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Concept of tau neutrino experiment
-cross section (etc.) measurement -

NA65 ‘d“
Dslau VaV.,

Rejection of Charged tracks

i SHiP
Ve productwn Neutron Absorber '
Proton beam  target (tungsten) 77 TTTTTTTTToTTonoonoons . V; beam S
S Ammmmmmmmmmmmmmmmsmmsmmoosoo prTTTmTTTTTTE detector
vy source: Dg -1 - X v, detection
Vv
Proton @/X Vi T
Y A e L R I > ¥
D+ \\\y‘[
X' )
) ~5mm .

v, detection: SHiP etc.

* 9v_ detected by DONuUT (bam v, ).
33% statistical error

* Larger “50% uncertainty of v_flux - 10v,detected by OPERA (Oscillated v, )
e SHiP~ 50,000 events

o . L]
KMI2025 a few % statistical error ,

v, production study: DsTau

* No data of Ds differential production cross-section



Brief history of the SHIP experiment

SHIiP

* SHIiP is approved on March 2024 for intensity-frontier
experiment aiming to Search for Hidden Particle with
mass up to O(10) GeV and small couplings down to 10-1°,

e Original proposal was submitted on April 2015
* New beam line and experimental hall(ENC4).

SHiP

e ESPP outcome on June 2020 was unfavorable.

Search for Hidden Particles

Straard sk vothpat; ) ancsonbersd & bpmier tan Soew thoay he yak skl befors .ty

coma ) o Sy e e g ke i, appuned) 3o by b cane) iy
o 4o, gl of cone, gl i e ., ) o) T con

* Refined proposal was submitted on 2023
* Use existing experimental hall ENC3 @North area S5t
 Competition between Kaon rare decay program
* On March 2024, research board choose SHiP

170 physicist , 45 groups, 14 countries
KMI2025 3



v.v SHIiP detector

SILP

Ventilation wall

Access shaft (4x8m?)

Hadron absorber (existing) Service building

Target complex , (existing)
; > 2
Mo/W target : :\cces)s shaft (8x8m?)
e v,,w‘ 5 e new
Hidd
Muon shield i s.chl‘ chny :
: - Pectrometer )
Neutrino Detector (SND)
Decay volume
Spectrometer
Particle ID

 Beam Dump Facility(BDF): Target and Muon Shield

 Two main SHiP detectors
e HSDS(Hidden Sector Decay Spectrometer)
* SND(Scattering and Neutrino Detector)

KMI2025



Target and Hadron stopper

SHiP
* Thick target: 12 interaction length
* Tough: Mo(TZM)/W combination
* High density: stop light mesons before decay

* 4x10%° PoT/year (Equivalent with CNGS)
*  ~2x10Y charmed hadrons (> 10 times the yield at HL-LHC)
e ~2x10'2 beauty hadrons
o ~2x10% tau leptons
* 0(10%%) photons above 100MeV

Upstream Background Tagger Surrounding Background Tagger
(MRPC) (LigSci)
(Straw tracker)

| A

Timing detector
(SciBar)
PID - ECAL/HCAL
(SciBar/p-megas)
/.

Target tracker
(SciFi)
Instrumented
Neutrino target

Magnetised
p-system

HSDS Tracker

Decay volume

|
S| mim

Y S W —

—
— f
SC p-shield SND detect
Target etector Hidden Sector Decay Spectrometer (HSDS) HSDS Tracker
— —
; NC p-shield (Straw tracker)
Magnetised H

hadron stopper
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Tungsten core

Wﬂm

1445 mm

—

@250 mm

13 x TZM Blocks 5x W Blocks

Collimator/access
to vacuum vessel




'. Magnetic Muon Shield

"l

The Muon Shield utilizes an alternate-polarity scheme to sweep out
positive and negative muon to left and right of the detector

. Learned from DONUT second muon sweeper

« ECN3 optimization (Hybrid SC / NC) : 5.1T E

. Keep detector length as same as ECN4 design
* Aiming to reduce muon rate: 2x1019—<10° per spill

