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Tau lepton physics
Why is it interesting?

- The ris the charged lepton of the third generation.
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Tau lepton physics

Why is it interesting?
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Tau lepton physics

The 7 is the charged lepton of the third generation.

It is the only lepton massive enough to decay into
hadrons.
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Tau lepton physics

The 7 is the charged lepton of the third generation. T U+

It is the only lepton massive enough to decay into
hadrons.

Allow a clean determination of SM parameters and
searches of new physics.

tau
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B-Factories

As experiments for precision tau physics
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Features of a B-Factory:
*High luminosity.

+ Well-defined initial state.
+ High vertex resolution.

+  Excellent calorimetry.

*  Sophisticated particle ID.



B-Factories

As experiments for precision tau physics

Belle Detector BaBar detector

1=1.015~1.030 15T

SC solenoid
15T P

DIRC solenoid

CsI(TI)
16X,

TOF conter

strips

- AtY(4S):
o(ete -->BB) =1.05nb
o(ete  --> 1t +1-) =0.92 nb

- B-Factories are also z-factories

* Providing a suitable environment for the

Tag decay
study of tau lepton decays.
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Aerogel Cherenkov cnt. EMC

s 6580 CsI(Tl)
crystals

40 stereo

Signal search

) * Features of a B-Factory:
CENS.
*High luminosity.
+ Well-defined initial state.
High vertex resolution.
+  Excellent calorimetry.

*  Sophisticated particle ID.

Elux Re layers
iron / RPCs Silicon Vertex
p /'K, detection (muon / Tracker
14/151yr. RPC+Fe neutral 5 layers, double sided
hadrons)
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The Belle Il Experiment

In a nutshell

\ Particle Identification:

22 Time-of-Propagation counter (barrel)
Prox. Focusing Aerogel RICH (fwd)

EM Calorimeter:
Csl(TIl), waveform sampllng

electron (7 GeV)

positron (4 GeV)

(Beryllium beam pipe:

2 cm diameter
T~

/4

4

1,

Vertex detector:
2 layers DEPFET + 4 Iayers DSSD

//III////

///////////

Central Drift Chamber:

He(50%):C2He(50%), Small cells,
long lever arm, fast electronics

Readout (TRG, DAQ):

Max. 30kHz L1 trigger

~100% efficient for hadronic events.
1MB (PXD) + 100kB (others) per event
- over 30GB/sec to record

arXiv:1011.0352 [physics.ins-det]
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Software:

Open-source sophisticated algorithms for simulation,

reconstruction, visualization, and analysis.

'I \fll"odule

Path

A ,A l/\‘
Mo;iule Mod:JIe Module
#1 #2 #3 #4
Y Y Y Y
DataStore

Comput. Softw. Big Sci. 3 1 (2019)

Computing:

Distributed over the world via grid.

EPJ Web Conf.. 245 (2020) 11007


https://github.com/belle2/basf2
https://doi.org/10.1051/epjconf/202024511007
https://link.springer.com/article/10.1007/s41781-018-0017-9
https://arxiv.org/abs/1011.0352

How do we reconstruct ’s at Belle |l
Tag and signal

DESY.

- A 7 event is never reconstructed completely (we lose neutrinos), then we use

- Event is divided in two sides (signal and tag) using a plane defined by a

- Thrust axis: 7,,,,; such that Vinust is maximum.

hadrons

features of the event to identify z-pair candidates.

thrust axis, build with all the final state particles: o
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How do we reconstruct ’s at Belle |l

Tag and signal

- A 7 event is never reconstructed completely (we lose neutrinos), then we use

features of the event to identify z-pair candidates.

- Event is divided in two sides (signal and tag) using a plane defined by a

thrust axis, build with all the final state particles:

Zi |]3; o 7A7f75h7‘ust|

2 |Di ™|

V;fh'rust —

- Thrust axis: 7,,,,; such that Vinust is maximum.
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Tau decay event in early Belle Il data
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Integrated Luminosity
Today and future

Belle Il Online luminosity
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Updated on 2022/06/22 18:14 |ST
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Super B-factory performance levels.
* A unique environment for the study of
7 physics with high precision.
« Ultimate goal: reach 50 ab-1 by operating at the
instantaneous luminosity of 6x1035 cm-2 s-1
Challenges at L=6x1035 cm-2 s-1;
«  Higher beam-induced background
«  Higher trigger rates
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Performance

Tau pairs are not only tools for the comprehension of fundamental physics, but also for the understanding of our detector.

