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Introduction on 7 physics at Belle I

Belle Il: new generation of B-factory experiment
(talk given by Alan Schwarz on 6 Sep.) Advantages of studying r physics at Belle II:
e 7 produced In pairs

Belle Il will collect the world’s largest sample of z-pair events * Well defined initial state energy
e Clean environment wrt hadronic collider-based
/ T Process | Cross section (nb) experiments
e _# e T (4S5) 1.05 * High hermeticity of the detector
/ IP interaction Tt 0.919
T point

B-factories are also r-factories!
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Introduction on 7 physics at Belle I

Belle Il: new generation of B-factory experiment
(talk given by Alan Schwarz on 6 Sep.) Advantages of studying r physics at Belle II:

e 7 produced in pairs
» \WWell defined initial state energy

Belle Il will collect the world’s largest sample of r-pair events . _ |
* Clean environment wrt hadronic collider-based

/ T Process | Cross section (nb) experiments
e _# e T (4S5) 1.05 * High hermeticity of the detector
/ IP interaction Tt 0.919
T point

B-factories are also r-factories! . . . .
‘ Tau Physics program at Belle Il is rich = high precision

measurements (*—»discussed in next slides)
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tag 3 prongs

(BF~15%) %
------ » LU

signal

tag
(BF~85%)

signal

Main = topologies @Belle ||

BF of = decays:

» 1-prong: 35.2% leptonic, 49.5% hadronic
» 3-prong: 15.2% hadronic
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Main = topologies @Belle ||

(851957) 3 prongs BF of r decays:
0 * 1-prong: 35.2% leptonic, 49.5% hadronic | entonic: O dronic: 1
N > U - 3-prong: 15.2% hadronic eptonic. < v iC: v
- -
et T/ € H other .

_ 8% 3nn’v

/ evv . 4.6%
X ¥ ¢ signal 9.3% -V
X - ..._':_:- —— 1-0% - :
tag b " 7\ — n3n’v Each decay mode has its own
(BF~85%) * * 1prong . 10.8% ' . 9.3% experimental challenge:
. h e[ arge missing energy in leptonic modes
~ /1 25.9% Y e _ow multiplicity bkg for 1x1 topology
—)«(— e’/y in the final state — large g bkg
- [ *Highly efficient trigger system against
o low multiplicity channels (for example
" ee — ee, yy, eell)
signal
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Triggers for r @Belle |l

<

Belle Il advantages wrt Belle and BaBar: several low
multiplicity triggers based on number of calorimetric clusters

2 trigger categories:
EM calorimeter (ECL) and drift chamber triggers —
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Triggers for z @Belle Il

. 2 trigger categ.orles. . Belle Il advantages wrt Belle and BaBar: several low
EM calorimeter (ECL) and drift chamber triggers - e . .
multiplicity triggers based on number of calorimetric clusters
Belle Il Simulation ete — v (—e*W) T (—u'vw) Belle Il Simulation Low multiplicity ECL triggers
- 4 Low multiplicity ECL triggers Ref: Bellell trg note
= - - > -
D 0.8 [ e e BT e O o8
L I L ) i
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(4] .
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O S 0 e Lo b
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minimum track p_ [GeV]
- lepton Py [GeV]

Logical OR of all available Iml triggers — High efficiency also for the 1x1 topology!
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https://docs.belle2.org/record/2037/files/BELLE2-NOTE-PL-2020-015.pdf

Lepton Flavour Violation program

Lepton Flavor Violation (LFV) is allowed in various extensions
of the SM but it has never been observed
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Lepton Flavour Violation program

Lepton Flavor Violation (LFV) is allowed in various extensions
of the SM but it has never been observed
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Ldt used:

. CLEO ~9fb-1
v BaBar ~500fb-1
Belle ~800fb-1
¢+ LHCb ~3fb-1
* ATLAS ~20fb-1
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Analysis in terms of
background reduction

— T = A
— 1 - #K., Ah
— 7 = {Vy(— hh')
-7 ¢P° (> yy)
— 17— Yhh’

ﬁr - {’y

Simple

Hard

— 7 — [ 4+ 1nvisible
Large irreducible bkgs — next slides




T — la motivation

Search for LFV two-body decay 7 — [+ a (| = e, )
a IS an invisible gauge boson that can be predicted by

several NP models — LFV Z’, light ALP candidate, more..

