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B physics analysis

B->tv 2006, 2008, 2012
B->n'K, 2006

B->K nx® 2007

B->nlv, plv 2007
B->D*tv 2009
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O Within SM
B o G2mpm? m2\
B(B — / V) = FBE ( — mg) f§|Vub|2TB
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o From f,, |V, ]|

HPQCD
£, =190+13 MeV '
? I e D Bry, (rv)=(1.20+£0.25)x10™
V| =(43240.16+0.29)x 107 A8

O With charged Higgs Effective scalar coupling;
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Br = Brg, xr,, ry,=1-g.
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Analysis procedure

e"‘

S/N Tagging side: B ‘/B | -
Hadronic tags o108 Y(45) = e
Bmg_}D(*)ﬂ:fp etfc. / ‘ V‘

v .
K- /\_
e
- v Signal side: B;,;— | v

- Detect charged track(s)
- Missing energy due to v's
- No extra activities in EM calorimeter

Semileptonic tags
Byog DOV ete.

D(*) § (E ECL(extra) )
v 4-/"(_ = 300 ;Semileptonic tag
- S = BG
Inclusive tags B wof
< 3 -4
Eff Used for Belle 8Dy g kA |
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PRD82, 071101(R), (2010)
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Bﬁrv Wlth hadronlc tag

>
O 449M BB E
B = L7970 (stat) 51 (syst)] x 107 '-}g
(3.50) PRL 97, 251802 (2006) “

o First evidence

Improved tagging algorism | | + background

O 771M BB (reported at IcHEP2012) : "'"‘“‘-s.lgnul E
- r — - ¥ o i = e — R N
120: 25" — “;hg’:]‘:l;:fndg[‘i 0 0.5 N
' —— »mp Preliminary Fecu (G0V)
—e— Dana

Nsigna.* 62. 3+g? 'Ir
IB(B — tv) = (0.725 5L (stat.) + 0.11(syst.)) x 10~

Events / 0.05 GeV
=
Events / 1 (GeV*/c?)
— N

- ZD (EECL_MZmiSS) ﬂt fOF
%_%! e

y A T signal extraction
0 0.2 04 06 08 1 1.2 e o
E.. (GeV) W (GeVZc?) (Improve significance by ~25%)
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. Babar SL:1.70+ 0.8+0.2

"PRD81:051101(2010)

Babar Had.:1.80") 2;+0.26
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arXiv:1008.0104

Babar Ave.:1.76+0.49
arXiv:1008.0104

Belle SL:1 .54"_‘;:32 *_';-;ﬁ
PRD82:071101(2010)

+0.27
Belle Had.:0.72°227+0.11
ICHEP 2012

Belle:0.96+0.22+0.13
Combination ICHEP 2012

WA (private):
1.14 £ 0.23
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Events / 0.4 GeVeic* |
8
P

Events / 0.05 GeV
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D 657M BB 0; 0 2 4 6 8 00 025 05 075 1
. | M2, (GeV2/ic?)  E% ey
O Hadroni “ i >
adronic tag : 3 T
O Signhal extraction from : § @ Duw
simultaneous fit with 2D ‘

(Ege -M?2 :..) parameters

-2 1] 2 4 6 ) 0 025 05 O.TgCL 1
. L. . Mzyss (GeV2/c’) Epra(GEV)
O No significant difference B+-D )7y
[ T I T I T I T |
! ———— B(D*'r~ ;) = [2.12753 (stat) + 0.29(syst)] %
D v : ® B(D*'r u.) = [3.0415 52 (stat) 542 (syst ) + 0.22(norm)]%
E ——— B(D*tr ;) = [2.0270 30 (stat) + 0.37(syst )] %
S;Vt ——— B(D**r~w;) = [2.56 77 to (stat) T) 35 (syst) + 0.10(norm)] %
— B(D°r~7,) = [0.77 + 0.22(stat) + 0.12(syst)]%
DTV y inclusive fqg B(Dr~ ) = [l.Sltg'_éé(St-at}tg:fé(syst} + 0.15(norm )| %
;;\T._ hadronic tag  B(D+ri,) = [1.01+9-4 (stat) %13 (syst) + 0.10(norm)] %
| | | | |

0 1 ' 2 | 3 ' 2 arXiv:0910.4301




Time dependent CPV

O B°mixing —=2¢,

_0 -
4 - P(B (1) —> f.p)—P(B () > fop) B® W §
cP —0
P(B (1) = fep)+P(B’(t) = fep) )
TSkin A, + [Tbos A, w
Diagram for B%-B? mixing including

O + New physics phase in b->s CKM complex phase.

