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Belle Detector

energy

Particle
Identification

Particle

energy

Particle
Identification

momentum

Particle
Identification

vertex KL , detectionL ,

General purpose detectors for various B, charm, τ physics.
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B0 → D*–τ+ν
Decay of B meson to τ lepton.

Interaction of quark and lepton in 3rdInteraction of quark and lepton in 3rd 
generation

Test of the Standard ModelTest of the Standard Model.
Sensitive to the New Physics.

Last year Belle founds the evidence ofLast year, Belle founds the evidence of 
B– → τ–ν decays.

However, this kind of measurement is experimentally very 
challenging

Always more than 1 neutrinos 
i th fi l t t

B+ → τ+ντ
τ+ → e+νeντ in the final state→ π+ντ
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B0 → D*–τ+ν

Full reconstruction technique
(th l b l i b d B )

π+ ν

(the example below is based on B → τν)
In usual analyses, 

B+

e+
π ντ

K-

we only look at
the signal side.
H i thB+K

8GeV e- 3.5GeV e-

However, in the 
mode with >1 

t i l

B
ντ

π- neutrinos, we also 
reconstruct the 
opposite site BB-

π+

π-

reconstruct the

opposite site B.

πopposite side νe
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B0 → D*–τ+ν

K τ
e

Y(4S)B B
Dπ

τ

ν
ν( )B B

π ν

νπ
π ν

decay mode in interestreconstruct the other side
in hadronic mode decay mode in interestin hadronic mode

This method is possible only in B factory experiments.s et od s poss b e o y acto y e pe e ts
The drawback of this method is very low efficiency (~ O(0.1%)) of 
the B reconstruction.
However, still possible thanks to excellent luminosity of KEKB!!
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B0 → D*–τ+ν
B0 → D*–τ+ν

Sensitive to charged Higgs.
New Physics at Tree level.
Some sensitive observables (e.g. τ polarization)
Expected branching fraction : 1.2% ~ 1.6%

Analysis strategy

Slightly different approach 
compared to B– → τ–ν
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B0 → D*–τ+ν

Background suppression using visible energy / missing mass
b f t ft tbefore cut after cut

Result

First observation !First observation !

[PRL 99, 191807 (2007)]
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X(3872)
B Factories have been found new particle (resonances).

X(3872) was first observed by Belle in 2003 and was confirmed byX(3872) was first observed by Belle in 2003, and was confirmed by 
BaBar, CLEO and CDF.
Decays to ππJ/ψ, πππ0J/ψ, γJ/ψ, D0D0π0 are known.Decays to ππJ/ψ, πππ J/ψ, γJ/ψ, D D π are known.
X(3872) is naively considered to be made of cc.
However, there seems to be no corresponding quarkonium state , p g q
according to the theoretical calculation.
Possible explanation:p

DD* meson molecular state
4-quark state X(3872)
hybrid (ccg), glue ball (gg)

X(3872)
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X(3872)
What Belle can do is to measure properties of  this exotic state.

e.g) X(3872) is likely to have JPC = 1++, because 

X decays to γJ/ψ, and hence C=+1
Angular distribution favors JP = 1+

X(3872) in B decays:

In some models, the mass of X(3872) is different between B0 and , ( )
B+ decays, if X is a 4-quark state.
Δm ≡ m(XB+) – m(XB0) = (8 ± 3) MeV( B+) ( B0) ( )

The decay from B0 is suppressed if it's a D*D molecular state.
R ≡ B(B0 → K0X)/B(B+ → K+X) < 0.1
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X(3872)
New Belle result with 657M BB 
data sample

X(3872) is reconstructed via J/ψπ+π–

First observation of B0 → K0X(3872)First observation of B → K X(3872)
No mass splitting

Δm ≡ m(X ) – m(X )Δm ≡ m(XB+) m(XB0)
= (0.22 ± 0.90 ± 0.27) MeV

Neutral mode is not suppressedNeutral mode is not suppressed
R ≡ B(B0 → K0X)/B(B+ → K+X)

