
200 mm
400 GeV proton interaction in tungsten





• Re-evaluate ντ cross section

• Provide essential data for future neutrino experiments

5mm

• Dominant source:

Dst ντ X ντ ντ.
• Detect the double-kink topology within a 

few mm by emulsion detector.
• Small background by requesting charm-

pair production.
• Measure differential production cross-

section of Ds mesons, ~1000 Ds for 10 % ντ 

flux uncertainty.

X



Kink angle of Dst
Mean 7 mrad

Flight length of Ds

Mean 3.3 mm

Dst decay has a very small kink angle 
~7mrad. A high precision detector is 
required.
(τ decay kink angle ~100 mrad)

Need high precision 
readout! Emulsion detector with 

nano-precision readout.



Cross-sectional view

Plastic base (200 mm)

Emulsion layer (44 mm)

Emulsion layer (44 mm)

AgBr crystal

1014 crystals in a film

200 nm

Emulsion film

20 mm

10GeV/c 
beam

Sensitivity 36 grains/100 mm

Residual from fitted track 

s=50 nm

Towards detection of a few mrad kink topology



• Intrinsic resolution of each grain = 50nm

• Discrimination of 2 mrad at 4 sigma level.

• Conventional systems spoil it due to mechanical 
vibration of Z axis 

• Piezo objective scanner for Z axis. 

q

sx=50nm

200 mm
base

Piezo objective scanner

Position 
reproducibility 
~ 8nm

Angular 
reproducibility 
~ 0.15 mrad



Y 10 cm

X 12.5 cm

10cm x 12.5cm x 8.6 cm 
(10 units + ECC)

5~10 units 
(total 50~100 emulsion films)

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

Proton beam 

1 module

105 protons/cm2

(uniform irradiation)
Ds

t X

D+

X

Efficiency estimation with preliminary selection (FL: flight length) : 
1 film <FL(Ds)&FL(τ)< 5 mm & Δθ(Ds→τ)> 2 mrad & Δθ(τ)> 15 mrad & partner-charm detection 
 Efficiency 20% (will be further optimized using more careful simulations) 

(5.3 mm)

400 modules , -- a total film surface 
of 500 m2 for 1000 Ds detection.



 A Fast scanning system being developed in 
Nagoya, aiming at the speed of 9000 cm2/h (22 
m2/day). Angular resolution = 2mrad

A nano-precision measurements in Bern. 
Angular resolution = 0.3 mrad

X

5mm



Ds

t

X

qX

FLDs

FLt

qt

proton

• A Neural Network with 4 variables was 
trained with MC events.

• Momentum resolution for t1 prong 
decays

• Dp/p = 18%
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Piling up of 200 components: 
10 tungsten, 100 films, 90 plastic sheets.

dedicated piling support



Target mover, 
for an uniform irradiation on the 

module, moving the module 
synchronous to the beam

Module

Silicon pixel telescope 
for beam monitoring



5x106 interactions expected in 
tungsten target

Dump 
vacuum 
problem
(17h)
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Nov 9th Nov 14th

Expected recorded number of 
events 

~5x106 proton interactions (in 
tungsten target)

~104 charm events (~2000 Ds , 
~9500 D0, …)

~100 Ds decaying to τ events



A glance at data from 2016 run

2mm x 2mm x 5 films
~15000 protons

HTS data at the track density of 
~4x105/cm2

200 mm

Data analysis is ongoing.



16

FL 1.38 mm
Kink angle 68 mrad
IP to 1ry 96.5 μm

100 μm200 μm

Proton interaction vertex

Proton interaction vertex

FL 3.73 mm
Kink angle 66 mrad
IP to 1ry 256.2 μm

A volume of 6 cm x 6 cm x 10 films was preliminary analyzed.
About 30,000 proton interactions.
150 events with possible decay topology (expected charm events ~ 30). 

tilted views





• Emulsion detectors with nano-precision readout

~2x108 proton interactions 1000 
Ds→τ

~105 charmed-particles

test beam in 2016, 2017







nt CC cross section was calculated as a function of one parameter.
The energy-independent part was parameterized as
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where n is the parameter controlling the longitudinal part of the Ds differential cross section
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xF is Feynman x (xF =2pCM
z/√s) and 

pT is transverse momentum
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Phenomenological formula



ντ CC cross section as a function of the parameter n

1-σ statistical error

s mn

const

Results from DONuT

Systematic  uncertainties

Ds differential cross section (xF dependence) ~0.50?

Charm production cross section 0.17

Decay branching ratio 0.23

Target atomic mass effects (A dependence) 0.14

n=6.1 based on 
PYTHIA

Using PYTHIA-derived value of n=6.1

124052.1 10)335.0(5.7  GeVcmn
const

s tn

No published data giving n for Ds produced 
by 800 GeV proton interactions



To expose 4x109 pot with the density 105 tracks/cm2

 detector surface 4x104 cm2 (400 modules)





Data reconstruction

Interactions in the tungsten target

1 mm x 1 mm x 10 films



Readout of emulsion data and analysis

2016                  2017                   2018                  2019                  2020                  2021          2022

Detector production

Proton beam                           run1                                                                                      run2

(SPS shutdown)

Feedback

Now
↓



• This year, 
• Test an updated detector design, especially film design to 

improve angular resolution
• Test lower intensity to fully reconstruct the kinematical 

information (Momentum measurement in ECC)
• To improve exposure sequence (Intensity driven 

synchronization between beam intensity and target mover)



stage speed (mm/s)

beta ray intensity

Resulting counts per position



Scintillator PMT

Y 
motor

X 
motor

Module

USB hub

Target mover

Preamp

Discriminator

Prescaler /2n

Raspberry pi (RPI)

Count pulses
Control motor speed 

(every 0.2 sec)

IRQ

proton beam



4.8 sec



Significant improvement!!



1 line beam

Y
X