Light ALP: JHEP 09 (2021) 173

11
10 I | I l | lIII 1 1 lllllll g
1Cy i [=1C51=1 3
Mu3e-online/~ i
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T — la motivation

Search for LFV two-body decay 7 — [+ a (| = e, p) Best upper limits on B(t — [a)/B(t — lu)
a is an invisible gauge boson that can be predicted by from ARGUS (1995, 476 pb-T)
several NP models — LFV Z’, light ALP candidate, more..
'E 0.06 __l I | I I | I I | l | I | | I | | I I 1 I I I | I I 1 I | I | | | I l—_
N - OT—ex .
: - AR : Z. Phys. 1 25| -
§ Light ALP: JHEP 09 (2021) 173 T 0o L mropua GUS: 2. Phys. © 68 (1999) 25] -
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) L cooling o3 ] - —
-D 107__ g \__ -l l | | 1 I 1 1 | l | | | I | | 1 I | 1 | I | | | I 1 | | I | 1 | I | ]
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m, [eV] Can Belle Il do better?
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T — la analysis status

ARGUS analysis approach is adopted — definition of pseudo-rest (ps) frame

S3prong ™ n

(BF~15%) n | Signal signature:
: T ump in the lepton pps distribution
e Tagside: T — 37v bump in the lepton pps distribut
- - » V. o Pseudo-rest frame implies: x10°
+ /T B — ]7; ~ — ?371_ 1.75} Belle 11 T-ua(0.0 GeV/c?) , T=nnnv
e—»(_e | Simulation: [L =62.8 fb™! 1 t-ua(l.4 GeV/c?), T—=nnnv
/ — ET g \/;/2 1.50:. r—»uvf), T nv
e, Riprus [ , ,
T %" e Vetoneutrals: 7', y _ - Ofherbackgrounds
~ signal _ o _ T 125]
Y side e Selection optimised on 7 — VD, >
ely as irreducible background = ol
o s |
075}
4&' L
Q
>
“osof
0.25 ///
>
f %’%//’/fﬁ!ﬂ&?&m---—.- _

0.00  0.25 050 075 1.00 1.25 1.50 1.75
Pps [GeV/c]
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T — la results

95% C.L. upper limits using the CLs method — no significant
excess in 62.8 fb-1 of data (2019-20) Ref: ICHEP talk

-

=)

Publication?

Best measurement today

R, <(1.2-98)x107°
(. [ ———————————————————————————————] 0.03

o - Belle ll —e— Observed UL i

> i 1 - === Expected UL >1

|><D 0.025 — Ldt = 62.8 fb B Expected UL + 1 std. dev. 1> 0.025
'Q) - . . Expected UL = 2 std. dev. '1

r o002 - Preliminary T 002
£ : =

g 0.015 g 0.015
£ B

'q, '1 0.01
i T

;l:’, '\l:: 0.005
o | Q

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

R, < (0.8-12.6)x 107

lllllllllllllllll

Belle Il

ILdt - 62.8fb

Preliminary

0.5

0.7
M, [GeV/c]
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https://agenda.infn.it/event/28874/contributions/169331/attachments/94359/129093/tenchini_ICHEP_2022_v3.pdf

Lepton Flavour Violation: golden channels

First golden channel: 7 — uy g_ﬁ
as the Highest non-SM BF contribution |

’ 2
~
Ref: https://arxiv.org/pdf/1301.4652.pdf

‘Decay scheme

Experimentally tough: Irreducible
physics backgrounds + large
uncertainty in mass and
energy determination

DD

</[O
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Lepton Flavour Violation: golden channels

Second golden channel: 7 — uuu
experimentally the most accessible

First golden channel: 7 — uy
as the Highest non-SM BF contribution

SUSY Little Higgs -+ Z’ mediated

~ Y ; Ko
mediated u _—
X ’J\I\J ®V‘¢< — T //’/
T T NSRS & —
- g . o
T H Vz vll T N !
Ref: https://arxiv.org/pdf/1301.4652.pdf ‘ u Z/
| | | M
Decay scheme
Physics models B(t — uy) B(t—uuu)
SM + V mixing 1074 ~ 1072 | 10723 ~ 107°° [1]
& SM-+heavy Majorana Vg 10~ 10~ 10
. . _ . Belle Il can probe Non-universal Z’ 10~? 1078
Experimentally tough: Irreducible these NP models ] 10
physics backgrounds + large using 50 ab- SUSY 50(10) 10 10
uncertainty in mass and mSUGRA + seesaw 107 102
energy determination SUSY Higgs 1010 10~7
(D Ref: M. Blanke, et al., Charged Lepton Flavour Violation and (g — 2)u in the Littlest Higgs
@ Model with T-Parity: a clear Distinction from Supersymmetry, JHEP 0705, 013 (2007).
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t—3p Lepton Flavour Violation

