
Study of tau-neutrino production  
 at the CERN SPS (CERN-NA65) 

Osamu Sato (Nagoya University) 

for the DsTau Collaboration  

1 2019/Aug/27 NUFACT2019 

The DsTau team in the pilot run in 2018 

Collaboration 
 
Japan 
  Aichi University of Education 
  Gifu University 
  JAEA-Japan Atomic Energy Agency 
  Kobe University 
  Kyusyu University 
  Nagoya University 
 
Romania  
   Institute of Space Science Bucharest 
 
Russia 
   JINR-Joint Institute for Nuclear Research 
 
Switzerland  
  CERN 
  University of Bern 
   
Turkey 
   METU-Middle East Technical University 



Tau neutrinos & lepton universality test 

ÅTau neutrino is one of the least studied particles 
ÅOnly a few measurements    Direct ’ beam: DONUT (DIS) 

                                               Oscillated ’: OPERA (DIS), Super-K (QE), IceCube (DIS). 

Åcross section error >50% (DIS) due to systematic uncertainty in ’ production 

ÅLepton Universality test in neutrino scattering 

ÅHints of LU violation from B decays, ὄᴼ†’Ὀᶻ. New physics in tau sector? 

ÅA precise measurement of ’ cross-section would provide a unique and 
complementary information 
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Tau neutrino cross-section uncertainties in DONUT 

Tau neutrino detection 
statistics of 9 events, 33% 

Tau neutrino production: Lack of Ds 
differential prod cross section data, >50% 

Tau neutrino production : 
Others, 33% 

DsTau 

SHiP etc 

Need to improve both ’ statistics and ’ production 
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Future tau neutrino measurements 

Opportunities to measure ’ cross section 

ÅSHiP: high statistics ’ measurement at 
the SPS beam dump facility 

Åds ~10% with DsTau reduction of  ⱨⱲ  
beam uncertainty 

ÅFASER: high energy ’ measurements at 
the LHC.3 

ⱨⱲ cross section has influence to 

ÅLong baseline neutrino oscillation 
experiments 

ÅDUNE, Hyper-K, SK 

Å’ is background to ’, due to †O Ὡ 

ÅIceCube 

ÅAstrophysical ’ measurement 
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/ƻƴŎŜǇǘ ƻŦ ˄ ̱cross section measurement 
(accelerator based) 

charged particle sweeping, 
neutron absorption 

’ detector 

high energy  
proton 

’ production target 
(e.g. tungsten) 

’ beam 

Ὀ  

Ὀ † 

’ 

’ ὢ 

 

ὢᴂ 

proton 

’ source: Ὀ ᴼ†O ὢ decays 

† ’ 

ὢ 

’ detection 

ḗ5mm 
˄̱ detection: e.g. SHiP 

ɜŰ production study: DsTau 
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Å No experimental data on the Ds differential cross section 
Å Large systematic uncertainty (~50%) ƛƴ ǘƘŜ ˄ ̱flux prediction  

Å Statistical uncertainty 33% in DONUT  
Å Will be reduced to the 2% level in 

future experiments 
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ÅGoals: Study of ɜŰ production for future tau neutrino experiments. 

ÅFirst measurement of Ὀ double differential production cross section 

ÅTo reduce uncertainty of ’ flux from >50% to 10%. 

ÅFundamental input for future ɜŰ experiment: SHiP. 

ÅByproduct: charm physics, intrinsic charm component in proton. 

ÅPrinciple of the experiment 
Å5ŜǘŜŎǘƛƻƴ ƻŦ άdouble-kink + charm decayέ ǘƻǇƻƭƻƎȅ ǿƛǘƘƛƴ ǎƻƳŜ ƳƳΦ 

ÅτȢφ ρπ protons, ςȢσ ρπ proton interactions in tungsten, ρπ charm 
pairs,  ╓▼ᴼⱲO ╧ decays. 

