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Belle Detector

Belle De_te__ctor

o Aerogel Cherenkov cnt.
SCsolenoid 7 S\ N\ n=1.015~1.030

SR N | > Kid eff. ~90%
(~6% fake)

Csi(Tl) 16X, ~€ | TR ek l
6/E~1.8% @ Ey=1Ge ‘ T
Eid eff. > 90% (fak;éf-‘ﬁﬂ’( I

TOF counter
c = 95ps

8GeV e f Tracking * dE/dx

N small cell + 1e/C,H;
S B (Glf"t]pt
(0. >lsapt 2+(0.34)2 (%2)

‘ | * - GQE/ dx) = 6.9%
/ K, detection

Si vtx. det. ' AR

o 14/15 lyr. RPC+Fe

s awmm mid eff >0N% (<2% fake)
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KEKB Integrated Luminosity

Projection of KEKB Luminosity
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Crab KEKB / Belle
© CESR cavities Major Upgrade

Unigue opportunity to study
, BNV, LNV, LFV in higher generation ! ,




BNV in Higher Generation

Hou, Nagashima, Soddu, PRD72,095001 (2005)
m BL violating 7, D, B decays with right-handed four-fermion couplings.
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Br(z —b7°)<1.6x10*IC". | <5.9x10% | profon decay limits;

BNV 1©/D/B decays are strongly suppressed by
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NP search in T decays

T lepton is the charged lepton, which is ...
B In the 379 generation

- Probe for the NP flavor mixing between 3<1/3<2 gen.
B Heavy

- Rate enhancement

- Q0 for decays to baryonic final states.

B < lepton is an unique laboratory to study..
m BNV B-L conserving.  B-L violating.

*

T>py, pr°, pK®, An, An *,
v>er/p + hh (h=r K) ja
BLFV  1>e/u +gq, Il h*th-, ho, VO

Leptogenesis
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General Analysis Procedure

. ) n_
B Signal side: Signal side —>
T > decay of infterest . T
B Tag side: /‘
T > 1 1trk w/ n y + missing L AT
- 1-prong decays occupy >80% of the /l :
t decay. 'y | Tag side
- Loose constraint on v based on P, ., v
Mzmiss- T '
04 - = signal MC
B Background | B < e Data
- 11, continuum (qq), uu, ee, ... S 02} |
B Particle ID I |
9 0 o
B Signal evaluation based on 03_1 ; 'I
N\inv ~ MT & AE ~ 0 le. 0.2+ !
B Signal region is open after analysis <1 _, |
cuts are finalized. - L .
1.6 1.8 2
Minv (GeV/€)
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Kinematical Constraint

B Use correlation between m?, ... and p,....
B Signal decays distribute around m?, ... ~ zero

(no. v on the signa
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Y.Miyazaki et al.,
PLB632(2006)51-57

This cut removes 81% of 1t
and 77% of qq backgrounds,
while keeping 89% of the

signal.
rkshop




NL

HEFUgt‘.I UHEFBHKUV U(JUHLE(
Hadron-ID @ Belle. \

B Hadron-ID @ Belle isbasedon == N
the response of sub-detectors; N “'*?( x«gg%l r!;(;,, %%s}@&—

- Threshold-type Aerogel S =
Cherenkov Counter (ACC) L

n =101>103 dependingon® ~ —T T

Pin(m) =0.99 > 0.57 GeV/c Central Drift Chamber

Pin(p) = 6.6 > 3.8 GeV/c
- Time-Of-Flight (TOF)
- Ionization loss in CDC (dE/dx)

Proton-ID performance
w/ a nominal cut
Eff(p) =70%
Fake(n>p) =4%
Fake(K%p) = 11%

1> pY, pn° analyses use a

B Combined to form a likelihood;
L =L (ACC)xL(TOF)xL (dE/dx)

B Use a cut on the likelihood ratio; different cut
P(i:j)= —'L At Super-Belle, large improvement is expected
Li+L, by using Ring imaging type Cherenkov detectors
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A Reconstruction

B The A candidates are reconstructed via pr
decay channel. P| PA=pp+pa

B Selection parameters; dp-

- Angle difference between P and IP VTX i
- Flight distance of A - & %

- Closest approach of the A daughter tracks = >
to IP. X

B Particle ID cut for daughter tracks.