Tracking efficiency

Tracking efficiency and fake rates have been measured using rr events, with one of the leptons decaying to

™ - 37%u_+ na'
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+
* — 1 —
o =1 €data/ EMC
T~ Probe
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https://docs.belle2.org/record/2035?ln=en

Performance

Towards precision measurements in tau lepton physics

Lepton ID performance

+  Particle identification is based on the global likelihood ratio

from all sub detectors.

(1D =

Ly

Lo+ Ly+La+Lx+L,

+ With the same tag-and-probe approach, lepton misidentification rates are calculated with pions from the 3-prong

decay t~ — 377 + 1,

1.13 =8 < 1.57 rad, electronID > 0.9
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efficiency, mis-ID probability
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https://docs.belle2.org/record/2062?ln=en

Performance

Trigger efficiencies

The Level 1 trigger efficiency has been studied using e e™ — 7

+r-

events with 1x1 and 3x1 topologies.

Full track triggers present low efficiency in endcaps.

To compensate, the CDC trigger also searches for short tracks,
providing a significant gain in efficiency for endcaps/low pr.

Additional advantage
wrt Belle and BaBar:
several low multiplicity
triggers based on
number of calorimetric
clusters.

:1200
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0.8

0.6

04

0.2

0.8

0.6

04

0.2

track 6 [deg]

[ Belle Il (Preliminary)  [Lat=371" #— =3 full rack trigger

B with short track triggers
I - . . T e

L ol LN

- -'. . L]

L P ]

I e

Ly ++++

0 ot

[ Yt
b ¥
i 77 — 1x3 prong ]
20 40 60 80 100 120 140

—4— > 2 full track trigger (A¢ > 90°)
with short track triggers

[ Belle Il (Preliminary) det::;Jfb"

%-w
L _.Pfﬂ T
. 7 L]
.‘- 'i‘
vt — 1x1 prong

] L
! hl-. 1 1 n L ] L 1 1 ‘f- - -
20 40 60 80 100 120 140

track 0 [deg]

11


https://docs.belle2.org/record/2037?ln=en

Single Track Trigger

A neural-net based hardware trigger is now operational, showing great performance.

It fires if it finds a track within 15 cm from the collision vertex

and a momentum larger than 700 MeV.

Single hidden layer with 81 neurons and 27

inputs.

W7
XXX
DAY
) 7 ""4 Q)
’(‘.’;",: “}:.'4\."
), Q/'o,l/' ‘\o"
TR\
RSN
FA NS
VIR S
AL SO
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Inputs: Hits on wires of the CDC.
Execution time: 300 ns

12



Single Track Trigger

A neural-net based hardware trigger is now operational, showing great performance.

It fires if it finds a track within 15 cm from the collision vertex
and a momentum larger than 700 MeV.

1x1 prong events

- up to ~20% gains in barrel region.

Single track trigger

track 6 [rad]

DESY. Tau Physics atBelle Il | 20 Feb 2023 | Michel Hernandez Villanueva

track 6 [rad]
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Measurement of tau properties

Current flavor anomalies motivate to explore
LFU violation in tau decays.

Inputs:

Tau mass (width of the diagonal band).

Tau lifetime T

Leptonic BR

Belle Il has the potential of provide precise

measurements of these parameters.

Input Uncertainty | Best Result
BR(r—ew) 0.179 % ALEPH

T, 0.172 % Belle

mr 0.007 % BESIII
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https://indico.cern.ch/event/1037087/contributions/4494891/attachments/2305319/3921994/alusiani-vienna-sep21.pdf

Tau Lepton Mass Measurement

The lepton masses are fundamental parameters of the SM:

m, = (0.5109989461 £ 0.0000000031) MeV,

m, = (105.6583745 % 0.0000024) MeV,
m, = (1776.86 + 0.12) MeV.

