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SuperKEKB Accelerator

* New facility to search for physics beyond the SM by studying
B, D meson and 1 lepton decays
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Belle I
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* Energy asymmetric electron-positron collider (7-4 GeV) /
" New beam pipe SupeI’KEKB

& bellows

* Higher beam currents compared to KEKB, and can achieve
50 nm vertical beam spot size at IP:

KEKB S SuperKEKB

Add / modify RF systems
for higher beam current

Low emittance positrons

toinject Positron source
Damping ring ’\\ New positron target /
capture section
» Unprecedented design luminosity of 8.0x103% cm-2s-1 /
Low emittance gun
* First beams and commissioning in 2016, Belle Il @KEK ttowsnc\tittanceelectrons
. oinje
detector rolled in 2017 Tsukuba, Japan
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Belle |l Detector

° MajOr upgrade Of the Be"e detector b

Pixel Detector

Tracking Silicon Vertex Detector
e (7 GeV)
Central Drift Chamber
~7/m
TOP Counter /
Particle ID d e* (4 GeV)

Aerogel RICH Counter

Electromagnetic Calorimeter

KL / Muon Detector
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Belle Il as t-factory, and schedule

Belle Il is not only a B-factory, but a next-generation
T lepton factory

- o(ete—Y(4s))=1.05nb, olete—r7)=092nb

Over its lifetime Belle Il aims to record 50 ab-! of e*e-
collision data (x50 that of Belle)

- 4.6x1070 1-pair events

DESY.

Belle IT P. Rados

unique environment to study 1 lepton physics with
high precision!
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T I
Phase Il Phase il

(2018, 3 months) (starting later this month)

» Data taking in Phase Il was performed with
all subsystems, except full vertex detector

« VXD now installed and ready for Phase il
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DESY.

First collisions recorded by Belle 1l on 26t April 2018

During Phase Il (April-July) about 500 pb-' of data

was recorded

Good performance of the subsystems. Clear mass
peaks observed from both tracks and photons.

T leptons also observed...
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Tau leptons In early Belle |l data

» Targeting e*e-—T1*1- with 3-by-1 prong decay:  Ttag — £* LV, Tsignal — 31TV, + NTTO 3t + nxd
» Events required to fire CDC track trigger: 291 pb-1 of usable data

» Event topology and kinematic selections tailored to suppress qg and <<y backgrounds, driven
by: 3.7 >

- thrust value = ~ AR

large for the signal since both t leptons are boosted (back-to-back)

- total visible energy, bellow Vs for the signal due to the three undetected neutrinos
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Tau leptons In early Belle |l data

 After trigger + offline selections, we have agreement between the data and MC

inclusive decay: tsigna — 31y, + nT10 exclusive decay: Tsignal — 3TV,
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C - - C o .. ]
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» Clear evidence for ete-—T1*1- in the Phase Il data, and a demonstration of the capacity for missing energy
analyses with Belle Il
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Tau lepton mass measurement

890 Belle 11 2018 (Preliminary)

F ~—— MC total (stat ® sys) 1
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A fit to the pdf in the 1.7-185 GeV region yields

an m; measurement of:

m_= 17764 = 4.8 (stat) MeV

which is in good agreement with previous
measurements.

» First m; measurement at Belle Il was performed with a pseudomass £
technique developed by the ARGUS collaboration: g
— 2
Mmin - \/M?m + 2(Ebeam - E371')(E3n' - P371')’
*  Mnmin distribution in the tsignat 31t v, decay channel is fitted to an
empircal edge pdf (where m*is an estimator for m;):
. _ -1
FM,,;a,b,c,d, m*)=(aM,; +b) X tan'[(m*-M,, ) cl+dM,,, +1 B}
=
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Prospects for tau lepton physics

* The Phase lll of data taking is expected to start later this month

» The huge amount of data to be delivered (50 ab-1, 2019 - 2027) will enable a broad program

of T lepton physics:
arXiv:1808.10567

» Searches for Lepton Flavour Violation (LFV)