3%

® Data
~ Histo: 1t +qq MC

:

» A selection efficiency ~ 80%
Purity ~ 90%

' 8

Number of events / 0.25 MeV/c®

Y.Miyazaki et al.,
PL3632(2006)51-57 91 1105 1.11 1115 112 1.125 113
Mass (GeV/c)
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0 BELLE-CONF-0433
T% py! pn hep-ex/ 0408117

B T>py(86.7fb1) B 1> pn’ (153.8fb1)
B | | 05~ . . : :
e | Bo signal box
0.2 . : _/\g__ -.:I:.;1:
;9; oF L '||4/ % r
oef T I
| TR 3 W is 17 18 13 2
Minv (GeV/é) Minv (GeV/€)
e 1.89< Minw 1.83 (GeV/R) . . 1.68< Minw 1.85 (GeV/)

PDF:12.23.5 e PDF : 1142 10.7
Data: 20+ 4.5 =E i i—é Data: 12% 11
MC : 9826 5E :l_i

ﬁmcneﬂa_a

- 1 el T PR ST TE Ct TR T T | 1
-1 0.8 0.6 0.4 0.2 0 02 D4 08

A=6.9+43 B N =70 A=17.8+11.1

Npkg = 9.1£1.7 (expected) Npkg = 52.247.3 (expected)

Br (t>py) < 3.0x10-7 Br (z>pn) < 6.5x10-7

(UL determined by an unbinned ML fit)
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-1 Y.Miyazaki et al.,
T2>2An @154fb PLB632(2006)51-57
B-L conser'v.ing__L B-L vi.q_la‘r_ing We evaluate UL using 5¢ ellipse.

ATT) BKG are extrapolated from 15¢
AT box assuming flat dist.

56 elfipse..

e b7 R — .. V.
ST RTR Nisti A BTN S Eff(%) 11.8 11.7
SR R I Ngige 5 5
04 = 0 g il 04 = . g @y
1.75 18 N\ 1.75 18 Ny (expd) 1.7+0.8 1.7+0.8
Nobs 1 0
Sqo 2.77 1.47
Br (x10-7) <1.3 <0.70

Sgo: Feldman-Cousins UL of
#signals @ 90% CL. including

6 18 2 6 18 2 systematic errors (POLE)
M., (GeV/é) M., (GeV/E)
BKG: 1 (~1/2) + 64 (~1/2) Only a few background

- Will be improved by 1/L,,,
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Slepton mass matrix

LFV in T Decays (m m, omg)
2 2
+ Probe for 31/3 &2 gen. mixing Mo Mz Mg
in the charged lepton sector. \ m;,

ST
C 5\ e
4 ) 4
* Br(t) = O(103-2) x Br(u).
mSUGRA + seesaw
Enough chance to see 1>y SUSY 4 S0(10)
or t>1ll. SM + seesaw
Non-Universal Z’
» The two decays have SUSY + Higgs

different sensitivity for
different NP models.




=21y, In,In’,In®

T—uy,ey @535fb!

(hep-ex/0705.0650 submittedd to PLB)

Br(t—uy)<4.5x10-8 (90%C.L.)
Br(t—ey)k1.2x107 (90%C.L.)

