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DsTau: Physics Motivations

= Tau neutrino is the least studied particle of the Standard Model
o D—1v_: DONUT (9 v, events)
« v_CC DIS cross-section error > 50 % due to systematic uncertainity in v, production
o v,+dv, I OPERA, Super-K, IceCube
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v, detection:
FASER , SND@LHC, SHiP ...

Reduce v, flux uncertainty from >50% to 10% Lepton Flavour Universality test in neutrino scattering

v, production: DsTau
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DsTau: Physics Motivations

» Forward charm physics, intrinsic charm component in proton

o Large theoretical uncertainity for forward charm production
* Intrinsic charm content of proton can affect v, flux.
» v_flux may change by a factor of ~10

SHIP case (400 GeV p-N) interaction
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= Neutrino experiments need data on forward charm production in p-A interactions!

= DsTau: In 2.3x108 proton interactions, ~10° charm pairs & ~10°D,— t — X decays can
be detected.
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D.—v.t—v X decay signature

Double charm hadron production

Double kink topology
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= Among the available detector technologies only nuclear emulsion can provide
required spatial and angular resolutions to detect Ds decays.
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DsTau: Timeline

Experiment Proposal

Study of tau-neutrino production at the CERN SPS

S. Aoki', A. Ariga®, T. Ariga®®*, E. Firu*, T. Fukuda®,

Y. Gornushkin®, A. M. Guler”, M. Haiduc*, K. Kodama?®,
M. A. Korkmaz”, U. Kose®, M. Nakamura®, T. Nakano®, -
A. T. Neagu*, H. Rokujo®, O. Sato®, S. Vasina®, P hys I CS ru n
M. Vladymyrov?, M. Yoshimoto'® .
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The DsTau Detector

13 units, 7.5 cm — 130 films, plastic sheets, 13 target plates

—

ProtonI

1 unit (5.5 mm)

Proton—
beam

> Plastic sheet (210 um)
Emulsion film (340 um)
Tungsten (0.5 mm) /
Molybdenum (1 mm) plate

Size of module since 2021

= QOriginal structure had more material (2018 pilot run) = too high track density in ECC
o Dedicated scanning is required

= Reduce material (longer module, 10—13, without ECC), but sufficient performance
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Data Taking 2022

= Beam condition
o Energy : 400 GeV proton
Y _
o Size:0, = 7.2 mm, g, = ~ 10.0 mm
Scintillation
Detector module counter = Intensity : = 4.5 X 10° protons/spill
i PTOtOHS = Data taking rate ~ 100 kHz
'\ counts — —
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Angular distribution of
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= 17 modules exposed
T | 3 1~4 hours / module

0.0068Y

9/5/2023 A. Murat GULER@METU



Data Taking 2023

= Beam time : September 6-20 @ H2
= Emulsion film production for a large surface of 260 m2was

completed

o =40 modules of size 25 cm x 20 cm
o Dark room operation «» beam exposure simultaneously
o lrradiate up to 3-7 modules per day

= This run would be the final data taking for DsTau
o 50% of the total data

Emulsion films | Beam time
Pilot run 50 m? 1 week
2021 run 110 m? 2 weeks
2022 run 110 m? 1 week
2023 run 260 m? 2 weeks
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Emulsion Processing

= Emulsion facility at CERN was upgraded (2022)

= Capacity
o ~5 modules/day assembling

o ~300 films/day development
= NAG5 development schedule in September-November period

2023 schedule (updated on Aug 9)

Mar Apr May Jun Jul Aug Sep Oct Nov

O O () = assembly room

FASERv & SND FASERv & SND SND extraction (Jul 27) devel "
installation (Mar 20) exchange (Jun 20-23) FASERv extraction (Aug 2) == development room
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_— = — —
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4 ddys) ~
SND SND FASERv test-beam test dev
disassembly disassembly (in the night, with small tanks,
Uun 22-23) Aug 16 or 17)

FASERv test beam (Aug 16-23)

—
FASERv test-beam FASERv test-beam
assembly & disassembly dev

(Aug 13-23) (A

NAB5 beam time (Sep 6-20) (confirmed)

NAGS NAB5

assembly dev

(Sep 4-20) (Sep 18-Nov 2,
7 weeks)
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Emulsion Readout

= High speed readout by HTS system in Nagoya University
o 40~50 min per film (20 cm x 25 cm x 2 = 1000 cm?)
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Data processing

= Reconstruction procedures require powerful processing servers with high CPU/GPU
and high memory (~128-256 GB of RAM) and disk space (~10 TB for each data
module) resources.

