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KEKB/Belle experiment ==

General purpose (‘"DD Belle Detector

detector optimized to
Precise vertxing camy 100, a2 e
PID BN T
EM shower resolution — |iirciaagert t=r =g
Asymmetric beam " W G T e cen B,
energy (8GeV e-, =" g SS -fj,fi...-»»--"S@ﬁgét)zﬂo.u)z (%?)
3.5GeV e+) to boost B N N am b=

Si vitx detA AN als n/ K, detection

mesons :i|yr_ SD = 14/5' lyr. RPC+Fe 5

nid eff >00°%

World highest intensity e+e-
collider : 2.11x103% /cm?/s

Accumulated world largest data
sample for Y(nS) decay : 1.014 ab’!

BELLE Aerogel Cherenkov cnt.
SC solenoid _ ) n=1.015~1.030

Luminosity at B factories

~54 tb
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Top 3 cited paper from Belle™

PRL 91, 262001 (2003)
555 times cited (as of today)

Observation of a narrow charmoninme-like state in exclusive

B* — K*ntn~J/¢ decays
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Belle-II T

“To explore beyond the Standard Model to
understand various properties of flavor structure, with
O(10) times larger data sample.”

LHC : Direct search for NP in the energy frontier

SuperKEKB : Indirect search for NP in the luminosity frontier
NP sensitive processes :

b—sss penguin decays

DCPV in B —Kpi

B —»tau nu

CPV in D decays

LFV in tau decays.......

How to obtain higher luminosity? :

~ 00 nm
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To get 40x higher luminosity~

Super
KEKB

v ucs{ for h‘;M

New beam pi New superconducting
&e;uo;s o Z /permanent final focusing
S — quads near the IP

Replace short dipples
with longer ones (LER)

R L TRIR

— - - - z Low emittance -.‘ ’
positrons to inject | .-

Positron source

- - ’
Redesign the lattices of HER & LRmpng g, ” = New positron target /

LER to squeeze the emitance ‘ = capture section
J

TiN-coated beam pipe Low emittance gun
Wim antechambel’s Low emmtance
bk electrons to inject

[NEG Pump)

To get x40 higher luminosity —
8x10% cm3s
(Slide by S.Korpar, DISCRETE 2010)
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Plan for Endcap ECL

Due to xO(10) larger
beam BG, we need
faster and radiation
hard crystal

Baseline option :
Upgrading to CsI(pure)

Another options : PWO
(Korean group) or BSO
(Nara group)

Final decision will be
done in this or next
year. Upgrade will be
done after 2015.

Crystal

Density (g/cm?3)

Radiation Length (cm)

Moliére Radius (cm)

Luminescence ? (nm)

(at peak)

Decay Time ® (ns)

Light Yield b< (%)

d(LY)/dT b (%/ °C)

Radiation hardness (rad)

Experiment

Pro

Con

CsI(TI) CsI BSO PbwoO,
(Belle) (Baseline option) (Nara W.U.) (Korean)

4.51 4.51 6.8 8.3
1.85 1.85 1.15 0.9
3.5 3.5 2.0
550 320 480 420

1300 35 100 30
6 24,26 10

45 3-4 3-4 0.1
0.6

0.3 -0.6 -2.0 -1.9
10 1048 1087 1087

CLEO KTeV, CMS,ALICE
BABAR Belle, E787 PANDA
BES III
Known tech.
No need to

Better energy resol.

Smaller crystal, Small
decay time

Radiation hard

change geometry

Not enough Not proven Small LY

radiation hard for Mass Need
No improvement Prod./large  cooling
of ECL crystal
performance
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Plan for Future

Commissioning start at 2014
Will be ready for data taking at the early of 2015
Achieve 50 ab! at 2020-2021

Milestone of SuperKEKB

9 months/year
20 days/month
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Commissioning starts
mid of 2014

Shutdown
for upgrade

Peak Luminosity
(cm?s)

|
2012 2014 2016 2018 2020 2022
Year




Status of Belle-1II

SuperKEKB and Belle-II upgrade is
approved last year by Japanese
government (~100M$ for 2011~2013).

Belle detector has been rolled out from IP
Another Super B-factory : Italian
government approved their SuperB
project at INFN, at the end of last

year : another new competition



After the Earthquake =

Some of maintainable damages are found at LINAC,

almost no damage on KEKB, Belle nor Tsukuba campus. ¥, ™\ s,
The experimental facilities at J-PARC did not get i~
damaged too much, where some of the supporting ="' *

facilities (ex. road) are damaged. Unestimatable
shutdown before resuming is announced.

