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 The Standard Model is incomplete:
~ 3rd Generation Lepton

o Mass: 1776 £ 0.12 MeV
< Lifetime: 290.3 = 0.5 fs

e Small v-masses?

: * Fermion/v-hierarchy?
~ Properties

~ Hadronic Decays e U-mixing angles?
Probe QCD
> GP violation e Weak strong CP phase?
~ Bigger coupling to New
Physics?  Dark Matter
- Lepton Flavour Violation

@ ... — Motivation to look for a new Boson: 7 — la

W
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90% C.L. upper limits for LFV t decays
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CLEO
v BaBar

Belle
¢ LHCb
* ATLAS

Belle Il

&

SM: O(107>H-0(10~*)

NP: O(10~19-0(1077)

Observation would be a direct sign of
new Physics

We expect LFV in many Beyond the
Standard Model (BSM) models

For Tau LFV decays are categorised as
“golden modes” in Belle |l
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# of Events/(0

 Search for a two body decay spectrum Various NP Scenarios:

e Signal will manifest as a peak in the « LFV Z’: strong bound from ARGUS
tau rest frame (TRF)

+ Light ALP a:

351 Belle 11 2020 (preliminary) SM: T ew unigue parameter space accessible
<, | Simulation: [ Ldt = 50.0 fb? m(a)=0 [GeV]
o >0 1 m(a)=0.5 [GeV] 1 10" e
O ; m(a)=1 [GeV] | EaE - | 1Cii ;1=1Cy 1=1 3
N 22| BSM: Br(t - eq) = 0.029 | 1B A7 MR oF Mu3e-onling/™ ‘
o | 10 x ARGUS UL 0.1 = a 107 E
, S g - MEGII-fwd (F=1) :
2.0 | : e E N
| 0.01 g 109k R T, )
15 _ _ E . ;
» . JO > ]
[ ) 108 L RG _ —
1.OF 1 10-4 % WD cooling E Belle-Il ]
| S cooling o |
0.5 | r 107 - 3 \—
[ 107° SN1987A¢e i :
| ARGUS >
0.0 & ' ' ' '
0.0 0.5 1.0 1.5 2.0 10-5 100k \
% !
pe [GeV] i i SN1987A \ CTy<1 m 4
10—1 waud 1 11“1111') 1 111“111’ 1 105 L ||||||| [ ||||||I [ ||||||| [ ||||||| ] Iulllllllll ] |||||| L 11|||1I
10 10° 10° 102 10° 10* 105 108 107 108 10°
m, (GeV) m, [eV]
Wolfgang Altmannshofer, Chien-Yi Chen, Lorenzo Calibbi, Diego Redigolo,
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* |dea: search for a two body decay spectrum .

» Challenge: Estimate TRF with missing v/_
momentum

* Using v,(\ i /v b
ET ~ ECMS/2 .......... » y"s.
O O

.

¢

. U ‘: e ._ VT . Z.Phys. C68 (1995) 25-28
’..l"’ ’..l"’ 8000 IIII|IIII|IIII|II

=> Pseudo-TRF t*

— = .
P:~ P3z=

M-
|
S|

- arcus e 1 ® O€NSItivity depends on m,
2 7000 E_ —E
» No signal region — fit full spectrum with g 6000 T+ Last results from
| - 5000 £ =
* SMexpectation % a0 & : « ARGUS (472 pb)
e SM + NP eXpeCtatiOn ,_é 3000 ;— —; e MARK III (94 pb_1)
« — compare likelihood of the two models <2000 = E . .
1000 E- 3 — Belle Il is competitive
- - with early data
0]

05 1 15

—1
p*(7) [GeVIc] ~70 b S
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. . collision point _ . .
o 1 s, e ‘ » At eTe™ machines there is a low

background and well understood
production mechanism for 7

—

5_ / _ : ~

Electron ring

 SuperKEKB collider

Electron-Positron
linear accelerator

Positron damping ring

7 GeV e~ 4 GeV et

Kraetzsc@mpp.mpg.de
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Peak luminosity [x103° cm2s!]

SuperKEKB

e
o

| —Lpeak Before IR upgrade | ——Int. Luminosity

—L__ Aiter IR upgrade

oo

»

RF
[partial]

IR (QCS*)
. 4
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N
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0 — (Tuping)
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« At ete™ machines there is a low
background and well understood

production mechanism for 7

SuperKEKB collider

Increased Integrated Luminosity:
1 ab-1(KEKB) — 50 ab-1(SuperKEKB)

SuperKEKB is a 7-factory!
e olete” > Y(ds)) ~o(eTe” = t777)

« ~ 45 billion tau pairs
for full Belle Il program
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KL and muon detector (KLM):

Resistive Plate Counters (RPC) (outer barrel)
Scintillator + WLSF + MPPC (endcaps, inner barrel)

Electromagnetic calorimeter (ECL):

CsI(TD crystals
waveform sampling (energy, time, pulse-shape)

Magnet:

1.5 T superconducting

Trigger:

Hardware: < 30 kHz
Software: < 10 kHz

Vertex detectors (VXD): .
2 layer DEPFET pixel detectors (PXD, partially installed)

4 layer double-sided silicon strip detectors (SVD)

Particle Identification (PID):
Time-Of-Propagation counter (TOP) (barrel)

Aerogel Ring-Imaging Cherenkov Counter (ARICH) (F\W/D)

Central drift chamber (CDC):

He(50%).:C;He (50%), small cells,
fast electronics

DEPFET: depleted p-channel field-effect transistor
WLSF: wavelength-shifting fiber
MPPC: multi-pixel photon counter