KEK Preprint 2018-27
BELLE2-PAPER-2018-001
- u FERMILAB-PUB-18-398-T
} C P VI o I atl O n JLAB-THY-18-2780
INT-PUB-18-047
UWThPh 2018-26

» Second class currents The Belle TI Physics Book

E. Kou™ %1 p. Urquijol42*§'*7 W. Altmannshofer'32Y F. Beaujean™ 9, G. Bell'19-9,
M. Beneke 19, 1. 1. Bigi'*>Y, F. Bishara4"16:9 M. Blanke?%0:9 C. Bobeth!10:11.9,

} a n d m u Ch m o re M. Bona!¥:Y, N. Brambilla':¥, V. M. Braun®®9, J. Brod!9%:132.9 A J Buras!!29,
e H. Y. Cheng®, C. W. Chiang®:¥, G. Colangelo!?>¥, H. Czyz!5329.9 A. Dattal439,

; o ; ; F. De Fazio®?¥, T. Deppisch® ¥, M. J. Dolan!42¥, S. Fajfer!06:138.,
(Michel parameters, precision m;, electric dipole moment, ...) T Pl 155, S, oo™ AL Cronutl®, V. Grosmanl®, F. K. Guol 1918,

U. Haisch!7119 C. Hanhart?!9, S. Hashimoto®®26:9 S Hirose®®Y, J. Hisano®8:39-9,
L. Hofer'2%9, M. Hoferichter!6>9, W. S. Hou?»Y, T. Huber!'*9, S, Jaeger'?6-9,
S. Jahn®2% M. Jamin'23Y, J. Jones!029, M. Jung!!%9 A. L. Kagan'329,
F. KahlhoeferY, J. F. Kamenik!96138:9 T Kaneko?*20:9, Y. Kiyo81,
. . . . A. Kokul;ll;l*mz{, N. Kogr;likloam&ql, A. S.3I§r{onfeld20'{, Z. L%gegi;:'{, H. Loganzj,ﬂ
C. D. Lu®™Y, V. Lubicz!®%Y, F. Mahmoudi'®*9, K. Maltman!7%1229 M. Misiak!%3:

A brief overview of the program is provided here. e . Mabmoud S K Ml o o M)
. . . D. Nomura®®¥, N. Offen®39, S. L. Olsen!30:Y, E. Passemar3™115:9 A Paul'6:31.9,
More info can be found in The Belle Il Physics Book T A PR W

y Ll S. Prelovsek!06:13843.9 M. Procural2%9, G. Ricciardi®®1, D. J. Robinson!2%19:9,

P. Roig?¥, J. Rosiek!39, S. Schacht!®¥, K. Schmidt-Hoberg!'6-1,
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Searches for charged LFV

» LFV has been established for the neutrinos, but what about their charged partners (e, y and 1)?

* In the SM, charged LFV decays via neutrino oscillation Standard Model New Physics %
are highly suppressed and immeasurably small: M\vﬁ\‘
Sm?>\ 2 o
Br(£, = £5p)gy & (—) ~ 107341074 ; “
(7 2V)sm 2 T A S — U
w NP
» Observation of charged LFV would be a clear signature £ ,,if v «
for New Physics! N .
— L 2
- Brenhanced in many NP models (10-10-10-7) 10°F Y v mﬁg, .
107 =
- SUSY, extended Higgs sector, seesaw, leptoquarks, non- o & - 3 o rmasar sete Belle I
universal Z', and many more e, VY. . o
10, n— 3e : " = w
- p—e: stringent bounds exist from MEG o " WV —eN * = o= TN e
L o =y MEG I
- t©—u/e: weaker bounds (Belle, BaBar and CLEO) W0BE A r—3u Sze
10-17 il Muzeﬂc%MET [
oliua by b b b by a b ban o Ly waa 1y

. . . 10-19
» As heaviest lepton, NP can have preferential 1 LFV couplings 19401950 1960 1970 1980 1990 2000 2010 2020 2030

