
Tau neutrino study in 
SHiP and DsTau

5th March 2025

Masahiro KOMATSU, Osamu SATO (Nagoya University)

KMI2025 1



Concept of tau neutrino experiment
   -cross section (etc.) measurement -    
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ντ detection: SHiP etc.
ντ production study: DsTau

• No data of Ds differential production cross-section

• Larger ~50% uncertainty of ντ flux

• 9 ντ detected by DONuT (bam ντ ).
      33% statistical error
• 10 ντ detected by OPERA (Oscillated ντ ) 

• SHiP ~ 50,000 events  
      a few % statistical error
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Brief history of the SHiP experiment

• SHiP is approved on March 2024 for intensity-frontier 
experiment aiming to Search for Hidden Particle with 
mass up to O(10) GeV and small couplings down to 10-10.

• Original proposal was submitted on April 2015
• New beam line and experimental hall(ENC4).

• ESPP outcome on June 2020 was unfavorable.

• Refined proposal was submitted on 2023
• Use existing experimental hall ENC3 @North area

• Competition between Kaon rare decay program

• On March 2024, research board choose SHiP
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170 physicist , 45 groups, 14 countries
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SHiP detector

• Beam Dump Facility(BDF): Target and Muon Shield
• Two main SHiP detectors

• HSDS(Hidden Sector Decay Spectrometer)
• SND(Scattering and Neutrino Detector)
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Target and Hadron stopper
• Thick target: 12 interaction length

• Tough: Mo(TZM)/W combination

• High density: stop light mesons before decay

• 4x1019 PoT/year (Equivalent with CNGS)
• ~2x1017 charmed hadrons (> 10 times the yield at HL-LHC)

• ~2x1012 beauty hadrons

• ~2x1015 tau leptons

• O(1020) photons above 100MeV
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Magnetic Muon Shield

• The Muon Shield utilizes an alternate-polarity scheme to sweep out 
positive and negative muon to left and right of the detector

• Learned from DONUT second muon sweeper

• ECN3 optimization (Hybrid SC / NC) : 5.1T

• Keep detector length as same as ECN4 design

• Aiming to reduce muon rate: 2x1010→<105 per spill

• @SND location: < 1 muon /cm2 /spill
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Scattering & Neutrino Detector (SND)

• Emulsion Cloud Chamber (ECC)

• 1mm thick tungsten target as same as SND@LHC

• Similar with DONUT, OPERA and SND@LHC

• 17 Target walls consisting four ECC bricks each interleaved with 18 SciFi 
Target Tracker(TT)

• 160 m2 for full target

• 3 tons of target mass

• Equipped with muon spectrometer
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Neutrino interactions in the target

For 6 x 1020 pot

Expected  including eff. (~35%)

Statistical error < 2% for tau
Neutrino flux prediction can be <10% by NA65 
 (DsTau experiment expect 1000 Ds to tau decay)

Best neutrino beam for Lepton Universality study
All three neutrino flavours from same charm decay

1~3% in ratio



e



53,000 detected tau neutrinos
              are expected
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SHiP Summary
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• SHiP approved, March 2024,

    intensity-frontier experiment aiming to Search for Hidden Particle 

• Two main detector in SHiP
• Hidden Sector Decay Spectrometer (HSDS)
• Scattering and Neutrino Detector (SND)

• Using Emulsion Cloud Chamber(ECC) as same as DONUT and OPERA
• The best tau neutrino beam is produced in the Beam Dump Facility (BDF)

• Realistic prototype experiment running at LHC neutrino beam
• SND@LHC and FASER using ECC

• In this three years of TDR phase, detector optimization is on going.

• SHiP will be operational in 2032
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DsTau Experiment (CERN NA65)  motivation 
Precise understanding of ντ production  flux 

        Measurement of differential production cross section of Ds .
    Using a specific decay topology ::  Ds->tau->X (double kink) decay .

                                                                     
                                 
                                                                               
Ds→tau decay angle is small as average 7mrad in flight length a few mm . 
     Using Sub micron spatial resolution 3D tracker ::  Nuclear emulsion tracker  .
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Small kink decay angle (7mrad)
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Decay Angles (2) , Flight 
length (2) -> Ds momentum 
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DsTau Experiment (CERN NA65) main physic targets

1. Precise understanding of ντ production  flux  cont.

 Reduction of  nucleon cross section uncertainty 50%→10% .

For re-evaluation with updated  flux for DONUT
For  input for future experiment SHiP nt program etc .

The detected 1000 Ds→tau→X  events for the uncertainty reduction 
A total of 2x108 proton interactions to be analyzed to detect 1000 Ds→tau→X .

Several 105 events having pair charms! among int. produced tracks.

sub-micron spatial resolution of Nuclear Emulsion detector allow us study also ..