Belle MC and Data are planed to be copied to outside
KEK to continue data analysis.

Any delay on Belle-II is not announced officially, thoug .
negligible but unavoidable delay is expected. Many of |
the detector R&Ds are going on outside of Japan.

M9 On Earthquake

s
=

“=—%Fuji mountain
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The t Lepton

Elementary Particles The heaviest lepton :
—————— 1776.84 + 0.17 MeV

RN I A (2008PDG)

q= 2.§:3 chattn top o
-+1.5-3.3MeV 1.27GeV 171.2GeV ‘

¢ Clear environment to

Ve VI

gq-“.:ol_ltrﬁm g neutnno ¢ neutrino | B boson Stu dy QCD
= U (]

0? 0?

o(ete—t*1) = 0.919nb
(o(ete—BB) = 1.05nb )
at Y(4S) :
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How much t's do we have? ==

Group Beam energy |Int. Luminosity (fb-1)| Nttt (x106)

LEP Z-pole 0.34 0.33
CLEO 10.6 GeV 13.8 12.6
BABAR 10.6 GeV

Tau-charm factory 4.2 GeV 32,000
Belle-II 10.6 GeV 50,000 46,000
SuperB 10.6 GeV 75,000 69,000

o(ete—1*t) = 0.919nb at 10.6GeV



Decay properties of tau lepton

One-prong decay are dominant : ~85%

T—evy, 17— Jvv, 1 1y, 1—a,(tn’n0)v, t—pv .....
Hadronic decay : ~65%
Strange hadronic decay : ~2.8%

Main decay modes

2.8
Cahibbo sused

Cabibbo allowed

1 prong ~85%

3 prong ~15%

5 prong

/ prong
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Physics with Tau Lepton =

P Luminosity

Absent in SM ® Lept:::n Flavor Violation — (B

.E'h;u'ged Lepmn CPV

O CPT viclaton

Precision Measurement, search for deviation from SM Particle ID (T/K)
® Lcpton Universality
BB
ToK

m, T —lifetime, Be,B
®(g2),

W

Inclusive Measurements

® (strange) Br, spe::tr:ll functions

Understand various U e
pQCD and non-pQCD o, Vus, m,_, Spin-Spin corr.

Ay e
aspect s of Hadrons (g-=)uf cve

Exclusive Measurements |

.EI'._ IIass 'E:lJE"i:tl'L'-ll'I.li

®Form Factors(A,V, S)

I
Slide by H.Hayashii

®Resonances. Rare de-:a}'s
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Hadronic decays of tau lepton

The only lepton which can decay to hadrons
Rather large mass (1.78GeV)

Clean initial state - single t pair decays decide the
kinematics

Test of CVC and evaluation of a, from spectral function.

Measurements of important physics quantities :
Look for (NP)

Have been waiting for enough
statistics from B-factories
(especially, to measure strangeness decay




D>

Hadronic t decay programs ==

Non-strange final state

¢ t—nnv, TN v, : Second Class Current

¢ 1—nndv, : Test of CVC and (g-2), (PRD78:0701006,2008)
¢ 1—nnnlv, : Wess-Zumino anomaly

Strange final state

¢ 1—Knv. , =—=KnXv_ , t=Kn(n/K)v_,

¢ 3-prong : t—h*h*hv_ (h = 1,K)

¢ V . measurement

¢V, using I'(t—Kv )/ (t—=nv.)

# Strange spectral function and V,, m; measurements
Other researches

¢ 5-prongs, 7-prongs....

¢ t mass, life time measurements (via T 'TVv,)

¢ Search for CP violation in the charged lepton : t—Kgnv,
T—=Knnv,



OK, tau is a well-known particle.
You may not be interest too much.

There was an issue of Vus measurement
from BABAR which shows how important this
study is.

_/



(0.97428(15)
0.2252(7)
| 0.00862(26)

0.2253(7)

0.97345(16)
0.0403(11)

0.00347(16) )
0.0410(11)

0.999152(45)

(PDG2010, assuming unitarity)

D>

- LD
CabibboKobayashiMaskawa matrix ==




V,. meas. from Kaon decay ==

Estimate from the unitarity condition :
|Vud|2'|'|Vus|2'|'|Vub|2 =

From K,; decays or  From K, decays
% < \%
(A K* lsl<>/\/\/<e+
= - PV, - .
S u
Ko Q (>d T mt S<>/\/V<Z+
Measurement of K _g properties Measurement of K+- properties

FlaviAnet WG performed
all the summarizing work
for recent measurements
(KLOE, KTeV..)
(arXiv:1002.1654)

