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<> SuperKEKB and Belle Il experiment

Belle I
v
v _— S~ Belle Il

e Advanced B factory

New IR

New beam pipe SuperKE KB

& bellows

e Asymmetric energy e*e collider
— At Vs=10.58GeV

o(tt)~0.9nb, o(bb)~1.1nb
A B-factory is also a tau-factory!

—

Add / modify RF systems
for higher beam current

e Challenges to higher luminosity

- Narrower beam at IP Low emittance positrons

to inject

A Positron source

— H|gher beam current Damplhgiing. w Nevst/ positr;ntarget/
; Capture section
— Detector works with higher beam ¥/

Low emittance gun

background and trigger rates

“Nano beam”
Vertical beam size is
50nm at IP

Target integrated luminosity = 50ab!
—>~5x10%° 1 pairs

— x50 higher than previous B factory

SuperKEKB
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/> Belle Il detector

Belle I

General purpose, forward/backward asymmetric acceptance

K, and muon detector
Resistive Plate Counter (barrel outer layers)

Scintillator + WLSF + MPPC (end-caps, inner barrel layers)

[EM Calorimeter

Csl(Tl), waveform sampling

Particle Identification
Time:t‘—of-Propagation counter (barrel)
Prox: focusing Aerogel RICH (fwd)

(7GeV)

Beryllium beam pipe

2cm diameter l,///??}//ﬁ' L \\s"\\ —
Vertex Detector //// &~ S oy / —_—
' ¥yt pm

et}
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2 layers DEPFET + 4 layers’DS

Central Drift Chamber > (4GeV)

He(50%):C2Hs(50%), Small cel
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e Physics data taking started in i L
March 2019. os | ]

Luminosity [x10** cm™s™]

— Performed luminosity tuning

0 L' VR Y o
during the data taking 1910 1911 19112 2003 204 205 2006 2007
. Year/Month
e Achieved world record
_ 34 fp-2 -1
° L — 24X10 ctm-sS-. Belle Il Online luminosity Exp: 7-8-10-12 - All runs

- 80
74 Integrated luminosity

mmm Recorded Weekly
| = [frecordeadt =73.18[fb7*]

e Data collected stably

— High beam background env.

e Integrated luminosity; 73fb!

— Physics analysis for ICHEP2020;
~8.8fb!

Total integrated Weekly luminosity [fb~1]
Total integrated luminosity [fb™1]

Plot on 2020/06/30 08:19 |ST
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<> Tau physics program

Belle I

The world largest number of tau-pair events in e*e” collisions offer data for
tau physics analyses with high precision.

Lepton flavor violating decays

— Ty, ey, un, en, py, Amn, 111, ..., I+ (> talk by F. Tenchini)
Electric Dipole Moment (CP/T violation) New physics
CP violation in tau decay; t=>K_ v search

Tau mass, v, mass, Lifetime

Test of Universality Precise test of

Hadronic decays Standard Model
— Search for second class current; T—>nnv

— Mass spectrum in T—>7nrdv



(D Signal: 1 — 37

</> Tau mass measurement Tag: T e 70

Belle I

hadrons

e Performed tau mass analysis using early Belle Il
data (8.8fb™)

e Select tT—>3nv + 1-prong topology events and
measure tau mass using the “pseudomass”
technique developed by ARGUS

Nthrust

Mm?lﬂ — \/Mg?ﬂ + 2(Ebeam — E37T)(E37T - P?m') <m; l
Vg
Vr
— Current best value by Belle; — . . . ‘ . . . . .
4 . s000 - Belle Il (Preliminary) S o
c ====1(— nanv) T(— e, LL, T, I reERest oTT ]
177661 - 013 - 035 MeV 8000 | '[Ldt= 8.8 fb! === cell (l=eu) & eehh == lify) (l=e,n)
e Phys. Rev. Lett. 99, 011801 (2007) 2000 = - o=t G (@=uds) E
— Tau pair production at threshold ¢ 8%°F E
$ 5000 F =
energy shows better result. D 4000 E 3
BESIII; 1776.91 = 0.12 = 0.13 MeV 3000? E
—  Phys. Rev. D 90, 012001 (2014) 2000 £ E
1000 =
e C(Clear shoulder in the data N: .
— Well rediscovered tau-pair events at = 15¢ ‘ H“"""
Be“e “. _é 1 |'|+\+*+p¢n¢'='“ PP PP T T TY YY L LTI T LA ] ] ¢+*1L'1'++++ ++ +_
8 05 ||||‘||||HH£
0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2
M., [GeV/c?]
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</> Tau mass measurement

