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B factory as tau factory
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Superconducting
cavities (HER

o — - Belle detector

KEKB B-Factory =-\¥

t-factory at B-factory

ARES copper
cavities (HER)

B-factory is t factory! _

* KEKB: asymmetric e+(3.5 GeV) e-(8 GeV) ===
— Peak luminosity: 2.1x103* cm2s?

= TRISTAN
tunnel

8 GeV e- 3.5
GeV e+

=> World highest peak luminosity "
— o(tt) ~ 0.9 nb ' ~10° T pairs |
— o(bb)~ 1.1 nb

=> P ure Tt can be COI Iecte d Electromagnetic Calorimeter Aerogel Cherenkov Counter

v, 1° reconstruction K7 separation

et~ K identification =]

e Belle Detector:

— Full event reconstruction tr sepmaton| N
=> Lepton efficiency: 90 % B G It
Fake rate : 0(0.1) % for e N\ S g cefection
O(]_) % for v Silicon Vertex Defecfo‘r' S z:::;zldiT::kC:Z:Z::um
B vertex K7 separation
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Motivation to T physics

tau Physics has clear sighature to New Physics!

* Quest for New Physics

Y
— Lepton flavor (hnumber) violating ;‘“ﬁneutral hadrons
. . N — > e
decays is suppressed in SM T NP U,

— Clear hints to New Physics models
- « 77 230
B(r = 17) = 2| 3 Urilu—

* Hadronic decays

— Unique tool for precise T— — V.
studies of low energy QCD and W ?—2<[£pm”5

CP violation

ar

Hadrons
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Search for tau LFV

e Lepton Flavor Violation (LFV) is highly suppressed in the Standard
Model (SM) even if neutrino oscillation is taken

— Br < 0(10-19"%°) => Experimentally unreachable
* Lepton Number Violation (LNV) is also strongly suppress in SM
— Observation of LNV will hint at light NP scale

 Many extensions to SM predict to enhance LFV to be
Expected to be investigated by real experiments: Br ~ O(108)

* Tau lepton - the heaviest charged lepton coupling to the NP

=> Many possible LFV decay modes related to the NP models

Right handed , _
Standard Model SUSY | Majorana v h
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Predicted BF in various models

e Ratio of Tau LFV decay BF provides discrimination of NP models

(M.Blanke, et al., JHEP 0705, 013(2007), CYue, et al.,PLB547, 252 (2002))

SUSY+GUT Higgs Little Higgs | non-universal
(SUSY+Seesaw) mediated Z’ boson

H”””) ~2X103  0.06~0.1 0.4~23

T >y

(T ” ”ee) ~1%X102  ~1X%X102 0.3~1.6 ~16
T - py

Br(t = uy) <107 <1010 <1010 <10°

Favorite modes T — uy < > T = uuu

e Itisimportant to search for various kinds of T LFV
=> Almost all decay modes are studied using the Belle data
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Belle Il Status
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SuperKEKB / Belle Il =

Y 4
-l 7 n_)
Nano-beam Smm d
scheme | Belle I

NewIR

" New beam pipe

L & bellows
‘ N

Super B factory is also
Super t factory!

e 40 times higher luminosity

Add / modify RF systems
for higher beam current

— Focus on small *, : x 20

— Increase in current : x 2 Low emittance ‘
1 positrons to inject ﬁ ‘ Positron source
=> Integrated 50 ab vamping g, G N@# ————

* Full operation in 2019 u vy ‘. capture section
Wlth Be”e II Low emittance gun

Low emittance

=> 4.6 x 1019 1 pairs will be collected electrons to inject

Tau LFV and LNV at Belle Il 8



Phase lll started for physms'
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Restarted at 25th March 2019
with Full Belle Il / SuperKEKB
« Peak Lumi. :4 x 1033 cm-2s-1
e Int. Lumi: 3 fb-1

=> |ncreasing Luminosity !