Year
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Ty
T >0
T — Ch(h)

radiative:

leptonic:

semileptonic:
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Tau Lepton Physics at Belle I,

Prospects for Tt LFV decays

* Due to their large mass, 1 leptons provide a wide variety of LFV (and LNV) decay modes to study:

“golden channels” for discovery: T—py, T—HPM

» complementary: semileptonic modes allow us to test LFV couplings b/w
quarks and leptons, an

d better discriminate b/w NP models

So far, searches for 1 LFV decays
mostly occurred at last-gen B factories

Upper limits had approached the regime
sensitive to NP (10-10-10-7)

arXiv:1808.10567

/
/

Extrapolating from Belle results (50 ab-1):

Belle Il will push the current
bounds forward by at least one
order of magnitude!

.
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CP violation in t— Kstetv, + nr°

* Due to CP violation in the kaon sector, T—>Ks1Ttv; decays

in the SM have a nonzero decay-rate asymmetry:
It - 27K%) — Tt~ - 27 K%))
"Izt - 7tK%,) + [(r— —» 7-K%,)

» SM prediction: (3.6 £0.1) x 103
» BaBar measurement: (-3.6 £2.3+1.1) x10° (2.80)

« An improved Ar measurement is a priority at Belle Il

T— Kstrty, + 10

2

 BaBar (2012)

3

Entries/ 0.027 GeV/c?
3

0.5 1 1.5 2 2.5 3
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T— KsTrty, Phys.Rev D85 (2012) 031102
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I
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THR
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« CP violation could also arise from a charged scalar boson exchange. It would be Z

Events/0.0115GeV/c?

DESY.

CP violation in t— Ksev,

detected as a difference in the decay angular distributions:

Q2i dl' -
IQ% cos 3 cos i (5=

i dFT+
dw

Ydw

L i

PRL 107 (2011) 131801

2
l Q2,i dFT— dFT+
2 ’in io- T a5 )dw

—4— data
O - v, K K nx® (n20)

10°F B . K e (n>0)
- a Belle (2011) | g = ' oo
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10° 3 .-' B other t decays
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sl B ., dd s3
107 T
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P. Rados
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« With 50 ab-' of data, Belle Il
is expected to provide a x70
more precise measurement:

|Acp| < (0.5-3.8) x 10+

[ —

T——

(assuming central value ACP = 0)
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Second class currents in t—nrv

» Hadronic currents classified as first or second class according to their spin, parity and G-parity quantum numbers
- Second Class Current (SCC): JP6é= 07" (a,), 07" (n), 1" (b)), 17" (w) = yettobe observed!

* Inthe SM, v decays proceed -
via SCCs (isospin-violating) with o o, L
tiny BRs < 0(107°) = -
RN pr @

7/
a,a
. LT &
« Searched for at last-gen B factories: ) o B ] R N
o i —
- Belle: Br<7.3x10-+5 . 12 ol Belle Il Simulation 3
- BaBar: Br<9.9 x 10 : i =+ The observation of SCC via
e 0 = . . .
19 % —— BaBar Upper Limit —; TB_)I?TrI\I/ deCay IS a pI’IOI'Ity at
. 150 ! T r 8 8 — 3 coupled channels model 3 clie
é - ;{b) { Hayasaka PQS’l(b CCE T Other models E
= 100} | i S 6f 3 . 4
& Fi | i (Belle): z s 3 « SM predictions can be tested
g SoF—yi; —t =S - for the first time with the first
= of. . g .F T years data taking (1 ab-")
©operofor 0 LI ol T g
cli 111 141 L a4 L1 L1 L L | = ° H
5006 1.0 1.4 1.8 (2)><1o-1 1 2 3 4567810 20 Clear Slgn_al could suggest
M, (GeV/e) Luminosity (@) New Physics!
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« SuperKEKB has completed the commissioning phase. Phase |l data is available and delivering results.

