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Outline

★ B2TiP: Belle II physics working group

★ The b→sγ as a window to BSM

★ Belle II prospect and comparison to LHCb 

★ Theoretical uncertainties

★ Conclusions



‣ New physics models predict naturally deviation from SM in 
flavour and CP violating phenomena. 

‣ But then, what is the indication of the non-appearance of 
new physics? And where/how to search it now?  

Increase the 
sensitivity to new 

physics by an order of 
magnitude! 

Discovery in Flavour Physics
Well motivated. But we need to improve the sensitivity?

Belle/Babar

Belle II

SuperKEKB/Belle II 

It’s not 
there yet?!



Evidence for direct CP 
violation in B  K+ π−

Evidence for B  τ ν

Observation of  b  dγ

Observation of B  K(*)ll 

Observation of CP 
violation in the B meson 
system

Measurements of mixing-induced
CP violation in B   ϕKs, η’Ks etc.

Discovery 
of X(3872)

Evidence for D0 mixing

Observation of direct CP 
violation in B  ρ+ ρ−

Slide taken from 
talk by T. Browder

Legacy of Babar/Belle
Many 2-3σ seen, disappeared, unclear etc... 



Discovery through precision

    ΔNP = (exp. - SM) ± √(σexp)2+(σSM)2                         
         = c/(MNP)n=2
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How do we push 

this bound by an order 
of magnitude??? 

Channels which shows 
2-3σ deviation ---> 

reduce error by a factor 
of “a few”!

Channels which is 
consistent to SM within 
2-3σ errors ---> NP 
possible if we reduce 
error by a factor of ? 

High Luminosity 
machine! 
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run II 8fb-1 

start! 10 ab-1

3fb-1

1 ab-1 50 ab-1Belle 
II

LHCb

New Collaboration Institutes

6

18 Institutes

New 2 countries: Italy (9), Mexico (4) !

! July 2013

(2)

Belle II Collaboration

7
23 countries, 95 institutes, 599 collaborators

(as of 2014.01.24)

2013

New Collaboration Institutes

5

!March 2013  (1 new country, 6 new inst.)

(1)

(keeping Babar/ATLAS 
membership)

In 2013, many of the former 
Babar/SuperB-Italy joined.

ILC community 
in Belle II
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    ΔNP = (exp. - SM) ± √(σexp)2+(σSM)2                         

The strength of Belle II (by me)!!

Prospects at Belle II

Extrapolate Belle measurements to 5 and 50 ab−1

Systematic uncertainties scale primarily with integrated luminosity, with the exception of ACP

measurements of channels with K0
s :

⇒ asymmetry of K0/ K0 interactions in material (σired ≈ 0.2%) Phys. Rev. D 84, 111501 (2011)

Ideally separate the reducible and irreducible systematic errors (unchanged throughout data
accumulation) when extrapolating.

- Over 200 channels in our WG
(must be done by hand so very time-consuming and prone to errors...)

- Few modes are systematically limited, so treat all syst. errors as redcible for now.
- Apply scaling to all stat. and syst. errors to Belle results via:

σBelle II =
√

(σ2
stat + σ2

syst)
LBelle
50ab−1 + σ2

ired

Special care will be given to golden modes (e.g., K0π0).

P. Goldenzweig Charmless Hadronic B Decays 30.10.2014 7 / 22

B0 → π0π0

• π0 → γγ ⇒ experimentally challenging

• preliminary Belle result on full data (not used in isospin analysis, yet)

B(B0 → π0π0) = (0.90± 0.12± 0.10)× 10−6

only few signal events (224± 29); syst. error dominated by π0 efficiency

with high statistics:

• photon conversion makes vertexing possible→ time-dependent analysis

Sπ0π0

CP : important new input for isospin analysis

⇒ Belle2 opens new possibilities

Pit Vanhoefer(MPI) φ2 B2TIP fall 2014 9

Statistics:
Remove also “reducible systematic errors”

Challenges for legendary channels?! 
Time dependent CPV in π0π0 ??

Particle ID: 
Jump in the δS sensitivity!

P. Urquijo, B2TiP, Semileptonic & Leptonic WG 16
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Full reconstruction of B  

* modes w/ multiple !’s 

* inclusive measurements 

Hermeticity  

* minimal trigger for, e.g. Dalitz analysis 

* precision " measurements 

Neutral particles 

* and for !, !!, "+, etc.   

other notable features 

* good PID for both #± and e± 

* high flavor-tagging efficiency  

! "#$%&'())(*&)+,-&./01
/0

π0,K0
S ,K

0
L

2(33(&44&567(*8-9&!:;<&6=&>?@&&

,-A&"B")*,5C1#&D&$;&E(*&(7(-)

0.910 ! 0.35

Missing energy channels!

Statistics is not all about Belle II!



Why B2TiP?



Why B2TiP

KEK where Belle II is hosted is the natural gathering point where 
flavour physics experts meet to discuss and develop topics of  

flavour physics for Belle II. 

Deliverable: “KEK green report”  by the early 2017

NEW IDEAS

What’s new in Belle II 
compared to Babar/Belle?

➡ Efficiencies and precision of 
the new hardware

➡ New analysis softwares and 
methods 

What’s new in theory after Babar/
Belle & LHCb result?

