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Outline

● Belle

– B→τν
● BaBar

– CPV in mixing from B D*l→ ν partial 
reconstruction

– First observation of time reversal violation

● Perspectives
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B → τν 
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Motivation
Presented by M.Huschle at Moriond 2012
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Previous measurement
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Reconstruction
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Signal Extraction
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Results
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Results
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CPV in mixing from B→D*lν
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CPV in B0 Mixing
● Mixing B0 B0 originates

from box diagram

● In Y4S decays B produced in entangled state (B0B0-B0B0)

● ACP measured experimentally as

● SM prediction very small (Lenz, Nierste, arXiv:1102.4274 (2011)) 

– B
d
:    Ad

SL
= (­4.1±0.6)10­4    Φ

d
=­4.3º±1.4º;   B

s
:     As

SL
=(1.9±0.3)10­5     Φ

s
=0.22º±0.06º

● Hadron colliders measure a combination of B0
d
 and B0

s
 predicted to be

– Ab
SL =CdA

d
SL+CsAs

SL=Ab
SL

=(­0.028+/­0.006)%

ACP=
Prob( B̄0→B0 , t)−Prob (B0→ B̄0 , t )

Prob( B̄0→B0 ,t )+Prob(B0 → B̄0 , t)

ASL=
N (l+ l+)−N ( l− l−)

N (l+ l+)+N ( l− l−)
=

1−∣q/ p∣
4

1+∣q / p∣
4 =

∣Γ12
q ∣

∣M 12
q ∣

sin Φ≃2 (1−∣q / p∣)
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CPV in B0 mixing
● HFAG average of ϒ(4S) results 

(arXiv:1207.1158v1 (2011)):

– |q/p|
d
=1.0002±0.0028

– Ad
SL 

= (-0.05±0.56)%

– In agreement with SM

● D0 result on charge Asymmetry 
of like-sign dimuons differs by 
3.9 σ from SM expectation (Phys. 
Rev. D 84, 052007 (2011)):

Ab
SL

=(-0.787±0.172±0.093)%
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Analysis Method

● Partial reconstruction of 
B D*l→ ν + new approach

– Tag the flavor using Kaon

– b->K- + b->c->K-

– b->D->K+

● Signal extraction from fit to

● D* 4-momentum from πsoft 
kinematics

ASL=
N (l+ K+)−N (l− K−)

N (l+ K+
)+N (l− K−

)

Mν2

K+

K+
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K+

K+

● Equal charge kaons from the 
reco side mimicking a mixed 
event can be distinguished using 
∆z and the angle θlk between the 
lepton and the kaon

● Information exploited to 
disentangle detector asymmetry 
from physical asymmetry 
without relying on different 
control samples

●  Arec=lπ reco asymm

● Atag=K reco asymm

B0 B+

Single lepton Arec + Asl*χ
d

Arec

Kaon from 
tag side

Arec + Atag(P
K
)

+Asl

Arec + 
Atag(P

K
)

Kaon from 
rec side

Arec + Atag(P
K
)

+Asl*χ
d

Arec + 
Atag(P

K
)
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Results
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Time Reversal Violation
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Time reversal violation and CPT

● CP violation is observed in B and K mesons decays
● No violation of CPT is observed
● CPT is also a fundamental requirement of 

quantum field theories
● To conserve CPT, CP violation requires T violation
● In B decays CP violation is large, can we measure 

a large T violation?
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CP Violation
● CP violation was measured precisely using 

b->ccs transitions
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Time reversal



4/4/2013 IFAE 2013 Cagliari - G. Simi 20

 
B0→l-

e+ e-

B0

Y4S

Flavor entanglement
|i>=[B0(t

1
)B0(t

2
)-B0(t

1
)B0(t

2
)]/√2

t
flav

t
CP∆t=t

CP
-t

flav

J/Psi

K
LCP=+1 ≡ B+   ∆z=βγc∆t 

<∆z>=250µm

B0→l+

e+ e-

Y4S

CP entanglement
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From R.De Sangro ICHEP 2012
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Fit Parameters
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Time Reversal Results
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Perspective
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Taking BaBar and Belle one step 
further

● Why is the weak scale and the Higgs mass so different 
from the Planck mass ?

● Quantum stabilization of the EW scale suggests that new 
physics (new particles) is expected at a scale of 1TeV

● One approach is to increase the energy frontier and 
produce directly the new particles

● A complementary approach is to study the flavor sector 
with increased precision to measure “virtual” effects
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NP sensitive processes

● CP violation in b->s 
penguin

● B->sγ
● B->τν
● τ-> µγ, lll
● D decays: CP Violation 

in charm sector
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The B-recoil method
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Belle II vs LHCb
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Accelerator

● After cancellation of the SuperB project the future for an e+e- 
accelerator in Italy is not well defined. A workshop on a tau-charm 
factory will be held in May

● The Belle II project is going forward according to the schedule
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Conclusions

● New approach to measure CP Violation in mixing. Most precise 
measurement of |q/p| consistent with SM

● First direct observation of Time Reversal violation. Results are 
consistent with expectation from CP violation and CPT 
conservation

● New B→τν result consistent with the CKM fit
● Perspective for high precision measurements complementary 

to high energy frontier and to LHCb
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