Precision of m_have consequences in LFU tests:

25
I'(u — evv) 8y m,
['(t - evp) g, ] m

Two methods for measuring m_:

Measurement in the production threshold
(DELCO, BES, KEDR, BES llI).
Pseudomass distribution

(ARGUS, OPAL, BaBar, Belle, Belle II).

DESY. Tau Physics atBelle Il | 20 Feb 2023 | Michel Hernandez Villanueva

DELCO (1978)

+3.00
1783.0 *>%

PDG average (2020)
1776.86 = 0.12

BES Il (2014)

1776.91= 0.12 %18

-0.10

BaBar (2009)
1776.68 = 0.12 + 0.41

KEDR (2007)

+0.25
1776.81 '02 + 0.15

BELLE (2007)
1776.61= 0.13 = 0.35

OPAL (2000)
1775116 1.0

CLEO (1997)
1778.2 = 0.8 + 1.2

BES (1996)

0.18 +0.25
1776.96 %), b1
ARGUS (1992)
1776324 1.4

1774 1776 1778 1780 1782 1784 1786

m, (MeV/c?)
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Tau Lepton Mass Measurement

Measured in the decay mode = — 3xv, using a pseudomass technique
developed by the ARGUS collaboration.

The tau mass can be calculated as

mfz = (ph +pv)2
— 2Eh(ET — Eh) + m}% -2 | ?h | (ET - Eh) COS(?h’ ?1/)

As the direction of the neutrino is not known, the approximation

cos(p’,, p,) = 1is taken, resulting in

M2

min

=2E(E,— E)+m} 2|7 ,|(E,— E) <m?

Then, the distribution of the pseudomass is fitted to an empirical edge
function, and the position of the cutoff indicates the value of the mass.
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T

Phys. Lett. B 292 (1992) 221-228

Figure: The ARGUS detector at DESY
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https://en.wikipedia.org/wiki/ARGUS_(experiment)#/media/File:DESY2.jpg
https://doi.org/10.1016/0370-2693(92)90634-G

Tau Lepton Mass Measurement

Our latest result; 1777.28 £ 0.75 £ 0.33 MeV/c2.

Main systematic sources:
Momentum shift due to imperfections on the B-Field map: 0.29 MeV/c2.

Bias of th imator: 0.12 MeV/c2.
las of the mz estimator: 0 evic Fit to edge p.d.f. in the cutoff region

Pseudomass distribution, data vs MC FM_.., P)=(P;+ P,M_.)-tan ' [(M_,. — P))/P,] + PsM_.. + 1
E i —4 Data —— MC total 600 |
9000 E_ Belle Il (Pre“mmary) - === (= wv) t(— e,u,n,nno) ------- 1t BG __+ + Be”e II (PreliminarY)
8000 [ f Ldt = 8.8 fb' -+ = eell (I=e,u) & eehh = = lly) (I=e,u) —~ 500F .
7000 |- - - G (G=udso) S : f Ldt = 8.8 fb
@ 6000 | stetlee S
c 5 o - _ + 2
L% 5000 — ® 300k m, =1777.28 £ 0.75 MeV/c
4000 - P [ ¢ Data
3000 |- ¢ 290F y2/dof = 1.256
2000 f- w 00 b News =8742
1000 |- i
O C
(&} i
E 15 NP % So Sl .. 4} ......................................................................................................................... _ 2 _—+ + + + +
~ Riopocne 0009000000000000000000009000000°00° $ oo = - e T + - - ___+_+_ - _+____+__ ~_ e- __i__*
g ! Hittporees it g Of +i Tt 154
OSSO 115 Sb 0 FYHTH PR
04 06 08 1 12 14 16 18 2 2.2 1.7 172 1.74 176  1.78 1.8 182 184
M_[GeV/c? M . [GeV/c?
1 arXiv:2008.04665 [hep-ex] min | ] min | ]
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https://arxiv.org/abs/2008.04665

Tau Mass Measurement at Belle |l
Projection for early 2023

- Corrections on momentum reconstruction due to mismodeling of the B-field map are on place and are
being used for the next m, measurement.