2. Understanding of charm production

       The correlation of the charm pairs , angle (slope , phi) , momentum by ~105 events 

       XF distribution for Charged and Neutral charm respectively.

       Wide acceptance and sub micron spatial resolution of  

       Analysis about  Charms produce into Forward direction ::  intrinsic charms exist ? .
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The detector structure (~80 modules)
2.3x108  Proton-tungsten interactions （4.6x109 POT）
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10 Unit
(A total 100 nuclear emulsion films）

Momentum analyzer
(2.5 additional Units）

400 GeV/c
 Proton beam

10 units

Decaying Volume & Tracking detector

Proton
beam Ds

ντ

ντ

D+

X

X'

τ

Plastic sheet (200 μm)
Nuclear emulsion film (320 μm)
Tungsten target(0.5 mm)

Target

Uniform irradiation on 
 detector surface x,y
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ECC size 
25cm x 20 cm

x 7.1cm (beam)

25㎝x20㎝x7.1㎝



Accumulated proton on ECC modules
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Modules
(Physics run size )

Total surface
area of used
emulsion (m2)

Integrated #
of ECC 
modules

Interactions with 
tungsten/molybdenum

Integrated (x108)

Pilot run 2018 ¼ x 30 = 7.5 49 7.5 0.19

Physics run 2021 17 110 24.5 0.61

Physics run 2022 17 110 41.5 1.04

Physics run 2023 40 260 81.5 2.04
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SHiP approved in March 2024 
A hybrid beam dump target, Molybdenum alloy (42Mo: above 99% purity)+ tungsten(74W).
DsTau have taken data with both metals.

Run All # of Molybdenum ECC module # of Tungsten ECC module

2021 17 5 12

2022 17 8 9

2023 40 20 20

Total 74 33 41

※Emulsion films are produced at Nagoya University



Tracks readout from Nuclear emulsion & Analysis . 
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Proton
Beam Ds

ντ

ντ

D+

X

X'

τ Ds τ

Nuclear emulsion 
prior treatment for 
scanning .

Surface cleaning, 
Thickness control.

400-800films/month

① Full surface scanning

~300 films/month 

~700 films/month (with night shifts）

② Ds -> τ search

Precise 
measurement for 
Small angle kink (~

７ｍrad)

Track readout speed 0.5 m2/h/面
Angle resolution ~2 mrad

Hyper Track Selector (HTS)

Angular resolution ~0.3 mrad

Dedicated microscopes 

Total ~4000 films
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Track reconstruction, track density(Data/MC), tracking 
efficiency

Tracks from tungsten target
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Slope distribution

Upstream
(Plate 6)

Downstream
（Plate 86）

Tracks 1 mm x 1 mm

1000 μm

Track density
compared to FLUKA

upstream Downstream

More than 95% efficiency even high 
track density , down stream plates 

９５％

Down
stream

upstr
eam

Track density increase toward downstream due to 
interaction products .  The MC reproduce the behavior .
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Proton-target nucleus interaction
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Interaction density par a tungsten
plate~500/cm

Multiplicity distribution for composed material interactions. 
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Analysis of proton-tungsten interactions

KMI2025
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A sample of about 95,000 proton-tungsten interactions are analyzed in detail.

Paper appear soon : accepted by EPJC, arXiv:2411.05452v1
Multiplicity and angular distributions and Proton-Tungsten interaction length are discussed in. 

1       2      3       4       5        6       7       8  …    Tungsten plates# 

P



Multiplicity and Angular distribution
of proton- tungsten interaction.
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• Compared with several MC generators

• Some discrepancy between data and MC.

• EPOS looks the best among the test MC generators

• 10-20% discrepancy with EPOS

Multiplicity (# of tracks / interaction)

MC/ data MC/ data
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Ds→tau→X search

KMI2025
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• A total of ~1.9 x 106 p-tungsten interactions 
    of pilot run data is analyzing.

• A preliminary selection applied to the sample 
           to enrich the Ds→tau→X signals.
• Daughter X and X’ momentum obtains 
           from Multiple coulomb scattering.

• Several candidate event’s decay geometories confirmed by Viewer and Kinematical checks.
• Analysis on going . 