Best upper limits on r—3u from Belle: 2.1 x 10-¢ @90% CL.:
Closed signal side kinematics
*No physical backgrounds
* Tight signal region — large background reduction
using AE3, = E ;. — Epeapy @nd 7sy mass
> 0-3 FBelle Il 2020 (preliminary) 1120
(5 0.2 | Simulation: -
— -t — 3u (10* events) s -1 100
W 0.1F "k -
<] - - .
D-ALTE
OF .v.. % W
~01f ' 60
-0.2
40
-0.3
2
-0.4 0
(D | e T | |

</[O

0

.5'....'.....|| I T B
1.7 1.72 1.74 1,76 1.78 1.8 1.82 1.84

M, [GeV]
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" 3x1 topology schema
Ldt = 782fb~1 1prong
.J sig tag
U €= 0N T T
PIPPEL
V
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t— 3 Lepton Flavour Violation

Best upper limits on r—3u from Belle: 2.1 x 10-¢ @90% CL.:

Closed signal side kinematics
*No physical backgrounds
* Tight signal region — large background reduction

using AE3, = E ;. — Epeapy @nd 7sy mass
— 0.3 _
> ""[ Belle Il 2020 (preliminary) 17120
(5 0.2 [ Simulation: ;-
— [t —-3u(10%events) =" ." -1 100
L 0.1F "
<] i -.IF .
: RN _
OF .i1. . ':._ :'-!. . | 80
0.1} 60
0.2}
i 40
-0.3F =
: 20
-04
(D —05:. Ll -.l.".l!'..l...l...l.

‘&») 17 1.721.741.76 1.78 1.8 1.82 1.84
MSM[GeV]

" 3x1 topology schema
Ldt = 782fb~1 1 prong
.J sig tag
Yy :\. T T U
"
v M

Proposed analysis improvement:
3 muons in the event = muon identification (muonlD)
optimised as a function of the track momentum

Analysis first hints (based on MC only):
* 0 events surviving the selection
e X2 efficiency gain wrt Babar

-

The Belle Il experiment will be already
competitive with the current dataset of
~ 400 fb-1 — analysis is ongoing!

1 at Belle Il, IPA2022 — 8 September 2022, Wien




_epton Flavour Universality violation

. Lepton FIavOUr Universalty (LFU) equires that the coupling
' between the three charged leptons and W boson is the same

SRS TR R R T e R T R SRS i SOOI

ref: https://indico.belle2.org/event/4615/contributions/
22866/attachments/12010/18311/Mini-Workshop.pdf

DD

</[O
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_epton Flavour Universality violation

~ Lepton FIavOUr Universality (LFU) requires that tHe coupling
between th_e three ehargecﬁj 'ept_ons and W boson iSth e same

‘*SeveraINP models can epreanay: |
| W’, Modified Wiv couplings !

0.006 ref: arXiv:2105.06734

]Ill'lllllllllll]lll]lll

0.004 |

0.002 |

N
S
U > 4
x
> i
T o
o(t — evy)
-

A v ~0.002 | X
4 | :
— Uvv : '
Aee (T2 LVV) ) 6029.+0.0014 ~0.004 - i -
ASM(ﬂ_)eVV) llllllllllllllllllllllll
ref: https://indico.belle2.org/event/4615/contributions/ Apxe (T = pvv) —1.0018+0.0014 -0.004-0.002 0. 0.002 0.004 0.006 0.008
22866/attachments/12010/18311/Mini-Workshop.pdf 7 ' o = —
p.} Ao (7 — evv) o(T = uvy)
s i
7> Aexe (T2 OV) 1 0010+0.0014
A (1t —> evi)

</[O
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Ihe r—lw LFU at Belle |l

3x1 topology schema L

- ~
- ~
- = ~
- R

Best result from Babar (467 fb-1):
Ry =0.9796 + 0.0016 (stat) + 0.0036 (sys)

Cut based analysis @Belle || — efficiency ~4x
larger than Babar with better purities!

Belle Il Simulation Tt — evv channel

141

19 I ................ ................ ................ ................ ................ ................
I 5 5 5 : ® BABAR

Under PhysRevLett.105.051602

—h
o
BRI LI

R ................ ................ ................ ................ ................ ................ Be”e ”
I ; ; ; 5 e f —o— Likelihood LID

6 B ................ ................ ................ ................ ................ ................ + BDT LID
‘ f f f f f —¥— w/ BABAR tag

Efficiency [%]
(00)

99.65 99.7 99.75 99.8 99.85 99.9 99.95 100
Purity [%] IPA2022 — 8 September 2022, Wien