IR & New Physi
ZAEIRM BRIRICCPIfR&EL ew Physics
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Tau physics analysis

Tau LFV search
e 2471
2K,
t2{VO(=>hh’)
T2HPO(2>yy)
t=2>fhh’
i 2 4%
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epton Flavor Vielation in tau decay

_— ~—

. 2
o LFV at one-loop due to mixing 5mz_€ Y
o SUSY-seesaw, SUSY-GUT

o 12> 1y R ARDARIE IS L

o LFV associated with bosons
o SUSY with heavy sleptons Higgs
o PEEY I ZIRY >
ot=>1up, 1In, I’ REMNMBER(CIRD DS

0 INCDOE— ROERNETILOFHIBICEE



° e+e—%’[+’c_ Br~85%

L—1 prong + missing
(tag side)

.y (signal side)

Fully reconstructed

Signal extraction: m, —AEpIane

= \/(Eu/w - pﬂﬂﬂ)

AE=E,, —E,.

beam

Estimate number of BG in the signal region
using sideband data and MC

Tune selection criteria mode by mode

e E e

T :
/Aenerlc T decay
\

\
\

AE (GeV)
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= o0 @eoeee ] 0_2_ U= So02f | @roenw
O Data: 782fb-? o
O NO event iS -Found -0.4:‘ 17e_eel_8 (A EARNN ¥ 5} 17 175 18 185
i n -t h e S i g n a 1 m,,. (GeV/cZ) my,, (GeV/e~ ) g, (GeV/e )
re giOn . A e e A e T I A e
O Almost BG free BB e
O Because of o wete ke odf e
gOOd 1epton ID 165 17 ”511118(Ge$:) 17 175 mlS(Gel\ff’Z) 165 17 17511]1118(6[;5}1)
mm uL (x10 ?)
. e efe” 0.21+-0.15
O Br<(1.5-2.7)x10 upt- 7.6 0.13+0.06 7.4 2.1
at 90% CL.  ewpw 61  010+0.04 95 2.7
n-ete- 9.3 0.04+-0.04 7.8 1.8
uweu- 101 0.02+0.02 7.6 1.7

Phys.Lett.B 687,139 (2010) e—te- 11.5  0.01+-0.01 7.7 1.5
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O Update with 854fb ! data
o BaBar; Br<(7-48)x10-% at 221fb-!

O 14 modes are investigated (h,h’=n* and K%)
o 1->€°h*th’-: 8 modes (lepton flavor violation)

o 1->€*h"h’-: 6 modes (lepton number violation)
miss-ID as K*

signal e oru T genericttBG (T8 70~ T e’ o
_|_
> K )t
&
782 ’y
& 0
T
e et et
’@c?
/ Also,
'/ qq events
V can be BG

Missing momentum can help to reject this kind of BGs since signal has v only on tag side.
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In the signal region

AE (GeV)

o2 b (@Topn'n . EH.Z L (b) 1—>|1+1|In
W
=]

Lty levent: in u'nn” and wrrK-
" g ..&a-:.' no events: in other modes
T | e T = no significant excess

IR Mode | (%) NoG  0uyst (%) Novs so0 B (10°%)
o cevied T ey T TR TTTT[583 0635023 53 0 187 21
7~ — ptr r~ [ 655 0.33+£0.16 53 1 402 3.9
302 @TowKK | Foaf @towmk | 70 e min | 545 0554023 54 0 194 23
g |t I I 7~ —etnn [656 037+018 54 0 210 20
of e of ek T - SKHYK-| 285 0514018 59 0 197 44
"':::"._5 syt ::.::::_;,;E:':_: LT —=pTK K298 025+0.13 5.9 0 221 47
R I A Tl T e — e KYK|420 0174010 60 0 228 34
e 1a s 77 —e"K K| 464 0.06+0.06 6.0 0 238 33
M (GeVic?) M GeVic) 7= — p~mt K~ | 272 0724027 56 1 365 86
T —e K |397 018+013 57 0 227 3.7
. = p Ktr 262 064+023 56 0 1.86 4.5
Set upper limits at 30%CL: 7~ —e Ktr™ | 407 055+031 57 0 197 3.1
Br(t2€hh’)< (2.0-8.6)x10® + — u*K-n|255 056+021 56 0 193 48
arXiv:1206.5595 (to PLB) T~ —e K m |4.00 046+0.21 5.7 0 202 32
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reference ST P
SM+ v mixing PROAS(1S80)1908, ERJ CB(ISS9ISTS Undetectable
SM + heavy Maj v PRD 66(2002)034008 10-9 10-10
Non-universal Z' PLB 547(2002)252 109 108
SUSY SO(10) PRD 68(2003)033012 10-8 10-10
mMSUGRA+seesaw PRD 66(2002)115013 109
SUSY Higgs PLB 566(2003)217 h
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EBIEEDHE