L



T pair candidates with t->3nv

e T pair are also extracted in the beam commissioning data
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Hits in KM

I
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T - 3ntv in Belle 11 early data

% 1000 — -
o . Belle Il 2018 (Preliminary) —4— Data
L i i —
- . e MC total (stat @ sys)
800 T f Ldt = 291 pb” 4 ]
i T tsig_hs‘—tv
600 | o vy — Other N
B A
400 i other |
200 | N
0 .
Q b IR I L U e E
s 1 :
g 05 1 I 11 "|-“--|“"|“"|“"r_f
2.5 3 3.5

e Data has good agreement with MC after selection cuts
* Performance of the subsystems is enough as expected
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Events

Data / MC

T mass in Belle Il early data

Mmin distribution @ 291 pb-1: Measured in T -> 3nv
*0F Belle 11 2018 (Preliminary) —}— Data 1 M, = \/ M3 + 2(Ep,m — E3p)(Esy — Psy)
500 F J'Ldt=291 pb” ' k ]
400 |- . 1 Distribution of the pseudomass
L T " 1 is fitted to a empirical edge curve
200 |- R
- ] cj‘f § | Bel;e n §
1005 E 601 + 2018 (Preliminary)
ok - o u 7
1.5 Frmm e P e d e T T E >0 4 Data
1f 2 4o _ 4
05 E_"I""I""I""I" "'I'"'I'"':""I'"""'I"'"I""I""I"'"""I""I""I""I'"'"'I' 'I | #'I 1 T E L%) E fL dt - 291 pb
0 05 1 15 2 25 3 35 305_
M i, [GeV] 20
. 10F-
* Tau mass from Belle early data is g
0_ | | | | | |

consistent to previous results
m_=(1776.4 * 4.8 (stat)) MeV/c2

Pull

17 172 174 176 178 18 182 184

M., (GeV/c?)
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T LFV / LNV search
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Analysis procedure

ete”™ > 71t~ : No missing in signal side Signal : |

et
I_. Signal side: pup

- Fully reconstructed e

- No missing energy
— Tag side: 1 prong + missing
-Br~85%

0.2

Signal extraction: m,,,, — AE plane S

Generic Tt decay

: Center of
vV Mass system

O silgnal MC

<
— = 2 — 12 ~ )
Myupp JEMMM Pupp ~ My of e
_ pCM _ pCM
— AE = Eyup — Eveam ~ 0

Number of Background is estimated 0.2
using sideband data and MC
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Search for tau LFV in B factory

* Various interesting channels can be studied in B factories

— T > t0Y m) Possible to access in early Belle Il

— 17> YK, Ah

— 17— {Vy(— hh")

— T ¢P° (> yy)

— 7> fhh' m) Both LFV and LNV decays

- Ty » Sensitive to many NP models but

More serious in BG in Belle

* Rare decay search :

=> Understand backgrounds and reduce as much as possible
* Review Belle results proceeding to Belle Il

Tau LFV and LNV at Belle Il
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Signal and backgrounds (t — i)

LFV Signal

signal side H K
%u

v.y tagside

® Neutrino(s) in tag side
® Particle ID
® Mass of mesons

Major BG differs among
LFV decay channels

SM tt

2photon process

f = leptons, quarks

® Neutrinos in both sides
® Missing energy in signal side

qq

\Ly
e+ q e_
pet—
¥aq
‘</\ ® Many tracks
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Belle result :
T - 4L

Phys.Lett.B687,139 (2010)
Data: 782fb!

No event s are found
in the signal region.

Almost BG free !