W/o unitarity

IV, | = 0.2246(12)

W/ unitarity



V.s meas. from t decay
R .= =R 7,non-strange + R t,8trange

Measured from the branching fraction
and mass spectra

//,/uo’/z -§RWT

Determined from Finite Energy Sum Rule
(6R¥, ~ 0.06 X RV 1 strange/ | Vual? £ 10%
— 0.4% at Vus :relatively small)

_ 1-BF(r—~evv) - BF(t—pvv,) R
BF(t—evv,) _

t,non-strange + Rr,strange

|

inclusive measurement of strange decays of t



Result of V. from t decay

(J.Roney, HINTQ9 (2009, KEK))

K, Decays (KLOE+RBC/UKQCD f (0})
(0.2247+0.0012)

K, 3 n,,Decays (+lattice fK"r::l
(0.226110.0015)

Hyperon Decays
[(0:2280:00050)

(0.2225+0.0034)

T Decays [w[;I " meas. — Kv)
(0.2157+0.0031)

1 Decays [wrl:'"':. pred. - Kv)
(0.2174+0.0030)

t Decays [wm. pred. =— Kv)
(0.2149+0.0033+0.0010)

1 Decays [ﬁm. pred. — Kv)
(0.2154+0.0032:0.0015)

t Decays [wm, pred. t— Kv)
(0.2156+0.0028+0.0022)

t Decays [wl:'b:, pred. t— Kv)
(0.2144+0.0030+0.0017)

1 Decays [WtI o', pred, -— Kv, pre=2007)

S. Banerjee, ICHEP '08 (arXiv 0811.1429)

Ao

us

o FO Y
z‘\“.'urlli Averages | Z )

K™ [‘.' lll![:}ll'\-l
{[H-JFE]}
K-
U
K"
FOO0
Ka =t
K n
(R3m)~ (est'd)
(1270} — K- w
(FK4m)™ (est'd)
K™y
K™

0.690 4 0.010

(0.715 + 0.004)

0.426 + 0.016

0.835 4+ 0.022 (S = 1.4)
0.058 = 0.024

0.360 £ 0,040

0.200 + 0.018 (8 = 2.3)
0.016 + 0.001

0.074 £ 0.030

0.067 £ 0.021

D011 £ 0.007

0014 £ 0,001

0.0037 4 0.0003 (S = 1.3)

BaBar '08 prelim

Gamiz et al. '07

BaBar '07

Belle ‘07, BABAR '08 prelim
PDG
PDG
BaBar '08) Belle '08 prelim
Belle '09
Davier et al. '06, Banetjee '07
Davier et al. '06, Banetjee '07
Davier et al. '06, Banerjee '07
Belle '09

Belle '06, BaBar '08

TOTAL

0.18 0.19

these points ‘use same data, d
weight functions in FESR

/ 0.2 'u,|21 \

—>

28447 + (LOGRA
(2.8697 £ 0.0680)

~3c differences with unitarity!




Another method: 1—K/n v,

| Vs I A= rme / n7)°
f2| R %

PDG'08 Average (ALEPH'03)
{10.828:0.070+0.078)~102

PDG'08 Global Fit
{10.90.07)x10°

This Wark
(10.59+0.0420.11)-10

9.6 9.8

10.4 "

BF(r — mv) (x107)

CLED 34
{6,6-0.7:0,9)-107

DELPHI"94
(8.5:0.18)-10
ALEPH'99
(6.9610,25:0.24)<10"
OPAL'01
{6.5810.27+0.29)10"
PDG'08 Average
{6.85:+0.23):10™

PDG'08 Global Fit
{6.95:0.23)-107

This Work i
(6.92+0.06+0.10)=10™

9 10
BF(T — Kv)) (x107)




Result of V. from 1—K/n v,

K3 Decays (KLOE+RBC/UKQCD f (0))
(0.2247x0.0012)
K 5 m .Decays (+lattice fKFfI:]

ud® px

(0.2261+0.0015) I vus I =0.2255 :I: 0.00 23

(0.2255:0.0023)

ormanisy Consistent with unitarity.

t Decays [WT" “ meas. 1—
(0.2157+0.0031)

r Decays [w_r" n;, pred. — Kv)
(0217 110.0030)

r Decays {wm, pred. r— Kv)
(0.21453+0.0033:-0.0010)

r Decays [E'm_, pred. -— Kv)
(0.2154+0.0032-0.0015)

r Decays [wﬂ. pred. t— Kv)
(0.2156+0.0028-0.0022)

MARK2 (1982) 11.7+0.4+1.8

_— .

r Decays (w II'I U:. pred. T Kv)
(0.2144+0.00300.0017)

ALEPH (1996) —=— 11.08+0.11+0.14

0.23

IV,

ALEPH (2005) = 10.828+0.070+0.078

BaBar (2008) —=— 10.59+0.04:0.11

If BR(t—>nv;PDG09) is used?

