
Photon Helicity in 𝑏 → 𝑠𝛾 Decays
towards New Physics Search 

Wei Wang
wei.wang@sjtu.edu.cn

SJTU

The 2019 International Workshop on the High Energy Circular 
Electron Positron Collider
11.18-11.20 2019 Beijing 



2

Ø Photon polarization in 𝑏 → 𝑠𝛾

Ø Recent Progresses on photon polarization

Ø Model-independent extraction with semileptonic
decays

Ø Summary



THE STANDARD MODEL(SM)
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Ø 1960-1970s
Ø Gauge Field Theory: SU(3)xSU(2)xU(1)
Ø Fermion：

üquark
ülepton

Ø Bosons：
üGauge boson
üHiggs boson



BEYOND SM: THREE FRONTIERS 
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Tevatron, LHC…
Direct search

B factories
Tau/charm 
factory …
indirect search



BEYOND SM: INTENSITY FRONTIER 
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If the LHC did not discover any new particle
beyond SM, precision study becomes an ideal
platform to detect NP effects.

If the LHC discovers new elementary particles
beyond SM, then precision physics will be
necessary to constrain the underlying
framework.



INDIRECT SEARCH FROM 
HISTORY 6

The tiny branching ratio of the decay 𝐾& → 𝜇(𝜇)
led to the prediction of the charm quark to suppress FCNCs
(Glashow, Iliopoulos, Maiani 1970)

The measurement of the frequency of kaon anti-kaon oscillations allowed a 
successful prediction of the charm quark mass
(Gaillard, Lee 1974)
(direct discovery of the charm quark in 1974 at SLAC and BNL)

The observation of CP violation in kaon anti-kaon oscillations let to the prediction 
of the 3rd generation of quarks
(Kobayashi, Maskawa 1973)

The measurement of the frequency of 𝐵 − 𝐵, oscillations allowed to predict the 
large top quark mass
(various authors in the late 80’s)
(direct discovery of the bottom quark in 1977 at Fermilab)
(direct discovery of the top quark in 1995 at Fermilab)



BOTTOM PHYSICS
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CKM
f i t t e r

Ø Looks great, 
but can be 
deceived
(tension)

Ø O(10%-15%) 
NP is still 
allowed
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LHCb: PRL, 113, 151601(2014)
LHCb: 1705.05802

SM: Geng, et.al, 1704.05446 

2

considerable attentions have been paid to explore new physics contributions (see Refs. [22–28] and

references therein), while at the same time, this has also triggered the thoughts to revisit the

hadronic uncertainties [29, 30].

More strikingly, the LHCb measurement of the ratio [31]:

RK [q2min, q
2
max] ⌘

R q2max

q2min
dq2d�(B+

! K+µ+µ�)/dq2

R q2max

q2min
dq2d�(B+ ! K+e+e�)/dq2

, (1)

gives a hint for the lepton flavour universality violation (LFUV). A plausible speculation is that

deviations from the SM are present in b ! sµ+µ� transitions instead in b ! se+e� ones. Very

recently the LHCb collaboration has found sizable di↵erences between B ! K⇤e+e� and B !

K⇤µ+µ� at both low q2 region and central q2 region [32]. Results for ratios

RK⇤ [q2min, q
2
max] ⌘

R q2max

q2min
dq2d�(B ! K⇤µ+µ�)/dq2

R q2max

q2min
dq2d�(B ! K⇤e+e�)/dq2

, (2)

are given in Tab. I, from which we can see the data showed significant deviations from unity. These

interesting results have subsequently attracted many theoretical attentions [33–56].

TABLE I: Ratios of decay widths with a pair of muons and electrons in B ! K`+`� and B ! K⇤`+`�.

Observable SM results Experimental data

RK : q2 = [1, 6]GeV2 1.00± 0.01 0.745+0.090
�0.074 ± 0.036

Rlow
K⇤ : q2 = [0.045, 1.1]GeV2 0.920+0.007

�0.006 0.66+0.11
�0.07 ± 0.03

Rcentral
K⇤ : q2 = [1.1, 6]GeV2 0.996± 0.002 0.69+0.11

�0.07 ± 0.05

The statistics significance in the data is low at this stage, about 3� level. In order to obtain

more conclusive results, one should measure the muon-versus-electron ratios in the B ! K`+`�

and B ! K⇤`+`� more precisely, meanwhile one should also investigate more channels with better

sensitivities to the structures of new physics contributions. In this paper, we will focus on the

latter. To do so, we will first discuss the implications of the RK and RK⇤ anomalies in a model-

independent way, where the new particle contributions are parameterized in terms of e↵ective

operators. Since there is lack of enough data, we analyze their impact on the Wilson coe�cients of

SM operators O9,10. We then propose to study the lepton flavor universality in a number of rare

B,Bs, Bc and ⇤b decay channels. Incorporating the new physics contributions, we will present the

predictions for the muon-versus-electron ratios in these channels, making use of various updates of

form factors [58–63]. We will demonstrate that the measurements of lepton flavor non-universality

with di↵erent polarizations of the final state hadron, and in the b ! d`+`� processes are of great

value to decode the structure of the underlying new physics.