*  @SND location: < 1 muon /cm?2 /spill

0 2000
Target tracker Upstream Background Tagger Surrounding Background Tagger Timing d
SciFi i MRPC LigSci )
Instrumer‘lte‘::dCI \ Magnft::d ( : (Hiased HSDS Tracker (sciBar)
bsy Decay volume (Straw tracker) PID - ECAL/HCAL

Neutrino target (SciBar/p-megas)

* > SC p-shield
Target
A

SND detector
—
NC p-shield

Hidden Sector Decay Spectrometer (HSDS) HSDS Tracker

. (Straw tracker)
Magnetised
hadron stopper
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Scattering & Neutrino Detector (SND)

SIHLP

*  Emulsion Cloud Chamber (ECC)

. 1mm thick tungsten target as same as SND@LHC 18x Target Trackers

* Similar with DONUT, OPERA and SND@LHC

L % % § § §
A\

Nt

e 17 Target walls consisting four ECC bricks each interleaved with 18 SciFi
Target Tracker(TT)

e 160 m?for full target

* 3 tons of target mass

17x Target walls

* Equipped with muon spectrometer

Target tracker Upstream Background Tagger Surrounding Background Tagger Timing detector
SciFi i MRPC LigSci :
Instrumente(d ) Ml-la'gsgsettelaid : : (LigSch HSDS Tracker (S('Baﬂ
Neutrino target \ Decay volume / (Straw tracker) / ‘ SND@SHiP wall
% ;
\/
— _ 4 \
¢ > SC p-shield " >
Target R Hidden Sector Decay Spectrometer (HSDS) >SDS Tracker
—
A
Magnetised NC p-shield (Straw tracker)
hadron stopper
KMI2025

200 mm

Emulsion Cloud
\ Chamber (ECC)

60 emulsion films
59 Tungsten layers




Neutrino interactions in the target

SIIP

— vy+anti-v,
— Vet+anti-ve
— Ve+anti-ve

102

<E> beam <E> SND target | <E> CC DIS

[GeV] dump | [GeV ] acceptance | [GeV | interactions 4ps
N,, 6.3 4.1 x 10%7 30 1.3 % 10 63 2.8 x 10°
Ny, 2.6 54 x 10'8 8.4 1.5 5¢ 1027 40 8.0 x 10°
N, | 90 26x10%| 22 1.0 x 10% 54 8.8 x 10* I
N3, 6.6 3.6 x 10%7 22 9.3 » 10" 49 5.9 x 10° 10
Nz, 2.8 3.4 % 108 6.8 1.2 % 10** 33 1.8 x 106 -
Ny, 9.6 2.7 x 10 32 1.0 x 10'# 74 6.1 x 10*

For 6 x 10 pot 4

53,000 detected tau neutrinos

are expected Statistical error < 2% for tau
Neutrino flux prediction can be <10% by NA65
(DsTau experiment expect 1000 Ds to tau decay)

Expected v_including eff. (~35%)

Decay channel Uy

5 $x10° 3x10 Best neutrino beam for Lepton Universality study
T—h 27 x 103 Il th o fl p h g

T —5 3h 11 x 103 All three neutrino flavours from same charm decay
T—e 8 x 10 1~3% in ratio

total 53 x 10°

KMI2025 8




SHIP Summary

SHiP
e SHiP approved, March 2024,
intensity-frontier experiment aiming to Search for Hidden Particle

 Two main detector in SHiP
* Hidden Sector Decay Spectrometer (HSDS)

e Scattering and Neutrino Detector (SND)
* Using Emulsion Cloud Chamber(ECC) as same as DONUT and OPERA
* The best tau neutrino beam is produced in the Beam Dump Facility (BDF)

* Realistic prototype experiment running at LHC neutrino beam
* SND@LHC and FASERvV using ECC

* |n this three years of TDR phase, detector optimization is on going.
 SHiP will be operational in 2032

Accelerator schedule 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035
LHC
SPS (North Area)

BDF / SHP esign and probtyping 7 Producion / C3#@fficton / Instaliation Tl
Milestones BDF TDR studies %ﬁm o %/////////’//r/’/}//ﬁ//

Milestones SHiP r TDR studie PRR
/ /

Approval for TDR cubmission Experiment TDRs
KMI12025



DsTau Experiment (CERN NA65) motivation Dslau

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 (1—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 :: Nuclear emulsion tracker .