= 0.94 ± 0.24 ± 0.100 9 0 0 0

M m(X) – m(J/ψ)
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Friends of Y(4260) 
−e

Y
ISRγNew resonances are also 

searched for by using ISR
Yee ISRγ→−+

+e
γ

Ysearched for by using ISR 
process.

e

)2( SY ψππ −+→)4360(Y

Y(4260) discovered by

)4008(Y )2( SY ψππ→)4360(Y
1fb673 −

1fb548 −

ψππ /JY −+→
)4660(Y

[PRL 99, 182004 (2007)] [arXiv:0707.3699]

Dec. 3, 2007
Recent Update in Belle KEKB Review

13
S.Nishida (KEK)



Z(4430)
New resonances are also searched in many other decays of B meson,
and is found in the ψ'π+K– final state:ψ

23 K*(892)

eV
2 ]

20

K?*(1430)

ψ
'π

) [
G

e 20
B0 → ψ'π–K+

M
2 (
ψ

17 ?

1 20 3
14

Some structure (?) is seen in
the Dalitz plot of 

1 20 3
M2(Kπ) [GeV2]

B0 → ψ'π–K+ decays
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Z(4430)
Clear signature of a resonance 
at 4430 MeV!!at 4430 MeV!!
→ named as Z(4430)

Npeak = 124 ± 30 events
M = 4433 ± 4 ± 1 MeV 
Γ = 44            MeV+17 +30

–13 –11

Z(4430) is a charged particle!!

Not cc (because of charge)Not cc (because of charge)
Likely to be 4-quark state!
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Physics at ϒ(5S)
ϒ(4S)

ϒ(5S)e+e- → ϒ(4S) → BB (B=B+ Bd
0)

Belle accumulated ~23 fb-1 ϒ(5S) data.

ϒ(5S)e+e → ϒ(4S) → BB (B=B , Bd )

e+e- → ϒ(5S) → BB, B*B, B*B*, BBπ,
BBππ, BsBs, Bs*Bs, Bs*Bs*

(B*→Bγ, Bs*→Bsγ)
Opened a new window to Bs physics.

N lt fi t b ti f di ti B d !!New result: first observation of radiative Bs decays!!

B(Bs → φγ) = (5.7             ) ×10–5+1.8 +1.2
–1.5 –1.7 (5.5σ)

Signal yield 18 ± 6.
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ϒ(5S) →ϒ(1S,2S)π+π−

ϒ(5S) decay can also be studied. B(ϒ(4S) → ϒ(1S,2S) π+π− ) ~ 1 ×10–4

So, the expectation is
B(ϒ(5S) → ϒ(1S,2S) π+π− ) ~ 2 ×10–5

However, we are seeing the , g
ϒ(5S) signal in data!!

If the signal comes from ϒ(5S)
B(ϒ(5S) → ϒ(1S)π+π− ) 

( )%

If the signal comes from ϒ(5S)

= (0.53 ± 0.03 ± 0.05)%
B(ϒ(5S) → ϒ(2S)π+π− ) 
= (0.78 ± 0.06 ± 0.11)%
Maybe, bottom version of
“Y” resonance (Yb) ??
Need scan!
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D0 Mixing
c u

0D 0D
Mixing of neutral mesons was 
observed in K0, Bd

0, Bs
0, but

W W

u c

0D 0Dobserved in K , Bd , Bs , but
not in D0 meson.

Too small in the SMToo small in the SM.
D0 mixing has been searched in B factories. 

B factories are also charm factories!B factories are also charm factories!

D0 mixing is often expressed in terms of two parameters, x and y.g p p , y

non zero x or y = mixingnon-zero x or y = mixing
In SM, both x and y is < 1%.
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D0 Mixing
One of the way to measure D0 mixing
is to measure lifetime difference:is to measure lifetime difference:

1
)(
)(

0

0

−
→

= +−

+−

KKD
KDyCP

πτ
)( 0 → +KKDτ

Decay time is measured from they
positions of D* vertex and D vertex.
K−K+ is CP even final state.