— Expected # of BG:
0.01-0.21

AE (GeV)

AE (GeV)

=> Emphasize the low
background compared #u'u” 76

to LHCb

Br <

~ 108 at 90%CL

0.2r

_0.27‘:‘:2: AP D AU

b

04l
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WToeee

0.2r

04F
17 18
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‘ (d) TJ—)LI_C-LCL A
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02l (b) T
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0.2t
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020

Belle result (2010)

0.2r

ST

02F

17 175 18 185

0.2r

T opee

S04p

165 17 175 18 185

m, (Ge\-";"cz)

mm

e ete”

e"utu- 6.1
u-ete” 9.3
u-etu” 10.1
e"ute” 11.5
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0.21+0.15

0.13+0.06 7.4
0.10+0.04 9.5
0.04+0.04 7.8
0.02+0.02 7.6
0.01£0.01 7.7

2.1
2.7
1.8
1.7
1.5
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Belleresult: T — uy, ey

Belle result (2008)

~ 1—+ 9 u+ Y /}/ ;
Phys. Lett. B 666, 16 (2008) 0.1 . P /’
Blinding box approach evaluating BG o w30 /)
out side the signal region = < 20
O 0.1 ' 4 .
: ) / e
e Search with 545 fb1 9 V4.5 /LT
< 42 AT 4 )
— MainBG:t = uvv +ISRy AR )
. .. 0.3 y
— miss/missing tracks A
. ¥
DA A s a8 T et e et g e de ) s30T pn yFuy s
° - . Br < 4 X 1 -8 0 L 1.65 1.7 1.75 1.8 1.85
t—= /Y 5x 107 (90%CL) M, (GeV/c?)
. -8 o)
i % T —1.62 (.
T = ey :Br<1.2x10°(90%CL) g e TR
= Simulation in Belle Il
+ @ — e ine- A
o‘.‘ (\‘b\ Tr ISR Y ;2—1.68:=Ba fopte . ,E'I:D 0o
,.é\gb@ ,Y § _1.75— C e a Dilﬂ.['_—l’m_ o -
'0:9\ T 5‘1-725_ - s s 5@ = |:|.'|:|::.E| o] ||/]'J =
4 4 —1.745— . s s s @ ..n;‘.ﬂ’; n;q; ?..D D'\ Q’D .
..’. e e // e —1.765— ..... :n-h. o :_ :|..E|-|;| O o o = -
T .0‘ T _1'785_ y .o
\ generic1-’;?ro.ng \ e
v decay \ TR | N N R B
2 ° o2 o4 M,, x cosa +OfExsin(x [(GeV/g)é?
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T - Yhh’

* Search with 854fb! data
— BaBar: Br<(7-48)x10%at 221fb!

« 14 modes are investigated (h, K’ = %, KT)
— 7~ > £~h™h'~: 8 modes (lepton flavor violation)
— 7~ > £Th™h'~: 6 modes (lepton number violation)

miss-ID as

L miss-ID as K*
: 3 _miss—tD as K ¥ -
generic Tt BG IE T ZE P

Also,
, g events
y y y q9
. . can be BG
TaYLFV in B factory @ NuFact 2016 19



T - Yhh’

02 {a}':'%g'_}t_t;' . ;:,32 L I:D]T-f}ut}?l:-;’.l%-: ¢ NO S|gn|f|ca nt excess

.'.:::...':.':;.:::'..:: 2] . N . _— + —_ —_ + —_
@ ke o] — leventiuTminT,uTntK
AEEIE I a2 ‘._-..;:._'!::555;59 .| — noevents: other modes