➡ Progresses in QCD
➡ New physics models and their 

constraints 
➡ New observables

E.K & P. Urquijo
http://kds.kek.jp/getFile.py/access?contribId=14&sessionId=0&resId=0&materialId=slides&confId=15226

http://kds.kek.jp/getFile.py/access?contribId=14&sessionId=0&resId=0&materialId=slides&confId=15226
http://kds.kek.jp/getFile.py/access?contribId=14&sessionId=0&resId=0&materialId=slides&confId=15226


9 working groups
Find details on the B2TiP website

https://belle2.cc.kek.jp/~twiki/bin/view/Public/B2TIP

WG1 G. De Nardo, A. Zupanic, M. Tanaka, F. Tackmann, A. Kronfeld

WG2 A. Ishikawa, J. Yamaoka, U. Haisch, T. Feldmann

WG3 T. Higuchi, L. Li Gioi, J. Zupan, S. Mishima

WG4 J. Libby, Y. Grossman, M. Blanke

WG5 P. Goldenzweig, M. Beneke, C.-W. Chiang, S. Sharpe

WG6 G. Casarosa, A. Schwartz, A. Kagan, A. Petrov

WG7 Ch.Hanhart, R.Mizuk, R.Mussa, C.Shen, Y.Kiyo, A.Polosa, S.Prelovsek

WG8 K. Hayasaka, T. Feber, E. Passemar, J. Hisano

WGNP R.Itoh, F.Bernlochner, Y.Sato, U.Nierste, L.Silvestrini, J.Kamenik, V.Lubicz

I:  Leptonic/Semi-leptonic II: Radiative/Electroweak III: phi1(beta)/phi2(alpha) IV: phi3 (gamma) 
V: Charmless/hadronic B decays VI: Charm VII: Quarkonium(like) VIII: Tau & low multiplicity NP: New Physics

https://belle2.cc.kek.jp/~twiki/bin/view/Public/B2TIP
https://belle2.cc.kek.jp/~twiki/bin/view/Public/B2TIP


Workshop schedule

06/14
Kickoff
meeting

10/14
WS-KEK
KEKFF

~04/15
WS (nonKEK)

Krakow

~11/16
B2TiP 

Report Camp
@ MIAPP 
(Munich)

early 17
Editorial 
meeting

02/14
Approval 

of  B2TiP

~10/15
WS-KEK

KEKFF (Tokyo)

~05/16
WS (nonKEK)

Pittsburgh 

To receive information, subscribe to the mailing list b2tip@... send an e-mail to Ph.Urquijo

02/15
NP-WG

KIT workshop
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Belle II Theory Interface Platform — Working Group 9

February 23rd-25th  2015

Conveners:!

Florian Bernlochner (Bonn)!

Ryosuke Itoh (KEK)!

Vittorio Lubicz (Rome)!

Jernej Kamenik (IJS Ljubljana)!

Emi Kou (LAL-Orsay)!

Ulrich Nierste (KIT)!

Luca Silvestrini (Rome)

H+

!New Physics 

 at Belle II

Karlsruhe Institute of Technology (KIT) — Germany

Local Organizing Committee:!

Monika Blanke   !

Pablo Goldenzweig!

Thomas Kuhr !

Andreas Pargner  !

Martina Schorn 

Thomas Deppisch!

Martin Heck!

Ulrich Nierste!

Stefan Schacht!

Paul Tremper

https://indico.cern.ch/event/357770/

Ulrich Nierste (TTP) Summary KIT workshop 28 Apr 2015 3 / 8

Summary of the workshop

https://d2comp.kek.jp/record/283
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REPORT PLANNING
Phase 1(2014)

• Identifying the ‘Golden 
channels’

Phase II (2015)
• Detailed studies (theory 

uncertainties, experimental 
simulations) 

• New ideas???
Phase III (2016) 

• Finalizing the analysis/text
• Editing

Krakow workshop (~100 participants)



https://belle2.cc.kek.jp/~twiki/bin/view/B2TiP/B2TIPGoldenModes

Group Observables Mode SM or CKM
Fit
Expectation

Belle 2014 Babar 2014 Belle
II 5
/ab

Belle
II 50/
ab

LHCb
2014

LHCb
8/fb

LHCb
50/fb

 WG

page

   

           

   0.053 0.018  0.2 0.04

    0.028 0.011    

    0.100 0.033    

           

 , 

, 

  (Belle + Babar)     

           

 WG page

(total)

     

 

(CP

eigenstate)

        

 

(CB/DCS

decays)

        

 

(Self-

conjugate)

        

 

(SCS decays)

        

           

Hadronic B

WG page

  0.07 0.04    

          

          

          

          

          

          

          

          

           

Semileptonic

& Leptonic

WG page

inclusive
  1.2%     

 
exclusive

  1.8% 1.4%    

 
exclusive (Hadronic tag)

  4.4% 2.3%    

           

 
(Hadronic tag)

  10% 5%    

    20% 7%    

 
(Hadronic tag)

  5.6% 3.4%    

 
(Hadronic tag)

  4.4% 2.3%    

           

Radiative &

Electroweak

WG page

  %  1.0% 0.5%    

  not measured yet  % 1.7% 0.7%    

  not measured yet x.x% x.x%    

Copyright © 2008-2015 by the contributing authors. All material on this collaboration platform is the property of the contributing authors. 

Ideas, requests, problems regarding TWiki? Send feedback

           

   0.11 0.035    

   0.23 0.07    

           

        

        

           

  20%  7% 2.0%    

           

           

Charm WG

page

  2.9% 0.9%    

   3.5% 2.3%    

   30% 25%    
           

   11 6    

   0.29 0.09    

   0.08 0.03    

    0.1 0.03    

           

   0.14 0.11    

   0.08 0.05    

   0.10 0.07    

      

           

Tau WG

page

     

          

  
missing energy

        

-- Main.PhillipUrquijo - 2015-05-14

This topic: B2TiP > WebHome > B2TIPGoldenModes 

Topic revision: r4 - 2015-08-25 - EmiKou

•All the numbers to be filled (with some document 
attached if  necessary)

•We will prepare next i) Bs Golden channel table ii) 
Y(3/6 s)  table iii) “Next-to-Golden” channel table. 

Golden channels to be worked out!

https://belle2.cc.kek.jp/~twiki/bin/view/B2TiP/B2TIPGoldenModes
https://belle2.cc.kek.jp/~twiki/bin/view/B2TiP/B2TIPGoldenModes


B2TiP Krakow 2015 highlights
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FIG. 2: SuperKEKB and LHCb integrated luminosity projections in ab−1 and fb−1 respectively

Year

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

 Y
ie

ld
(Y

e
a

r)
/Y

ie
ld

(2
0

1
5

)

1

10

210

Belle (II) Baseline

Belle (II) Kshort 

Belle (II) Btag 

LHCb Hadronic
LHCb Leptonic

Belle II Projection (March 2015)

Year

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

(Y
e

a
r)

s
ta

t.
!

