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Abstract: For clarifying the validity of the Lepton Universality hypothesis, one of the fundamental
statements of the Standard Model, the interaction cross section for all three flavors of leptons have to
be known with high precision. In neutrino sector, for electron and muon neutrinos, the interaction
cross section is known fairly well, but for tau neutrino only poor estimations exist. In particular,
the most direct measurement by the DONuT experiment was performed with rather poor accuracy
due to low statistics and an uncertainty of the tau neutrino flux. The DsTau experiment proposes to
study tau-neutrino production process and thus to improve significantly the accuracy of calculations
of tau neutrino flux for neutrino accelerator experiments. To study reactions providing most of tau
neutrinos, the experiment uses a setup based on high resolution nuclear emulsions, capable to register
short lived particle decays created in proton-nucleus interactions. The present report is an overview
of the DsTau experiment together with some of the preliminary results from the pilot run.
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1. Introduction

The existence of tau-neutrino was predicted in 1975 after the discovery of tau lepton [1]. In 2000,
tau-neutrino charged-current (CC) interactions were observed by the DONuT experiment [2]. However,
the first tau-neutrino interaction cross section measurement was performed with more than 50%
systematic and 33% statistical uncertainties, due to the uncertainty in the tau-neutrino flux and the low
statistics [3].

DsTau experiment proposes to study the tau-neutrino production and to improve the calculation
of tau neutrino flux in the DONuT experiment to 10% level. Moreover, with the help of DsTau results,
in future neutrino experiments like SHiP [4], where 104 tau neutrinos interactions are expected,
from about 5.7 × 1015 ντ and ντ to be produced by 2 × 1020 protons on target, both uncertainties in
tau-neutrino interaction cross-section will be greatly reduced [5,6], making possible to the test of
the Lepton Universality hypothesis.

The principal source of tau-neutrino is the leptonic decay of Ds meson [3]. The Ds to tau decay
has a peculiar topology, and can be recognised in 400 GeV proton interaction with a Tungsten target
(Figure 1). There are 1000 Ds-tau events expected from 2.3 × 108 proton interactions, from a total initial
flux of 4.6 × 109 protons in the DsTau experiment [5].
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Figure 1. Ds to tau decay topology [5].

2. Materials and Methods

The Ds to tau events will be recognised by their double-kink topology [5], taking advantage of
the best spatial resolution of the emulsion detectors. The detector module structure, as presented
in Figure 2, is composed of 10 Tungsten targets. In total, 10 double-side emulsion plates on plastic
support, separated by plastic plates, are inserted between two targets. At the end, an Emulsion Cloud
Chamber (ECC) part is attached, composed of 26 double-side emulsion plates intercalated by Lead
plates. The purpose of the ECC part is to measure the momenta of high energy particles. The proton
beam is perpendicular to the detector module [5,6].

Figure 2. (Up) The detector module, consisting on 10 units (1 Tungsten + 10 emulsions + 9 plastic
plates) and the ECC; (left) expected Ds to tau decay topology into one module; (right) the target mover
together with the telescopes. This figure is form [5].

The module dimensions are 12.5 cm × 10 cm × 8.6 cm. The experiment will use in total
370 modules, containing more than 48,000 emulsion plates which have to be produced before
the experiment and chemically processed after the exposure. The data readout (scanning process)
is automatic, using the Hyper Track Selector (HTS) which could scan a plate in 5 min [5]. After
the scanning process, the information on all particle tracks will become available.

A module is positioned on a target mover as presented in the Figure 2, whose purpose is to change
the position of the module in front of the proton beam, assuring the uniformity of the irradiation.
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Additional telescopes of pixel detectors could be added in the scope of evaluating the proton beam
(Figure 2).

3. Results

The primary purpose of the analysis of the pilot run was to study the feasibility of the experiment.
It was important to compare the experimentally observed characteristics expected from simulation.
Here we present particular results for a study of multiplicity of secondary charged particles in proton
interactions with different materials in detector.

The automatic data readout is followed by a geometrical reconstruction of tracks and vertexes
of the proton interactions. When a vertex is found, it could be correlated with a parental proton
track. In the performed preliminary analysis, only the vertexes with parent (named primary proton
interactions [5]) are considered.

The vertexes distribution in the detector module is presented in Figure 3. The sub-sample of
the detector structure taken into consideration is composed of one Tungsten plate and four double-side
emulsion plates, together with the plastic separators and one side emulsion layer on the edges.
The Tungsten plate is clearly distinguished from the other layers in terms of amount of primary
proton interactions.

Figure 3. The distribution of the reconstructed vertexes along Z. The structure detector is visible.

The distribution in Figure 3 is useful for distinguishing the interactions in each material.
The delimitation used in the analysis is showed by colors. The grey corresponds to the cuts applied for
the Tungsten plate, and the green to the cuts applied for the plastic layers. The blue corresponds to
the cuts applied for the emulsion layers.

In Figure 4 the Monte Carlo (MC) comparison with the data for the multiplicity distributions in
each structural material is presented. Only the charged daughters were considered from the regions
indicated in the Figure 3. The MC predictions were performed by FLUKA and scaled to the number of
entries in data. Further study will be done on the number of proton interactions.

In Figure 5 are presented the comparisons between the multiplicities in the three materials, for MC
predictions and for the data. All the distributions were normalized to unity.
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Figure 4. MC cross-checks for multiplicity distributions in each material from the detector structure.

Figure 5. Comparison of normalised multiplicities for the three materials in experimental data (left)
and in simulations (right).

4. Conclusions and Outlook

The DsTau experiment studies tau neutrino production in high energy proton interactions,
which will provide the needed information for the future tau-neutrino experiments [5].

For the pilot run, the emulsion scanning as well as the analysis of the samples is an ongoing work,
which will provide data for optimisation of the experiment in the main run in 2021–2022.
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