\ 40—x8 '

; L HE - T Eh i P —

. 8 'L Decay Angles (2), Fllght :

Small kink decay angle (7mrad) 2 1200 length (2) -> Ds momentum &

D>t kink decay L
3 100/~
Proton % </ S 8of—
oS oof
400GeV/c s

X ___.,Ap/p . 20%

~“5 mm

0II\|I\Il\l\‘l\\l\\l‘\l\‘l\\l\
80 100 120 140

Pt GeV
KMI2025 ps frue (GeV) 0
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N
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N
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DsTau Experiment (CERN NA65) main physic targets

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 nt program etc .

The detected 1000 Ds—tau—X events for the uncertainty reduction
A total of 2x108 proton interactions to be analyzed to detect 1000 Ds—tau—X .

Several 10° events having pair charms! among int. produced tracks.

sub-micron spatial resolution of Nuclear Emulsion detector allow us study also ..
2. Understanding of charm production

The correlation of the charm pairs , angle (slope , phi) , momentum by ~10° events
X distribution for Charged and Neutral charm respectively.

Wide acceptance and sub micron spatial resolution of
Analysis about Charms produce into Forward direction :: intrinsic charms exist ? .



The detector structure (~g0 modules,D’STéy'

2.3x108 Proton-tungsten interactions  (4.6x10° POT)

10 Unit Momentum analyzer
(A total 100 nuclear emulsion films) (2.5 additional Units)

AADTRSRAPICHRED s

400 GeV/c
Proton beam

]

—>
Target Decaying Volume & Tracking detector
_ _ Scintillation
Proﬁle Detector module counter
beam 251 T
— N 10 units
Proton beam
D+
X' .
Real-time
am—
\\ Plastic sheet (200 pum) feedback
Nuclear emulsion film (320 pm) Im
Tungsten target(0.5 mm) ) ) o
Uniform irradiation on
detector surface x,y
KMI2025 12



Accumulated proton on ECC modules Dslau-

Modules Total surface Integrated # | Interactions with
(Physics run size ) | area of used of ECC tungsten/molybdenum
emulsion (m?) | modules Tp— (X108)
Pilot run 2018 %x30= 7.5 49 7.5 0.19
Physics run 2021 17 110 24.5 0.61
Physics run 2022 17 110 41.5 1.04
Physics run 2023 40 260 81.5 2.04

»<Emulsion films are produced at Nagoya University

SHiP approved in March 2024
A hybrid beam dump target, Molybdenum alloy (,,Mo: above 99% purity)+ tungsten(,,W).
DsTau have taken data with both metals.

mm # of Molybdenum ECC module | # of Tungsten ECC module

2021

2022 17 8 9

2023 40 20 20

Total 74 33 41 13

KMI2025



. . Dslau
Tracks readout from Nuclear emulsion & Analysis .
Total ~4000 films

Nuclear emulsion | 4 b /® Ds -> T search
prior treatment for @ Full surface scanning
scanning . Precise
Surface cleaning, ~300 films/month measurement for
Thickness control. ~700 films/month (with night shifts) Small angle kink (~
400-800films/month 7 mrad)

L y A

>, ” e A -

Hyper Track Selector (HTS)J

Track readout speed 0.5 m2/h/[E |8 T
Angle resolution ~¥2 mrad

TIITE. . e

Dedicated microscopes

NAGOYA UNIVERSITY 43 | P " S
- .:/ N
- b = A ot
- . ‘ g
D) Y

. 4 -
uminator [
& =
g 3
- 4 E

Proton

Beam Ds
—
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Track reconstruction, track density(Data/MC), tracking DSTNMS
efficiency

Track density increase toward downstream due to
interaction products . The MC reproduce the behavior.