(2
0

1
5

)/
s
ta

t.
! 

0

2

4

6

8

10

12

Belle (II) Baseline

Belle (II) Kshort 

Belle (II) Btag

LHCb Hadronic
LHCb Leptonic

Belle II Projection (March 2015)

FIG. 3: Expected yield enhancement for selected analysis types in Belle II and LHCb (left), and
expected statistical error reduction factors (right).

4

Many LHCb talks:
comparison or competition??? 

Summary of the 2nd B2TiP workshop (Krakow)∗

July 19, 2015

In this short note, we summarize the report from the working groups on the last day of the 2nd
B2TiP Workshop at Krakow (26-29 April, 2015).

The working group conveners are asked to propose five top priority observables, i.e. Belle II golden
modes, and scrutinize them within the B2TiP working groups, namely by estimating the precision
of the theoretical uncertainties and the achievable precision at Belle II with 5, 10, and 50 ab−1 of
data.

∗Prepared by the organizers E. Kou (LAL-IN2P3) and P. Urquijo (Melbourne)

1

Summary of the 2nd B2TiP workshop (Krakow)∗

July 19, 2015

In this short note, we summarize the report from the working groups on the last day of the 2nd
B2TiP Workshop at Krakow (26-29 April, 2015).

The working group conveners are asked to propose five top priority observables, i.e. Belle II golden
modes, and scrutinize them within the B2TiP working groups, namely by estimating the precision
of the theoretical uncertainties and the achievable precision at Belle II with 5, 10, and 50 ab−1 of
data.

∗Prepared by the organizers E. Kou (LAL-IN2P3) and P. Urquijo (Melbourne)
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!New Physics 

 at Belle II

Karlsruhe Institute of Technology (KIT) — Germany

Local Organizing Committee:!

Monika Blanke   !

Pablo Goldenzweig!

Thomas Kuhr !

Andreas Pargner  !

Martina Schorn 

Thomas Deppisch!

Martin Heck!

Ulrich Nierste!

Stefan Schacht!

Paul Tremper
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Summary of the workshop

https://d2comp.kek.jp/record/283
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Many new Belle II simulation 
results presented!  

1 ab-1

8 fb-1

10 ab-1

50 ab-1

23 fb-1

3 fb-1
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We need to maximise “first-physics” scientific/

publication output in phase 2 & early phase 3.

B2TiP Report Delivery
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FIG. 9: Higgs-strahlung production of a dark photon, which subsequently decays to a lepton pair
or hadron pair, and a dark Higgs, which subsequently decays to dark photon pair.

• Case (b), MA′ < Mh′ < 2MA′ : h′ → A′A′∗ where A′∗ is a virtual dark photon that
decays into leptons. Only two dark photons can be reconstructed. The signature in
Belle II would be 6 leptons in the final state.

• Case (c), Mh′ > 2MA′ : h′ → A′A′. Three dark photons can be detected. The signature
in Belle II would be a combination of 6 leptons and hadrons in the final state. All
three dark photons can be reconstructed.

In the Higgs-strahlung channel, two couplings are involved: the electromagnetic coupling
of the dark photon to SM particles, α′ = ε2α (where ε is the kinetic mixing and α is the SM
electromagnetic coupling constant), and the dark photon coupling to the dark Higgs, αD.
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WG1: Semi-leptonic and Leptonic B Decays
Conveners: [Theory] A. Kronfeld (Fermilab), F. Tackmann (DESY), M. Tanaka (Osaka); [Experiment] G.

De Nardo (Naples), A. Zupanc (IJS Slovenia)

At this workshop, the working group has focused on the |Vcb| extraction (exclusive and inclusive)
and new physics search at B → D(∗)τντ while the |Vub| extraction (exclusive and inclusive semi-
leptonic and pure-leptonic) were discussed at the 1st B2TiP workshop at KEK in 2014.

During the workshop, there was a detailed report from the Mainz Vub − Vcb workshop, which
summarized very well the various issues in this subject [1]. Some interesting results by LHCb
were presented during the workshop, namely on the |Vub| determination by using the Λ0

b → pµν
channel (together with lattice QCD estimate of the form factors) [2] and the possible B → D(∗)τντ

measurement using three prong τ decays.

Golden modes proposal

• Purely leptonic modes (B → τν, B → µν)
There are some studies to be done, such as the efficiency of the hadronic reconstruction (full
simulation needed) and also the impact of the residual energy in the calorimeter.

• B → D(∗)τντ

Full exploration of this channel including the R ratio, the q2 distribution, polarization/angular
analysis

• Inclusive B → Xclν
Spectra and moments of kinematical distributions

• |Vub| determination with B → πlν mode
Rate and spectra of variables

• Inclusive |Vub| determination with hadronic tags
Precise measurement of the differential distributions

Bs physics with Υ(5S) data
There are variety of semi-leptonic Bs decays, such as:

Bs → Dslν, Xclν, K(∗)lν, ,X − ulν, ττ

To investigate further, it is necessary to estimate the efficiency for Bs full reconstruction. The
working group will clarify the most interesting measurements from theory point of view and com-
plementarity with Bd physics.

2

WG2: Radiative and Electroweak Penguins
Conveners: [Theory] T. Feldmann (Siegen), U. Haisch (Oxford); [Experiment] A. Ishikawa (Tohoku), J.

Yamaoka (PNNL)

Currently there are very intriguing LHCb anomalies observed in electroweak penguin processes,
namely the angular distribution P ′

5 in B → K∗µ+µ− channel (3.7σ) and the Br(B → Kµ+µ−)/Br(B →
Ke+e−) ratio, RK ratio (2.6σ). Although LHCb has advantages for these particular channels, with
all the final state charged, due to its high statistics, there are many observables that only Belle
II can do or Belle II can do better, namely, i) time dependent analysis (e.g. exclusive semi-
leptonic B → V l+l−, radiative b → sγ, dγ), ii) inclusive decays (e.g. angular analysis of inclusive
B → Xsl+l−) and iii) missing energy channels (e.g. B → K(∗)νν̄). The presentations were focused
in this direction. In particular, iii) is certainly the mode where a significant improvement is ex-
pected due to the much higher hadronic tagging efficiency with the Belle II 6-layer VTX. It should
be also noted that recently the SM prediction became larger (9.19 ± 0.86 ± 0.50) × 10−6 [3] which
makes this mode more accessible for Belle II. Concerning i) (see also WG3), the precision of the
time dependent CP asymmetry of b → sγ, dγ will be significantly improved by Belle II with its
high statistics. Further improvement is expected for b → dγ due to the reduction of the B → K∗γ
background thanks to the improved Belle II particle identification. As the experimental precision
will go down to a few percent level, the estimate of the SM theory uncertainty will become crucial
for b → sγ modes. Detailed discussions have been made during the workshop and we hope that
theorists will arrive to a consensus.

