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Why Taus?

e The odd one in the charged lepton family!
o  heaviest of the charged leptons
e 3500 times more massive than electron
o  shortest lifetime °
e 107 times smaller lifetime than muon
o only lepton that decays into hadrons

The big question:
o does new physics preferentially couple to the
3rd generation!

e ~ 250 decay modes! e How can we answer this?
©o  precision measurements of the tau properties
Vi e taulepton mass, lifetime, branching ratios
- e deviations from SM: indirect signs of NP
o o  searches for forbidden decays of tau
W e, ,d,s e observation would be direct sign of NP
e lepton flavor violating (LFV) decays:

vV.,Vv.,u,u o 78V, T Tty ...

e M e 71—8a
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Tau leptons at B factories

e Experimental requirements:
o  good missing energy reconstruction
e clean and well understood initial state
e hermetic detector
o  excellent vertexing and tracking capabilities
O  ability to trigger low-multiplicity event

e These are all met at B factories!
O  tau pair production cross section comparable
to that of B pairs

O(e'e” — Y (4S))=1.11nb
o(e'e” > 7't") =0.92nb

=> B Factories are also tau factories!
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https://cds.cern.ch/record/290480/files/ppe-95-147.pdf

SuperKEKB and Belle I

K, and muon detector
W ID-eff: ~90%

—/

particle ID
fake-z rate:
5%

e SuperKEKB accelerator [ EM Calorimeter
o energy-asymmetric e'e” collider located in O(E): 4%-1.6%
Tsukuba, Japan
o  running at (and near) m(Y(45))=10.58 GeV
o world record inst. lumi of 4.7x10%* cms™?

® Belle Il detector central drift chamber
. R ial I:
o data collected since 2019: 428 fb™* R o

o  currently in long shutdown p, resol: 0.4 %
O  expected to restart by the end 2023

vertex detector
vertex resolution: 15 um

trigger: |
hardware rate (L1) <30 kHZ |
software rate (HLT) < 10 kHZ |
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Today:

® Direct searches:
o search for an invisible BSM boson (a) : t—{a
o LFV violating decay of tau: t—{¢p

® Precision measurement:
o tau lepton mass
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e Direct searches:
o search for an invisible BSM boson (a) : t—2a
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https://arxiv.org/abs/2212.03634

search for BSM boson: —{a

e Motivation:

o dacould be any invisible spin-0 boson, light ALP, etc..
o current best limits set by ARGUS (476 pb™)

e Common strategy:

o split event in two hemispheres based on the thrust axis

o use 3x1-prong decays (3 track on one side, 1 track on the
other)

e tagside: T—oxamv:
e signal side: 7—4%aq, €=e, u
e Challenge:
o irreducible background: —€wvv

o but we can exploit the shape differences:
3-body decay vs. 2-body decay of signal
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t—fa: the “pseudo-rest-frame”

e shape differences are most prominent in the 7 rest frame:
o true rest frame is not accessible due to v’s (or Q)
O use the tag-side:
e tau momentum: use p,  as an approximation
e tau energy: Vs/2 (true up to ISR/FSR)
O  we now can boost to the approximate rest frame
“pseudo-rest-frame” [ppseudo-rest-frame

. : pseudo-frame Ty = —=—
® Bump search in x, (normalized E, spectrum) e mac2/2
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t—{a: results

Using 62.8 fb! no signal is observed...

o 95% CL upper limits are set on B(z—{a)/B(t—{vv) using

asymptotic CLs method.

i electron channel

. Belle Il
- J'Ldt =62.8fb" ---- Expected UL at 95% CL

Bt »ea)B(t —>e V,V,)

—— Observed UL at 95% CL [l Expected UL + 1 std. dev.
Expected UL + 2 std. dev.

25

20

B(T - pa)/B (T - WV, V)

0.7 1

M, [GeV/c?

=> Most stringent limits in these channels to date!
(2-14 times more constraining than Argus)
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muon channel

x10°3
- Belle Il —— Observed UL at 95% CL [l Expected UL + 1 std. dev.
ILdt =62.8fb" ---- Expected UL at 95% CL Expected UL + 2 std. dev.