Improved estimator for mr.

; 1|‘_T LI |] 1 L] 1 L I 1 1 ] LI Il 1 —
- We expect a significant reduction in the systematics. 2 A * Bellell !
= 0.8 - * luminosity projection
O | @0.75MeV @ 8.76 [for-1] N
Snapshot in the last measurement: g - .
S . _
Systematic uncertainty MeV/c? o 0.6 B B
|Momentum shift due to the B-field map 0.29 | — - 2
. . L] . X -
Estimator bias 0.12 O 0.4 N
Choice of p.d.f 0.08 T e e = = = - — - Sl vsROIS MG
oice of p.d.f. : - ©,031 MoV @ 50 [fon1] i
Fit window 0.04 i “®. eV ® 100 fon |
Beam energy shifts 0.03 0.2} / a2 \22e 100 (1) .
Mass dependence of bias 0.02 i Next X " A0:13 MeV @ 300 [oM1)
Trigger efficiency <0.01 . 1 extresu 1 ~1 e o
Initial parameters S 0.01 0 L1l 1 1 L1 1 1.1 102 1 1 FI S . 3 1
Background processes < 0.01 10 1 10

Luminosity [fb™]
Tracking efficiency < 0.01
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Tau Lifetime Measurement

Exploiting the nano-beam scheme

Important SM parameter. lts precision has . The world-leading measurement by Belle!
implications in LFU, as (m,), etc. uses a 3x3 topology, with both tau leptons
. _ decaying to 3zv..
Previous measurements:
- Z-peak: LEP (DELPHI, L3, ALEPH, > 1.=290.17 = 0.53(stat) £ 0.33(syst) fs
OPAL).

- Y-peak: CLEO, BaBar, Belle 1.

OPAL (1996) . =i,

CLEO (1996)
ALEPH (1997)
. 13(2000)
DELPHI (2003)
Belle (2014) .-

PDG average:
T- = (290.3 & 0.5) fs|

PDG average

T Ty

284 286 288 290 292 294 296 298
T, [fs]

1 PRL 112, 031801 (2014), arXiv:1310.8503 [hep-ex]

DESY. Tau Physics atBellell | 20 Feb 2023 | Michel Hernandez Villanueva
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Tau Lifetime Measurement

Important SM parameter. lts precision has The world-leading measurement by Belle
implications in LFU, as (m,), etc. uses a 3x3 topology, with both tau leptons

. decaying to 3zv..
Previous measurements: ying ’

Z-peak: LEP (DELPHI, L3, ALEPH, 7.=290.17 + 0.53(stat) + 0.33(syst) fs
OPAL).

Y-peak: CLEO, BaBar, Belle 1.

Strategy at Belle II:

OPAL (1996) i
1. Reconstruct vertex for 3-prong .
Only one 3-prong = higher statistics.

CLEO (1996) 3-prong

ALEPH (1997)
2. Estimate the - momentum p’_. v,

Hadronic decays in both sides.

$———e——— L3 (2000)

DELPHI (2003)
3. Find the production vertex.

gt Intersection of p’_with the plane IP,.

PDG average:
T- = (290.3 & 0.5) fs|

||||1|11|||11 TR AR A T

284 286 288 290 292 294 296 298
T, [fs]

1 PRL 112, 031801 (2014), arXiv:1310.8503 [hep-ex]

>

SuperKEKB
DESY. Tau Physics atBellell | 20 Feb 2023 | Michel Hernandez Villanueva 19



Tau Lifetime Measurement

£ . reconstruction and IP constrain: - Lifetime extraction:
= 287.2 + 0.5 (stat) fs
iy = T;‘r/‘]—;‘r 3
-prong - .
Use vertex - Same statistical uncertainty of Belle.
constraint (200 b1 vs 711 fb1)
on IPy
A —
@+@r = Tor :
10° g
" Belle 11 2020 (Simulation) [t [Joa e
( Qm r decay time distribution \ 10° F [ Jaa a=co
"""""""""""""""""""""""" My i
= {3 —_— = 1o
prong | o : -
______________________________ |P3-prong|c 20F
= f
10° 2 E
(<)) B
>
—~10° W 10%
& =