o o0F , , , , : : . ——————————
L% soo |- Belle Il 2018 (Preliminary) 4 Data E L Belle (2007) , .
E == MC total (stat ® sys) 7
700 |- f Ldt = 291 pb”" . E
FJ o m Ty = 3TV E
600 g 3 BES IIl (2007)
o Ty, — Other ] I > —
500 gy @ E
a00f-  Fot E
: other ] ARGUS (1992)
300 | 3
E E — — 71 ]
200 [ E
100 F- E Belle Il prod5 (2018)
0 - ooy 1 — = J—
o sF T
E ] PDG average
8 0.5 = | P PRI IS SR B! PRI IR SR T T
0 3 35 . 1770 1775 1780 1785
M, [GeV] m, (MeV/c?)

« The Phase Il of data taking with the full Belle Il detector installed will start later this month.

« Belle Il has a broad program of t lepton physics planned, and will be a major player in the near future.

« Exciting times ahead!
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Tau lepton rediscovery: selections

Tracks

pr > 100 MeV

|dz] <5 cm, |dr]< 1cm
-0.8660 < cos(8) < 0.9565

E/p<0.8

Photons

E > 200 MeV
nHits > 1.5
EoE2s > 0.9
-0.8660 < cos(8) < 0.9565

Trigger \\

» CDC track trigger bit 3
=3 tracks @ L1

- _

» 4 tracks per event
* sum charge zero

» two hemispheres wrt thrust
axis, 3 tracks on one side
and 1 track in opposite

Event Selections

thrustValue > 0.87
visibleEnergyCMS < 9.7
E- signal at CMS < 5.29
E: tag at CMS < 5.29

m0 <2, Ny < 5 on tag side

inclusive decay channel:
1m0 <1, Ny < 3 on signal side

exclusive decay channel
1o%-veto, Ny < 1 on signal side J

Tau Lepton Physics at Belle Il, 1/3/2019




Tau mass cross checks

DESY.

—_ 70 C T T T I T T T I T T T | T T T I T T T I T T T ]
§’ - Belle Il| 2018 (Preliminary) | P1= 1.7787x0.0046 | J
[0) 60— P2 = 0.0131+ 0.0057 |—
E - P3=-427 + 10 3
w  50F P4=201:55 -
~ - P5=636.7 3
g 40 —
o F x?/dof = 0.796489 7
W 30 A
- Neyis = 590 .
20 r .
- -+ Data ]
10F f L dt = 291 pb e s
0 | 1 1 L | 1 1 L | L 1 1 :
_ 2
Z o ,ﬂwmw%
2
7 1.78 .8 .8 1.84
Mmln (GeV/c )

« Reduced mass window:
mt = (1777.3 * 4.6) MeV

P. Rados

_
Reduced window

o

thrust > 0.91

Bkg from MC

pr>0.3

Nominal

[ R R T BT
1765 1770
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o
1775

[ T A T S TR T RN T
1780 1785
m, (MeV/c?)




Beam background

* 40 times higher luminosity comes at the arXiv:1808.10567v2

cost of higher beam related backgrounds A T r—

- expect 20 higher than at Belle 1600F ol =

_ _ 1200F =

* Understanding the beam background is 1000E- b E

essential for T physics in Belle IlI! aooE— : L i E

600 47 ‘mcC Y =

« Beam bkg is controllable in an event by 400 [ simulation . =

imposing track selections and using timing 200F A7/ b b, E
information from calorimeter e T T T R T

Energy Sum in CMS [GeV]

®
T S _*
— = ® . @ @
070 dfee © L
Touschek £ .
- ~ 0(10"nb
@Y. ’f e P ) ¢ (107nb)
——— ®® " Radiative Bhabha 2-photon-processes

Beam-gas
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Beam background reduction

o For photon clusters: o :2::““9”&"”“
e E, > 0.100(forward endcap), 0.090(barrel), 0.160(backwards endcap) GeV; R BGx1 |
105 = —— BGx1 with goodGamma | I