Bkg. from tt/up + initial state y

n

, R I I TG A T R Wy A
T-e/u + n,n’,m’ @ 401fb-! My (GeV/c?)
(PLB648, 341 (2007))

Br(t—n, I’ In%) <(6.5-16)x108 90%CL. "
=Upper limits for LFV 1 decays ] o

are approaching O(10-%) 0.2 .
t-e/u + n,n’,m’ 04t

Only a few background

92(\),(\)/7|/!9l/2|3e |mproved by I/Li?oru ijima, B-L workshop e _1!6 117. | 1If3| (Gevj@)




T—lll: Background suppression
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Signal topology
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1-prong decay Bhabha(up) © eey(eeee)

electron-veto on the
tag-side

(e-e+e- and e-p+u-)
y-conversion veto Dominant 1t Bhabha eeupy 1t

(e-e+e- and p-e+e-) bkg. qq eeee T qq
mzmiss and Pmiss i o e

(e-e+e-, p-p+u-,
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Tl @535fb-’ New !

_ signal @data g Efficiency: 6.0% - 12.5%

ot toeee | m Nk, (expected) = 0 - 0.4 events

" of /& ]| m No event found in the signal region
B Obtained upper limit (907%CL)

o ] Broanxoe  EREET

‘1}.'55. 1:7. i.'7'5”:'1's 1.:352 Improved .by 4.9-7.0 from T—ee'e  3.6x1038
e (GeV/c®)  Belle previous results

@ 90fb-! Tou s 3.2x10%

preliminary t—eutu 4.1x1038

Touete 2.7x1038

The most stringent 8
upper limits among | €W 2.3X10

S LFV © decays Tonteer  2.0x10°
By ‘{,'75'""11%0 \;/,'E?) Still a few background
200719122 ™ Toruiji 2 \_/\(l_l_l__p_gl_lmproved by 1/Lipy




121V? @543fb-1
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Still a few background

New |
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T% Ihh @1 58fb-1 Y.Yusa et al.,

PLB640(2006)138-144

. T signal 9 H/e + 2 Chg TraCkS ) (a) flight length 50:103 —~
Tig = We+ny £, 99 MC (uds) _ signal MC
% \ S 300 ; i
B Background: 11, qq 2 TN
B Continuum bkg. suppression by "

0 1000 3000 5000 0 02 04 06 0_8.'1

T fligh’r Ieng’rh & RZ flight length (jum) R

>2D PDF > Likelihood ratioc R=_t= 5045 . |
Le: + Lo UL (X’}O_7, 90 éCL)

* * * .
o2l T r—>e‘l(*K' T-e'KK 02| Toe K | toe K Toe*tr K
L] .
0 D D 0 . D D D
;.0,2 Lo % 0.2 e *
ﬁ-w <30 <3.1 © 04l <7 2 <16
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LNV
| zuu|//9/22 *Still a few background > Will be improved by 1/L,;




Summary for non-SM 1t Decay Searc
ULs for all LFV t decays are approaching the 108 |evel

Aedap 1 A47 1O sjwi| Jaddn



Future prospect

! Extrapolated sensitivity at 5ab*

- T e rrrr -t T

V¥V PDG2006
V Belle
¥ Babar

based on eff.
and Ngg of
most sensitive
analysis

Estimated
upper limit
range of Br

Ambiguity due to the stat. error of the
bkg. estimation in the preset data.




S U pe I’-KE KB Interaction Region

Crab crossing

0=30mrad.
PG By*=3mm
New IR New QCS

New Beam pipe

New beam pipe
& bellows

8GeV (e+, 4.1A) 3.5GeV (e-, 9.6A)

More RF sources ‘

L —_ 7/i Iié:iy RL More RF cavities i\r\ More RF power
= o »
2€re By Ry
N\ »
'gy exchange \‘ w
Increase beam currents - N Damping ring

1.6 A (LER) / 1.2 A (HER)
~»9.4A (LER)/ 4.1 A (HER)

Positron source

Linac upgrade

Smaller B,
* 6 mm—3 mm g’ﬁgg
Increase &, ‘ L=8x103°cm-—=s-’ ~A/ uest for Bt

-

+ 0.059—>0.24(W-S)




Crab Cavity

B Superconducting crab
cavities (ILER and 1HER)
have been installed, and
being tested at KEKB.

