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Tau neutrino cross section measurement
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v, production study: DsTau

* No data of Ds differential production cross-section

* Larger “50% uncertainty of v_flux

v, detection: SHiP etc.

9 v, detected by DONuUT (bam v, ).

33% statistical error

10 v, detected by OPERA (Oscillated v, )
SHiP ~ 10000 events afew %
statistical error



DsTau Experiment (CERN NA65 ) Physic motivations

1. Precise understanding of v_production flux

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

d’c
dx.dp?

Xg : Longitudinal momentum (PI) / PI_max
Pt : Transverse momentum

———— o< (L-|x:))" exp(-bpr)

Ds->tau decay angle is small as average 7mrad in flight length a few mm .

Using Sub micron spatial resolution 3D tracker :: NUCICaHemuISIONtrackern .
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DsTau Experiment (CERN NA65 ) Physic motivations

1. Precise understanding of v, production flux cont.

Reduction of vt nucleon cross section uncertainty 50%->10% .
For re-evaluation with updated vt flux for DONUT
For input for future experiment SHiP vt program etc .

The detected 1000 Ds->tau->X events for the uncertainty reduction
A total of 2x108 proton interactions will be analyzed | to hand detected 1000 Ds->tau->X .

2. Understanding of charm production

Several 10° events having pair charms among proton interaction products.
The angle (6, ¢) correlation of the pair charm particles for event by event, etc .

X distribution for Charged and Neutral charm respectively.
Analysis about Charms produce into Forward direction :: intrinsic charms (valence quark like c) exist ? Etc .
into “Backward direction (soft Charm production region)”

3. Understanding of proton interaction

Plenty of proton interactions .
Interaction with several Materials (Tungsten, Molybdenum , Nuclear Emulsion, Plastic) .

Charged track’s angle (rapidity) and momentum distributions .



AgBr crystal
Nuclear Emulsion detector: 101 crystals in a film
3D tracking device with 50 nm precision ' " il ™

Cross-sectional view
Emulsion film

Plastic base (200 um)
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Pilot run 2018 Aug. @H2

DSTa U |Oa d Mada p Accumulated ~1.8 + 107 interactions

Test beam 2016

¢ Test of the detector structure

Test beam 2017

e Improved detector structure
 Refine exposure scheme

Pilot run 2018

o 1/10 of the full-scale
experiment with tungsten
target .

e v, flux ~30% uncertainty
* Revise the DONUT result
e Charm physics

Physics run 2021-2022

¢ Full scale experiment with tungsten
and molybdenum targets ApprOVEd as NA65

* Aiming detect 1000 D,— 7 — X events
e v, flux~10%

30 modules ex%



The detector structure (~400 modules)
2.3x108 Proton-tungsten interactions  (4.6x10° POT)

400 GeV/c 10 Unit . . Momentum analyzer ECC
(A total 100 nuclear emulsion films) (1mm Lead plate and 26 nuclear emulsion)

AR

Proton beam

RN

—>
Target Decaying Volume & Tracking detector
. . _ Scintillation
Profile Detector module counter
Proton Vv = monitor 10cmx10cmx8.6¢ 10cm x 10 cm
Ds FPER 2cmx2cm
beam 133 T
— T 10 units
Proton beam
D+
: o
Real-time
—
\\ Plastic sheet (200 pm) feedback

Nuclear emulsion film (320 pm)

Im
Tungsten target(0.5 mm)

Uniform irradiation on
detector surface x,y



Tracks readout from Nuclear emulsion & Analysis .

Nuclear emulsion
prior treatment for
scanning .

Surface cleaning,
Thickness control.

400-800films/month |

Angle resolution ~2 mrad

Hdi B R

MNAGOYA UNIVERSITY

Proton
Beam Ds

Hyper Track Selector (HTS)J
Track readout speed 0.5 m2/h/MH

Total ”4000 films

/

@ Full surface scanning

~300 films/month
~700 films/month (with night shifts)

@ Ds -> t search

Precise
measurement for
Small angle kink (~

7 mrad)
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Dedicated microscopes
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Angular resolutlon ~0.3 mrad




Proton-target nucleus interaction

Vertices distribution on Z

~500/cm

Tungsten
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Angular distributions of proton interaction

» General distribution agrees with the FLUKA prediction.
» A deficit of forward angle (<20 mrad or n > 4.6) is observed.
« Comparisons between other generators are ongoing.