(1.20 from unitarity)




Summary on Vus

Leutwyler et al. (1984), Ke3 —— 0.2196(23)

PDG 85 —— 0.221(3)
PDG 95, K_+Hyperon —— 0.2205(18)
Cabibbo (2003), Hyperon decay ——=—0.2250(27)
PDG 04 o 0.2208(34)

FlaviA net, KI3 —=— 0.2246(12)
FlaviA net, Fit w/o unitarity -~ 0.2253(9)

BaBar,t — Kv —a—0.2255(23)
Hadronic tdecays +—»— 0.2162(27)

PDG 09 —u—0.2257(10)
Unitarity = 0.2255(7)

lIllllll]llll]llll[ll]l[llll L1 L1 |

| | L
0.2 0.205 0.21 0.215 0.22 0.225 0.23
|Vus|

THE SHow Must Go ON




How can we improve this >
situation?

We just used “00-th” moment to obtain
Vus :

Mass spectrum :

k /
adR
j [sz dST Rk//vs + RTMS

=38 Vig P+ VaPYIA0 P+ e

Corrections calculated from (various) perturbation theories
which depends on m, :

Simultaneous fitting on ms and Vus is the ultimate approach
to measure Vus from tau decays
: but we have to know all the mass spectra



ol =4
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Strange decay of =

Therefore, we have to measure all the BR of strange
decay of tau (BR <~1%)

Plus, we have to measure all the mass spectra of
hadronic tau decays.

These are only possible at B-
factories:

¢ Large data sample : Statistics .
|S enough. favoured,

97.2 Cabibbo KznOv, 0.4

¢ Good n/K separation is possible. suppressed,

R
¢ Clean environment to measure
V. : Uncertainties are
dominated by experimental
error.
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Basic Analysis Techniques =~

Features of t pair decays : Low mult., Large P, missing E,; and P,

Main backgrounds Discrimination
Bhabha, dimuon (ete— e*e’, uy*tu) Reconstructed total energy, momentum, multiplicity

Small transverse momentum, M, ..., Pniss F€CC
Quality of decay vertex
Other tau decays __ Effcent reconsruc

Typically, require pure leptonic
decay in the tagging side.

In many cases, n/K separation is
very important.

Estimate the tau decay background
from the MC, or the sideband of
resonances




Example : Three-prong decays<5
T —h"h*thv_

t—annv, (a8, pn), t—Kanv, (K;—K*x, K;—Kp),
1—KKnv_, t—=KKKv_ (no neutral particles)

[4.90£0.80p<107
9 i A
[PDG 00] 3.18+0.11) % ¥ |:2.1!.H:l!:.:l ?-.1:3

o {3460 61107
PO 02) OFAL 00

CLED3 03 9.1340.48) % CLECE 03
(PDVG D6) 9.02+0.08] % CPAL 04

BABAR 08 830,13} % [PDG 05)
(This work]) BABAR 03

ALEPH 38
CLEC 93

ALEPH 28

OPAL DD E: ol CLED3 03
CLEO3 13
BABAR 08
[PDG 06)
BABAR 08

[This wark)

€ The works from BABAR showed scatter with previous measurements.
€ No mass spectra had been measured.



B
r—hhhv,

Main BG come from cross-feeding between
4 decay modes : strong correlation

M(Krn) for t— Knnv, with stacked background

These are one of the
signal modes,
due to the fake of pion or kaon

The BG can not be estimated
from MC,
since we cannot trust its shape.

R TR Strategy is :
siillell 1. Measure unfolded mass spectra
2. Tune the efficiencies (and fake rates)
3. Obtain BR with new eff.




Unfolding

We want to know the “real” spectra apart from any detector effect.

The backgrounds due to mis-particle ID are also “detector effects” (non
linear effect)

We can remove all the detector effect by “unfolding” mass spectra — an
“inverse problem”

A : response matrix

(describing detector effecti b : distribution before unfolding

X : real (unfolded) distribution
(cross-feed background subtracted)

The problem is that x = A-lb will never work...



What happens if we do not 5

unfold properly?

Ax=g = x=Alg

075 025 O
025 050 025 0
0 025 050 025 0
0 025 050 0.25
0 025 0.50

Small fluctuation in
the input distribution
is amplified which lead
to an unstable
solution.