Golden modes proposal (To be finalized/reduced!)
The golden modes are chosen according to three criteria, i) sensitivity should be improved at least
5 times better than Belle, ii) sensitivity is much better than upgraded LHCb, iii) significant impact
to new physics

• Direct CP asymmetry of B → Xsγ, ∆ACP

• Branching ratio and Direct CP asymmetry of B → Xdγ

• Lepton Universality in B → Xsl+l−

• Time dependent CP asymmetry in B → KSπ0γ

• Time dependent CP asymmetry in B → ργ

• Branching ratio of B → K∗νν̄

• Branching ratio of Bd,s → γγ

• Lepton flavour/number violating B decays, B → Kτµ,Kτe, τµ, τe

• Time dependent angular analysis of B → KSπ0l+l−

Bs physics with Υ(5S) data
Bs → γγ is an interesting channel both for new physics and QCD. The SM prediction Br(Bs →
γγ) = (0.18 − 2.45) × 10−6 is a factor of 10−3 smaller than the current experimental limit set with
120fb−1 of data.

3

WG5: Charmless Hadronic B Decays
Conveners: [Theory] M. Beneke (TUM), C.-W. Chiang (NCU); [Experiment] P. Goldenzweig (KIT)

First of all, the working group has submitted the summary of the 1st B2TiP workshop [6].

The scope of the working group is very wide: a total of ∼ 200 decay channels in charmless B decays
and various observables, i.e. branching ratio, angular analysis, direct CP asymmetry. Moreover
there are also many interesting channels in Bs decays. The charmless B decays are loop dominated
so the branching ratios are relatively small and few modes are systematically limited for now. with
Belle II, the statistical errors will be significantly reduced and also the improved K/π separation and
π0 reconstruction will help to further push down the current limit. The systematic experimental
errors roughly scale with integrated luminosity:

σBelle II =

√

(σ2
stat + σ2

syst)
LBelle

50ab−1 + σ2
ired

where σsyst and σired are, respectively, the so-called irreducible and irreducible systematic errors.
The full projection of the HFAG 2012 table was shown at the 1st B2TiP workshop [7] and projection
to HFAG 2014 is in progress. Concerning the irreducible error, it is known that the direct CP

asymmetry with KS receives significant uncertainties due to the asymmetry of K0/K
0

interactions
in material, which is estimated to be σired " 0.2 %. It should be noted that the working group do
not work on ππ, ρρ, ρπ, a1π nor φKS , η′KS ,KSKSKS , which are of the mandates of WG3.

Golden modes proposal
In general Belle II has an advantage over LHCb for channels including neutral particles in the final
state. The interests of the following channels are not only the branching ratio measurement but
also direct CP and the angular analysis when it is available:

• 2-Body Final Sate:
Long-lived final states such as B → Kπ,KK, with special emphasis on the B → K0π0.

• Quasi-2-Body Final State:
Decays in which one or both of the decay products is a resonance (scalar, pseudoscalar, vector,
axial-vector mesons), namely, B → K∗π,Kρ, B → φK∗, B → K∗ρ. For the last two B → V V
channels, the angular analysis is crucial.

• 3-Body Final State:
Final states with π or K e.g. B → KSK+K−,K+K−π0, B+ → K+π0π0,KSπ+π0.

Bs physics with Υ(5S) data

• 2-Body Final Sate:

The Bs → hh(h = π,K) decays with an emphasis on Bs → K0K
0
.

• Quasi-2-Body Final Sate:
Bs → φπ0

6



Introduction: 
the b→sγ as a window to BSM



b s
W−

γ
R L

L

! b ➔s γL (left-handed polarization)
! b ➔s γR (right-handed polarization)

W-boson couples 
only left-handed

γ of b ➞s γ should be 
circularly-polarized

• The photon polarization of b ➔sγ process has 
an unique sensitivity to BSM with right-handed 
couplings. 

• However, the photon polarization has never 
been measured at a hight precision so far: an 
important challenge for future experiments 
such as  LHCb and Belle II. 

Photon polarization of b→sγ modes

In SM



Right-handed: which NP model?
What types of new physics models?                                
For example, models with right-handed 
neutrino, or custodial symmetry in general 
induces the right handed current. 
  

 
Which flavour structure?                           
The models that contain new particles which 
change the chirality inside of the b➔sγ loop 
can induce a large chiral enhancement! 

Left-Right symmetric 
model: mt/mb

SUSY with δRL mass 
insertions: mSUSY/mb

Cho, Misiak, PRD49, ’94 
Babu et al PLB333 ‘94

Gabbiani, et al.  NPB477 ’96
Ball, EK, Khalil, PRD69 ‘04

Blanke et al. JHEP1203                     Girrbach et al. JHEP1106 

Left-Right symmetric 
model (WR)

SUSY GUT model δRR 
mass insertion

NP signal 
beyond the 

constraints from 
Bs oscillation 
parameters 
possible.

b

γ
L R

R

W−???



MR

ML
!

C ′NP
7γ

CSM
7γ + CNP

7γ

We can write the amplitude including RH contribution as:

While the polarization measurement carries information on

M(b → sγ) " −4GF√
2

V ∗
tsVtb



(CSM
7γ + CNP

7γ )〈O7γ〉︸ ︷︷ ︸
∝ML

+C ′NP
7γ 〈O′

7γ〉︸ ︷︷ ︸
∝MR





Br(B → XSγ) ∝ |CSM
7γ + CNP

7γ |2 + |C ′NP
7γ |2

We have a constraint from inclusive branching ratio measurement:

Current status on the constraint on the 
right-handed contribution

Note: new physics contributions, 
C7γNP and/or C’7γNP can be complex numbers! 