0.7 1

M, [GeV/c?]


https://arxiv.org/abs/2212.03634

® Direct searches:

o LFV violating decay of tau: z—2¢
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search for LFV decay: 7—{@

L e,
e Motivation: ol
. . ~4 A-50 tag Sig
o highly suppressed in SM.( 10™°) L RoE D S 0 — K'K
o leptoquark models predict BF of up to 10°-10° : .
! A
e Challenge:
o  keep signal efficiency high while suppressing the bkg
si I sid 0 electron channel
e Signal side: 7—€¢ : o — 3SR >
o f=e, pand @—K'K (~50% BF of @) TE Bt — sopsm | | [14000 3
] N
. . . 0.75 12000 =
e Tag side: inclusive (novel approach) : =
o everything except for signal: “Rest of Event” (RoE) = 050 10000 &
o RoE and signal kinematics in BDT classifier to suppress & 0.251 50001 N\J
the continuum backgrounds T | S 2
e signal efficiency of 6.1% (6.5%) for e (1) channel w” 0'00_55'-' g0 9
—025 4000 §
e The trick: no neutrino in the signal tau decay L 50_5E y
o  Inv. mass on the signal side (M ) is expected to peak at O i =
sig 1 0
actual tau mass! —0.75 Jang i Seskiiael o R R s ] L 2
o AE_ =E"_ -+s/2 expected to peak at zero for signal 15 16 17 18 19 20 21 E
sig sig Msig [GeV/c?]
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search for LFV decay: 7—{@

) Mode
Result Region
o Back d estimati s He
aCKgrouna estimation K
51O . . Noxckground g 023793 stat 0.367939 stat
o using data in the reduced sidebands . o
: . . +2. +1.
o  obtain transfer factor from simulation Nobs SR 2.0I73 stat 0.0Z5, stat
electron channel muon channel
L Belle Il (Preliminary) MC background = RSB B Belle Il (Preliminary) MC background = =—— RSB
1.0F y 0.6 . .
Data : fﬁdt = 190 fb~! ® Data — SR L Data: fEdt = 190 fb~! .4 ata
08F MC: JLdt = 2ab™! MC: [Ldt = 24ab~!
. 04F °
%‘ 0.5 — i %. _
[ 021" .
O  o2freduced sideband . L o} : reduced s.ldeband '
2 - . - - ) i ISR "
|-|-|"’ C : b I.I.Im OO B . @ . . .- . : '. I .
< 00: . of o . & - < . - .s, -L. - & L]
B [ ] . . L . . N 2 o
o 8 signal region d g Tl , "
02F . &l & & . 02k _ " signal region
—05F oo
- . —04}
—0‘8_IIIIIIIIIIIIIAIIII 8 1 vl s by v v by e by by b b by b
1.6 157 1.8 , 1.9 2.0 1.675 1.700 1.725 1.750 1.775 1.800 1.825 1.850 1.875
M, [GeV/c’] M, [GeV/c’]
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t—{Q: the results

e No significant excess is observed.
o  we set 90% CL upper limits on BF(z—{)

electron channel: 7—e@ muon channel: 7—p@
observed: 2.3 x 107 observed: 9.7 x 10°®
- . -8
oo expected: 1.5 x 10”7 oo expected: 9.9 x 10
= . Belle ll (Preliminary) —— CL s ® Belle Il (Preliminary) CLsons
[ Ldt = 190 fb~! ===+ CL,exp J Ldt = 190 ! ===+ COLg e
i 19 OLismp i : 420 CLj exp
D B 110 CL,., U3 B 16 CL,.,
— a=10% — a=10%
0.50 0.50F
0.25 0.25
0.00 L———— 0.00 L———— =5 e ' x1077
0 2 1 0 2 4
Upper limit on B(T — e@) Upper limit on B(r — pe)

=> not yet competitive with Belle/BaBar...
Navid K. Rad but a successful first application of inclusive tagging at Belle Il 13