e Ring Imaging Cherenkov detectors

— 2~5times less fake rate for K/p separation

photodetector

Aerogel radiator
n1=1.045
n2=1.055

Entries 349084

Linear-array type z
photon detector

TOP (Time-Of-Propagation) Counter e

Japan, Slovenia, US.
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O Charged Higgs exchange interferes with the
helicity suppressed W-exchange.

= Br becomes larger or smal%er‘

Br = Brg, xry,, ry=[1—g. |2

Type—1I 2HDM

2 2 _
m _
Br=Brg, xr,, r, =[1——ftan2ﬂ] |

tanf/mpyz
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2photon process
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f=leptons,quarks

®Neutrinos in both side
®Missing energy in signal side

I
I

v.y tagside

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

qq \ f radiative Bhabha process
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+ q _
: 74‘ e
«r? ®many
‘/‘/ \' tracks
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"r L) g

‘\%Q/ S|gnal snde
N\, ( - Lepton
Q\/O, ,
N - Meson reconstruction
AN * Ny, T
’ LN NN, py
N\ I e 0
1'pr°ng decay 8 400 - (a) % ] black:data
Tag side 2 n=v yellow:signal
) 2 200 % 1. green.qq
‘o S ' blue:up
N% (c) E — ] pink:TT
21000 - V mass © Q45 05 0.55 0.6
. H=
(e}
- 2
Z 50| MW (GeV/cY)
5 e Optimization of event selection
0 = ;
& 2 0 2 Use neural-net for um(—yy)

2, 4
M2 (GeV7/cY)
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Eff.

>

%
8.2
6.9

0.63*x0.37
0.23%x0.23

un(=yy)
un(=>nnn’)
un(comb.)

en(®yy) 7.0
en(=nnn’) 6.3

0.66%*0.38
0.69%0.40
en(comb.)

w

UL
x108

3.6
8.6
2.3
8.2
8.1
4.4

un'(=>nnn) 8.1%
un’ (2p%) 6.2%
un’
(comb.)
en’
(Pnmn)
en’ (=p%) 7.5%
en’

y;

7.3%

I RN

O.OO+O'16_0.00

0.59%x0.41

0.63£0.45

0.29%0.29

—2(2.1-4.4) times
more stringent
results than

previous Belle
result (401fb1)

0 10.0
0 6.6
3.8

0 9.4

0 6.8
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Se rch for £ VO(— K*O 0 <|>)

= earch W|t 854 o'l data samp e
e Select one lepton and two hadrons
e Require invariant mass to be a vector meson mass
2> The requirement reduces background rather easily.

* Possible background
* For €=y, hadronic tau decay and qq with miss u-ID

* For £=e, 2photon process could be large BG.
* It turns out that not only 2photon process but also ee+X process become
large background. = Reduced using missing-momentum direction

data
2photon BG &+ /" Sl M P
-Ch - signal | T Y*
o+ & MC (epﬂji_ +4 f e- >
Y Y 100 ﬂ g y*
/ ) o <€ e+
e- | i Mnr y{gmissing)

1t and qg MC




Other BG for ek*, eK* and ep'
= Event with y conversion

For example, eK*mode
T 2> oV
with y conversion from 1°

miss KID

Finally, higher or similar efficiency
is kept (around 1.2x in average),
while similar background level is
achieved.

M,. with (e—K+) (GeV)

M,, with (e—=K+) (GeV)
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1 2
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eK* MC
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dE/dx reglon
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