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Ø Heavy Quark Physics

Ø Photon polarization in 𝑏 → 𝑠𝛾

Ø Recent Progresses on photon polarization 
measurements 

Ø Model-independent extraction using 𝐷 → 𝐾'𝑒)𝜈

Ø Summary

2



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
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Beyond SM

ØNeutrino: Mass, Dirac 
or Majorana Fermion 

ØDark Matter: 27% 

ØDark Energy

Ø…

ØHierarchy problem?

Ø…
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Beyond SM: Three Frontiers 

Tevatron, LHC…
Direct search

B factories
Tau/charm 
factory …
indirect search
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Beyond SM: Indirect search 

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 − 0𝐵 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)



7
Heavy Flavor Bottom Physics

Ø Extract the SM parameters: 
Vub, Vcb, Weak Phases

Ø Test SM: unitary triangle

Ø Hunt for NP: Rare Decays

b
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Bottom Physics: Unitary Triangle

ØCharged currents involving quarks:

𝐽2𝑊2) = −
𝑔
2
𝑈+8𝛾2𝑊2)𝑉:;<𝐷+8

𝑉:;< =
𝑉=> 𝑉=? 𝑉=@
𝑉A> 𝑉A? 𝑉A@
𝑉B> 𝑉B? 𝑉B@

Unitarity:
𝑉=>𝑉=@∗ + 𝑉A>𝑉A@∗ + 𝑉B>𝑉B@∗ =0 
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Bottom Physics: status
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Ø Looks great, but 
can be deceived 
(tension)

Ø O(10%-15%) NP 
is still allowed

High Precision



10
Bottom Physics: Prospect

Experiments provided many 
analyses

Ongoing Experiments 

3.5 GeV e+
8 GeV e–

3.1 GeV e+
9 GeV e–

109 events, leading to Nobel in 2008

1011 events, what will happen?

R.	de	Sangro	(LNF-INFN) June	5-9,	2017 FCPC	2017	-	Prague,	Czech	Republic

Belle

Expected(data(sample
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Chapter 1

Physics Motivation

In this chapter, we give an overview of the physics
motivation for the SuperKEKB asymmetric B factory.
The overview covers the e+e� environment, achieve-
ments at Belle, and the range of physics achievable at
SuperKEKB with the Belle II experiment. The Su-
perKEKB physics program is diverse, and the range of
physics topics that can be studied is very broad. This
chapter provides justifications for the design integrated
luminosity, and plans for running at di↵erent centre-of-
mass energies.

1.1 Overview

The SuperKEKB facility designed to collide electrons
and positrons at centre-of-mass energies in the regions
of the ⌥ resonances. Most of the data will be collected
at the ⌥(4S) resonance, which is just above thresh-
old for B-meson pair production where no fragmenta-
tion particles are produced. The accelerator is designed
with asymmetric beam energies to provide a boost to
the centre-of-mass system and thereby allow for time-
dependent charge-parity (CP ) symmetry violation mea-
surements. The boost is slightly less than that at KEKB,
which is advantageous for analyses with neutrinos in the
final state that require good detector hermeticity.

SuperKEKB has a design luminosity of 8 ⇥

1035cm�2s�1, about 40 times larger that of KEKB. This
luminosity will produce 5 ⇥ 1010 b, c and ⌧ pairs, at a
rate of about 10 ab�1 per year (see Table 1.1).

1.1.1 The Intensity Frontier

The Standard Model (SM) is, at the current level of ex-
perimental precision and at the energies reached so far,
is the best tested theory. Despite its tremendous success
in describing the fundamental particles and their inter-

Table 1.1: Beauty, ⌥, charm and ⌧ yields. Per year
integrals are at design luminosity and are for guidance
only.

Channel Belle BaBar Belle II (per year)
BB̄ 7.7⇥ 108 4.8⇥ 108 1.1⇥ 1010

B(⇤)
s B̄(⇤)

s 7.0⇥ 106
� 6.0⇥ 108

⌥(1S) 1.0⇥ 108 1.8⇥ 1011

⌥(2S) 1.7⇥ 108 0.9⇥ 107 7.0⇥ 1010

⌥(3S) 1.0⇥ 107 1.0⇥ 108 3.7⇥ 1010

⌥(5S) 3.6⇥ 107
� 3.0⇥ 109

⌧⌧ 1.0⇥ 109 0.6⇥ 109 1.0⇥ 1010

actions, excluding gravity, it does not provide answers
to many fundamental questions.

The SM does not explain why there should be only
three generations of elementary fermions and why there
is an observed hierarchy in the fermion masses. The
masses and mixing parameters of the SM bosons and
fermions are not predicted and must therefore be de-
termined experimentally. The origin of mass of funda-
mental particles is explained within the SM by spon-
taneous electroweak symmetry breaking, resulting in a
scalar particle, the Higgs boson. However, the Higgs bo-
son does not account for neutrino masses. It is also not
yet clear whether there is a only single SM Higgs boson
or whether there may be a more elaborate Higgs sector
with other Higgs-like particle as in supersymmetry or
other NP models.