® Precision measurement:
o tau lepton mass

Navid K. Rad ALPS 2023 14



tau lepton mass measurement

e The why:
lepton masses are fundamental parameters of SM
e tau mass uncertainty is ~10° worse than m(p)

tau mass (and lifetime) uncertainties are important

(@)

o

e Two main methods for measuring the mass:

for lepton flavor universality (LFU) tests of SM

Navid K. Rad

pair production cross section:

® energy scan around the tau pair production threshold
e extract the mass from the dependence of cross section

on collision energy

e used by BESIII (most precise in the PDG)

o o e e e e e e M e e M M e e M M e e mmm M e e mmm R e e e e e

Pseudomass method (used here)

e developed by ARGUS, and used at BaBar, Belle and

Belle I

e exploit the kinematics of the 37 system in the

T2y

- - - —— —— -

ALPS 2023

BR(T — evv)

arXiv:1804.08436

0.1790 4
measured BR
0.1785
0
<
&
R\
=)
0.1780 1 ‘(\'b
%0
> N 7 B
XM T T
0.17751 e(,\.'b By o< Bye 5
o B
3 HFLAV
0.1770 4 Spring 2017
289 290 291 292
T [fs]
PDG Average (2022)
1776.86 £ 0.12
:’ BES (1996) -
LG N R ;
| BELLE (2007) L !
| 1776.61+0.13 £0.35 !
| KEDR(2007) —_—
| 1776.81 D2 +£0.15 !
‘" BaBar (2009) = __ ..+ !
| 1776.68 +£0.12 +0.41 !
[ BESII(2014) .. :
| tmesred2hy 0 M ;
11 | | | | | I | | 11 1 B | L - | 11
1774 1775 1776 1777 1778

M, [MeV/c?]

15


https://arxiv.org/pdf/1804.08436.pdf

Pseudomass (M _. ) method

The challenge:
o  the tau mass cannot be accessed directly due to the
presence of the neutrinos...
The trick:
O  use 3-prong decays of tau: tT—maTY
o make some simple assumptions:
e E_=1s/2 (true up to ISR/FSR)
® neutrinos: massless and
e collinear with the 3 system (this minimizes the tau
inv. mass)

Main = \/ M3, +2(v/5/2 — E3,) (B3, — P3y) < M,

e The nice part:
o  This variable has a kinematic edge at the tau mass!
® not so nice:
o thereis a large tail from ISR/FSR and detector resolution
o  we need to extract the mass from the threshold position
Navid K. Rad ALPS 2023
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extracting the mass

e The method:
o Use an empirical fit function to extract the mass:

Mmin —
F(Mmin) = 1-— P3 - arctan ( j2) 1)

+ Pi(Mpin — P1) + Ps(Mmin — P1)2

o  P,:depends on the position of threshold
© P, the slope of the threshold
©  P,-P.:the shape away the threshold

® P isan estimator of tau mass!
o Thisis a biased estimator of 0.40 MeV, determined from
simulation samples, with various generated tau masses
o ~3x smaller bias compare to Belle and BaBar (they had
slightly different parameterizations)
o  The bias can also depend on the overall shape of the
distribution as well

Navid K. Rad ALPS 2023
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A bit of history:

e Historically, the systematics have been dominated by:

Navid K. Rad

(@]
(@]

momentum scale of the tracks | 7 7 -~
beam energy scale Minin = \/M32,,,+ 26\ 5/2 — ) (B3, — Piy)
-1 . ;
Bel |e (4 14 fb ) arXiv:hep-ex/0608046 Ba Ba r (42 3 fb 1) arXiv:0909.3562
TABLE I: Summary of systematic uncertainties TABLE VII: SyStematiC uncertainties in M‘r-
Source of systematics o, MeV/c? -
e eﬁer_gy}m d l't-razkiﬁg_syaeﬁi 0.26 _ Source Uncertainty ( MeV)
_Ed_ge_ p:;'ax_neterizaﬁo; -0 0.18 llvlorllelltl_lnl lieC_OIlStlugtian 0.39
Limited MC statistics 0.14 ‘CM Energy, 0.09
Fit range 0.04 MC Modeling 0.05
Momentum resolution 0.02 MC Statistics 0.05
Model of T — 3mv, 0.02 Fit Range 0.05
Background 0.01 Parameterization 0.03
Total 0.35 Total 0.41
stat: 0.13 MeV stat: 0.12 MeV

= Challenge for Belle Il: improve the understanding of these effects
and squeeze the systematics! (also... only 190/fb used here!)