= Data processing is distributed and being done gradually. All modules of 2018 run
have been fully processed.

LN Turkey (METU):
(Nagoya/KYUShu) . TRUBA computing center
2 processing Servers resources
CPU, GPU, 256 GB of RAM ~ = CPU, GPU, 128 GB of RAM
Storage capacity: ~150 TB CERN Storage capacity: 100+ TB
(+2 in Chiba in near future)
_ 7 EQOS - :
Russia (JINR): Romania (I1SS):
2 processing servers 400TB 1 processing server
CPU, GPU, 256 GB of RAM (data) CPU, GPU, 128 GB of RAM
Storage capacity : ~150 TB ?&E)B Storage capacity : ~40 TB

= Batch system of the CERN computing center is also used to process physics run
data.
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Reconstructed Proton Interactions
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Study of Proton Interaction In tungsten

= For the present analysis, a sample of ~100k proton interaction In
the tungsten plates are used from a single module of the pilot run
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Study of Proton Interaction In tungsten

= The proton track and vertex reconstruction efficiencies are evaluated with
making a detailed simulation of the detector response using GEANT4. The
simulated geometry set as for 2018 pilot run setup.

= A large number of proton interactions are generated using EPQOS,
PYTHIA8, QGSJET, DPMJET, and GEANT4.11 generators by
considering the realistic beam proton density in a module.
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Efficiency Estimation

« EPOS predictions are in good agreement with data
« Efficiencies of vertex reconstruction and proton-linking are

estimated using EPOS

= Proton purity for proton selection >96 %

Vertex reconstruction Efficiency
>80 %
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Proton track reconstruction

Efficiency
>85 %
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Proton Interaction Length in Tungsten/Polystyrene

9/5/2023

Gaussian and box functions. eoco kﬁj \j‘ﬂ

—400 —200 0 200 400 600

mkm
A=— - N Ny
In(1l - &-) N, = 913£0,07
. (&&d
Proton interaction length Q@\\

Tungsten 112,1+1,4 mm 107,7+1.3 mm
Polystyrene 842,2+10,3 mm 809,9+9,4 mm
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= The ratio of proton interactions in Tungsten | T cries SrAeTE
and Polystyrene is obtained by afitto the| | | g"fgm 35?(%31?7%5
measured vertex position in beam direction et 10267
with a function which is a convolution of | ™ sigma 5.383£0.132




Long range reconstruction has been established
Scattering “angle”— momentum

Will also try “coordinate” method for higher
momentum

Momentum measurement by MCS

Plastic base Tungsten
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Test beam with 50 GeV was performed in August

2023
o Same structure with DsTau

o Will be analyzed as soon as scanning is done
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 The proton interaction analysis led to a good and
guantitive understanding of our data, which will be
the base of future analysis.

 Proton interaction length in tungsten iIs measured

for the first time.
= will be submitted for a publication

 The analysis of physics run data Is going on.

1 2023 physics run was scheduled in September.
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Detection
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Emulsion detector

=  Among the available detector technologies, only nuclear emulsion can provide a sub-
micron three dimensional spatial resolution, which gives us a sub mrad three-dimensional
angular resolution

Emulsion film

Cross-sectional view AgBr crystal

104 crystals in a film
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Emulsion Production

Sensitivity of new emulsions
confirmed
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HTS

Mosaic Imager with beam splitter = nereno |

Specially ordered Mosaic Imager
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