/ Tungsten

» E
%8000 - MC rec (FLUKA)
=7000 - —|— Data
q_ : ﬁ‘
O6000f
(- L
=4
Ds000 PRERR Interaction daughter angle
O E *.  Normalized to # of interactions
&a000f *,‘
- 3 <
Z 3000 B
C i
C ",
2000 T,
: ..mﬂ-
1000 T T e L "
. L1 1 1 I i 11 I L L 1 1 I L1 1.1 I Ll 1 1 l L1 1.1
0 0.05 0.1 0.15 0.2

tan(6)

Emulsion Plastic
w E U000
éoom é- MC rec (FLUKA) % MC rec (FLUKA)
E1 800 g— —+ Data Ezsoo - —+ pata
:15005- :: [
814003— SZUDOE—
81200 ;it'ﬂ 8 :1“"|
E1000f- iﬁ E1500_— |
-] Foo# 3 SN
= oF 1000l I
soo;— "u.\ b
400~ i s00f- Tedls
200F- %""" gL hive. D gl
B ey ] I gl ]
% 0.05 0.1 01 02 025 03 0.05 0.1 1 0.2 025 _ 0.
tan(0) tan(0)
3
‘-xn 35X1 0 T T T — T
8 3E .
= A Normalized to the same # of tracks
o 2.9E%
a_) . -% EPOS
o 2FN
[= ‘.
S 15E PYTHIA
= e
1 ..
_ FLUKA
0.5E—
% 005 01 015 02 025 03
tan(e)

10



Example of an event with Charm Pair cand.
Kink(Charged one pron;g) + Vee(Neutral two prongs)

/ B _____—r-'-d—_:(_l_E_? 1ty > = 1.6 m

e ~ T FLimk = 3.32 mm
. 1
400 GeV praton P> = 174 um

kink daughter
e \ZLvee | = 2.20 mm
openning .
. = 0.132 rad

"9&@___
.. Coplanarity of vee = 15.2 mrad
<= more than two bodies decay

500 um

500 \ 11



Search for events associating a charm pair

* 3.4253301 x 107 injected protons (2% of Pilot run) were analyzed

e 2.72120x 105 proton interactions (1.47236 x 10° tungsten int) detected

« 159 (115 tungstenint) events with charm pair

* Increasing statistics now .
e About to start to small angle kink search.

Observed Expected
Vertices in tungsten 147,236 155,135
Signal | Background
Double decay topology 115 80.1+£19.2 | 12.7+5.0

Flight length of Charged Charm cand.  Flight length of Neutral Charm cand.

45F | Charged 1 prong
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Schedule
Physics run(NA65) in 2021 -2022

detector Nuclear
2016 test beam exposure modules emulsion(mz)
eTest for detector structure

Pilot run 2018 30 (=1) 49

2017 test beam exposure Physicsrun 2021 150 (x5)  246— 100

eImprovement of detector structure
eImprovement beam exposure scheme

Physics run 2022 190 (x6.3) 312— 458
2018 Pilot run

¢ 1/10 accumulation events scale
e v, flux~30% uncertainty
e DONUT update v, cross section

—
3y

_— pilot run

o
w

—h.

2021-2022 Physics run

Expected precision of n

Relative uncertainty to v_ flux

0.2
e 1000 detected D~ T —> X - 2021 run
v, 05— - 2022 run _ 1o
e v, flux uncertainty~10% 'DsTau goal 1
® 500 1000 1500 2000 °
° TWO Weeks beam per year Number of detected events
2
* 2021 Oct. smaller size than original d oc (1| %) exp(-bps)
d d i 1.2 Fl7 ' T/
schedule due to COVID19. Xe UPy

longitudinal  transverse

dependence dependence 13



summary

The DSTaU experiment aims to study Ds -> tau -> X differential production cross section

at 400 GeV/c proton- tungsten interactions. Pilot run 2018, Physics run 2021,2022.

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

The angular resolution better than 0.5mrad depending on lever arm .
Large angular acceptance, (standard analysis tan0 < 0.5, dedicated analysis tan6 <1 or more) .

Charged track’s momentum will be measured by multiple coulomb scattering (tungsten, lead),

up to ~30 GeV/c with several 10% accuracy which covering main part of momentum region of the tracks .

A total of 2X102 proton-tungsten interactions will be analyzed to found ~1000 Ds->tau->decays .