ALPS 2023
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https://arxiv.org/abs/0909.3562
https://arxiv.org/abs/hep-ex/0608046

Tau mass systematics: momentum scale

— =y

]\41111Il - M-??WH_ 2(\/_/2 ng)(ng P.?Twlr)

® Momentum of the 3a’s is an important

. . . | i
mgredlent in the I\/Imin' - Belle Il Preliminary —I—before momentum correction
e We use D°—Ku as a standard candle! SE y ,
— - f Ldt=189.9fb —I— after momentum correction
o get scale factors (SF) for K and sz based on Q25
< N b oy T
difference in peak position and PDG value of D° > 2F B =K ww ——
e phase-space dependent SFs: as a function 2. 3
of charge and cos(0) of the tracks @ ;
cn 1F ——

o various systematic effects included for the SF’s: EI
m(D°) PDG uncertainty :

=7 - I
e peak position modelling =Ry — ; .................. = =§ .............. % ....... E-.
e additional kinematical dependence —_—
[ J

detector misalignment
e Use other mass peaks as cross check: -1 -08 -06 -04 -02 0e 02 04 06 08 1
______ 1 COS
D° —Kmzwm, J/W—uy, K, —>er (6

D »>Kam

= impact on tau mass: 0.06 MeV
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Tau mass systematics: energy scale

o mln_\/ /2| )( 371'_ 3?71')
® Center-of-mass collision energy (Vs): \ --
o used to approximate the energy of the tau
- - —5
10.588 |- Belle Il Preliminary
® Use energy of fully reconstructed B mesons (E* ) ; total uncert.
N 10586 | fL dt = 189.9 fb” -
to calibrate Vs © 10584 | 5
o E*, only approximately equals Vs, need extra O, 10'582 :
corrections due to subtle effects from: o
10.58 |-
o ISR photons Se o > bl
o  spread of the beam energy N —% 10578 e
o dependence of Y/(4S) cross section on the beam 5 10.576
energy: T 10.574
f’zs,_ | . arxiv:2104.08371] © 10572 |
e.g when Vs is below the Y'(4S) peak, ' | ‘ | 10.57 |
due to the beam-energy spread, we 2p T — T —
oroduce: — 0 100 200 300 400 500

150 !
o less low energy B mesons |

o more high energy B’s g
= resulting in a bias in E* values
towards the Y'(4S) peak 05f

i L I I el
10.56 10.57 10.58 10.59 10.6 10.61

Navid K. Rad E,., (GeV)

3

events

= impact on tau mass: 0.07 MeV

x10°

20


https://arxiv.org/abs/2104.08371

Tau mass measurement: results

Navid K. Rad

Source Uncertainty
[MeV/c? |
Knowledge of the colliding beams: __~_____ _ _ _
I Beam energy correction 0.07!
"~ Boost vector T <0.01
Reconstruction_of charged particles: __ _ _ _ _ _ _ _
'_ Charged particle momentum correction 0.06/
Detector misalignment 0.03
Fitting procedure:
Estimator bias 0.03
Choice of the fit function 0.02
Mass dependence of the bias < 0.01
Imperfections of the simulation:
Detector material budget 0.03
Modeling of ISR and FSR 0.02
Momentum resolution < 0.01
Neutral particle reconstruction efficiency <0.01
Tracking efficiency correction < 0.01
Trigger efficiency <0.01
Background processes < 0.01
Total 0.11

ALPS 2023
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Tau mass measurement: results

x10°
Belle Il Preliminary ¢t Data — Fit
det=190fb'1

—

Events / (1.5 MeV/c?)