Pull

oty “‘* *ﬂ” +#+f‘“*¥*+*+*#+ﬂ++ +;++“+++++*ﬁﬁ +*+ﬂ**+*+ Mty

-1 00

T 3-prong t [fs]
-1000 -500 0 500 1000 1500 2000 2500 3000
t 3-prong [fs] /
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‘o000 1500 6500

3000

T, presents = 3 fs bias.
(Generated lifetime: 290.57 fs)

ISR/FSR losses = underestimation of
the proper time.

And intrinsic bias in the measurement.

Exploring other methods at Belle II:
Monte Carlo re-weighting method.

Reuvisiting the 3x3 topology.

20



Tau Lifetime Measurement

In MC simulations, the Belle Il proper time
resolution is ~2x better than Belle.

Due to PXD and smaller beam pipe
diameter.

Proper decay time resolution:

Belle 112020 (Simulation) .It, 4 tMCall

— Belle resolution (2014)

—1500 -400 -300 -200 -100 0 100 200 300 400 500
en
t 3-prong (ct” - ct®") [um]
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For comparison, the world-best D meson lifetime measurement by
Belle Il was recently published.

Improvement in resolution is confirmed

10° ¢

Belle "'} DO Kr

10; .
BABAR
N

1 b . »

Ng-ﬁ_

-2 4

? [ps]

(DY) = 410.5 + 1.1(stat) = 0.8(syst) fs
7(DT) = 1030.4 £ 4.7(stat) = 3.1(syst) fs

1https://doi.ora/10.1103/PhysRevLett.127.211801
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Lepton Flavor Universality Violation

Flavor anomalies in the SM: In the SM: (gu/ge) = 1
a,: 4.2
R(D(*)) : > 3o;

Cabibbo angle anomaly: 2 - 3 o Latest result from BaBar:

etc.
BF(z™ = pv,v,)

Hints of a new interaction that violates Rﬂ = —
LFU? BF(’L'_ - e‘yeur)

Ry =0.976 £ 0.0016 + 0.0036

LFU tests in tau decays:
(gu/ge) = 1.0036 £ 0.0020

compare rates of leptonic decays.

Int luminosity: 467 fb-1.

<&) _ BF l’[_ —>,u_DﬂyT] f(meZ/mTZ)
A\

g BF [t~ = e D] ¢ <mﬁ/m$> Can we improve this at Belle 11?

Yes! Syst is dominated by
f(x) = —8x + 8x° —x* — 12x’log x PID due to limited size of data

and MC samples.
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1
N" 731102
Purity 97.3%

Total Efficiency 0.485%

Particle ID Efficiency 74.5%

Systematic uncertainties:

Particle ID 0.32
Detector response 0.08
Backgrounds 0.08
Trigger 0.10
7 - modelling 0.01
Radiation 0.04
Bt~ = n 7 7v,) 0.05
Lot i 0.02
Total (%] 0.36
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Lepton Flavor Universality Violation

e-u universality tests with 3x1 topology

Cut-based performance

* Matches BaBar stat. uncertainty with 100 fb-1 of data.

- Achieved with asymmetric p, thresholds
on lead, sublead and third track on tag side.

+ x4 higher efficiency with better purity:

16

Efficiency [%]

Belle Il Simulation

T — uvv channel

14§
12}

10}

A * BABAR

_ \ PhysRevLett.105.051602
Belle Il

C —o— Likelihood LID
o e | ~4-BDTLID

: ~¥- w/ BABAR tag
. = &

97 97.5 98 98.5 99
Purity [%]
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BDT performance

Training of a XGBoost
classifier for combined

signal (e or u in final state).