00 50 100 ®0 200 00
y

Example by B.Blobel (DESY-84-118)



Regularization

The problem of solving Ax=b should be modified like :

(A.Hoecker and V.Karvelishvili, NIMA 372 (1996))

Very popular method in HEP ("GURU"” package)

A : regularization parameter

L : a-priori information on the curvature of the solution

This method also involves the inversion of any matrix, and
is used.

Il'u Less filtering

More filtering

log||Ax-b||,



Mass spectrum before unfolding (b) / 5

Response matrix (A
'Eh@,pff—dlagonal part : effect from

Generated decay
mode / mass bin

M(Kx) M’“(KKJI)M <(

T ¢
i)
(5]
2
3 X
o () o
Eﬁ l am 238 £
¥l ’ E | o 5 =

] il — o s Response Matrlx (A)
Z]B]l 3 5 :
a9 E
I (7)) 8 E
=y @

-2
g A MQ"(K )180 112 1.80 148180[GV2]

Bin numbers of M(generated)

16 sub-respose matrices are

merged to a matrix (A
9 (A) Recon..Mass.spectrum. (b)

which will be used in unfolding

Subtractlon of BG other than three-prong cross-feeds
="Merged to a single histogram'(b)

e
D)



Unfolded spectra

Event number per 10
- - - -
E; (=] Q Q o
3 % > I

-

200 250 300
M,., (Unfolded)

0.41~1.8 0.77~1.8 l l

M(nrr) [GeV] M(Knr) [GeV]
112~ 1.8 1.48~1.8
M(KKn) [GeV] = M(KKK) [GeV]

Check on unfolding algorithm :

Use independent signal MC sample,

unfold and compare with generator level mass spectra |

200 250 300
Reconstructed invariant mass bin




Unfolded mass spectrum >
of t——hh*h-v_decays

o
3

a1(12636) proherty
not coirrect? ‘.1

1/N (dN/dM) [110(MeVi/c
g
i

1/N (dN/dM) [110(M

1.4 1.6 18 . . 14 1 .E- 1.8
M(nnn) [GeVic?] (b) M(Knr) [GeVic?]

g
o
8

3

"
4+t H
| e ’I t L
Large d]g‘.crepaq_c{es.

+ J__
g _ = + -~ First me ul:fmen
hon ref.onant 1‘11_‘-. - on the Mi .

r .
decay 7. +

L,

> >
[+1] [+}]
= o =
S el
o o
™ ™
- =1
= 0.0 =
e =
= =
o o
b X S
= =
™ ™

1.3 1.4 1.5 1.6 1.7 1.8 0 . . . . 1.7 1.75 1.8
M(KKn) [GeV/c?] M(KKK) [GeV/c2]
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BR measurement

Knowing the unfolded mass spectrum, we

rescale the efficiency and fake rate, and
Obtaln : ) i'.,.rrn _ JFH.,T:IIH:'T.]

Branching ratio of t— v decay Branching ratio of — Krryv decay

DELPHI 87 (4.90+0.80)<10"
ALEPH 98 (2.14+0.47)<107
CLEO 99 (3.46+0.61)107
-3
BABAR 08 (8.8310.13) % OPAL 00 (3.60£0.95p10°

CLEO3 03 (3.84:0,40)<10
OPAL 04 (4.15+0. ssm 0*

BABAR 08 p

CLEDO3 03 (9.13+0.46) %

85 9 95
Branching ratio of 1— KKnv decay

ALEPH 98
CLEO 99 (1.45:0.31)10"
OPAL 00 (0.87+0.69)x10" CLEO3 03

ALEPH 98

CLEO3 03 (1.55+0.11)10° BABAR 08 {1.58+0.17):10°°

BABAR 08 r .| :
_ (029026)10°

«107°

0 10 20 30 40 (PRD81,113007)




Results : Contributions to o
spectral function
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The spectral function can be
improved significantly.




Way to go
mode |Br ___[Spectral fanc. _

E i (no. e-matrix)

Kann+Kn (K1)

K4m

- Once the spectral function is measured, Vus and other
quantities can be estimated, but before that :

- Missing parts should be studied.
- This is the responsibility of B-factories



Summary

Belle was a successful experiment in the
study of CPV of B meson decay

Also it was a tau-factory. Many tau decay
mode has been studied in Belle.

Tau lepton decay is mainly SM-concern,
rather than NP.

However, in understanding SM, tau lepton
provides good environments.

Studying tau lepton is also important in
SuperB projects, which will enhance our
understanding of SM.