Background

o Ty \

| M =1777.09 = 0.08 = 0.11 MeV/c® |

i T
[ ’
Caned

Pull

1.7 1.72 1.74

1 .I76 1.I78 1 :8 1 .éz 1.é4
2
M., [GeV/cT]

=> With less than half data size as
Belle and BaBar we have better
statistical precision!

Navid K. Rad
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Source Uncertainty
[MeV/c? |
Knowledge of the colliding beams:
Beam energy correction 0.07
Boost vector < 0.01
Reconstruction of charged particles:
Charged particle momentum correction 0.06
Detector misalignment 0.03
Fitting procedure:
Estimator bias 0.03
Choice of the fit function 0.02
Mass dependence of the bias < 0.01
Imperfections of the simulation:
Detector material budget 0.03
Modeling of ISR and FSR 0.02
Momentum resolution < 0.01
Neutral particle reconstruction efficiency < 0.01
Tracking efficiency correction < 0.01
Trigger efficiency < 0.01
Background processes < 0.01
Total 0.11
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Tau mass measurement: results

x10°

PDG Average (2022)
1776.86 =+ 0.12

—
N b O
T I rrr]

Events / (1.5 MeV/c?)
Iml T Ial

o N B~ O

Belle Il Preliminary
det: 190 fb!

i d
[ '
Leead

— Fit

Background

m, = 1777.09 = 0.08 = 0.11 MeV/c?

|

BES (1996)

1776.96 2,2 02
BELLE (2007)
1776.61+0.13 £ 0.35
KEDR (2007)
1776.81 2 +0.15
BaBar (2009)
1776.68 = 0.12 = 0.41

BES 11l (2014)
1776.91+0.12 0.9

Belle Il (2023)(Preliminary)

1777.09 £ 0.08 = 0.11

|IIII|IIII

L 1 |

I

|

S 2 ° .
03- 0 '_°.. X .f.l_. ..._O‘_g.._o‘;...... .‘....J". _.f..,.n ....._.;!... - -"....... ._._ .' .‘f.g._;‘o,._. __.n'!'.'_--‘.... ,.
_D pomssnaeSumsmmman TR .- SR, @) xusinsssnsnsinsssnsonreninsntinsas Mbnsasusveiusyssssrontnssasaspsnines
17 172 174 176 178 18 182 1.84
2
M., [GeV/cT]
With less than half data size as
Belle and BaBar we have better
statistical precision!
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Summary

® Tau physics can provide a window into new physics
o directly via searches for forbidden/highly suppressed decay modes
o indirectly via precision measurements of tau properties
o  Belle Il and superKEKB provide a near-ideal environment for studying the tau
leptons!
e Direct searches for new physics signature already getting competitive or
better than previous results!
o search for a new scalar: 7—€a
e world’s most stringents limit
o search for LFV decay: 7—€@
e successful application of inclusive tagging, with only half of the on-tape data
e World’s most precise measurement for the tau lepton mass!
o  Precision measurement capabilities are proven!

Navid K. Rad ALPS 2023
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Thank You!

Navid K. Rad
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e C— -

AIS (DALL-E’s) interpretation of
“‘doing physics in the ALPS”
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BACKUP
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Trigger performance

e essential for dark-sector and tau physics
o  typical signatures include low-multiplicity of
tracks, and energy deposits in EM calorimeter
o large background from radiative Bhabha and
two-photon processes

e some of the dedicated low-multiplicity triggers:

o  single muon
e combine drift chamber and muon detector

information

o  single track:
e neural-net based hardware trigger

o  single photon:
e high efficiency for E(y) > 1 GeV

Navid K. Rad ALPS 2023

L1 trigger efficiency

Belle Il (Preliminary) det:B.Sfb" ee—tt— 1x1 prong

& L .
é2"1//rré3"’//trah/r'?"ao/rq totg/ C’USteM 3 c/uMbebc/g 9 eSL 4
ergy Slers "Sters “"ergy
\ J \_
Y Y
drift chamber EM calorimeter
triggers triggers
1 ] R XXk X KX LA LR R R R LRARTRR LR
o
= 0.8 ) single photon L1
5 trigger efficiency
U=
S 0.6
|
8’1 t
204
5 Belle II 2019
—
Jo0.2 [Ldt=4.6 fb~!
+
1 GeV cluster trigger
0.0 05 10 15 20 25 3.0