ﬁmblmm&l

oy 500F1E T B
S 450f Fluka, N =11, P=0.3 GeV/c e
400H data, N_>11 ——
as50f Pl ]
300f- e
250w _—
E upstre rgam
200 —]
150 e T Bt
100l _Trackdensity ____} 1
sof- ..compared to FLUKA } . 3
ok 20 I ‘ I 40 ‘ I ‘ 60 I_ I I 80 I ‘ I 1 007
Emulsion plate number
o x10° ] 1.000
£ S ' —p -
— 00" w Upstream 0.975 1 ~E "“’f; = Ze.
= :\\ (Plate 6) I = N
@ P, 0 2
2 6 B S e s
upstr 0 =
- _ Downstream — egm
S 6 (Plate 86) 2 o oo Down
— 2 0.900 o e stream
E -85~ PDO5
4 ‘ 0.875 4 —-36- PD10
3 % 8 esmra(j = 2 More than 95% efficiency even high
2 i PD14 .
"#"] e ros - track density , down stream plates
Gediidiigiiaz g Qi A7 27777 377 7 7777k i 0.825 - PD18
0 20 40 60 80 100 120 140 26~ PD20
Slope distribution oimrag oool ey | | | | 0 | | | | |
5 15 25 35 45 55: 65 75 85 95 105

Plate No.
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Proton-target nucleus interaction

Emulsion PLASTIC

plate~500/cm

Tungsten 74W
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“ Multiplicity”

Multiplicity distribution for composed material interactions.
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Analysis of proton-tungsten interactions

A sample of about 95,000 proton-tungsten interactions are analyzed in detail.

Paper appear soon : accepted by EPJC, arXiv:2411.05452v1
Multiplicity and angular distributions and Proton-Tungsten interaction length are discussed in.

Proton-tungsten interaction length

Tungsten

Plate N No N (%) Sub-volume Data(mm) EPOS(mm)
1 13,586 3,310,658  0.41 1 91.0 £ 25 952+ 27
2 13,300 3,292,677  0.41 2 90.8 £ 2.5 95.5 + 2.8
3 12,653 3,256,746  0.39 3 93.7 £ 26 95.3 + 2.8
4 12,256 3,214,141  0.38 4 939 £ 2.7 955+ 2.8
5 11,745 3,157,020  0.37 5 045+ 27 048 + 28
6 11,264 3,082,105  0.36 6 044 +27 950 + 2.8
7 10,645 2,996,099  0.35 7 94.7 + 2.8 98.1 £ 3.1
8 9775 2,892,348 0.3 8 96.8 £ 3.0 97.0 £ 3.1
Total 95314 25201,794 0.38 Mean 937 £ 26 958 + 2.8

i

8 ..

KMI2025
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Multiplicity and Angular distribution Dslau-
of proton- tungsten interaction.

» Compared with several MC generators

» Some discrepancy between data and MC.

« EPOS looks the best among the test MC generators
* 10-20% discrepancy with EPOS

Multiplicity Distribution Anglular Distribution

.I..-I...I...I....i..
15 20 25 30 -

Multiplicity (# of tracks / interaction)

KMI2025



Ds—>tau—>X search Dslay

Small kink decay angle (7mrad)
* Atotal of ~1.9 x 10°® p-tungsten interactions D,-> t kink decay

of pilot run data is analyzing. / v
DS

Proton
%

-
-
-

-

A preliminary selection applied to the sample

. . 400GeV * < Vr
to enrich the Ds—>tau—->X signals. eV/e D Se
* Daughter X and X’ momentum obtains X'
from Multiple coulomb scattering. ~5 mm

* Several candidate event’s decay geometories confirmed by Viewer and Kinematical checks.
* Analysis on going .

P-W interactions 1,863,286 1863286
Selected events 88 88
Event Viewer Check 88 88
Confirmed events 34 34
Daughters Momentum measured 16 34
Pt > 0.1 for both tau->X and partner charm 5 10.6

19
KMI2025



\
nd charm

i
i\

“;mo eV proton

400 GeV proten

Kink angle | Flight length

Ds—>tau 8.3 mrad 2.35 mm
tau—>X 28.9 mrad 4.59mm
Charm->X’ 40.9 mrad 5.44mm

Ds momentum estimated as 27 GeV/c
by two decay angles and flight lengths

V)

CNN with Decay Angles (2), &
Flight length (2)
- Ds momentum

A R

e
—
s
o

reconstructed (G

1 1200

Ds

T is0

D L1 ‘ | — | L1 ‘ | — ‘ L1 ‘ L1 ‘ | — ‘ 1
0 20 40 60 80 100 120 140

Py, true (GeV)




Summary Dslau

SIIP

The DsTau study Ds = tau = X differential production cross section by 400 GeV/c proton- tungsten interactions.
Beam exposure have been successfully finished, Pilot run 2018, Physics run 2021-2023.
A total of 2x108 proton-tungsten interactions were accumulated in ~80 ECC modules .