τ = 410.1±1.5 fs

In case of no CP violation in D0 system, y = yCP.

Other approach:
D0→K(*)ℓν
D0 K+D0→K+π−

D0→KSπ+π− 10.009.0
14.007.029.080.0 ++

−−±=x 06.008.0
08.012.024.033.0 ++

−−±=y (2.4σ)
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D0 Mixing

)%250320311( ±±

Result: first evidence!!

)%25.032.031.1( ±±=CPy
(Siginficance 3.2σ)( g )

[PRL 98, 211803 (2007)]

If we combine other measurements,
mixing is established with ~5σ
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Summary

First observation B0 → D*–τ+ν
0 0Evidence of D0-D0 mixing

Precise test of the standard model and probe to p
New Physics

More new (charmoniuum-like) particles.
New charged Z(4430) is a 4-quark state (?).g ( ) q ( )
New results on Bs decays using Belle’s data at ϒ(5S).
Anomalously large rate to ϒ(1S 2S)π+π−Anomalously large rate to ϒ(1S,2S)π π

More analyses are going on.y g g
Stay tuned with new results!
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Backupp
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CP Violation in the SM

Complex phase in the quark mixing matrix Kobayashi-Maskawa
Theory (1973)

→ source of CPV in Weak Interactions Theory (1973)

Requires 3 (or more) generation of quarks
• only 3 quaks (u, d, s) were known at that time!

• all 6 quarks are discovered.

CKM Matrix
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Time Dependent CP Asymmetry

CP Violation manifests itself in B0
f

proper-time difference (Δt)
distributions of two B meson B0

q
p

fCP

2Imλ

decays.
Bp

2ImλCP

1+ |λCP|2
S =

AC
( )( ) ( )( )
( )( ) ( )( )

CPdCPd

ftBftB
ftBftB

→Δ+→Δ
→Δ−→Δ≡

ΓΓ
ΓΓ

00

00

|λCP|2 -1 
|λCP|2 +1 

A =
= S sin(ΔmΔt) + A cos (ΔmΔt) 

C
P ( )( ) ( )( )CPdCPd ftBftB →Δ+→Δ ΓΓ 00

CP

q
pλCP =

A(B0→ fCP)
A(B0→ fCP)

S s ( t) cos ( t)
Mixing induced CPV Direct CPV

p A(B → fCP)
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Measurement of sin2φ1

B0 → J/ψ KS/L
ACP(Δt) = S sin(ΔmΔt) + A cos(ΔmΔt)

(ξ CP i t t )
b

c
cW

J/ψ
B0

S = -ξ sin(2φ1) (ξ : CP eigenstate)
A = 0

d s
d KS/KL precise measurement of φ1

b → s
S ξ sin(2φ )

In the SM,

b s
sgt

w

B0
φ, η’

S = -ξ sin(2φ1)

However, the value will change
d

s
s
d KS/KL

with non-SM contribution to the loop
Search for New Physics
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CPV in penguin
sb → penguin db → penguin

0000000 KB BMB657 BMB657
Δ

t)
000
SS KKB →

Δ
t)

0000 ππSKB → 32307 ±=sigN 1158±=sigN
BMB657 BMB657

preliminary

A
C

P
(Δ

A
C

P
(Δ

preliminarypreliminary preliminary 

0.06±0.24±0.17A
 0.09  ±0.49  ±0.43

−=
+=S

0.05±0.38±0.38A
 0.08  ±0.77  ±0.38

−=
−=S

2.0σ difference from the SM Consistent with the SM
predicton:

arXiv:0708.1845
predicton:

S=−sin2φ1 −0.68
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sin2φ1 Summary

Tree penguin differenceTree-penguin difference
is now 0.1σ

the difference is 2.2σ if
we exclude this result:
simple average is too 

ï b thnaïve because the error 
is non-gaussian
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B → ργ, ωγ

Dec. 3, 2007
Recent Update in Belle KEKB Review

28
S.Nishida (KEK)



B → ργ, ωγ
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