E(y) in c.m frame [GeV]
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t—fa: comparison with ARGUS

" electron channel 10 muon channel
4010 40¢

35 — Bellell

Vi)

ssf  — Belle Il
- —— ARGUS

sf —— ARGUS

B —»e0))B@T =€ V,v,)
BT =uwa)B{T —uy,

0.5 0.7 1 1.2 14 1.6 0 0.5 0.7 1 1.2 1.4 1.6
M, [GeV/c?] M, [GeV/c?]

= Most stringent limits in these channels to date!
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7—{@: the results

TABLE I: 90% confidence level upper limits on 7 — £¢ branching fractions obtained by
BaBar (451 fb~!) and Belle (854 fb™1) [4, 5].

experimen | 5L (1079 B (19) (x107%)
exp. / obs. exp / obs.
electron channel: 7—e@ P 50/31 B4 muon channel: 7—p@
Bell 43 /3.1 49 /84 -
observed: 2.3 x 107/ = A / observed: 9.7 x 10
- . -8
oo expected: 1.5 x 10”7 oo expected: 9.9 x 10
S : Belle Il (Preliminary) = CL; obs (’43 Belle Il (Preliminary) LR O] PR
J£dt = 190 fb~* ===+ CL,exp J£dt = 190 fb~* ===+ COLg e
I 420 CLg exp F 3 420 CLs exp
0.75 0.75
I B 10 CLjexp L +10 CLgexp
— a=10% a=10%
0.50 0.50 ‘
0.25 0.25
0 — 0.00 e T L X107
0 2 4 0 2 4
Upper limit on B(7 — e¢) Upper limit on B(T — u¢)

=> not yet competitive with Belle/BaBar, but a successful first application of inclusive tagging at Belle I
Navid K. Rad ALPS 2023 29



t—{Q: signal region and side bands

electron channel: 7—e@

1 Belle Il Simulation — SR
1.00 T —ed - SB

AE; [GeV]

0.75 —
0.50 -
0.25 —
0.00—; )

_025F

—0.50

1.5" 1.6 1.7 1.8 1.9 'Zii | I'Q.l
M, [GeV/c?]
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muon channel: 7—pQ

1,00
0.75—§
0.50 -
0.25

0.00

-0251

—0.50

—0.75

Belle Il Simulation SR
T — Yo — SB

1.5
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T—{Q: yields

Mode
Result Region
ep po
Signal
T - SR (6.1 £ 0.9sys)% (6.5 = 0.6 sys)%

TMC SR / RSB 0.231018 stat 0127907 stat
Nyata RSB 1.0‘_%2 stat 3.01%2 stat
N SR 0.2319:5% stat 0.367035 stat
Nobs SR 2.0128 stat 0.0753 stat

Navid K. Rad
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tau mass uncertainties at Belle Il

e Statistical precision with 190fb™: 0.08 MeV
o even with roughly half the data as Belle and BaBar
(0.13 MeV), we have better precision!
e inclusive tagging (Belle and BaBar use the
leptonic tag only)
o Improved tracking resolution also helps!
e  Dbetter resolution => steeper threshold
=> more precise determination of mass

= —— ==

° rtbg glgrpinant systematics::
.energy scales!