Belle I
600 % — T T T T T —i
- Belle Il (Preliminary)
e Extract mass by fitting to a empirical edge S;‘ %0 fro- sams
function = Y0 :
B a0k m, = 1777.28 + 0.75 MeV/c* ]
e Preliminary result; 5 [ ¢ Daa :
5 o 2000  y/dof=1.256
1777.28 = 0.75 (stat) £ 0.33 (syst) MeV/c? & | N,=8742
— Similar systematic error with previous B factory 05 . . .
results _ 2@ é
. . . E of !5SSSé%swﬁss“?w@mm s%?sﬁ+ *m%ss % Simém*’%+ “*””"i“ss@sa%%smsmss*ssi ; +sss m”%ﬁ &
— Canimprove using more data and more precise oF ¥ L s
corrections, then achieve best precision among 17T e 76 [G1 zﬁ . 18182 184
m\n e ¢
pseudomass measurement.
T 171 T T T ‘ T T T | T T T | T T T ‘ T T | T 1T 1T T T
Systematic uncertainty MeV/c? PDG average 551776.86 + 0.12 MeV/c?
Momentum shift due to the B-field map 0.29
Estimator bias 0.12 BES Ill (2014)%x1776.91+0.12 £ 0.13 MeV/c?
Choice of p.d.f. 0.08 3
Flt '“,rilldo\’v Oo_l ARGUS 1992 1776.3 + 2 4+14 MeV/02
.
Beam energy shifts 0.03 %
Mass dependence of bias 0.02 Belle (2007)3:1776.61£0.13 £ 0.35 MeV/c?
Trigger efliciency < 0.01
Tnitial parameters < 0.01 BaBar 2009 1776 68 +0.12 £ 0.41 MeV/c?
Background processes < 0.01 ,
- Belle Il (2020)221777.28 £0.75 £ 0.33 MeV/c
Decay model < 0.01 PR—
Tl‘a-(_f-killg eﬂ:ic-iellc-y S 001 coec b P by [ v b Py by gy |

1773 1774 1775 1776 1777 1778 1779 1780 1781
m, [MeV/c?]




<O Lepton Flavor Violation in tau decay

Belle I

In the Standard Model, LFV is highly suppressed. Y
Impossible to access; Br<0(10754) W

Many extensions of the SM predict LFV decays.
Their branching fractions are enhanced as high
as current experimental sensitivity

= Qbservation of LFV is a clear signature of New Physics (NP)

Tau lepton : the heaviest charged lepton
- Opens many possible LFV decay modes which depend on NP models

S
+ o = ,
N | T K y < s (Ko)
X f\fﬁjy @2.‘;3’“( “_ KO i T
_ iV
T_ [ ...l U T . - T : -

SUSY Higgs-mediation LFV R-parity violation




D

</> Tau LFV analysis

Belle I LFV mode
e+e—%fc+ﬁc— Br~85% T
.1 prong + missing € 4 €
(tag side) T
upp (LFV mode, signal side) generic T decay
Fully reconstructed \
Signal extraction: M; —AK plane \.vT

(or rotated signal plane to reduce correlation)

Evaluate background from side band o
BG contribution is small for 3lepton modes

> 03 rEenien —11'%° because of good PID performance,
@ 0.2 Simulation: " 00 however non-negligible for [+y modes
— [t — 3u (10% events) -
W 0.1 L R Rotated signal region (x—uy)
- 0 E_ - ..;‘h o :. | 80 §_1'62:_- Background: u v v, . .
[ =t : ". "R é-LBa: Background: &t v, Be"e " SImU|at|0n
[ ] % _1'66_ I Backoround: uw* u (y)
-0.1 60 271.68 -Background ad, ) ;‘ u ) ;_ ; SEA=s
2 o ‘ot ' =
02F y E .‘-.'J..n e oty [
_ 40 %4.72:— nnnnnnn &d T jL\D E
03[ . . W -1.?4;— ===== .'u'e:'ﬂ., p P.-D D.QD_QJ
L -1.76 - 3o+ Og O IEI"D O o
04} : 20 f A e el
;_ ] . J. ':r . I .
_05 L% k.1 JaC S BTN R _18ef
17 172174176 1.78 18 162 1.64 S |
G V] M,,, x cosa + AE x sina [(GeVrc)’]
3u[ e The Belle Il Physics Book aer 1808.10567v2
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<> Upper limits on LFV t decays

Belle I

90% CL upper limits on t LFV decays

o HFLAV

A A A

10°
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e

ATLAS = BaBar ¢ Belle 4 CLEO v LHCb

* Belle, Babar reached O(10-8) branching ratio, LHCb improving the result
* 12> 3 leptons, l+mesons (to charged particles) show better sensitivity
because of less background, compared to T2 | v.
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<D Future prospects at Belle Il

Peak luminosity [x1035 cm2s]

Belle I
10 70 ez N :
—Lpeak Before IR upgrade | ——Int. Luminosity " E; 10 -6: .
—L_ After IR upgrade o CLEO ‘
8 peak : :
= - o
0 3 7 ' An s Ton
6 10 e e e
RF 40 5 °
[partial] 5 =i
IR (QCS*) 30 2. 5 L o
4 $ < 10 Ao
20 =
> - |
10 0 | Belle II
(Tuning) S R R
0 0 -3 -2 -1
2019/1  2021/1  2023/1 2025/1 2027/1 2029/1 20311 10 10 10 I, 10 1
Luminosity (ab ')
e Will collect 50ab-! data by ~2031, with upgrading detector and accelerator
o

B(t—=2>uup)~0(101°) at ~50ab™

— Understanding of background (beam BG, fake PID etc.)

