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Motivation:

3

In Standard Model b → s γ depend 
on b flavor

b                       s γ
L
 

b                       s γ
R

❖ allowed
❖ suppressed by m

s
/m

b

Presence of significant mixing-induced CP violation would indicate 
the presence of right handed currents and clear hint of new 
physics.
● This type of new physics does not require a new phase.



Time-dependant evolution at Belle II
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(Δz)
Belle2

 ~ 130 μm
(Δt)

Belle2
 ~ 0.94 ps

1. Fully reconstructed one of B mesons which decays to CP eigenstates

2. Tag-side determines its flavour (efficiency ≈ 30%)

3. Proper time (Δt) is measured from decay-vertex difference (Δz).

Direct CPV
mixing induced 

CPV



Inclusive analysis strategies for b → Xs γ
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Fully inclusive:

➢ Exploit clean decay 
environment on Belle II

➢ Can be fully hadronic tag       
(have full event 
information)

➢ ...or semi-leptonic tag           
(don’t have full event)

Sum-of-exclusives:

➢ Reconstruct, the 'X' 
from many exclusive 
decays:
X

s
 →Knπ, 3Kmπ, Kηmπ 

(n>1, m⪖1)

➢ Know flavor of B

➢ Know isospin

&



Electroweak FCNCs
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We can write the amplitude including RH contribution as:

We have a constraint from inclusive branching ratio measurement:

The polarization measurement carries information on

Products of field operators

(non-perturbative hadronic
matrix elements; Heavy
quark expansion in inverse
powers of m

b
 )

Wilson coefficients

(calculated perturbatively;
encode short-distance 
physics)



Time dependent CP violation analysis 
of      B0 → KS

0 π0 γ
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BaBar (N
BB

 = 467 * 106)[PRD 78 (2008) 071102]

Belle  (N
BB

 = 535 · 106)[PRD 74 (2006) 111104(R)]

Prediction:

Current world average:

● b → sγ
R

 is helicity suppressed ( m
s
/m

b
) wrt b → sγ

L

● B0 → f
CP

 γ
R

 interferes with B0 → B0-bar → f
CP

 γ
R

 only for helicity 

suppressed b → sγ
R

 decay

● TDCPV analysis is sensitive to the decay rate of b into “wrongly” 

polarized γ .

● New physics can enhance the b → sγ
R

 decay rate



Ks
0 reconstruction

● The reconstruction of K
S

0 is the only source of 

information to determine the vertex position of B
sig

0.

● The channel of K
S

0 reconstruction is K
S

0 → π+ π−

● The K
S

0 flight direction is extrapolated backwards and 

matched to the estimated region in which the e+ e− 

collisions take place.
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Photon polarization 
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Photon polarization
Standard Model makes definite prediction 
of photon helicity (D. Atwood et al., Phys. Rev. Lea. 

79, 185 (1997)): 
● B0 → X

s
 γ

R
 

● B0 → X
s
 γ

L

If a helicity flip occurs, the photon will also 
flip its helicity, producing 
B0 → X

s
 γ

L.
No common final state for B0 and B0-bar

● Suppression of asymmetry S due to 
interference between B0 mixing and 
decay diagrams

● TD CP asymmetry measurements 
give an indirect measurement of 
photon polarization.

Indirect probe of photon polarization by measuring:



Predictions for Belle II 
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Summary

1. Belle II provides a large dataset + improved detector and physics software (Flavor 

tagging and Vertex reconstruction).

2. Unique possibilities for modes with final state with neutral particles (π0, γ)

3. For b → s γ transitions we can safely assume that all the channels will be dominated 

by the statistical uncertainties.

4. For most of the penguin dominated modes Belle II is projected to reduce the WA 

errors by a factor of:

-  2 to 3 already with 5 ab-1

-  8 with 50 ab-1
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Backup
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Belle II Nano-Beam
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Interaction vertex
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