1.7x improvement in efficiency
w.r.t. cut-based selection

(x7 than BaBar),

with a purity of 98%.

tag h h

(BF~15%) %’ h
e Waaen » U

+
\]

e s e

7_ Minrus

/ signal

¥y (BF~35%)
vV V

77 [e/p] 0 &()
77 [bkg] 27
Ogq

0.0 0.2

0.4 0.6 0.8 1.0
BDT output
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Lepton Flavor Universality Violation g ¢

(BF~37%)
e-u universality tests with 1x1 topology P\ . v
« Unexplored topology for LFU at BaBar and Belle (latest result from CLEO: 3.56 fb-1). e+-,._ i L s
>

+  Optimise pre-selection in event-kinematic variables and discriminate using neural network.

B ﬁrhru,\
- Trigger: /

y S+ signal
©H y  (BF~35%)
— V
€irg = 96 - 100% for e-channel. ¥
i i +a—yrt 50+ F I
© €yg= 85 - 99% for u-channel. 06 Belle Il Simulation eTe T (=2e )T (-uTVY)
b

Belle Il simulation: e_sig for hie_Iml_all Belle Il simulation: mu_sig for hie_lml_all ]
Eff data= 99.635% Eff data= 97.087% 0.5 ]
1.10 T T T T 0 1.10 T T T — [TTTTmemmm e :
2 ¢ Data eff {  MC eff o~ ¢ Data eff bt Mceff | f T TTSe~l ]
— 105} 1 ~ 1.05 1 >, 0.4 1
o o O ]
. R L e e e e L T T T T P : ~ 1.00 | i
; 1.00 |» L LR R R Aaho,ocems‘%&‘ﬂ > 5‘56‘56\5(56@6&OQOQOQ‘Q! 5 -
v i O Se0000y . .= 0.3 ]
- 0.95 | : g 0.95 %00, O 1
S oo0} O 090} %? T % ozl NN + likelihood LID ;
E085 Eoss : ‘ : by ““f — NN + BDT LID :
22 1055 : T RTENTITT ‘ 22,05 : TR — ---- BDT + likelihood LID |
© C 1.000 . : '?7'1*‘1*'#1 S © 1.000 E::-.-. ‘‘‘‘ ."“t-“'".‘“],?‘.'uf-- : 0.1r BDT + BDT LID ]

EOCE o a0 o e REGIRE e  CLEO (PhysRevD.55.2559)
o9 : 2 2 4 3 (@) & 1 2 3 4 5 0.0 L— L L ] L N : - |

tag_p_CMS tag_p CMS " 0.86 0.88 0.90 0.92 094 096 0.98 1.00
purity
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Charged Lepton Flavor Violation

Clear signature for physics beyond the SM

*  Quarks change generations.
*  Neutrinos change flavor.

- Lepton Flavor Violation (LFV) is an
established fact, but only in neutrinos.

- What about charged leptons?
* Neutrinos with mass —> CLFV

- But extremely suppressed.

DESY. Tau Physics atBelle Il | 20 Feb 2023 | Michel Hernandez Villanueva

SM case:
BR ~10-54

mass =2.2 MeV/c2

charge %

=1.28 GeV/c2?
%

=173.1 GeV/c2

- @ [-@ |- @
u charm to
LY JL L °r
=4.7 MeV/c2 =96 MeV/c? =418 GeV/c?
-14 =14 -14
@ | @D |- @
L down t strange t bottom
y y y
=0.511 MeV/c?
-1
« &
lelectron
ﬁ

<1.0 eVic2
. @
electron
neutrino

LEPTONS

_J
) 17 MeV/c2 g‘
4% <

¥%
muon
neutrino

;}8.2 MeV/c2

L
[ tau

neutrino

Figure: Wikipedia
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Charged Lepton Flavor Violation

Clear signature for physics beyond the SM

Quarks change generations.
SM case:

Neutrinos change flavor. BR ~10-54

- Lepton Flavor Violation (LFV) is an
established fact, but only in neutrinos.

What about charged leptons?
* Neutrinos with mass —> CLFV

- But extremely suppressed.