- Improvement of reconstruction algorisms

— Intelligent event selection by machine learning technique
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<[> Summary

Belle I

e Belle Il experiment started

— Achieved world record luminosity; L = 2.4x103* cm™ s*

— Accelerator tuning is on going and more data will be recorded.

e Also started actual physics analyses

— Tau mass measurement by early data shows clear tau rediscovery
signal and promising sensitivity.

— Preliminary result; M =1777.28 == 0.75 (stat) == 0.33 (syst) MeV/c?
e Belle Il will collect ~5x10'° t pairs

— Tau LFV searches will reach the higher sensitivity compared to the
previous experiments

— The background free modes, such as Tt = 3 leptons, can be reached to
0(1019) branching ratio sensitivity.

e More precise result with more data

Stay tuned!
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<> Search for t—=2>3leptons at Belle

Belle I

Phys.Lett.B 687,139 (2010)

e Data: ~7x108 11 Mode |6 (%) | Neg® | UL (x10

. . + 6.0 0.21+-0.15 2.7
e No event is found in cee

. . wutus 7.6 0.13+-0.06 2.1
the Slgnal region. euu” 6.1 0.10+-0.04 2.7

e Br<(1.5-2.7)x108 wete- 9.3 0.04+-0.04 1.8

wetyn- 101 0.02+0.02 1.7
(0]
at 30% CL. epe- 115 0.01+0.01 1.5

> 0o @Toeee - > 02 Ot ] B 02f 0 @Toeww

e Almost BG free 5 = =

0_ [ ]
— Because of good
lepton ID SRS T
s s -0.2+
o eete | .HH.H K
17 18 1 17 175 18 18‘3 17 175 18 185
m___ (GeV/c) 1 (GeV/c } m,, (Ge\*“;"’cz)
Z 0ol B O LT Z ool B
< &) : <
=0 = 0 =0
= 4 =
0,

Q2F

i SEEEREEREERRE 1 0A4f
165 17 175 18 185 17 175 18 1.831 165 17 175 18 185 7
m,_ (GeV/c?) m,,, (GeV/c™) m, (GeV/c™)
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<> 12Uy, ey at BaBar

Belle I
Phys.Rev.Lett.104:021802,2010

Data: 470fb1+31fb1@Y(3S)+15fbt@Y(2S)
(963 £7)x10° T decays
e New kinematical cuts

.. Decay modes| 20 signal ellipse 3 UL
+ Neural Net discri. e o 70 .

- Improve S/N Tty [0 1.620.4 30403 3.3
==y |2 3.6+0.7 61405 44 8.2

e Dominant BG:

. . tr‘ W.T{".‘ :,-Joo..,.' '.I'. ol t\T‘. * h'l-.} XS r l.b ‘r" . I . 1
t=21vv + radiation L Rl PREa e SN BR 2 ol :'sg}*tx,.::::*;f’ 27 BABAR
. . % 1"'::‘:{;:‘?' .u; :fc'..::. ..".‘.1:.: .l;’..:;.‘-f‘:- -"':.._-. . % ':.;. o .; ""'E.:. \fﬁf“.;o:: :"1.::':. ':: .I. . ..
.H o S 3 o 2 o o e 1 :.". o %% .-!- .‘ -'-lu‘.' .: ® .' N
(|rredUC| ble BG) 9, :.‘s;':‘:;‘fff"" “.f:,‘.}"‘-:-"-.?.; "\ g ‘o 5 .::‘?:_,;..,-‘"‘.._5::.’1;{ ‘o .
01.9 """:‘:;-:1’:_5".-. ?3‘-,4.-»,,_'2.:-,-;:_;' . — 019 DR Pt D LI T —
Sidy Je ol Ve Tt a8 AT T N A .
= T’f’?";?: "?;,'?-:." Gl 1€ FhELLRraat, -
1.8“'.:\... r{’ 1: q!‘-'-: e e — 1.8p= 7 & AR O |
- S :“‘ s e b2 LAl
® B(T ) M'Y)<44X10 8 F'!";} £ :'i‘ ':.}ﬁ,_ @ J e e B A {-O i
.. .”.;:’ '. * '.:“:.J'" ! I;"'v:'l I f'E' ,‘:-'y\"..'\-'c_' .
' N ohn s, ." P L S S I T
S -8 1.7 SRS L — TP A g S —
e B(t—=>ey)<3.3x10 i '- R S LI
."‘ % '.“’.'....'- ,'-.' e, . ¢ - =Y. l:‘.',l-..,o..:-, T, -
UL L oy A el i W T 1oey -
16 g TR Ty S NS Tey
. ; o ....'. .'. L0 ] - ) ’. 2 %o }- ) -’ I *
PR AR AT s | 1 1o tied 1 1
-1 -0.5 0 0. -1 -0.5 0 0.

A E (GeV) A E (GeV)