Kink angle of  
Ds Ҧ ̱ decays 

D+ 

Ds  ̱

˄̱ 

Primary 
proton 

˄̱ X 

X' 

~5 mm 

Kink angle of Ds Ҧ ̱  
a few mrad 
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The DsTau project (CERN NA65) 

x̀ = 50 nm 
 ̒
ˋ̒ = 0.35 mrad 

(0.02 ) 
Plastic base (200 ˃ m) 
Emulsion layer (70 ˃ m) 

Kink angle (rad) 

Average kink 
angle = 7 mrad 

Emulsion detector: 
High angular resolution tracker 
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Emulsion detector  

Zoom 

Protection Coat 

 1ɛm 

Emulsion layer 

21mm  

TAC Base 

Emulsion layer 44ɛm 

TAC base

200ɛm 

A minimal detector: 

Silverbromide (AgBr) Cristal 

Å diameter = 200 nm  

Å detection eff. = 0.16/crystal 

Å volume occupancy = 30% 

1014 crystals in a film 

Emulsion layer 

21mm  

12.5 cm x 10 cm 
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Emulsion layer 44ɛm 

Nucl. Instrum. Methods A 556 80 (2006) 
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20 ˃ Ƴ 

mip 
 

electron 100 keV 

sensitivity  

15 grains/44 microns 

high dE/dx tracks 

from nuclear evaporation 



Module structure for Ds Ÿ Ű Ÿ X measurement 

10 units  
(total 100 emulsion films) 

ECC for momentum measurement  
(26 emulsion films interleaved with  
1 mm thick lead plates) 

Proton 
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Emulsion 
module 

1 unit (5.5 mm) 

Proton 
beam Ds 

˄̱ 

˄̱ 

D+ 

X 

X' 

 ̱

Plastic sheet (200 ˃ m) 
Emulsion film (320 ˃ m) 
Tungsten plate (0.5 mm) 

A total of 370 modules 
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Ds momentum reconstruction by 
geometrical variables by Artificial Neural Network  

ÅDifficult to measure Ds momentum directly due to 
short lifetime 

ĄDs momentum reconstruction by topological 
variables 

ÅA Neural Network with 4 variables was trained with 
MC events 

ÅMomentum resolution for ŰŸ1 prong decays  

    ɲp/p = 18% 
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ɲp/p = 18% 

Ds 

t 

X 

qX 

FLDs 

FLt 

qt 
Proton 

FL: flight length 

True PDs (GeV) 
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Signal and background 

ÅSignal 
ÅMain background: Hadron 

interactions of daughters of proton 
interactions 

 
No nuclear fragment detected 

Neutral hadrons mimic 
neutral charm decays 

Ds 
 ̱ X 

D+ 

X 

X 

D0 

X 

DsҦ  ̱decay: small 
kink ~7 mrad 

Ds 
 ̱

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

Background probability estimated by FLUKA. 

ὖ ρȢσ πȢτ ρπ / proton  

ὖ ςȢχ πȢψ ρπ / proton  

Signal in DsTau : 1000 BG in DsTau : 18 



DsTau load map 
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Test beam 2016 

ωTest of detector structure 

Test beam 2017 

ωImproved detector structure 

ωRefine exposure scheme 

Pilot run 2018 

ω1/10 of the full scale experiment 

ω30 % uncertainty on ⱨⱲ flux 

ωRevise the DONUT result 

ωCharm physics 

Physics run 2021-2022 

ωFull scale experiment 

ωAiming at collecting 1000 
╓▼ᴼⱲO ╧ events 

ω10 % uncertainty on ⱨⱲ flux 

We are here 

DsTau goal 
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xF is Feynman x (xF =2pCM
zκҞǎύ 

and pT is transverse momentum 

Phenomenological formula 

Approved by CERN Research Board  
    in Jun.2019 as NA65 !  
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Pilot run: emulsion film production 
Å50 m2 (4000 films) produced 

ÅFilm production in Nagoya and Bern in June - August 2018 

Emulsion 
 
 
 
 
Emulsion 

Base 
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 ᴻFilm production facility 
in Nagoya 

Film production facility in Bern 

Pouring emulsion gel on 
plastic base 
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