In this talk
C’7γNP≠0, C7γNP=0

Other scenarios, see 
A. Tayduganov et al.

JHEP 1208



How do we measure the polarization?!

‣Method 1: Time dependent CP asymmetry in 
Bd➔KSπ0γ, KSπ+π-γ, Bs➔Κ+Κ-γ (called SKSπ0γ, 
SKSπ+π-γ, SΚ+Κ-γ)

‣Method II: Transverse asymmetry in Bd➔K*l+l-

(called ΑΤ(2), ΑΤ(im))

‣Method III: B➔K1(➔Kππ)γ (called λγ)

‣Method IV: Λb➔Λ(*)γ, Ξb➔Ξ*γ ...  

Atwood et.al. PRL79

Kruger, Matias PRD71
Becirevic, Schneider, 

NPB854 

Gronau et al PRL88
E.K. Le Yaouanc, Tayduganov

PRD83

proposed methods

Gremm et al.’95, Mannel et 
al ’97, Legger et al ’07, 

Oliver et al ‘10
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σAT2
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σλ(0.1-0.2)



Comparison of the three methods
Becirevic, EK, Le Yaouanc, Tayduganov in preparation
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How do we measure the polarization?!

‣Method 1: Time dependent CP asymmetry in 
Bd➔KSπ0γ, KSπ+π-γ, Bs➔Κ+Κ-γ (called SKSπ0γ, 
SKSπ+π-γ, SΚ+Κ-γ)

‣Method II: Transverse asymmetry in Bd➔K*l+l-

(called ΑΤ(2), ΑΤ(im))

‣Method III: B➔K1(➔Kππ)γ (called λγ)

‣Method IV: Λb➔Λ(*)γ, Ξb➔Ξ*γ ...  

Atwood et.al. PRL79

Kruger, Matias PRD71
Becirevic, Schneider, 

NPB854 

Gronau et al PRL88
E.K. Le Yaouanc, Tayduganov

PRD83

proposed methods

Gremm et al.’95, Mannel et 
al ’97, Legger et al ’07, 

Oliver et al ‘10

Separation of Kππ resonances are essential for 
these studies. 



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

A =

∫ π/2
0 d|M|2dθ −

∫ π
π/2 d|M|2dθ

∫ π
0 d|M|2dθ

=
3
4
〈Im(n̂ · ( "J × "J∗))〉

〈| "J |2〉
|cR|2 − |cL|2

|cR|2 + |cL|2

Helicity amplitude 
of K1(1+)➔Kππ!J : λ : Polarization parameter 

related to C7, C7’ etc...

B
!K

K*"

""

K"

#$1

Friday, October 11, 13

A= - 0.085
     ±0.019(stat)
     ±0.003(syst)

LHCb-CONF-2013-009 

spin 0

Measuring the photon polarization using 

B!K1(1400)! (!K""!) 

Left

Right

!

"

Gronau, Grossman, Pirjol, Ryd hep-ph/0107254

# K1

Why do we use K1(1400)? 

K1(1400) decays to three bodies. 3 body decay

spin 1spin 1

* Most likely, K1 can decays through (Kπ)Sπ, too. 

J function

Source of imaginary part : 
overlap of two Breite-Wigner 

∫ 1
0 cos θ dΓ

d cos θ −
∫ 0
−1 cos θ dΓ

d cos θ∫ 1
−1 cos θ dΓ

d cos θ

Daum et al,  Nucl Phys, B187 (‘81)
Thesis of S. Akar (Babar)

Theoretical uncertainties for  λγ
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Theoretical uncertainties for  λγ

LHCb measurements of photon polarization in B → Xs γ

To extract the photon polarization, the various K π π and their interferences
have to be taken into account

Analysis performed simultaneous in 4 regions of mK π π in variable related to
cos θ:

Angular analysis: Results and cross-checks

×10−2 [1.1, 1.3] [1.3, 1.4] [1.4, 1.6] [1.6, 1.9]

c1 6.3 ± 1.7 5.4 ± 2.0 4.3 ± 1.9 −4.6 ± 1.8
c2 31.6 ± 2.2 27.0 ± 2.6 43.1 ± 2.3 28.0 ± 2.3
c3 −2.1 ± 2.6 2.0 ± 3.1 −5.2 ± 2.8 −0.6 ± 2.7
c4 3.0 ± 3.0 6.8 ± 3.6 8.1 ± 3.1 −6.2 ± 3.2

Aud 6.9 ± 1.7 4.9 ± 2.0 5.6 ± 1.8 −4.5 ± 1.9

[PRL 112, 161801 (2014)]

Results

Quoted uncertainties contain statistical and systematic contributions

Combined significance determined from a χ2 test where the null hypothesis is
defined as λγ = 0, implying Aup−down = 0 in each mass interval

5.2σ significance for non-zero up-down asymmetry

First observation of a parity-violating photon polarization different from 0

Cross-checks

Adding further orders in Legendre polynomials: negligible effect
Further cross-checks performed with counting experiment and give:

Compatible up-down asymmetry
Lower significance (5.0σ) but in agreement with expectations from pseudo
experiments

JF Marchand (LAPP) CKM 2014 – September 11, 2014 14 / 18

Angular distribution in B → K1(1
+)(→ Kππ)γ

Experimentally, we measure the decay width (sum of left and right-handed contributions):

dΓ
(
B̄ → K̄1γ → (P1P2P3)γ

)

ds ds13 ds23 dcosθ
∝

∑

L,R

Γ
(
B̄ → K̄1 L,RγL,R

) ∣∣M
(
K̄1 L,R → P1P2P3

)∣∣2

The differential decay width of K̄1 L,R decay can be described by the helicity amplitude Jµ

and the left- and right-handed circular-polarization vector εµK1 L,R

M(K̄1 L,R → P1P2P3)= εµK1 L,R Jµ

Decay width for the isolated single 1+ resonance:

dΓ
(
B̄ → K̄1γ → (P1P2P3)γ

)

ds ds13 ds23 dcosθ
∝

1

4
| $J |2

(
1 + cos2θ

)
+ λγ

1

2
Im

(
$n ·

(
$J × $J ∗)