"5~ Various other effects are also considered:
e detector misalignments
e uncertainty in the bias, fit function, fit
window
e mismodeling of material budget
e generator mismodellings

Navid K. Rad ALPS 2023

Source

Uncertainty
[MeV/c? |

Boost vector < 0.01
Reconstruction of charged particles:
 Charged particle momentum correction - 0.06

Detector misalignment 0.03
Fitting procedure:

Estimator bias 0.03

Choice of the fit function 0.02

Mass dependence of the bias < 0.01
Imperfections of the simulation:

Detector material budget 0.03

Modeling of ISR and FSR 0.02

Momentum resolution < 0.01

Neutral particle reconstruction efficiency < 0.01

Tracking efficiency correction < 0.01

Trigger efficiency <0.01

Background processes <0.01
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Let’s get the mass....

P2 = (P, + Ps.)’

o  Use conservation of momentum and

energy in the T — v 37 decay and solve = my = m, + myr + 2(E, Esz — py - pr) (1)
for m: = mz + m§7r g Q(EV E37r — PuvP3r COS 9)
Use:
P, E,=FE,— E3;,and @)
py=VE:—m2=E,=FE,.— Es,;
To get:

e What are the knowns? ) )
e What are the unknowns? mr = msg, + 2<<Er — E3;) E3r — (E; — E35)psr cos 9:/,377)
e Which unknowns can we _ mgﬁ + 2(E; — Esy)(Esy — psrcos 0,,.37)
maybe “sweep under the
rug”?

(3)
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...the pseudomass....

e This is called the pseudomass

MTQ _ M??n + 2E, — Es;)(Esy — Pay cos6y5,) (4) o defineq in this. way, the distribution
’ has a kinematic edge around the tau
mass
In the center of mass frame: o the edge can be exploited to extract
the mass
ET = Ebeam = \/§/2 (5)

o first used by ARGUS in 1992, later by
Opal, Belle and now by Bellell

Also the equation will have a minimum when cos 0, 3, = 1.

B
4

o/ ARGUS

200 |

if we set cos @, 3, = 1, then we can write:

M??ﬂ + 2(Ebeam - E?)?T)(E?)ﬂ' - P37r) S M2 (6)

T

100 |

So then we can define a new variable:

Mmin = \/M327T + 2(lybcam - E37r)(E37r - P37r) S MT (7) 0 :

0.0 : . ) : 2.5
m’ [GeV/c?]

Navid K. Rad ALPS 2023 34


https://www.sciencedirect.com/science/article/abs/pii/037026939290634G

Tau mass measurement:
threshold production

e exploit dependance of xsec on CM energy (near the

positrons

electrons

tau pair production threshold) %

A
e usealikelihood fit to extract the mass | 60m »
e |aser + optical system to accurately measure the L v e
beam energy
2.0_"'I""I'"'I""I""I""I""_ [T T T T r T o] T ]
o - 1 0.0 7
c . BESIII 2014 i i )
S I 1 Tx-05F ¢
= - ] £ - ]
8 1.0~ ] <| B ]
n i 1 a4 1or B
- i c C ]
B osk 4 = -
o) B i 151 .
| - |- m L <
(&) - e - -
00 *—77 .. Po eo el pa po Towo Ba ey ol wa oo _20_ I PR RPN N (R T PO B P
3540 3550 3560 3570 3580 3590 3600 3610 " 1776.4 1776.6 1776.8 1777.0 1777.2 1777.4

W (MeV)

m, (MeV/c?)

but this wouldn’'t work in Bellell ...

Navid K. Rad
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https://arxiv.org/pdf/1405.1076.pdf

Tau lifetime, teaser

Systematics still to be studied... but, proper time resolution already 2x better than Belle!

3-prong

10

e atBelle:
o  the 3x3 tau decays
o 700/fb
e at Bellell:
o  Factor 5 gain in stat. by using 3x1 instead of 3x3
o  With 200/fb already statistically compatible with Belle results
O
World-best measurement
Tr = (290.17 £ 0.53sas + 0.3345t) fs

Navid K. Rad

3-prong
=1

Stefano Moneta (EPIPHANY 2021)

ALPS 2023

#:
| HMM...._-

3500 =400 =300 —200 —100 0

Wh

Wi )

100 200 300 400 500
T 3-prong (ct™ - ct®") [um]

