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Big Questions:

Where is new physics? 

How to observe it?
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Multi-Messenger

To observe a new observable —> photon polarization
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Outline

1.Why photon polarization of 

2.Time-dependent CPA in 

b → sγ

B0 → K0
Sπ+π−γ
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b->s transitions

๏ Rare decays

๏ Suppressed in SM

๏ Sensitive to BSM

Flavor-changing-neutral-currents (FCNC)
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Effective Field Theory

Heff = −
4GF

2
VtbV*ts

α
4π [C7γO7γ + C′�7γO′�7γ + ∑

i=9,10,S,P
(CiOi + C′�iO′ �i)]

O′�7γ = mb(s̄σμνPLb)Fμν

O9 = (s̄γμPLb)(ℓ̄γμℓ)
O10 = (s̄γμPLb)(ℓ̄γμγ5ℓ)

OS = (s̄PRb)(ℓ̄ℓ)
OP = (s̄PRb)(ℓ̄γ5ℓ)

Current  anomalies in b → sμ+μ−

1.LFUV RK and RK*
2. 
3.

Bs → ϕμ+μ−

P′�5 in B → K*μ+μ−

Never observed
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Photon Polarization in the SM

W boson 
couples only to 

left-handed 
quarks in SM

Photon is dominantly 
left-handed in b 

quark decay in SM

right-handed in anti-b quark decay
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chirality flip on external line



Wrong Polarization may be 
enhanced in New Physics

Chiral flip on internal line, 
resulting in a factor of

 mt/mb or mNP/mb, 
instead of ms/mb

Left-Right Symmetric 
Model

Photon Polarization is useful to search for New 
Physics models, and needs for more studies.
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in the LRSM

Re
⇥
C 0

7�/C7�

⇤
v.s. Im

⇥
C 0

7�/C7�

⇤
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How to Measure Polarization

1. Time-dependent CP asymmetry in
B ! fCP � (K0

S⇡
0�)

• Angular analysis in e+e- low mass region in
B̄ ! K⇤e+e�

• Measurement of hadronic state helicity in
B̄ ! A� ! P1P2P3�

2. Angular analysis



Time-dependent CP asymmetry in
B̄ ! fCP � and B̄ ! B ! fCP �

[Atwood, Gronau, Soni, 1997’]

ACP (t) ⌘
�(B(t) ! fCP �)� �(B(t) ! fCP �)

�(B(t) ! fCP �) + �(B(t) ! fCP �)
⇡ SfCP � sin(�mt)

• Indirect measurement of photon polarization

SfCP � ⌘ ⇠
2Im

⇥
e�i�MM(B ! fCP �L)M(B ! fCP �R)

⇤
��M(B ! fCP �L)

��2 +
��M(B ! fCP �R)

��2
⇡ ⇠

2Im
⇥
e�i�MC7�C 0

7�

⇤

|C7� |2 + |C 0
7� |2

[Ball,Jones,Zwicky,PRD2007’] [HFAG, 2013’] 

• In the future Belle II experiment, the error of S 
will be significantly reduced down to 2%.
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B̄ ! K⇤e+e�
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Photon contribution 
dominates at

Me+e� ⇠ 0

Angular Analysis: 

transverse asymmetries



Hadronic State Helicity in 
B̄ ! A� ! P1P2P3�

�� ⌘
��M(B ! K1R�R)

��2 �
��M(B ! K1L�L)

��2
��M(B ! K1�)

��2
⇡

��C 0
7�/C7�

��2 � 1
��C 0

7�/C7�

��2 + 1

[Gronau, et al, 2002’; Kou, et al, 2011’]B̄ ! K1� ! K⇡⇡�
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LHCb2014:
= (6.9 ± 1.7) × 10−2See W.Wang’s talk
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B0 → K0
Sπ0γ B → K1γ

B → K*e+e− B → K*e+e−

Re[C′�7/C7]

Im[C′�7/C7]

FSY, Kou, C.D.Lu, JHEP (1305.3173)



Time-dependent CPA in
B0 → K0

Sπ+π−γ
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In the SM, c’/c~ms/mb~0, interference->0

If observed non-zero CPA, signal NP
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Time-dependent CPA of B0 → K0
S ρ0γ
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Time-dependent CPA of B0 → K0
Sπ+π−γ

more
 intermediate 

states

Sπ+π−K0
Sγ

Sρ0K0
Sγ

-> measurement

-> purpose

Dilution factor
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Time-dependent CPA of B0 → K0
Sπ+π−γ



Relations between amplitudes

B → Kresγ Kres → ρKs, K*π, (Kπ)0π
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Relations between amplitudes
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Relations between amplitudes
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limited-size data sample

Dilution factor
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Experimental Strategies (I)

phase-space integrated analysis



Experimental Strategies (I)
Dilution factor

Isospin symmetry -> Large data sample from

Better reconstruction efficiencies
LHCb
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Experimental Strategies (II)
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sizable data sample
time-dependent amplitude analysis

In the Dalitz plane



Time-dependent amplitude analysis
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real part imaginary part



Time-dependent amplitude analysis

 27

Define symmetric region 
of the Dalitz plot

I
I



Time-dependent amplitude analysis
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To be measured:

from



Summary

• Photon polarization in b->s gamma is useful to 
search for new physics

• Methods proposed to measure photon polarization 
in B->Ks pi pi gamma

Thank you!



Backups





B-> KS pi0 gamma



phase-space integrated analysis



Time-dependent amplitude analysis



Outline

1.Heavy quark physics

2.Photon polarization of 

3.Progresses on measurements

4.Model-independent method to 
determine hadronic information

b → sγ

‣ Indirect search for NP

‣ Sensitive to NP

‣  B → K1γ → Kππγ

‣  D → K1eν → Kππeν
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1. Indirect search for BSM
๏ Tiny branching fraction of 
✓  Predict charm quark (Glashow, Iliopoulos, Maiani, 1970)

๏ Frequency of              oscillation  
✓  Predict charm quark mass (Gaillard, Lee, 1974)

K0
L → μ+μ−

K0 − K0

๏ CP violation in 
✓  Predict 3rd generation quarks (Kobayashi, Maskawa, 1973)

๏ Frequency of              oscillation  
✓  Predict top quark mass (late 1980’s)

K0
L → ππ

B0 − B0

 Discovery of charm quark (BNL, SLAC, 1974)

 Discovery of bottom quark (Fermilab, 1977)     
 Discovery of top quark (Fermilab, 1995)
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1. Heavy quark physics

๏ If LHC NOT discover any new particle beyond SM, 
precision study becomes an ideal platform to detect 
NP effects.

๏ If LHC discover new elementary particles beyond SM,  
precision flavor physics will be necessary to 
constrain the underlying coupling structure. 

Intensity frontier for BSM
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2. Photon polarization in b → sγ

Sensitive to new physics

Γi ∝ |ASM + ANP |2

A = ASM + ANP

|ANP | ≫ |ASM | ,   measuring • If Γi ∼ |ANP |2

|ANP | ≪ |ASM | ,   measuring asymmetries • If

Γi − Γi ∝ ANP/ASM
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Dominant Contribution to 
Wrong Polarization in LRSM

In LRSM, wrong polarization is enhanced by two factors 
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