)
cosθ

Difference between the left- and right-handed
polarization amplitudes comes from
Im($n · ( $J × $J ∗))

To be nonvanishing: requires the amplitude J
to contain more than one amplitude with a
nonvanishing relative phase

Condition realized for K1 → Kππ
(nonvanishing relative phase originating from
Breit-Wigner forms)

Kou et al. PRD 83, 094007 (2011), Gronau, Pirjol, PRD 66, 054008 (2002), Gronau et al., PRL 88, 051802 (2002)
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Interpretation in terms of Aud =
∫ 1
0 d cos θ dΓ

d cos θ−
∫ 0
−1 d cos θ dΓ

d cos θ∫
− 11 d cos θ dΓ

d cos θ

∝ Polarization

→ Combined 5.2σ significance of non-zero up-down asymmetry = polarization

17 / 31

Figure 3: Background-subtracted K+π−π+ invariant mass distribution, obtained using
the sPlot technique [24].
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Figure 4: Invariant Kππγ mass for B+ (left) and B− (right) candidates with the result of the
simultaneous fit overlaid. The signal component is shown in red (solid), combinatorial background
in green (dotted), missing pion background in black (dashed) and partially reconstructed
background in purple (dot-dashed).

sample. As expected, the up-down asymmetries obtained for B+ and B− are compatible,
−0.084± 0.026 and −0.086± 0.025, respectively, where uncertainties are statistical only.

8

[1+] K1(1270) [1+] K1(1400)???

[2+] K2*(1430)???

LHCb-CONF-2013-009 

[1-] K*(1680)???

We need J function to 
interpret the LHCb result.



Strong decay of K1➔Kππ

How to extract the hadronic information (i.e. function J)?

1. Model independent extraction i.e. from data (most ideal)

B➔J/ΨK1, τ➔K1ν...
2. Model dependent extraction i.e. theoretical estimate

Assume K1➔Kππ comes from quasi-two-body 
decay, e.g. K1➔K*π, K1➔ρK, then, J function can be 
written in terms of:
‣4 form factors (S,D partial wave amplitudes) 
‣2 couplings (gK*Kπ, gρππ)
‣1 relative phase between two channel

Modeling J function:  A.Tayduganov, EK, Le Yaouanc PRD ‘03

 A.Tayduganov, EK, Le Yaouanc, in preparation
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Modeling J function:  A.Tayduganov, EK, Le Yaouanc PRD ‘03

 A.Tayduganov, EK, Le Yaouanc, in preparation
Simultaneous fit of B->J/psi K1 & B-> K1 gamma 

A =

∫ π/2
0 d|M|2dθ −

∫ π
π/2 d|M|2dθ

∫ π
0 d|M|2dθ

=
3
4
〈Im(n̂ · ( "J × "J∗))〉

〈| "J |2〉
|cR|2 − |cL|2

|cR|2 + |cL|2

Proposition to 
LHCb/Belle II! 



EK, Le Yaouanc, A.Tayduganov, PRD83 (‘11)

DDLR method: improved polarization 
measurement using B➔K1(➔Kππ)γ

dΓ
ds13ds23dcos θ

∝ 1
4

| "J |2(1 + cos2 θ) + λ
1
2
Im

[
"n · ( "J × "J∗)

]
cos θ

DDLR method Davier, Duflot, Le Diberder, 
Rouge, PLB306 ‘93

✓ The polarization information is not only in the angular 
distribution but also in the Dalitz distribution.

✓ When the PDF depends only linearly to the polarization 
parameter, one can simplify the analysis using the ω variable. 

Applied to the τ polarization 
measurement at ALEPH

ω(s13, s23, cos θ) ≡ 2Im[#n · ( #J × #J∗)]cos θ

| #J |2(1 + cos2 θ)



Bs(t=0)

Bs➔ΦγL

Bs➔ΦγL

K+K-γL

f+(t)

q/pf-(t)

C7
’

C7

Bs(t=0)

Bs➔ΦγL

Bs➔ΦγL

K+K-γL

p/qf-(t)

f+(t)

C7

C7
’

Bs(t=0)

Bs➔ΦγR

Bs➔ΦγR

K+K-γR

f+(t)

q/pf-(t)

C7

C7
’

Bs(t=0)

Bs➔ΦγR

Bs➔ΦγR

K+K-γR

p/qf-(t)

f+(t)

C7
’

C7

Photon polarization with TDCPV 



Bs(t=0)

Bs➔ΦγL

Bs➔ΦγL

K+K-γL

f+(t)

q/pf-(t)

C7
’

C7

Bs(t=0)

Bs➔ΦγL

Bs➔ΦγL

K+K-γL

p/qf-(t)

f+(t)

C7

C7
’

Bs(t=0)

Bs➔ΦγR

Bs➔ΦγR

K+K-γR

f+(t)

q/pf-(t)

C7

C7
’

Bs(t=0)

Bs➔ΦγR

Bs➔ΦγR

K+K-γR

p/qf-(t)

f+(t)

C7
’

C7

C7’/C7=ms/mb

Photon polarization with TDCPV

In SM, CP asymmetry suppressed.
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Photon polarization with TDCPV

A large CP asymmetry = right-handed contributions

Done for B->ρKSγ->K+π+π-γ at Babar: 
The K+π+π- final state could come from other 

intermediate states (i.e.K*π, κπ). 
Dilution factor needed to be extracted! 

S. Akar, E. Ben-Haim, J. Hebinger, E. Kou, F.  Yu
to be submitted



Time-dependent decay rate of Bs→Φγ 

It can be shown that for these processes the distribution in the angle φ between the
e+e− plane and the plane defined by the final state hadrons (e.g. Kπ resulting from K∗

decay) should be isotropic for purely circular polarization, while the deviations from this
isotropy includes the same parameter AR/AL, indicating the presence of right-handed
photons [39, 40, 41, 42]. However multiple scattering does not allow to identify the decay
plane for the low invariant mass e+e−-pair. This is not the case for pair creation from
virtual photons where one can select pair masses above 30 MeV/c2 without losing too
much rate. However in this case other diagrams contribute with longitudinal virtual
photons. The LHCb prospects for this measurement are discussed elsewhere [43].