Current status If all this done

P-W interactions 1,863,286 1863286

Selected events 88 88

Event Viewer Check 88 88

Confirmed events 34 34

Daughters Momentum measured 16 34

Pt > 0.1 for both tau->X and partner charm 5 10.6

D+

Ds
τ

ντ

Proton

400GeV/c

ντ X

X'

~5 mm

Small kink decay angle (7mrad)
Ds → τ   kink decay



Example of a Ds→Tau→X candidate
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Decay Kink angle Flight length

Ds→tau 8.3 mrad 2.35 mm

tau→X 28.9 mrad 4.59mm

Charm→X’ 40.9 mrad 5.44mm

CNN with Decay Angles (2) , 
Flight length (2) 
→ Ds momentum 

Δp/p = 20%

Ds momentum estimated as 27 GeV/c
 by two decay angles and flight lengths
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Summary
• The DsTau study Ds → tau → X differential production cross section by 400 GeV/c proton- tungsten interactions. 

• Beam exposure have been successfully finished,  Pilot run 2018 , Physics run 2021-2023. 

• A total of 2x108 proton-tungsten interactions were accumulated in ~80 ECC modules .

• 1000 Ds→tau→decays from the interactions to be detected.

• Reduce uncertainty on tau neutrino flux,  50% → 10% and provide for SHiP (2032 commissioning).

• Ds → tau kink decay in short flight of a few mm and very small kink angle require nuclear emulsion detector.

• Nuclear emulsion tracker provides ideal two track separation in 3D and alignment  accuracy ~0.4um.

• A preliminary analysis have been conducted by 1.9 x 106 p-tungsten interactions.

• Several candidates shows Ds→tau→X double kink geometory and pass preliminary kinematical cuts.

• Next step is Ds differential production cross section reports.

  

• During the main analysis ~105 Charm pair associating proton interaction will be collected .

• Properties of Charm pair production will be studied in detail .   To be Feedback to MC generators .

         Charm particle correlation of the pairs .

         Valence quark like charm particle, Intrinsic Charm production in forward direction test ?  

• Proton interaction with right (CH),  medium (Ag,Br), heavy (W, Mo)  nucleus, properties 

         Comparison with MC generators, understanding especially tracks produced in Forward direction .    21
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SHiP detector concepts
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F4/F5 structure functions by  

Assuming 10 equally populated bins (with 5% uncertainty) for  + anti-  
A global 20% effect on the cross-section w/wo F4 and F5 
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Strange quark content 

Charm production via anti-neutrinos dominated by s-bar 
quarks because of |Vcd/Vcs|

2 ~ 1/20.
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Impact of  measurements on oscillation

• Mass hierarchy study with atmospheric neutrino 
study at SK and HK

• Tau neutrino interactions with an energy of few 
10 GeV mimic multi-GeV e interactions
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C. Bronner, https://indico-sk.icrr.u-tokyo.ac.jp/event/5223/

T. Wester, NNN2023
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Realizing Ideal Alignment ::  with plenty of 400GeV/c protons

• High beam proton track density ~ 105 /cm2

• 400 GeV/c proton ::  ~No MCS scattering ! 

• Processing in sub-volumes

• e.g. 1.5 cm x 1.5 cm x 30 films

• Alignment with proton beam tracks

• Alignment accuracy better than 0.4 𝝁𝒎
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30 films
(two tungsten plates to reject low 
momentum daughter candidates)

Ds

ντ

ντ
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X

X'
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1
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 1

.5
 c

m

Align films with proton tracks, 
100 tracks/mm2

Residual of track segments to fitted line (RMS) 
≃0.4 𝝁𝒎
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Signal and background

• Signal
• Main background: Hadron 

interactions of daughters of proton 
interactions
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No nuclear fragment 
detected

Neutral hadrons 
mimic neutral charm 
decays

Ds
τ X

D+

X

X

D0

X

Ds→τ decay: small 
kink ~7 mrad

Ds
τ

Detection efficiency = 20%, 
estimated with Pythia 8.
Signal probability 2.2x10-7 /proton

Charged hadrons 
mimic kinks

Background probability estimated by FLUKA.

𝑃𝐵𝐺
𝑐ℎ𝑎𝑟𝑔𝑒𝑑

= 1.3 ± 0.4 × 10−9/ proton 

𝑃𝐵𝐺
𝑛𝑒𝑢𝑡𝑟𝑎𝑙 = 2.7 ± 0.8 × 10−9/ proton 

Signal in DsTau : 1000 BG in DsTau : 18
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Tau neutrino interaction cross section

ντ properties are not well measured, identical with e ?
Large uncertainty on interaction cross section.

➝ ντ interaction cross section precise measurement 

New physics tests in tau neutrino interactions 

Input for future neutrino oscillation studies, cosmic ντ observation .
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Plan for physics runs 

DsTau goal

30

longitudinal
dependence

)exp()1( 2

2

2

T

n

F

TF

bpx
dpdx

d
−−



transverse
dependence 30

KMI2025



Ds→tau→X  detection efficiency and its XF 
dependency 
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Remark :: Larger efficiency for large XF for other charm,
                  because no strict selection (2) about small angle kink .KMI2025
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