NP case:
BR ~10-7-10-10

Observation of CLFV is a clear
signature of New Physics!
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Charged Lepton Flavor Violation

Quarks change generations.
Neutrinos change flavor.

Lepton Flavor Violation (LFV) is an
established fact, but only in neutrinos.

What about charged leptons?
Neutrinos with mass —> CLFV

But extremely suppressed.

Observation of CLFV is a clear
signature of New Physics!

DESY. Tau Physics atBelle Il | 20 Feb 2023 | Michel Hernandez Villanueva

At Belle Il an increase in the signal efficiency will be
achieved thanks to:

Higher trigger efficiencies.
Improvements in the reconstruction.

In addition to a better understanding of background
channels.

T — PP <— gzlr(\eb; s;r;wpeﬂﬁve with early
T - ¢K,, Ah

T — £Vy(— hh")

T > £P° (- yy)

T = Yhh’

Ty
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LFV " - £77¢~ ¢~

At Belle Il

+ Selection and analysis strategy are established.

“« _

i CMS‘
L
\
Hemisphere 1

//

~,/  Tagside

£ !

Hemisphere 2

hg @5
« Signal side

\

Events / (0.009 )

-1.65 | Belle Il 2022

1.7}

[GeV]

175} -

!
3M|

AE

—1.8_. :

-1.85 [;54

MC v — 3u signal"- _-

Pull

Events / ( 0.0022)

Pull

M’ [GeV]

—02—01 0 01 02 03 04 05 06 07

AN ONSMO N » o
T T

x10°

| e o CB=0.015000
e o CB right= 0.009660
[ » o Gauss= 0.034432

[ @ otot=0.015205

-02-01 0 01 02 03 04 05 06 0.

M, [GeV]

x10°

[ e o CB=0.002208
e o CBright=0.012692
[ » o Gauss= 0.003771

[ e o tot=0.003656

-1.85 -1.8 -1.75

AE';, [GeV]

DESY. Tau Physics atBelle Il | 20 Feb 2023 | Michel Hernandez Villanueva

Optimization with kinematic cuts
to constraint the phase space of the signal.

After cuts:
+ Efficiency: 15.79% (vs 7.6% @ Belle)

Potential to be competitive with current dataset.

TO-DO:
- Data vs MC comparisons.
«  Systematics evaluation.

Exploring inclusive tagging strategies.
* Increase on efficiency. Potential improvements on
limits.
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Upper limits on CLFV tau decays

Current bounds and projection of expected ULs

*  Neutrinoless 2-body or

« CLEO
+ ATLAS
¥x CMS

*

v

| d

>

LHCb

BaBar

Belle

Belle Il (5 ab™)
Belle Il (50 ab™

wn —
. 0 0 0
3-body decays to 52 final § - IP" IS \Y 1l lhh BNV
states. 3 105L Lo . ’ o
c = ¢ o fefee «* ‘. * . h
. = - L . ® e o ° 7
* In some SM extensions, L ° . cee,.® © . o
cLFV decays are expected S 108 * e =
at rates only one order of é - + Y. v i Y -
. v v v
magnitude below present = T, Vvay v v Yoy "y . ]
a; 10—7_— ' A Yy A4 e
bounds. Q =, 4 s aa U ¥ * sty S g
g- Sl v v Aa x * N A 4 A A oa I
. — ¥ R 1 . v 4 X x v I%y . A a4 A 4 7
Z‘j A . Aty A A A,a
8 X A, ¢ 4 4, ¢+ —
0\010 ;‘-00 ¢ e . “.000 oot * . ¢ + .”’ " QE
8 - ¢+ M ¢ . o . Improvements caf.zoorders ¢4 7
J ¢ of magnitude expected. 7
9 E =N - " E O a.m ] ]
10 - o L . W . " m " =
" . " = .. L "“me - :
Modes with "'/: . ", . -
trreducible 1o 10l RN NN EEEEEENEN EEREEN
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Figure: CLFV @ Snowmass 2021_arXiv:2203.14919 (2022)
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https://arxiv.org/abs/2203.14919