Another way is to study the time evolution of B0
(s) → ΦCPγ decays, where ΦCP is

some CP-eigenstate. In this case the time-dependent decay rate can be conventionally
parameterized as follows:

ΓB0
(s)→ΦCPγ (t) = |A|2 e−Γ(s)t

(
cosh

∆Γ(s)t

2
−A∆ sinh

∆Γ(s)t

2
+ C cos ∆m(s)t− S sin ∆m(s)t

)
(1.6a)

ΓB̄0
(s)→ΦCPγ (t) = |A|2 e−Γ(s)t

(
cosh

∆Γ(s)t

2
−A∆ sinh

∆Γ(s)t

2
− C cos ∆m(s)t + S sin ∆m(s)t

)
(1.6b)

Within the SM one has [44]:

C ≈ 0

S ≈ sin 2ψ sin ϕ(s) (1.7)

A∆ ≈ sin 2ψ cos ϕ(s),

where ψ is defined as

tan ψ ≡

∣∣∣∣∣
A

(
B̄(s) → ΦCPγR

)

A
(
B̄(s) → ΦCPγL

)
∣∣∣∣∣ (1.8)

and related to the fraction of “wrongly”-polarized photons2; and ϕ(s) is the sum of B0
(s)

mixing phase and CP-odd weak phases for right AR and left AL amplitudes. From
Eqs. (1.7) and (1.8) one can see that the measurement of A∆ and S directly determines
the “wrongly”-polarized photon fraction [44].

For the B0 system the parameter ∆Γ is negligible, and as a result the terms propor-
tional to A∆ vanish:

ΓB0→ΦCPγ (t) ≈ |A|2 e−Γt
(
1− S sin ∆mt

)
(1.9a)

ΓB̄0→ΦCPγ (t) ≈ |A|2 e−Γt
(
1 + S sin ∆mt

)
(1.9b)

2Note that the parameter λγ , defined by Eq. (1.4) could be expressed as λγ = cos 2ψ.
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:Untagged :Tagged

|A|2 : |A|2
(

1 +
∣∣∣∣
q

p
ρ

∣∣∣∣
2
)

A∆ :
−2Re

(
q
pρ

)

1 + | qpρ|2
C :

1−
∣∣∣ q
pρ

∣∣∣
2

1 +
∣∣∣ q
pρ

∣∣∣
2

S :
−2Im

(
q
pρ

)

1 +
∣∣∣ q
pρ

∣∣∣
2

For Bs

! Oscillation part (q/p) might be the same as e.g. Bs->J/ψΦ.
! Decay part (ρ) is sensitive to C7’/C7 ! 

Useful to study charm 
contributions ?!?!
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BELLE II LHCb

J. Hebinger and E.K in preparation 

Preliminary Preliminary
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Theoretical Uncertainties



Theoretical uncertainties for  SKSπ0γ  
Becirevic, EK, Le Yaouanc, Tayduganov, JHEP 1208

The term ms/mb in SM, which is about 2 %. Similar order 
to the experimental precision achievable at 50 ab-1

The uncertainties in the oscillation phase, Φ1. Current 
experimental error can induce about 1-2% but it can be 
improved in the future. 

Charm penguin, 2% OR 10%?!  



In Refs. [39, 40], the authors give a general discussion in the framework of the Soft

Collinear Effective Theory and end up with two important conclusions: 1) the “wrong”

helicity amplitude is suppressed by a factor O(ΛQCD/mb), 2) it comes mainly from the O2

operator. The conclusion is a parametric estimate of the ratio

M(B → K
∗
γR)

M(B → K
∗
γL)

∼ (C2/3)

C7γ

ΛQCD

mb
∼ 10% . (40)

This number is not a quantitative estimate since the matrix elements are not known. Only

a rough order of magnitude estimate of the matrix element of the local operator is made.

The actual result could be larger or smaller. Furthermore, the above result corresponds

to the approximation of zero charm quark mass, mc = 0.

Another quantitative estimate of this “wrong” chirality contamination is offered with

the method of QCD sum rules in the work of Khodjamirian et al. [41], and Ball et al. [42].

They roughly agree in that the non-perturbative contribution of the O2 operator9 is very

small, which hardly modifies the tree-level estimate, ms/mb. The result of Ref. [42] is

M(B → K
∗
γR)

M(B → K
∗
γL)

# ms

mb
× (0.8± 0.2) # 2% . (41)

The large numerical discrepancy between Eq. (40) and (41) is surprising, since they seem

to come from the same basic effect.

In terms of the effective Hamiltonian the decay amplitude for the B → K
∗
γ decay,

can be written as

M(B → K
∗
γ) =− 4GF√

2
VtbV

∗
ts〈K

∗
γ|C7γO7γ + C ′

7γO ′
7γ

+ iεµ∗γ
∑

i #=7γ

Ci

∫
d4xeiqxT{je.m.

µ (x)Oi(0)}|B〉 ,
(42)

and the numbers in Eqs. (40) and (41) are estimates of this quantity, with the same basic

idea of attaching the electromagnetic current and a soft gluon to a c-quark loop starting

from the four-fermion operator O2. A possibility to relieve the helicity suppression of

right-handed photons is indeed to consider an additional gluon emission resulting in the

three-particle final state b → sγg 10.