Ihe r—lw LFU at Belle |l

3x1 topology schema T 1x1 topology schema
e/l & sig T e/p ' U
v :\-._._ ------ » 1T Ve " @ Y Al >y,
«--" T Ty '
V V: V V:
Best result from Babar (467 fb-1): Never studied by Belle/Babar due to trigger
Ry, = 0.9796 + 0.0016 (stat) + 0.0036 (sys) unavailability — best results from CLEO using 3.56 fb-1
ref: inspirehep
Cut based analysis @Belle || — efficiency ~4x Belle |l relies on BDT and NN approaches — already
larger than Babar with better purities! shows compatible statistical precision wrt CLEO
Belle Il Simulation t — evv channel | | o
14 : : : : : : Belle Il Simulation ete -»TH(=»e V)T (-uty)
TP EN S — — — — — :_ Und _:
l ; ; ; ® BABAR ) naer _
_ ' ' Under PhysRevLett.105.051602 | TTe=——__ development |
O\O 10 S S SR B ................ ................ .............. > 04 i T N
= developmen O |
: : : C -
O - 5 5 5 P —— !
.E 8 __ .............. ................ ................ ................ ................ ................ ................ Be”e II _% 03 :_ _
= l —9— Likelihood LID & [ —— NN + likelihood LID
IL] 6 s ................ ................ ................ ................ ................ ................ + BDT LID 0.2 —_ NN + BDT LID —
- - ---- BDT + likelihood LID
4 R o —_— — o o —_— + w/ BABAR tag 0.1F BDT + BDT LID ~
O 5 5 5 5 i . i
‘ f f f f f e CLEO (PhysRevD.55.2559) , _
=y 00 s 065 060 097 084 086 088  L.00
QD 09.65 99.7 99.75 99.8 99.85 99.9 99.95 100 ourity
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https://inspirehep.net/files/79532d18a2b32492fb1de75c071b18ab

Direct standard model propes

r mass and lifetime are crucial measurements for
lepton flavour universality (LFU) tests of the SM:

[ 5 T T
TE T Tpe md | .. Tk
= MHoJ HE W
arXiv:1804.08436
0.1790 -
0.1785 A | ® i
‘mg 0.1780 -
0.1775 -
0.1770 - | Spring 2017 |
289 290 291 292
1.(fS)
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https://arxiv.org/pdf/1804.08436.pdf

Direct stangard

r mass and lifetime are crucial measurements for
lepton flavour universality (LFU) tests of the SM:

| 5\1 T 2T
TE T Tue md | .. Tk
A ey Jpe Twly
arXiv:1804.08436
0.1790 -
0.1785 - | o i
‘me 0.1780 -
0.1775 -
0.1770 - ‘ Spring 2017 |
289 290 291 292
1.(fS)

model probes: 7 lifetime
Tau lifetime analysis strategy at Belle IlI:

]!
» Reconstruct 3x1 topology 3 prong T

7 vertex constrained to the IP

. 7 travelled distance from IP — lifetime

oy <1 pm I » 4
/T ',;1/111
Early stage analysis 1prong
Belle Il 2020 (Simulation) ..6, { wtMCall

104 — Belle resolution (2014)

10° Decay-time resolution is

2X better than Belle

Evenis / (5 um)

10 ﬁ N W +

1500 —400 =300 —200 —100 O 100 200 300 400 500
en
t 3-prong (ct® - ct®®") [um]
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prong M

T Mass analysis status

(BF~15%) % + Measure m; using 3-prong decay — pseudo Systematics
mass method developed by ARGUS
k > U Ref: https://doi.org/10.1016/05)70-26993,/(92)90634-6 * Leading: momentum shift due to B field map 0.29 MeV/ C
g - Sub-leading: end-point to mass method 0.12 MeV/c?
et / e l

>

jAII/I/'z'.'. 2

T _ \/ 2 L NE. — E VE. — < m_= 1777.28 £ 0.75(stat.) £ 0.33(syst. ) MeV/c

1prong =/ M T (Epeam 32) (B3 P 3”|) =My ¢ Ref: arXiv:2008.04665

"OF Befie 1l (Preliminary) —+— Data i
- === g(=manv)T(— e,u.m,umw) e Tt BG

600 - f Ldt = 8.8 fb’ -~ eell (I=e,u) & eehh -~ i) (=8, Uncertainties |

500 d "7 ag(g=u.dssc) PDG average £:1776.86 = 0.12 MeV/c?
o Y Y 4 :  Tot 5
= 400 | : C : BES Ill (2014) 321776.91 +0.12 = 0.13 MeV/
§ et +._Lr_11r+_i+ ¢ Fit Mmin distribution to ( )_l evre”
W 300 determine end-point :