sin oaltie => Expected # of BG: 0.06-0.72
M, (GeVic’) M, (GeVic®) =
Mode £ (%) Npc Tsyst (%) Nobs s B (]—O_B]
— < — — —pntr | 583 063+023 53 0 187 21
02 | () T—n KK - o2 E)ToHTK = — utn—n— | 6.55 0.33+0.16 5.3 1 402 39
—iiii W T~ e wtn~ | 545 055+023 54 0 194 23
0 -y 0. 7~ —etrr | 656 0374018 54 0 210 2.0
e S e — uK+YK—|285 0514018 59 0 197 44
Pl R RN SN D2 | mLE T 7 — ptK-K~[298 0254013 5.9 0 221 4.7
Sooonno DR 7= e KTK—|420 0174010 60 0 228 34
L e 1 L— | 7~ —eTK K| 464 0.06+0.06 6.0 0 238 33
e S 17 e r —purtK-|272 0724027 56 1 365 86
Mutac (GEVIC) Mk (GeVIE) T~ — e ntK~|397 018+0.13 5.7 0 227 3.7
. 0 . r— — - K+tr|262 0644023 56 0 18 4.5
Upper limits at 90%CL.:  —e Ktr | 407 0554031 57 0 197 3.1
BF(T RN [hh’) < (2.0-8.4)X10'8 T~ —putK-7 | 255 0.56+021 5.6 0 193 48
T —e"Kn | 400 046+021 57 0 202 32

Phys.Lett.B719,346 (2013)
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Expectation of LFV search at Belle li

Belle Il will reach the New Physics

Models in first several years ERTI
e s e 10'3:— o
* Sensitivity depends on BG level = 2>
=> Improve achievable 107 %
sensitivity TE e
10'”—_ o 1 — 3e r
With final statistics at 50ab! L
]0-|5z A T—=3u
* B(t - uy)~0(107°) and o

B(t — pupu)~0(107)

&
&!\A -
X
X
CLEO / BaBar / Bell Belle Il
[ ]
v "..'. o v ‘
. : - w M'EG
DVMEE_;H
EMLL%

0 I.lllllIlll]llllllllllllllllllllllllll]lllllllll

1940 1950 1960 1970 1980 1990 2000 2010 2020 2030

* Slopes depend on background
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Year

old plots, conservative
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Upper limits at (Super) B factories

Current estimation with Belle Il final statistics

- ~102 lower

=> Several models are expected to be investigated in in Belle Il !
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The Belle Il Physics Book arXiv:1808.10567
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= CLEO

v BaBar
Belle
LHCb

e Belle ll
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Summary

B factory is also open for t physics in new physics search

— Studies with t pairs are carried out in Belle and BaBar

— No significant result for LFV/LNV has been found yet

Belle Il experiment started full operation in early 2019!

Many of T LFV channels are possible to study in early Belle I

— Improved Upper limit of Branching fraction by O(10)
Hadronic decays of t lepton is also interesting for New Physics

— Limited by statistics and possible to be improved in Belle Il
More details are in “The Belle Il Physics Book” arXiv:1808.10567



https://arxiv.org/abs/1808.10567

Belle Il started Collision!

First collision at 26/04/2018
* 3 months operation until 18th July
 Almost full detector worked well

Belle IT .50

Integrated Luminosity : ~500 pb* Q==

Tau LFV and LNV at Bellg




Predicted BF in various models

* Various models predict BF fort — uy and v — uuu

e o

SM+ v mixing EPJ C8 (1999) 513 1010745

SM + heavy Maj vy  PRD 66 (2002) 034008 107 10-10
Non-universal Z’ PLB 547 (2002) 252 107 108
SUSY SO(10) PRD 68 (2003) 033012 108 10-10
MmSUGRA+seesaw  PRD 66 (2002) 115013 107 1072
SUSY Higgs PLB 566 (2003) 217 10-10 10”7

Numbers correspond to the most optimistic case

Super B factory will reach a possible region to 7 LFV!

Tau LFV and LNV at Belle Il 25



Beam background

Understanding beam background is
essential for T physics in Belle |l

 Beam related background is expected

to be

20 times higher than Belle

* Several hardware improvements applied

=> Beam related background is controllable
by track reductions in an event
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Extraction of t pairs