Studies of symmetries have often illuminated our un-
derstanding of nature. At the cosmological scale, there
is the unresolved problem with the matter-antimatter
asymmetry in the universe. While the violation of CP
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�bb̄ ' �cc̄ ' �⌧+⌧�Note: 

*

* assuming 100% running at each energy

Expected(data(sample
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�bb̄ ' �cc̄ ' �⌧+⌧�Note: 

*

* assuming 100% running at each energy

Expected	data	sample	@	full	luminosity

Luminosity	pro]ile	of	the	next	generation	B	factory	@	KEK
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SuperKEKB luminosity projection

Goal of Be!e II/SuperKEKB

9 months/year
20 days/month
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• Assumptions:	

- same	commissioning	time	to	reach	
nominal	luminosity	as	in	KEKB	

- 9	months/year	running	
- 20	days/month
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Photon polarization in 𝑏 → 𝑠𝛾
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Photon polarization of 𝑏 → 𝑠𝛾

Ø The photon polarisation of the 𝑏 → 𝑠𝛾
process has an unique sensitivity to BSM 
with right-handed couplings.

Ø However, the photon polarisation has 
never been measured at a high precision 
so far: an important challenge for LHCb
(and its upgrade) and Belle II.

In SM,
Ø 𝑏 → 𝑠𝛾+ (BSM with right-handed)
Ø 0𝑏 → �̅�𝛾E (BSM with right-handed)

b

γL

sL
W



How do we measure the polarization?
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ØTime-dependent measurements:
ü𝐵> → 𝐾?𝜋G𝛾, 𝐵> → 𝜌𝛾
ü𝐵> → 𝐾?𝜋)𝜋-𝛾
ü𝐵? → 𝐾)𝐾-𝛾

ØAngular distribution：
ü Baryonic decays: Λ@ → Λ𝛾, request to 

the polarization of Λ@ or Λ
ü𝐵 → 𝐾KL? (→ 𝐾𝜋𝜋)𝛾

LHCb(2013): 
P𝝠b is “small” :
(0.06±0.07±0.02)



New Physics contributions in 𝑏 → 𝑠𝛾
14

Note: new physics contributions, 
C7γ

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



Angular analysis 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

' |C7R,NP |2 � |C7L,SM |2

|C7R,NP |2 + |C7L,SM |2

In SM, �� ' �1
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K1
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Gronau,Grossman, Pirjol, Ryd PRL88(’01)

30

Up-down asymmetry for K1

d�K1�

d cos ✓K
=

|A|2| ~J |2

4
⇥
"
1 + cos2 ✓K + 2�� cos ✓K

Im[~n · ( ~J ⇥ ~J⇤)]

| ~J |2
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d cos ✓K

d�(B!K1�)
d cos ✓KhR 1
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R 0
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d cos ✓K

d�(B!K1�)
d cos ✓K

= ��
3

4

Im[~n · ( ~J ⇥ ~J⇤)]

| ~J |2

Up-down asymmetry for K1

Angular distribution:

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

ü Non-zero decay factor requires imaginary 
part

ü Source of imaginary part: Breit-Wigner
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We need to understand
better the spectrum and make prediction

for up-down asymmetry.
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Generator for Kres➔Kππ decays



Semileptonic 𝐷 → 𝐾𝜋𝜋𝑒)𝜈

𝐾

𝜋
𝜋

𝑊∗𝐷 𝜈

𝑒)

K1
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𝐵 → 𝐾' 𝐾𝜋𝜋 𝛾 vs 𝐷 → 𝐾' 𝐾𝜋𝜋 𝑒)𝜈

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

t: timelike, ∼ 𝑝Z∗
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𝐵 → 𝐾' 𝐾𝜋𝜋 𝛾 vs D→ 𝐾' 𝐾𝜋𝜋 𝑒)𝜈

𝐵 → 𝐾'𝛾 𝐷 → 𝐾'𝑊∗

timelike polarization ∼ 𝑚[
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𝐷 → 𝐾' → 𝐾𝜋𝜋 𝑒)𝜈

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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Up-down asymmetries

𝐵 → 𝐾' 𝐾𝜋𝜋 𝛾

𝐷 → 𝐾' → 𝐾𝜋𝜋 𝑒)𝜈
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𝑃𝑟𝑜spect at BESIII & BelleII

𝐾' 1270 : 1) 𝐾' 1400 : 1)? 𝐾∗ 1410 : 1-
𝐾W∗ 1430 : 2)? 𝐾∗ 1680 : 1-?

LHCb: PRL112.161801(2014)
AUD = (6.9± 1.7)⇥ 10�2

[1.1-1.3]GeV:



28
Prospect

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
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𝐷 → 𝐾' → 𝐾𝜋𝜋 𝑒)𝜈 from BESIII

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? 
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Summary
Heavy Flavor Physics: indirect search for NP

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

Model-independent extraction using 𝐷 → 𝐾'𝑒)𝜈
ü Hadron inputs
ü Photon polarization in a model-independent way: 

NP?
ü BESIII, BelleII, LHCb, Super Tau-Charm, CEPC in 

future? 

Thank you very much!
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backup
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Including more 𝐾z resonances

The angular distribution for 𝐷 → 𝐾KL? → 𝐾𝜋𝜋 𝑒)𝜈

𝐾∗(1410)
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Including more 𝐾z resonances

𝐾W∗(1430)

The 𝐾' − 𝐾W interference 