1000 Ds—>tau—>decays from the interactions to be detected.

Reduce uncertainty on tau neutrino flux, 50% - 10% and provide for SHiP (2032 commissioning).
Ds - tau kink decay in short flight of a few mm and very small kink angle require nuclear emulsion detector.

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

A preliminary analysis have been conducted by 1.9 x 108 p-tungsten interactions.
Several candidates shows Ds—>tau—>X double kink geometory and pass preliminary kinematical cuts.

Next step is Ds differential production cross section reports.

During the main analysis ~10° Charm pair associating proton interaction will be collected .
Properties of Charm pair production will be studied in detail . To 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 .



KMI12025

22



AVa
\/\/

SHiP detector concepts

SILP
Physics model Final state
SUSY neutralino (=%, FKF, FpF [y
Dark photons 07427, 37,47, KK, q§, DD
Dark scalars . mm, KK, q3,DD,GG
ALP (fermion coupling) 074, 3m, w4
HSDS  ALP (gluon coupling) Ty, 37, 9T, VY
HNL v, pl, 7', gl
Axino [l
ALP (photon coupling) 04
SUSY sgoldstino v, 070, 2m, 2K
LDM electron, proton, hadronic shower
SND v, ¥, measurements 7t

Neutrino-induced charm production (v, v, v,

) D%, D* D’ D0 AF, A,

[

KMI2025

Visible decay to SM particles

Spectrometer

hadron

HNL m 1
) tar gt <
p-beam -

W

-

stopper

muon sweeper Decay volume

Scattering off atomic electrons and nuclei

Spectrometer

hadron Ve VT ---------

m— a1t

prbeam

stopper

muon sweeper Decay volume
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F4/F5 structure functions by v,

SILP

2o® G2ZME, ( 2. My l m? Mz « AtLOF,=0, 2xF=F
= ve+ ==L+ |1-=) -1+ )]F 4~ U £XESTE
dzdy — 7(1+ Q*/ M%)’ Wet gt |- ) 2E,’| * - AtNLOF,~ 1% at 10 GeV

v

Y m2y m2(m?+Q m?
:t 1 L 1 it F T g F \ 12
[zy( 2 4E,,M] st mm \*J E,

lllll T T T 35
Vs 3 # " : [
g - Wotin=1-4 GeV, Bl o T e S S SR S 30 (ov+a;)w/oFyFs
3 E E E/ o ’:’ i I 25;’ " (ory+07;) inthe SM
o ! ‘
§xl 17 P bins with 5% | 20
3 A ' ' = | S 2
o | A b v, only .
: IR & & ' ' 1.0:
N g ST A v ' Pb, per nucleon o }
éﬁ of 0 & 0 ' . TMC (solid) 0.5‘
y b ‘ - F g™ =0 (dash) T T T
o i ' : 10 20 30 40 50 60
° e 5‘0 ‘ ' ]60 1;,0 200 v; and v, energy
E [GeV] Rep. Prog. Phys. 79 (2016) 124201

Assuming 10 equally populated bins (with 5% uncertainty) for v_ + anti- v,
A global 20% effect on the cross-section w/wo F4 and F5
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&/ Strange quark content
SILP - B
§.18:?_ D NNPDF3.0 NNLO
g 16E [:] NNPDF3.0 NNLO + SHiP
o /
- 1.4:>—
§ LZK—_\ /
1[40 Has 5 445 A s e S amaH A4 mr AR AR H e memN B b e wadb S e AR A e and
Dﬂ;p
045-
0.2
g | 1 L | L 1
0.05 0.1 0.15 02 0.25 03 0.35
EE; 'thCS DIS d Charm(;ractions Charm production via anti-neutrinos dominated by s-bar
eV} il chisutipieg (%) quarks because of |V_/V_ |2~ 1/20.
N,, 57 3.5 x10° 4.4
N, Tl 1.7 x10° 6.0
Ny, 50 0.7x10° 3.8
N, 60 0.3 x10° 5.3
tota 6.2 x10°
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Impact of v. measurements on oscillation

