its 
standard deviation, sigma, strongly decreases with increase of Q (as it was expected). The estimated 
experimental distortion function was added to MC simulations. 
 

3.  Parametric approach to nuclei separation 
After modelling the experimental uncertainties, the difference between R0 values for the two groups of 
particles has narrowed. For that reason, one more parameter, γ1, in fitting function (1) was added to the 
analysis. It reflects the steepness of the LDF at the centre of the Cherenkov light spot and it is also 
sensitive to the sort of primary particles.  
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Figure 3. Correlation of the parameters γ1 and R0 for light (light circles) and heavy (dark circles)  

samples of nuclei with the energy 300–1000 TeV and zenith angles 0–25°. X2, Y2 – a new coordinate 
system for the combined parameters. 

 
As it is seen from the two-parametric plot γ1–R0 in figure 3, there are two areas with a noticeable 

difference between two samples, light and heavy nuclei. To stress this difference we introduced a new 
coordinate system X2, Y2, where X2 is a combined parameter: 
 01 013.02 RX −= γ , (2) 
and the lines correspond to different bins k: 
 0013.0)1(1.02.0)(2 RkkX −−⋅+−=  (3) 

The combined parameter X2 distribution is shown in figure 4 for three energy intervals: around 
300 TeV (200–500 TeV),  around 1 PeV (800–1300 TeV), and 3–10 PeV. Black curves with errors 
represent experimental groups of events; histogram bars demonstrate MC simulations for light (p+He) 
and heavy (C+Fe) nuclei; all showers having zenith angles 25–36°. For all three intervals the 
difference in MC simulation between the two groups is clearly seen. 

The width of the experimental distribution became noticeably narrower for the energy greater than 
3 PeV, whereas for the first two energy intervals the experimental distributions cover the full region 
from p to Fe nuclei. In this region the ARGO-YBJ experiment reported the observation of the p+He 
spectrum deviation from a single power law at energies lower than 1 PeV, which looks like a new 
sharp knee in the p+He component [8].  

For the third energy interval (beyond the main knee in the cosmic ray spectrum) the experimental 
curve cannot cover the region occupied by proton-induced showers. As it is widely accepted, the 
origin of the knee is connected with a sharp cutoff of the proton spectrum at ~3 PeV and subsequent 
cutoff of other nuclei with the same rigidity. Hence, our method also confirms this conclusion and 
indicates a sensitivity to the primary nuclei content.  

The accuracy of the method is not high as is well seen in figure 5, where the χ2 value is presented 
depending on the ratio of primary p+He group among primary particles. The χ2 value was calculated 
for three intervals of primary energy for the experimental and MC simulation curves presented in 
figure 4. One can also notice a sharp change of the χ2 dependence on the ratio of light group of 
particles in the interval 4–10 PeV in comparison with that dependence around 300 TeV and around 
1 PeV .   
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Figure 4. The combined parameter X2 (2) distribution for three energy intervals; k is bin number (3). 
Black curves with errors − experimental groups of events. Histogram bars − MC simulations for light 

(p+He) and heavy (C+Fe) nuclei.   
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Figure 5. The χ2 value depending on the ratio of primary p+He group among primary particles. The χ2 
was calculated for three intervals of primary energy for the experimental and MC curves presented in 

figure 4.   

4.  Conclusion 
We proposed a method of discrimination between two groups of primary nuclei, light (p+He) and 
heavy (C+Fe), using two-parametric analysis of the lateral distribution of the Cherenkov light in the 
atmosphere. The LDF is approximated by the ‘knee-like’ fitting function (1), which was developed 
earlier [3, 4]. We used a small test sample of experimental events detected in the HiSCORE-TAIGA 
observatory in the energy range 300−10000 TeV and studied a sensitivity of the method by way of 
comparison of Monte-Carlo simulation and experiment. Our method does not reveal a rapid decrease 
of the light component flux up to 3 PeV in contrast to the ARGO–YBJ experiment [8], but indicates 
some decrease of p+He component's contribution beyond 3 PeV, thereby demonstrating the 
applicability of the method to mass groups study. To confirm this result, test sample size can be 
increased by several orders of magnitude; that will be done in the nearest future. 
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