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Tau neutrinos & lepton universality test

A Tau neutrino is one of the least studied particles
A Only a few measurementsDirect’ beam:DONUT(DIS)

Oscillated : OPERADIS)SuperK (QE)ceCubgDIS).

A cross section error >50% (Ditfie to systematic uncertainty in production

A Lepton Universalityest in neutrino scattering
A Hints ofLU violation from B decay§,© t 'O° . New physics in tau sector?

A A precise measurement of crosssection would provide a unique and
complementary information
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Tau neutrino crossection uncertaintiegn DONUT

vV, &
28 Tau neutrinodetection

= -5 .

=I5 statistics of 9 events33% SHiFete

Q F2f

° %: Tau neutringproduction: Lack of Ds

------- SRS differential prod cross section data50%

SM | | DsTau

Tau neutringoroduction:
Others,33%

Need to improve both statistics and production
NUFACT2019 2



Future tau neutrino measurements
YA

v, detector

Opportunities to measuré cross section

A SHiP high statistic§ measuremeniat
the SPS beam dunfacility ey
- d s ~10%with DsTaureduction of hy, e muen e
beamuncertainty N wsf
A FASERhigh energy measurementsat MEF fd _____________ o, iy
the LHC3 s T gy O]
hwcross sectiornas influenceto
A Long baseline neutrino oscillation &, ‘y TSR /)
experiments '
A DUNE HyperK, SK
A’ is background to , due tot© Q & E';L";,E"“E‘
A lceCube T 7
A Astrophysical measurement 5 "W """" =
;,::’:::“W’ ="\ l muu’”, |¢ ]
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/ 2y OS Ldibss&eEtiommeasurement
(accelerator based)

charged particle sweeping,

production target

high energy t t JIeUtron absorption _____ ,
proon____ “9 195

etector

source’O © 10O @decays ’

o - o
proton W

A
4

€ 5mm . .
A detection: e.g. SHIP

3y production study:DsTau o _ _
A _ d he Ds diff " . A Statistical uncertainty 33% in DONU
No experimental data on the Ds differential cross section  z il be reduced to th@%level in

A Large systematic uncertainfy50%) Yy Ufléx$rediction future experiments
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TheDsTauproject (CERN NA652s1au

AGoaISZStudy of3yproduction for future tau neutrino experiments.
A First measurement d® double differential production cross section
A To reduce uncertainty of flux from >50% td.0%.
A Fundamental input for futurggexperiment SHiP
A Byproduct: charm physics, intrinsic charm component in proton.

APrinciple of the experiment

~ Ve ~ ~’ Ve

A5 S (S Oldodkink Fcharmdecay (2LJ2f 238 gAlIK

At1® p mprotons,c®& p Tproton interactions in tungsterp T charm
pairs, TvO WO Ldecays
Emulsion detector:

Kink angle of b ™ | High angular resolution track
2 few mrad - 1400? Kink angle of N 00 ©
Primary iy D-cecays BerSOMM 1
proton D, ¢__--- X ool 000 )
— @\/ ool Average kink ° . =0.35 mrad
D A e angle = 7mrad (0.02 )
X N 202* Plastic bas€200>m)

0 0:005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 \ Emulsionayer(70 >m)
~5> mm Kink anglerad) 5
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Emulsion detector Nucl Instrum Methods A 556 80 (200

A minimal detector: mi Sen_S|t|v|t)(." A Sy

Silverbromide(AgB) Cristal R - "15 grains/44 microns

A diameter = 2001 “ ' eléctron  100keV g

A detection eff. =0.16/crystal Kt PRSEL

A volume occupancy = 30% 20> Y ¥ ‘
—

10% crystals in a film

high dE/dx tracks ~ - —
from nuclear evaporation

12.5cm x 10 cm Zoom

- —
~Emulsion layer 44¢m

Protection Coat
lem

TAC base
20 0¢em

44 m TAC Base
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Module structure foD,Y UY X measurement

_ ECC for momentum measurement
10 units o (26 emulsion films interleaved with
(total 100 emulsion films) 1 mm thick lead plates)

U Hﬂﬂﬂﬂﬂﬂﬂﬂwﬂﬂﬂﬂﬂﬂﬂwmm

Profile Detector module
monitor 10cmx10cmx8.6¢

Protﬁmll
%

Scintillation

counter
10cmx 10 cm

Proton

beam 2cmx2cm
ey ‘ .
—_— D ﬁ Emulsi
A Proton beam odule

J Real-time
%\\ Plasticsheet(200>m) feedback
Emulsion film(320>m) < >

Tungsterplate (0.5 mm) tm

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

tI:IT

Proton : D =
S o X
Flos
FL: flight length
A Difficult to measure Ds momentum directly due to_ —NP/P = 18%

short lifetime
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A Dsmomentum reconstruction byopological
variables

o]
o
T 1T

A A Neural Network with 4 variables was trained wit
MC events

Ps=Teconstructed (GeV)
o
o

[22]
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T T
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o
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A Momentum resolution foll¥ 1 prong decays
np/p = 18%

20

c v b b b b by 1
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Signal and d&ckground

A Main backgroundHadron
A Signal interactionsof daughters of proton

interactions
No nuclear fragment detected

DJh decay: small
kink ~7 mrad

Charged hadrons
mimic kinks

—

- l.
Neutral hadrons mimic* %%
neutral charm decays Yoo

Detection efficiency = 20%, Background probability estimated by FLUKA.

estimated with Pythia 8. ¥ p® 1@ p 1T/ proton
Signal probability 2.2x10/proton 0 C& T p 1/ proton
Signal in DsTau : 1000 BG in DsTau : 18
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DsTau load m | 2
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w n =
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Test beam 2016 ;5 2021 run —:0-2§
wTest of detector structure go.s 7777777777777777777777777 2020 =
g DsTau goal 1 <

I ] ®

Test beam 2017 & 500 1000 1500 2000 °

wimproved detector structure Number of detected events

wRefine exposure scheme

Phenomenological formula

2

Pilot run 2018 d’s =7 (L % )"exp ¢ bp?)

w1/10 of the full scale experiment dXder I‘ N di ‘Il ' '

ST O DTG @7 T ongitudinal transverse

wRevise the DONUT result dependence dependenc

: We are here

wCharm physics \ X iS ngnman X (R2PFMK K & 1

Physics run 2022022 and pPrIS transverse momenturnr

wFull scale experiment

wAiming at collecting 1000 Approved by CERN Research Board
i in Jun.2019 as NAB5 !

w10 % uncertainty oriy,flux
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Pilot run: emulsion film production
A 50 n? (4000 films) produced

A Film production in Nagoya and Bern in Jueigust 2018
Film production facility in Bern

Emulsion

Base V Film production facility

in Nagoya
Emulsion