During the main analysis ~10° charm pair associating proton interaction will be collected .

Properties of Charm pair production will be studied in detail . Would 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 .



Backup



Intrinsic (valence quark like) charm ??

Two case could be considered and both cases can be analyzed in DsTau.
1) Intrinsic Charm in beam proton.
The Charm became forward going high energy .

BF 67#—%'7‘ WF 1o :
P-J pr—r— e e
gy K
44— ds+—2% P~
: WO T

Intrinsic Charms
Beam proton Target proton | Carry significant part of

o _ beam proton’s momentum
2) Intrinsic Charm in target nucleon.

It would be a soft Charmed hadron.
Could it be captured in the target nucleus (ie. Charmed Hyper Nucleus) ?

Fermi momentum + o ??

o £
FIv—#
/de(’/-

Beam proton Target proton

a7 . : :
5:_;?.{,, Intrinsic Charms in Soft production
)
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Tau neutrino interaction cross section

The property of v_ is least known among active neutrinos .
Is the lepton flavor universality kept also neutrinos ?
Large error on v_ cross section measurement so far.
New physics effect could be hidden in the error .
Also for input for future neutrino oscillation analysis or cosmic neutrinos .

1201 ® 1207 a y ?
Ny | nomaly ?
3 100 Ve g5 w+w gyt A
O v vV ERRT d, s > > c
E 80~ e 1) 8 % £ q
[&] r [m)] g =
o C 2 ck q
¥  60f 523
o [ N N o =c
X 40F I SM Figure 1 v CC charm production
“EQ, I
b 20; 1

L ,.? -
0 L o
g MO T
, én R
d O ‘n 2 b - - C
2 OC(1_|XF |) exp(_pr) q q
dXF d p_l_ e L ——

longitudinal  transverse

Ficure 2: 1 B meson’s Tau leptonic da
dependence dependence ' P y



Signal and background rates

Charged

No nuclear fragment
hadron

detected

- Signal: Ds > T = X events (double-kink +  ° Main background: hadronic interactions

another decay topology within a few mm) without any detectable nuclear fragments

e Test beam data with a 5-GeV 1t beam

e A kink with FL <5 mm: 4.5x10* /particle

* Signal rate: 2.2x10~ /proton int. x eff. 20%

* To detect 1000 Ds - Tt - X events,
2.3x108 proton interactions (4.6x10° pot)
are needed

e Study with FLUKA is in progress
* A kink with FL <5 mm: 2.4x10* /particle

* BG rate (double kink + another kink):
1.4x107° /proton int.

* Combination with decays is to be studied

 Validation from real data is planned with
the 2018 data
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Efficiency of Ds - t - X detection

Selection Total efficiency (%)
(1) Flight length of D, > 2 emulsion layers 77
(2) Flight length of T > 2 layers & AB(D,—t) 2 2 mrad 43
(3) Flight length of D, < 5 mm & flight length of 1 <5 mm 31
(4) AB(t) = 15mrad 28
(5) Pair charm: 0.1 mm < flight length < 5 mm 20
(charged decays with AB > 15 mrad or neutral decays)
Efficiency Yield
z 1 ] (%] >_<103
§ L Selection (1) % - — Before selection
E : Selection (2) P i Selection (1)
hT] B Selaction (3) 200 election (2
0.8 - SElectfon (4) i ze:ection ES; '
-~ Selection (5) - — Selection (4)
0.6_— 150}— Selection (5) I .
0.4 1001
0.2 501~

19



Target mover:
XY stage and control

Move the modules w.r.t. the beam for uniform
irradiation with a density of 10°/cm?

Timing chart

SPS WWE

H
SPS WE \

-‘ after FT

R
H Stop stage

tdelay
Motor control — | Start move
dx
Motor speed / V== \

dr = lem

Motor pos

Y (mm)

140
120
100
80
60

40

2

Moving test
_— St EEFEEEEREIRREREIEREEIETESETSRERERETIEE R |
: 1600
— — 1400
- — 1200
— femmm— e o~
C — | 1000
C _ —1800
j L S .
- = 400
- J 200
_ L 1 1 | 1 1 1 | 1 1 1 | 1 1 L | 1 1 1 | 1 1 1 ‘ 1 1 1 | 1 1
0 40 60 80 100 120 140 160

X (mm)
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Realizing Ideal Alignment :: with plenty of 400GeV/c protons

* High beam proton track density ~ 10> /cm?2

400 GeV/c proton :: “No MCS scattering ! Align films with proton tracks,
100 tracks/mm?

* Processing in sub-volumes
* e.g.1.5cmx 1.5 cm x 30 films

v

* Alignment with proton beam tracks

v

« Alignment accuracy better than 0.4 um

v

v

v

1.5cmx1.5cm

30 films _ Residual of track segments to fitted line (RMS)
(two tungsten plates to reject low ~0.4 pm

momentum daughter candidates)
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Track reconstruction, track density(Data/MC), tracking
efficiency

Track density / cm?