Kraetzsc@mpp.mpg.de 8
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 Reconstruction And Selection

F|rm Reqmrements Current status Cut Based AnaIyS|s
* 3x1-prong topology: Tracks originate from: | |Particle Identification (PID)
T — la (signal), 7 — 3av (tag) | dz| <3 cm e:E/p>0.8
N dr< 1 cm 7:0<E/p<0.8

 Requiring exactly 4 tracks
 Hemisphere separatlon with thrust Neutrals:

- 2 Photons: E(y) > 200 MeV

T = max( Z l‘?’ | ) 7. E(y) > 100 MeV and M(yy) € (115,152) MeV

P

Background Suppression - Used for Plots Presented

* No neutrals allowed
— reject gg and beam background 1. 0.67 < thrust < 0.99

» \Vertex fit: reject displaced tag vertices 2. 2.0 <invisible Energi in CMS < 9.9

. Use SM 7 — evw for selection optimisation 3. 0.48 < Invariant Mass of tag side < 1.66

Kraetzsc@mpp.mpg.de
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Goal: Achieve highest possible Purity and Efficiency at the same time!
Background Suppression - Used for Plots Presented
1. 0.67 < thrust < 0.99 * [ntroduce smarter PID

2. 2.0 <invisible Energi in CMS < 9.9 * Global electron ID

3. 0.48 < Invariant Mass of tag side < 1.66 « 71:0 < E/p — asymmetric ranked p, cuts

Background Suppression — Gain in Statistics by a factor of ~ 25%

1. 0.67 < thrust < 0.99

Selection Evolution = Efficiency Purity

ICHEP 13.95% 90.74%
PID Improvements 17.28% 90.09%

2. 1.2 < Ey;q of 3-prong 7 < 5.3

3. 0.6 < Invariant Mass of tag side < 1.7

Kraetzsc@mpp.mpg.de
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§ 12000:_ Belle Il § 12000: Belle Il
S - Simulation: f Ldt=25.0fb" S - Simulation: f L dt=25.0fb"
o 10000 o 10000
QA ~ N -
- - < i
% 8000 OV . TRy % 8000}
= i _ BR(eq) _ = -
L% 6000 M.=0, BR(evV)-O'1 L% 6000}
- —M=1.4, SR _ g 4 -
4000+ — BR(ew) 4000F
- - Background -
2000 2000
- —— . Manast i - . PRI BT B
0O 02 04 06 08 1 12 14 16 1.8 2 0O 02 04 06 08 1 12 14 16 1.8 2
pps-ARGUS [GGV/C] pps-thrust [GGV/C]

Va\

. ARGUS method: p. ~ — P * Thrust method: p. ~ T

e Spectrum is more peaking
* Problem: broad T — [a spectrum

e Problem: SM and BSM are still

kraetzsc@mpp.mpga.de similar 11
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* Currently we are using a template-based approach for the search

* The data can be modelled as:
J(x) = Nsig °fea(x) T Ney nu 'fem/(x) T NBG °fBG(x)

e With x being the momentum in the tau rest-frame

 Upper Limit estimated with a Frequentist profile-likehood method:
CL,

e =]
bg

ig+bg

» The signal hypothesis is excluded at 95% Confidence Level if 1 — CL;, < 0.95

* In order to double check the results alternative tests using
BAT (Bayesian) and pyHF (Frequentist) are used

Kraetzsc@mpp.mpg.de 12
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_ ICHEP MC-study: Upper Limit Estimate /-

» UL estimate for ratio Br(t — ea)/Br(t — evv)

* No systematics were taken into account
— IN progress
1

ICHEP selection: Efficiency 13.95% Purity 90.74%
Mark Il ARGUS

—L
<

w—
<
N

IR

95% CL UL on B(t — ea)/B(t — ewW)
3
E [ ] lllllll

Belle I § eBelle Il, ARGUS method
1074 E—Simulation:fL dt =25.0 fb mBelle I, Thrust method
10—5 _I T - I I T I I | I
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

M, [GeV/c?]

Kraelzsc@mpp.mpg.de

UL(95% c.l.)

M(a) | ARGUS | Argus | Thrust
GeV/ (32] (1995) | method | method
0 0.015 0.0025 0.0016

0.5 0.017 0.0028 0.0025
0.7 0.024 0.003 0.0031

1.0 0.036 0.004 0.004

1.2 0.034 0.005 0.005

1.4 0.025 0.003 0.004
1.6 0.006 0.001 0.0009

Performance of ARGUS and
Thrust method is similar
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* Analysis is Iin full swing towards publication
 \We are working in parallel to make this search ready

e Currently Systematics are evaluated.

g
Kraetzsc@mpp.mpg.de 14 [
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x 104

© O O =
~ o)) 00 o
— T T - T 1 T - T 1 T T

# of Events/(0.02 GeV)

Simulation: [Ldt = 50.0 fb~1 77

0.0
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 Belle 11 2020 (preliminary)

SM: T-evy
m(a)=0 [GeV]
m(a)=0.5 [GeV]
m(a)=1 [GeV]

BSM: Br(t—ea) =0.029
10 x ARGUS UL

2.0

* |dea: Search for a two body decay spectrum

e Signal will manifest as a peak in the
tau momentum rest frame (TRF)

« Challenge: Estimate TRF with missing . momentum

e Using
E =~ Eqp 2

— _ —>
P:~ P33z~ P r
i=1

(Y

=> Pseudo-TRF 7*

 No signal region — fit full spectrum with
« SM expectation

e SM + NP expectation
— compare likelihood of the two models
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