LFV: > 7¢7/ 4+«

. _ Fit full spectrum with:
It probes the existence of a long-lived

invisible gauge boson boson a. SM expectation

SM + NP expectation and compare likelihood

Possible DM candidate.
of the two models

Large smearing due to imprecise boost direction

Peaking signal in a two-body decay spectrum
(undetected v).

in the 7 lepton rest frame (TRF).

x10%

Main sources of
syst uncertainties:

Belle 1l -ea(0.0 GeV/c?) , T-nmnv

Since we cannot access to the TRF due to 1
the missing neutrino, a pseudo-TRF is built
with the following assumptions:

E=

1 t=ea(l.4 GeV/c?), T-nnnv
T—=€eVV, TNV

Other backgrounds Lepton ID efficiency

Simulation: [L =62.8 fb*

12}

G &
~ 10}
A —_— —_— >
E =Eems/2, P = P/ | Dl 3 fake rate
8 08|
S Trigger efficiency
3 0.6
P3y g Pi0 reconstruction
L . .
T T 4T =0 efficiency (for veto)
0.2
0.00 1.00 1.25 lgvl 1.75 2.00
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LFV ™ - ¢/~

No signal observed.

7 — Z + a MC channels
shown with a BR of 5%.

Upper limits at 95% C.L.
are imposed for
BR(t = Za)/BR(t — £Uv)

Best limits to the date.

DESY. Tau Physics at Belle Il |
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Muons
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https://arxiv.org/abs/2212.03634

Summary

Since its discovery, the tau lepton has been studied at every ete ™ collider in operation, improving the
measurements with every upgrade.

In Belle Il we are motivated, and ready to reach new limits in the precision.

with the early data show potential for an update in the measurement of m_ using
the pseudomass technique. Updated measurement with reduced systematics in preparation.

First studies of very promising, with an update in the measurement
feasible in the coming months. Several methods explored.

Tests of with both 3x1 and 1x1 topologies show high efficiency in
reconstruction. Working on the estimation of systematic uncertainties.

First searches of at Belle Il in preparation. Significant improvements in
reconstruction efficiency with respect to previous B-Factories observed.

Stay tuned! Results are coming.
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SuperKEKB

A B factory of next generation

= 10 36
e:."’ Integrated luminosity
g 10 35 ! expected: 50 ab-1
%‘ 10 34 P (x40 tr.1an previous B
g factories)
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“Nano-beams”: vertical
beam size is 50nm at the IP.

SuperKEKB

<O
e+ 4 GeV 3.6 A Belle IT
& € Belle Il
\ ! New IR

/

e- 7 GeV 26 A

oo SUPErKEKB ™

o

& bellows

b

Ly §J 4
tT 3 7
T v /
* . Add / modify RF systems

for higher beam current
Low emittance positrons

to inject ﬂ Positron source
P ihseiab Al e S

Damping ring ’ ~—— X
——

i/

Low emittance gun

New positron target /
capture section

Low emittance electrons
to inject
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SuperKEKB

A B factory of next generation
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»  Challenges at L=6x103> cm-2 s-1:

“Nano-beams”: vertical
beam size is 50nm at the IP.

SuperKEKB

/DO

C T Belle Il
.. = S —
New IR
/ \, e- 7GeV2.6 A

4 l\;ew beam pipe SuperKE KB

& bellows
‘ N

|

2

zH;./

Add / modify RF systems
for higher beam current

,

Low emittance positrons
to inject

Damping ring ’ _—
e/ &

Low emittance gun

' &’ Positron source

New positron target /
capture section

Low emittance electrons
to inject

- Higher background (Radiative Bhabha, Touschek, beam-gas scattering, etc.).

- Higher trigger rates (High performance DAQ, computing).
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t = £ty

Considered the golden modes for search of CLFV.

7's rate production (1019/yr) is much lower
w.r.t. i’s in dedicated facilities (1011 /sec).

However, BSM branching ratios can be orders of
magnitude larger than in associated muon decays.

Searching for signal events in a 2D region.

Searches at Belle Il in progress.

Irreducible background

Mis-id tagging

(GeV/c)

O

Mg
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