ﬁmblmm&l

oy 500F1E ———T =
S 450f Fluka, N =11, P=0.3 GeV/c e
400K data, N_>11 ——
350f P! -
300f- e
250w _—
- upstre rgam
200 —]
150 e T T e
100f- .. Trackdensity ___} . ]
50l ..compared to FLUKA _} . 3
ok 20 40 60 80 1 007
Emulsion plate number
6 Efficiency 0 = tan6<0.1 [Top 90%]
. J"““"t&ﬁ‘—“‘ - N
B &;Q ‘%7 13 ‘”h é& Sem. fﬂ%ﬁi 25 ke
§ UpStream 0.975 4 S e \0:0 020 - "'*“ﬁ w\H 3
& (Plate 6) [ et '“‘-f o 02\ 20
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0.925 4 eam
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‘ b 85~ PDO5
3 4 5 6 7 0875152 po12 ) P :
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1 PD14 .
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Slope distribution 9:mrag ool | | | | 0 | @ | | |
5 15 25 35 45 55 65 75 85 95 105
Plate No.
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Track density increase toward downstream due to
interaction products . The MC reproduce the behavior.
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High precision measurement of track angles

* Intrinsic resolution of each grain =50 nm
« Two grains on top and bottom of 200 pm base = 0.35 mrad

* Discrimination of 2 mrad at 4c level

* A new system with piezo-based Z axis under

development

* Angular measurement reproducibility of 0.15 mrad was

achieved

°°F Position
°°F reproducibi
40_ ~ 8 nm

30F
20F

10

40 20 0

Deviation in Y (nm)

P
40

80F

?o Angular
*°- reproducibjlity | 7.
- ~0.15

- 15 0 -1

= 05 0
Beam angle 8y (mrad)

* Angular alignment between films to be done by using
dense 400 GeV proton tracks

200 um |~

base




Momentum measurement

Using 5 plates , an angle (AX,AY) was calculated .

2. Angle formed by position connected by first and last segment .

Then _before i-th tungsten and after j-th tungsten was
calculated and take RMS for sample (j-i) cell length .

For zero cell length conjunction angle not crossing tungsten plate are used .
Momentum yet estimated but looking RMS vs. Cell length in next slides .
(Comment the estimated momentum by eye 1GeV/c / (rms(1Cell) / 5mrad) )

e ) ._J
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Angular difference of continuous two angles
at Cell length=0 : Accuracy of the measurement

* Angle made by : 3D positions of Pl#(n) and pl#(n+4)

* Lever arm Length dZ~¥2mm, Corresponds to “base” thickness 2mm

ax difference ay difference
- h_dax - h_day
£ | Entries 506 £ | Entries 514
= =
L | Mean -0.008942 i | Mean \)v(\
RMS 0.6405 |_|_|J (0 My RMS Ome“" . o
¥ e 85.19/ 37 N O 7737
Constant 36.97 + 2.81 0.45mrad de‘(N \O o 4238+ 312 0.42m rad
Mean —0.008938 +0.022139 e ((\2 Mean 0.01932 + 0.02001
Sigma 04541+ 0.0265 \)\d‘o Sigma 04201+ 00237
= A WO =
30— B
E 30F
201 -
_ 20~
10— -
- 10 —
_|||| Ll |||||||||||||||||||| Ll |||_| _Ill_l_r:—l_|| |||||||||||||| L1111 | |_||_|_|||_|
—02.5 2 15 -1 05 0 05 1 15 2 25 —%.5 2 15 -1 L5 0 05 1 15 2 25

dax (mrad) day (mrad)



MCS Momentum
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Momentum by X and Y make linear correlation Up to ~30 GeV/c
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Momentum (xy combined) resolution dP/P
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Momentum resolution dP/P ~15-25%
up to 30GeV/c
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