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Physics Motivation

The ντ interaction cross-section is known with worse accuracy than
for other neutrinos, due to low statistics and large systematic er-
rors.

● DsTau will measure the ντ production in proton-nuclei interaction
(decrease the systematic uncertainty in ντ produced flux to 10% )

● the statistical error of the cross section will be reduced to ∼ 2% in
future experiments with large statistics of registered ντ (SHiP)
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Figure: Left: ν, ν̄ averaged energy independent cross section of all neutrino
flavors. Right: ντ cross section in DONuT experiment, as a function of the
parameter n [3]

Study of charm
production in
proton-nucleus
interactions

● expected 105

events having
pair charms
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Experimental technique

The DsTau experiment studies the ντ production from proton-nuclear
interactions
Ds → τ + ντ is the main source of ντ in the neutrinos beams

proton
Ds

ντ

τ
X

ν̄τ

X ′

D

∼5 mm

Figure: Double-kink topology of Ds → τ → X events [3]

Decay candidates are selected by the peculiar topology of the reaction
Average kink angle of Ds − τ is 6.2 mrad (Pythia), 10 mrad (G4) → very
challenging!

Ds is produced by 400 GeV protons from CERN-SPS on W/Mo targets
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Predictions for Ds and τ detection

Ds mean lifetime: 5 × 10−13s and τ mean lifetime: 3 × 10−13s [7]
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Figure: Ds decay length

generator mean (mm) median entries
pythia p-p 3.58 ± 0.01 1.72186 219649

G4 p-W 2.38 ± 0.02 1.08666 58425

G4 p-H 3.15 ± 0.09 1.40686 3133

fluka p-W 2.7 ± 0.57 1.95 23
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Figure: Ds - τ kink

target mean (rad) median entries
pythia p-p 0.0062 ±1.3e − 05 0.0042 200000

G4 p-W 0.0103 ±4.5e − 05 0.0066 58425

Solution for detecting Ds decaying τ → high resolution tracking emulsion
detectors
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Modern nuclear emulsion technique

Figure: left: DsTau emulsion plate with 2
emulsion layers on a plastic base; right:
traces under the microscope

● intrinsic angular resolution 0.35
mrad, spatial resolution 0.4 µm

● high density of tracks
105tracks/cm2

Figure: Hyper Track Selector-HTS [8]

● fully automatic

● scanning speed 0.5m2/hour/layer
● angular resolution 2mrad

After scanning, the information about the tracks is in digital format
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Experimental set-up

Physics Run detector
module (not in scale)
[2]

600 m2 high accuracy
emulsion films on plastic
bases

beam monitor + target
mover → uniform exposure
3 × 105protons/cm2
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2021 and 2022 data taking at CERN SPS

On sites, experimental set-up, instruments and part
of the exposure team
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Current status of the experiment

Pilot run 2018

● 30 modules of 12.5cm × 10 cm
were exposed

● performed to validate and
justify the technique

● the emulsions have been
scanned and are processed now

● development of the data
processing algorithms

Physics Run 2021 and 2022

● 34 modules of 20 cm × 25 cm
were exposed

Test beam 2016
Test of detector structure

Test beam 2017
Improved detector structure

Refine exposure scheme

Pilot run 2018
1/10 of the full-scale experiment with 
tungsten target 

30 modules, 50 m2

Physics run 2021-2022
Full scale experiment with tungsten and 
molybdenum targets

Aiming at 1000  events

10 % uncertainty on  flux

Figure: Plan presented in [1]

Data analysis is ongoing
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The analysis chain

Emulsion read-out:

1. Films development
● make the particles tracks visible for microscope

2. Automatic scanning with HTS
● digital microtracks (the part of the track left in each emulsion layer)
● microtracks are combined → basetracks

Offline dedicated software for the reconstruction of events:

3. Basetracks are combined in tracks (tracks reconstruction)

4. Alignment

5. Vertex reconstruction
● 2 dedicated software (standard, fast-under development)

Dedicated software for the extraction of events of interest:

6. Searching events with secondary vertices corresponding to short lived
particles

7. Searching for Ds decaying τ
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Films development

→ several chemical processes similar with photographic plate development
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Reconstructed vertices

500 µm

400 GeV proton

primary vertex

neutral decay

kink

Figure: Example of DsTau 3D reconstructed events

Amount of vertices recon-
structed in a small volume of
Pilot Run detector, along Z-
axis. Grey - Tungsten plate,
blue - emulsion, green - plas-
tic

Ð→
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[5], [3], [6]
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Reconstructed vertices
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Figure: Multiplicity data compared to Fluka and G4

h_all
Entries  437667
Mean   2.321e+04
Std Dev    1.373e+04

0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
mkm

0

200

400

600

800

1000

1200

h_all
Entries  437667
Mean   2.321e+04
Std Dev    1.373e+04

h_all
Entries  437667
Mean   2.321e+04
Std Dev    1.373e+04

h_all
Entries  437667
Mean   2.321e+04
Std Dev    1.373e+04

Vertices in the depth of detector PD05

Figure: Reconstruction of the interactions in first 9
W plates together with part of the emulsion and
plastic plates, for one brick
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Figure: Angular distribution of
primary daughters, normalization
to the number of vertices in data
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The final goal of the experiment is to measure the Ds decaying via tau
cross section. For this, not only the number of the events have to be known,
but also the efficiencies for recognising these events has to be calculated.

Codes for estimation of detection efficiency are under development: effi-
ciency of Ds reconstructed track recognition (38.09 ± 0.13) % and for τ
track 25.3 ± 0.1 % according to Geant4 data

Codes capable to recognise Ds decaying tau are under development.

Figure: Event with double (charged) charm candidates [4]
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Prospects

● 4.6 × 109 protons, 2.3 × 108 proton interactions, 105 charm pairs,
1000 Ds − τ decays, according to previous estimations

● data analysis tools under development

DsTau web site:
https://na65.web.cern.ch/

FIGURE: Expected precision for the measurement of pa-
rameter n as a function of the number of detected Ds →
τ → X events. The estimated relative uncertainty of the
flux is also given as the y-axis on the right. [3] Number of detected events
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Back-up slides
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The DsTau experiment will highlight the ντ from Ds leptonic decay
→ In DONuT experiment, 95% of ντ sources were from Ds → τ + ντ

Measurement of Ds differential production cross section:

d2σ

dxF ⋅ dp2T
∝ (1− ∣ xF ∣)n ⋅ e−b⋅p2T , (1)

where xF is the longitudinal momentum pL/pLmax and pT is the transverse
momentum. n and b are the parameters controlling the longitudinal and

transverse dependence of the differential production cross section, respectively.

20 / 20


	Physics Motivation
	The experimental technique
	The analysis chain
	Prospects
	References