SHiP

C. Bronner, https://indico-sk.icrr.u-tokyo.ac.jp/event/5223/

- — MC for 8,,=0
Bl Resonance (NH)
v, appearance

30

Events

Cosine Zenith Angle

10

Multi-GeV v, events

=]
—

1 -05 0 0.5 1
Cos®

T. Wester, NNN2023 Multi-GeV e-like e

Statistics e Mass hierarchy study with atmospheric neutrino

vTXsFegi study at SK and HK

Flux shape . . . .
Neutron production * Tau neutrino interactions with an energy of few

Non-v, Contamination 10 GeV mimic multi-GeV v, interactions
DIS Model

Single pion Model

CCQE Model

Flux flavor ratios

Systematic Uncertainty

0 1 2 3 4
Up/Down Ratio Fractional Uncertainty (%)
6(NUp/NDown) / NUp/NDowm

KMI2025 26



Realizing Ideal Alignment :: with plenty of 400GeV/c protons DSTaNA!éf,

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

400 GeV/c proton :: “No MCS scattering ! Align films with proton tracks,
100 tracks/mm?2

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

* Alignment with proton beam tracks

« Alignment accuracy better than 0.4 um -

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)

KMI2025 27



Signal and background

* Signal

D,—~>t decay: small
kink ~7 mrad

Detection efficiency = 20%,
estimated with Pythia 8.
Signal probability 2.2x107 /proton

e

* Main background: Hadron
interactions of daughters of proton
interactions

Ng nuclear fragment

Charged hadrons
mimic kinks

A
| | [ I Ey

Neutral hadrons '0,

mimic neutral charm S

d
Ba% agyrsound probability estimated by FLUKA.
PBCgarged = 1.3+ 0.4 X 107°/ proton

ppevtral = 2.7 + 0.8 x 10~%/ proton

BG in DsTau : 18

KMI2025 28



Tau neutrino interaction cross section

v, properties are not well measured, identical with vu,ve ?

Large uncertainty on interaction cross section.

— v_ interaction cross section precise measurement
New physics tests in tau neutrino interactions
Input for future neutrino oscillation studies, cosmic V‘r observation.

oconst (100 cm2/GeV)

120 - @ 120
L £z C
100 Vo g%

; 5 s
Y \Y% = Ls _

80~ e T = 5%
i 0 £ag

60 255
Lol - | o =c

40 I l SM
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L o | ‘Thom Pyt‘mas | |

0~ R A T
n
2
dx_d QCI(l_WXFb exp(-bpr)
\—'—I
XegOPpr  —
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Plan for physics runs

Expected precision of n

d?c

dxdp;

oc (1| [} exp(-bpr)

longitudinal  transverse
dependence dependence 39

—
Ol

o
@) —
I L L L

_~ pilot run

DsTau goal

- 2021 run

—

A N TR S TN TR NN SN Y NN SR NN N SR N S
500 1000 1500 2000

Number of detected events

KMI12025
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Ds—>tau—>X detection efficiency and its X;
dependency

Selection Total efficiency (%)
(1) Flight length of Ds = 2 emulsion layers 77
(2) Flight length of 7 = 2 emulsion layers and Afp,_,, = 2 mrad 43
(3) Flight length of D: < 5 mm and flight length of 7 < 5 mm 31
(4) AB+_x = 15 mrad 28
(5) Pair charm: 0.1 mm < flight length < 5 mm 20
(charged decays with A8 > 15 mrad or neutral decays)
1 - x10”
§ 1 ot g8
S lection (1) o Betfore selection
E B Salection (2) - C Selantion (1)
g E_— — Selection (3) 200 selection (2) '
L = Seleclion (4) [ — Selection (3)
| — Salection (5) - —— Selection (4)
0 B_— 150: — Selsction (5)
0.4 100
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Figure 7: The estimated detection efficiency as a function of xg (left) and the xg distribu-
tions after the selection (right). Selection (1)-(5) are described in the text.

Remark :: Larger efficiency for large XF for other charm,
because no strict selection/(2)about small angle kink .
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