L] |AtCl’U,St€7‘| < 50 1nsS. E'. E

o For charged particles: |
e Track fit p-value > 0.01; arXiv:1808.10567v2 0% E

+ Beam background rejection mainly coming from two-energy based selections 103; E

0.0 0.1 0.2 0.3 04 05 0.6 0.7 0.8 09 1.0

Energy of gamma [GeV]

WAL RARAEARER R RARES RERRE LERRE RERRERERES 105 L r 10°F AALEL BLELEL LR BLELRL LR LR DL S I
120001 —BGx0 | —BGx0 |- —BGx0 |-
10000} —BGx1 |- 10 —BGx1 | - —BGx1 |-
g . S L E
8000 nl ] 1 03 <_selected - E E

- 1 § 103 —_ selected > ‘_selected _—
4000:- selected —_ W :“r(n_[\r'w :
[ : 10 3 10°F E
20001 ;\\s——\; - WM M
L.rr' IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 1 L, T T .

80 0.1 02 03 04 05 06 07 08 09 1.0 50 100 —10—08—06-04—02 00 02 0.4 06 08 1.0

Pt of charged tracks in CMS [GeV/c] ECL cluster hit timing [ns?] dz of charged tracks [m]
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Analysis strategy for LFV 1 decays

« Rare decay search:

= understand and reduce as much as possible the backgrounds

« Search in various decay modes:

— T 8L

— 17 - {K,, Ah

— 17— {Vy(— hh")
T ¢P° (5 yy)

Simple

— 17> fhh’
—T= fy Hard
DEé"Y. P. Rados

SM 1t 2photon process

Difficulty of
background
reduction

f = leptons, quarks

® Neutrinos in both sides
® Missing energy in signal side

= radiative Bhabha

qaq L' —
et e e
“_»
¢ 72 e e"\él €
q
“7'/& ® Many tracks ot
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Search for LFV 11y

» Two independent variables are used to evaluate signal yield:

My = v Ely — By

ECM

beam

« Forsignal: AE close to 0 and Myy close to T-mass AFE = E%VI —

» Feasibility studies were performed, using MC that included the larger beam bkg.

They show that the larger bkg should have minimal impact on sensitivity @ Belle Il.

Phys. Lett., B666, 16-22 (2008) 05 arXiv:1808.10567v2
/ — - T I T T T T T T T T T T T T | T T T T I T LI
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Michel Parameters

* In SM, 71 lepton decay is due to the interaction with a charged weak current

Vr
» Leptonic decays are of particular interest
since absence of strong interaction _
allows precise study of EW Lorentz
structure T

* When spin of 1 lepton is not determined, only four bilinear combinations
of the coupling constants are experimentally accessible:

» p, 7, ¢ and o
» inSM: 3/4, 0, 1 and 3/4

« With full dataset (50 ab-1), the stat uncertainty is expected to be ~10+4

« Systematic uncertainties will be challenging at Belle Il (~10-%)

DESY. Belle I P. Rados

ALEPH ALEPH

0.752+/-0.019 0.086+/-0.078
DELPHI DELPHI

0.790+/-0.038 0.06+/-0.11
L3 L3 —————

0.762+/-0.035 0.27+/-0.14
OPAL OPAL

0.781+/-0.033 0.027+/-0.055
SLD .

0.72+/-0.09
CLEO CLEO

0.747+/-0.012 0.015+/-0.087
ARGUS ARGUS

0.731+/-0.031 0.03+/-0.22
P 0.7504/-0.011 n 035
ALEPH ALEPH

1.000+/-0.076 0.782+/-0.051
DELPHI DELPHI

0.974+/-0.061 0.699+/-0.028
L3 ———— L3

0.70+/-0.16 0.70+/-0.11
OPAL OPAL

0.98+/-0.24 0.65+/-0.16
SLD SLD

1.05+/-0.35 0.88+/-0.27
CLEO CLEO

1.010+/-0.043 0.745+/-0.028
ARGUS ARGUS

1.03+/-0.11 0.63+/-0.09
1S 0.988+/-0.029 E0  0.735+-0.020
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