Belle II — Factor ~2 narrower
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https://docs.belle2.org/record/2214/files/BELLE2-TALK-CONF-2021-005.pdf

Physics at Belle |l

e Not just a B-factory!
o 1,¢,and b pairs have similar cross
sections at Vs = 10.58 GeV

o(efe” —> Y (4S))=1.11nb

o(e'e” —cc) =13 nb

o(e'e” - 1't7) =0.92nb

e Wide physics program

O  precision measurements of
time-dependent CPV and CKM
parameters

o  searches for lepton
flavor/universality/number violations

o dark-sector searches

© and many more

Navid K. Rad

Energy scan

Y(4s)
10.58 GeV
B*B" BoB?

(51.4*+0.6)% (48.6*+0.6)%

|o[ete-Y(45)] =1.11nb |
o[ete>ttT (y)] =092 nb
o [ete—pt (y)] = 1.151b
o [ete—dd (y), ss ()] =0.78 nb
o[ete—ete(y)] =744nb

\

Vs =10.58 GeV.
A 0'1'01'=143 nb

o,
05
G@[,

o[ete-—ete(y) =74.4nb

o [ete—uu (y)] = 1.6 nb
o [ete—yy (y)] =3.3nb
B [ete—eteutu]=18.9 nb

ete—ete'ete] =39.7 nb

The Belle Il Phyiscs book
[arXiv:1808.10567]

ALPS 2023
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SuperKEKB

Belle Il

o  energy-asymmetric e'e” collider in Tsukuba, Japan
o collision energy (mostly) at Y'(4S) Vs =10.58 GeV
o target:
e instantaneous lumi: 6x103°cm2s?
30 larger than KEKB
o  improvement achieved via the nanobeam scheme
(20x smaller beam spot) and higher beam current

Super
KeKB

KEKB e+/e-
E (GeV): 3.5/8.0

SuperKEKB et/e-
E (GeV): 4.0/7.0
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SuperKEKB and the Bellell detector — selen

® SuperKEKB
o energy-asymmetric e'e” collider in Tsukuba, Japan
o center-of-mass energy at (and near) m(Y(45))=10.58 GeV
o  Target:
e instantaneous lumi of 6x10**cm™s™ (30 larger than KEKB)
e integrated lumi: 50 ab™ (50 times larger than KEKB)
o improvement achieved via the nanobeam scheme

Super
KeEKB

e Bellell detector

o upgraded Belle for higher luminosities (and its challenges)
o inner track detectors system (VXD) fully replaced k
e 2 (currently 1+2/12) new layers of DEPFET pixel detector (PXD) : --

—’.
——
—

e 4 layers of double-sided silicon strip detector il | -
new drift chamber (CDC) within the 1.5 T magnet S~= </} T r_,_'._ y
upgraded electronic readouts for the EM calorimeter (ECL)
Cherenkov detectors for particle ID (PID) (TOP and ARICH)

K and muon detector (KLM)

O O O O
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SuperKEKB designed machine parameters

2017/September/1

E
|
Number of bunches
Bunch Current
Circumference
Ex/ &y
Coupling
Bx*/By*
Crossing angle
Op
(o}
\'5
0z
Vs
Vx/Vy
Uo
Txy/Ts

ExlEy

Luminosity

Navid K. Rad

Machine Parameters

LER HER unit
4.000 7.007 GeV
3.6 2.6 A
2,500
1.44 1.04 mA
3,016.315 m
3.2(1.9)/8.64(2.8) 4.6(4.4)/12.9(1.5) nm/pm 0:zero current
0.27 0.28 includes beam-beam
32/0.27 25/0.30 mm
83 mrad
3.20x10# 4.55x104
7.92(7.53)x10-4 6.37(6.30)x10* 0:zero current
9.4 15.0 MV
6(4.7) 5(4.9) mm 0:zero current
-0.0245 -0.0280
44.53/46.57 45.53/43.57
1.76 2.43 MeV
45.7/22.8 58.0/29.0 msec
0.0028/0.0881 0.0012/0.0807
8x103> cm-2s71
ALPS 2023
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