Huge t pairs samples are collected by
tagging method

¢ ete” 5 tr™

> Signal side: 3 tracks
> Tag side: 1 prong + missing

Signal side

,, Tag side

_5.218[}0—'"|""|'"'|""|""|""| L T 9
§ 1600 £ Belle Il Simulation - E
L ]
el 7 Event shapes helps to reduce
1200 - — ut+dd+sS 7 b k d . f tl
o0 7 backgrounds significantly
800 £ —— other E N
600 - E = N
400 £ - > _i=1 |Pil
202 = | __«+—_1/1 Thrust vector, minimizing T,
06 065 07 075 08 085 09 095 1 ShOWS Sphericity Of an event
thrust value
spherical 4= =) 2 body-like
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Violations in T hadronic decay
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CP violation in T—K_ v

 CPV from a charged scalar boson M. Bischofberger et. al (Belle)
exchange causes a difference in PRL 107 (2011) 131801

—4$— data

v, 1 Kg K nr? (nz0)
B - . K nned (n>0)
.‘. Bl - K Knd® ,
LI v, K, K_nr" (nz0)
L = otherrt deia;s
I K sideband data
B T, dd, s5
I

-

o
o

u

decay angular distributions

1" dF+
]IQ a

2

Events/0.0115GeV/c?
3,
T ||.|K ‘ T TTTI

—)dw

L —
Ai

‘M'Qz,(dr— dl’ +)d

=~ (cosB cosif)i- — (cosBcosi) .,

-
(=]
T

-
o

. 1 1.2 1.4 1.6
W (GeVic?)
dw = dQ?*d cosfd cosf3 z . o5,
"’< - 'ri—>\r1Kgni
0.1:_—.—data . )
70 times improvement R e
Py 0.05|-
is expected in Belle I “ pl\%f\ ' F ,
. oy
=> |A®| <(0.5-3.8)x 10| vt T TR
) / j(p\ -0.1;
C —V—
-0.150 L -

| L L L L | L L L | L L L
0.8 1 1.2 14 1.6
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CP violation in T->K_ m(>0m°)v

) . ] J.P. Lees et.al (BaBar)
* Tdecays with K. meson in final states Phys Rev D85 (2012) 031102

-
<%
TN

— Nonzero decay rate asymmetry
due CP violation to Kaon sector
B (" = 2"K,) - T(z~ = 7~ K0,)
It = ntK) + T'(z— —» 7~ K{0,)
* SM prediction : (3.6+0.1) x 103

l. Bigi and A. I. Sanda, Phys. Lett. B 625, 47 (2005).
Y. Grossman and Y. Nir, JHEP 2012.4 (2012).

 BaBarresults: (—3.6+2.3+1.1) x 103
m) ) 3; discrepancy from SM

- -
T T T T Tromy 1T

-
o
T
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-
TTT

y
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2 )
o w
T T T T T T T T 77T
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3

-
TTIT

;9- ; TCKSZTEGI
§10"'§— \ _E
e Belle Il will provide an improvement _% ”i L]
8 F [ S
E 1_0I5 2 2I5{ ”iﬂija
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Second class currents : T—>nmv decay

150.—-”
- z - : - Hayasaka PoS‘(Jg
=, ", . g M (Belle):
_ = S il |
S . P p . w0 T . cE 05
7:\\ \\: 50501 ”1 l11) _— llj Lt Hxlt-
. ..ﬁ/f.,.((h'V/("j '
O 135 S Br (Belle) < 7.3x10°5, 90%CL
x 15 £l Belle Il Simulation 3
= 110 3 e« SM:Isospin violation
E = -
10 & =
= VE 5 0 —
p ot 3 e = (7; |H|772> - ‘fmd T 1.5 % 1072
e 8l 3-1 prong E My — Mo Mg — M
o = -
o E e
5 65 ¢ < * SM contribution is suppressed
= 5k , = .
E . E — BRinSM ~ 107
g 35 [ [ = => Clear signal will suggest new Physics
o 2E [ = - . .
> 4 E R ERTITT Belle Il will investigate in the
O :I | | 1L 1 11 | | | | | [ | 17 M M
210 5 3 4567810 20 first years of data taking

Luminosity (ab™)
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