= P ARGUS (1992) 17763 + 2.4 + 1.4 MeV/c?
| L ] |
200 2
100 Belle (2007) ¢ %1776 61+ 0.13 = 0.35 MeV/c?
(.
0 BaBar (2009) %1776 68 +0.12 = 0.41 MeV/c?
O :
s 1.5 e S e ) K N
S E e ¢¢_+_4++,+H¢+”+++HM%++ +TH{ }M Belle Il (2020)$X1777.28 = 0.75 = 0.33 MeV/c?
S 0B L R L o
& I T R R TR R PR S W TN SR (SN NN TR T NN TR S S S S S N S v by by v v by v vy by b by |
1.7 172 174 176 1.78 1.8 1.82 1.84 1773 1774 1775 1776 1777 12778 1779 1780 1781
M. [GEVICT] m. [MeV/c?]
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https://doi.org/10.1016/0370-2693(92)90634-G
https://arxiv.org/abs/2008.04665

Conclusions

e \arious r-based searches are ongoing at Belle I

e Highly efficient trigger system allows to produce competitive analysis in an early stage

e QOverview of some of the analyses is presented:

e Search for r — | a offers wold-best constraint!

e Results no significant deviation/excess wrt the SM
e Measurement of tau mass likely to be already competitive with current Belle Il data set

e LFUV, LFV and r lifetime analysis are underway with very promising perspectives

e With the current collected data sample Belle Il is able to provide world leading results
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Triggers for z @Belle Il

s

2 trigger categories: Advantages at Belle lI: several low multiplicity triggers

EM calorimeter (ECL) and drift chamber triggers - based on number of calorimetric clusters
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Logical OR of all available Iml triggers — High efficiency also for the 1x1 topology!
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https://docs.belle2.org/record/2037/files/BELLE2-NOTE-PL-2020-015.pdf

The r—lww LFU at Belle II: 3x1 topology

3x1 topology schema Cut based analysis @Belle || — efficiency ~4x larger than Babar
L with better purities!

Improvements @Belle II:
» Trigger performances: data-MC model at few% level (preliminary studies)

» Better Lepton ID (LID) data-MC model: usage of likelihood and BDT
based algorithms

Best result from Babar (467 fb-1): Under
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The r—lww LFU at Belle II: 1x1 topology

Best results from CLEO using 3.56 fb-1

ref: inspirehep

Never studied by Belle/Babar due to

trigger unavailability @Belle Il for the moment only p are considered in

the tag side of the events — e/p or p/p events

Belle |l relies on BDT and NN approaches — already shows compatible
statistical precision wrt CLEO

Under
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https://inspirehep.net/files/79532d18a2b32492fb1de75c071b18ab

Expectations: 7—1VO(¢p—h+h-)

Experimental upper limits from Belle and BaBar for r—e/Li¢:

. Belle: 3.1/8.4 x 10-8 @90% confidence level using JLdt = 845fb™!

https://arxiv.org/pdf/1101.0755.pdf

 BaBar: 3.1/19 x 10-¢ @90% confidence level using JLdt = 451fb!

https://arxiv.org/pdf/0904.0339.pdf

Leptoquark model &

Ref: https://arxiv.org/pdf/2104.00015.pdf
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https://arxiv.org/pdf/0904.0339.pdf
https://arxiv.org/pdf/1101.0755.pdf

Analysis motivations: 7—IVo(¢—h+h-)

Experimental upper limits from Belle and BaBar for r—e/Li¢:

. Belle: 3.1/8.4 x 10-8 @90% confidence level using JLdt = 845fb™!

https://arxiv.org/pdf/1101.0755.pdf

 BaBar: 3.1/19 x 10-¢ @90% confidence level using JLdt = 451fb!

https://arxiv.org/pdf/0904.0339.pdf

Leptoquark model
Ref: https://arxiv.org/pdf/2103.16558.pdf
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https://arxiv.org/pdf/0904.0339.pdf
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t—3U analysis Key points

Best upper limits on r— 3
| . . | i Proposed improvement:
- Belle: 2.1 x 10 @90% CL: [ Ldt = 732fb 3 muons in the event = muon identification (muonlD)

BaBar: 3.3 x 108 @90% CL - JLdt — 468fDb~"! performance plays a crucial role
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Alberto Martini — Tau physics program at Belle I, IPA2022 — 8 September 2022, Wien 32



Belle || expected limits results on LFV channels

Expected limits with
full statistics: 50 ab-1

Belle Il is expected to improve the results of previous B-factory by a factor ~100 but...
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With better analysis strategies resulis can be

even better...

and they are coming soon!
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