2.6 Sigma

2.3 Sigma

2.5 Sigma

q2:invariant mass of lepton 
pair

Anomalies in heavy flavor: New Physics or 
QCD contaminations ?
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Photon polarization in 𝑏 → 𝑠𝛾



PHOTON POLARIZATION OF 
𝑏 → 𝑠𝛾 10

ØThe photon polarization of the
𝑏 → 𝑠𝛾 process has an unique
sensitivity to BSM with right-
handed couplings.

ØHowever, the photon polarization
has never been measured at a
high precision so far: an
important challenge for LHCb
and Belle II.

W-boson couples 
only left-handed

𝛾 from 	𝑏 → 𝑠𝛾 should 
be mostly left-handed 

ü 𝑏 → 𝑠𝛾: left-handed polarization
ü 𝑏, → 𝑠̅𝛾: right-handed polarization
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ØTime-dependent measurements:
ü𝐵5 → 𝐾6𝜋8𝛾, 𝐵5 → 𝜌𝛾
ü𝐵5 → 𝐾6𝜋(𝜋)𝛾
ü𝐵6 → 𝐾(𝐾)𝛾

ØAngular distribution：
ü Baryonic decays: Λ< → Λ𝛾,	 request 

to the polarization of Λ< or Λ
ü𝐵 → 𝐾=>6 (→ 𝐾𝜋𝜋)𝛾

LHCb(2013): 
P𝝠b is “small” :
(0.06±0.07±0.02)
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Note: new physics contributions, 
C7γ

NP and/or C’7γNP can be complex numbers!
We only consider C’7γNP in the following. 
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Discovering NP:   Competitive
Constraining NP:  Complementary

�� =
|C 0NP

7� |2 � |CSM
7� |2

|C 0NP
7� |2 + |CSM

7� |2



Angular distribution of 
B➔K1γ➔(Kππ)γ
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�� ⌘ |A(B̄ ! K̄1R�R)|2 � |A(B̄ ! K̄1L�L)|2

|A(B̄ ! K̄1R�R)|2 + |A(B̄ ! K̄1L�L)|2

=
|C 0NP

7� |2 � |CSM
7� |2

|C 0NP
7� |2 + |CSM

7� |2

In SM, �� ' �1
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B meson is a spin-0 hadron:
Photon polarization is equivalent to the 
polarization of Kaon resonance!



Gronau,Grossman, Pirjol, Ryd PRL88(’01)

30
Up-down asymmetry for K1
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Up-down asymmetry for K1

Angular distribution:

ü To measure λγ, we need to know the decay 
factor 𝐼𝑚 𝑛. 𝐽×𝐽∗ /|𝐽|K

ü Non-zero decay factor requires imaginary 
part

ü Source of imaginary part: Breit-Wigner
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To extract photon helicity, 
we have to reliably understand decay mechanism, 

but…
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From Emi Kou



Semileptonic 𝐷 → 𝐾𝜋𝜋𝑒(𝜈:
𝐾

𝜋
𝜋

𝑊∗𝐷 𝜈

𝑒(

K1 Bs, tau

WW, F.S. Yu, Z.X.Zhao, 1909.13083



VS
21

Polarization of 𝑊∗: +, -, 0, tPolarization of 𝛾: +, -

t: timelike, ∼ 𝑝R∗
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The angular coefficients are given 
as:

d�K1e⌫e

d cos ✓Kd cos ✓l
= d1[1 + cos2 ✓K cos2 ✓l]

+ d2[1 + cos2 ✓K ] cos ✓l + d3 cos ✓K [1 + cos2 ✓l]

+ d4 cos ✓K cos ✓l + d5[cos
2 ✓K + cos2 ✓l].

Angular Distributions:
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cos ✓KParity Odd: 

cos ✓K(|c+|2 � |c�|2)Im[n ·~(J ⇥ J⇤)]

Parity Violation: cos ✓l

cos ✓l(|c+|2 � |c�|2)| ~J |2
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B ! K1(! K⇡⇡)�

𝐷 → 𝐾S → 𝐾𝜋𝜋 𝑒(𝜈
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AUD = (6.9± 1.7)⇥ 10�2

[1.1-1.3]GeV:
LHCb: 
PRL112.161801(2014)

A significant deviation from the above value would 
be  a clear signal for new physics beyond SM.

A0
UD = (9.2± 2.3)⇥ 10�2

If SM
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Dependence	of	𝐶]^_`a on ratio of up-down asymmetries

-1.0 -0.5 0.0 0.5 1.0
0.0

0.5

1.0

1.5

2.0

AUD
�

C7γ' NP 2

C7γSM 2



28

BESIII: 1907.11370

B(D+ ! K
0
1e

+⌫) = (2.3± 0.26± 0.18± 0.25)⇥ 10�3.

BESIII, BelleII, LHCb, Super Tau-Charm, CEPC in future? 



SUMMARY
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Heavy Flavor Physics: indirect search for NP

Photon polarization in 𝑏 → 𝑠𝛾:  unique to probe right-
handed couplings

Model-independent extraction using 𝐷 → 𝐾S𝑒(𝜈
ü Photon polarization in a model-independent way: 

NP?
ü BESIII, BelleII, LHCb, Super tau-charm, CEPC?

Thank you very much!
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The angular distribution for 𝐷 → 𝐾=>6(→
𝐾𝜋𝜋)𝑒(𝜈

𝐾∗(1410)
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𝐾K∗(1430)

The 𝐾S − 𝐾K interference 