-

| ~ V+ Iié:iy
2ere Sy

RF deflector
(crab cavity)

Kick ] )

Kick =

e/e
C, oD
o ns o

e
\
| crossing angle

head-on coIIision\

o i~
\ L
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Crab Status

B Crab cavity installed in Jan. 2007.
B Beam-beam tune ShlfT (O 08 ::

> L 1034cm-2st wu’rh cr'ab cr'ossm% by J une 2007




Belle Upgrade

Csl(TI) 16X,

SC solenoid - pure Csl (endcap)

Aerogel Cherenkov counter
+ TOF counter

= “TOP” + RICH

u/ K, detection

14/15 lyr. RPC+Fe (il : ,
- tile scintillator ‘
-

> '\'\\-\ /\]
4 Tracking + dE/dx
small cell + He/C,H;

> i / :
\] —>removeinner lyrs.

' Use fast gas
N7 |

New reax out Sitx. det.

and y 4 lyr. DSSD

COmpUgs - 2 pixel/striplet lyrs.
systems + 4 lyr. DSSD —

2007/9/22 Toru ijim&;B-L workshop



Summary

* B-factories provide an unique opportunity to
study BNV, LNV, LFV in higher generation.

* The present KEKB provides 6x108 1t pairs

> New results for LFV search using the full data
sets are approaching to O(10-8).

+ Super-KEKB will provide x ~50-100 statistics.

> The search region will enter into O(10-°) for
many decays.

- Good chance to see LFV 1 decays.
- BNV can be tested too.
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Physics Targets at Super-B ,

« CP violation

B— oK’ n’K’, KK K" /\
* Precise CKM b — .S

D> 05 G5 Vi |5 [ Vg | Search for new origin of
* Rare decays flavor mixing and CPV.
— FCNC decays y |

b— si/, vV etc.

— Tauonic decays
b — crv, v €tC.

* Tt decays

— Lepton flavor violation
T — Uy ElC.

— CPV in lepton sector N

Using O(107%) B and t (~100 x now)




T LFV Prospect

B Br~0(10-82°) at Super B factory

X 19 f
e |
% : ° raw ] ‘ T%u’y
B i ; B TN ]
7p) -6 | % A T%MMM
g1 p P 2/ B factories ; B >un
2 f BeIIe BaBar) f
| | A upp
-7
107 2018
| USY+S0(10) | T2uy suffers from
0P \B % \| | background due to
- s A # ISR
: USY+Higgs Super
9
10 _‘ \_ \_ o L ‘
0° 102 1% 1 10

Luminosity (ab )




Super-KEKB (cont’d)

B Head-on collision w/ Crab cavity

RF deflector
(crab cavity)

Kick

‘ N Slocy ©
Kick T

o)

/o OV

K“x‘ //T \

= '\ crossing angle

>

coaxial damper

New crab cavity

N

/ S
cross-shaped Wl” be t

wave guide dampers

) ===

o =

absorber

ested in 200

5.

B Ante-chamber /solenoid for reduction of electron clouds

NEG Channel

Beam S
SR 2 v
[Beam Channel] [SR Channel] Cooling Channel

@ 0.5mT

Ante-chamber

with solenoid

field




Detector Upgrade

Issues

€ Higher background
- radiation damage and occupancy
- fake hits and pile-up noise in the EM

€ Higher event rate
- higher rate trigger, DAQ and computing

& Require special features
- low p m identification
- full recon. eff.
- hermeticity ; v “reconstruction”

» Fully pipelined readout
» Large scale computing

New Challenge! Intensive R&Ds!

» Vertexing
Pixel det.

» Tracking
Small cell
Fast gas
Si-tracker

» Particle ID
F-DIRC+TOP
Aerogel RICH

» EM Cal
Pure Csl
Liquid-Xe etc.

» KL& 1

LST
Scintillator