Of course, one could explain the discrepancy simply by invoking the fact that the

estimate (40) is very approximate, while the other (41) is based on QCD sum rules. A

more careful analysis allows to be more specific. The result in Eq. (40) comes with the

assumption mc = 0 in the loop function

κ(z) =
1

2
− 2

z
arctan2

[√
z

4− z

]
, (43)

9A complementary estimate using LCSR with B meson wave functions has been given in [43].
10In the case of the three-particle final state the argument of the helicity conservation in the footnote 1

is no longer valid.
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QCD sum-rule SCET

26 Flavour physics in the Standard Model and beyond

(where Nc = 3 is the number of colours) and performing the Fierz transformation, the
dominant O2 operator can be rewritten as

O2 =
1

3
(cαLγµcαL)(sβLγµbβL)
︸ ︷︷ ︸

O1

+2(cαLγµt
a
αβcβL)(sρLγµtaρδbδL) (1.38)

Note that the O1 contribution vanishes for the on-shell photon due to its colour structure.
Hence, only the second term of Eq. (1.38) contributes. Attaching a gluon to the charm
loop and expanding the correlation function in Eq. (1.36) of the rewritten operator O2

(see the diagram in Fig. 1.5) in terms of the inverse powers of the charm quark mass, one
obtains the effective quark-quark-gluon operator [21,22]

OF = iεµ∗
γ

∫
d4xeiqxT{[c(x)γµc(x)]O2(0)}

= − 1

48π2m2
c

(DρFαβ)[sγρ(1− γ5)gsG̃
a
αβtab] + . . .

(1.39)

where Fαβ = i(qαεβ∗ − qβεα∗) and the dots denote terms of higher order in 1/mc.
Two hadronic matrix elements can be parametrized in terms of three form factors, T1,

L and L̃ in the following way [22]:

〈K∗
γ|O(′)

7γ |B〉 = − e

8π2
mbT

(K∗)
1 (0)

[
εµνρσε

µ∗
γ εν∗

K∗p
ρ
K∗qσ

± i{(ε∗
γε

∗
K∗)(pK∗q)− (ε∗

γpK∗)(ε∗
K∗q)}

] (1.40)

and

〈K∗
γ|OF |B〉 = 〈K∗

γ|(DρFαβ)[sγρ(1− γ5)gG̃a
αβtab]|〉B

= 2〈K∗
γ|sγµ(1− γ5)q

µgsG̃αβb|B〉εα∗
γ qβ

= 2
(
Lεµνρσε

µ∗
γ εν∗

K∗p
ρ
K∗qσ + iL̃[(ε∗

γε
∗
K∗)(pK∗q)− (ε∗

γpK∗)(ε∗
K∗q)]

) (1.41)

The B → K∗ form factor T1 and L, L̃ are computed using the light-cone QCD sum
rules. Note that L and L̃ are functions of the three-particle (s-quark, spectator quark and
gluon) K∗ wave function. The difference between L and L̃ comes e.g. from the different
distribution amplitudes of the vector and axial vector wave functions of K∗. The T1 form
factor was computed in Ref. [23] and its updated value can be found in [24]

T (K∗)
1 (0) = 0.31± 0.04 (1.42)

and the most recent calculation by Ball and Zwicky [22] gives the values of L and L̃:

L = (0.2± 0.1) GeV3, L̃ = (0.3± 0.2) GeV3 (1.43)
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Add gluon to charm line and 
expand in terms of 1/mc

1.4 Photon polarization with new physics 27

Writing explicitly the left- and right-handed polarization vectors of the photon and K∗,
one finds that the operator OF induces corrections of (L ± L̃)/(mbm2

c) to the left/right-
handed amplitudes. Thus the amplitudes for the left- and right-handed photon emission
in the B → K

∗
γ can be written as follows:

M(B → K
∗
γL) = −4GF√

2
CL〈K

∗
γL|O7γ|B〉 (1.44a)

M(B → K
∗
γR) = −4GF√

2
CR〈K

∗
γR|O′

7γ|B〉) (1.44b)

where the new left/right-handed coefficients are defined as [22]

CL = C(0)eff
7γ (mb)− C(0)

2 (mb)
L + L̃

36mbm2
cT

(K∗)
1 (0)

(1.45a)

CR = C ′ (0)eff
7γ (mb)− C(0)

2 (mb)
L− L̃

36mbm2
cT

(K∗)
1 (0)

(1.45b)

Therefore, in addition to the small ms/mb contribution ofO′
7γ, there is potentially non-

negligible right-handed pollution non-perturbative contribution. A numerical estimate
for them is extremely important. Khodjamirian et al. [21] and later Ball and Zwicky [22]
roughly agree on the magnitude of the non-perturbative contribution of the O2 operator.
We quote the estimate for B → K∗γ using the form factors calculated by Ball and Zwicky:

CL = C(0)eff
7γ (mb)× (1 + (0.02± 0.01))

CR = C(0)eff
7γ (mb)×

ms

mb
× (1− (0.17± 0.18))

(1.46)

which gives the ratio
CR

CL
' ms

mb
× (0.8± 0.2) (1.47)

Therefore, the right-handed contribution is rather small and the non-perturbative cor-
rection is of the order of 20% decrease to the leading ms/mb term (in particular, this
correction is important for the precise determination of the time-dependent CP asymme-
try in B → KSπ0γ decay which is proportional to CR/CL). Note that this calculation has
not been provided for the case of B → K1γ. It should be noticed that CR/CL obtained
by Khodjamirian et al. and by Ball and Zwicky is much smaller than the one estimated
by Grinstein et al. in Eq. (1.35).

1.4 Photon polarization with new physics

When we consider the new physics contributions, the right-handed contribution can be
significantly enlarged by different types of Dirac structure that those new physics models
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26 Flavour physics in the Standard Model and beyond

(where Nc = 3 is the number of colours) and performing the Fierz transformation, the
dominant O2 operator can be rewritten as

O2 =
1

3
(cαLγµcαL)(sβLγµbβL)
︸ ︷︷ ︸

O1

+2(cαLγµt
a
αβcβL)(sρLγµtaρδbδL) (1.38)

Note that the O1 contribution vanishes for the on-shell photon due to its colour structure.
Hence, only the second term of Eq. (1.38) contributes. Attaching a gluon to the charm
loop and expanding the correlation function in Eq. (1.36) of the rewritten operator O2

(see the diagram in Fig. 1.5) in terms of the inverse powers of the charm quark mass, one
obtains the effective quark-quark-gluon operator [21,22]

OF = iεµ∗
γ

∫
d4xeiqxT{[c(x)γµc(x)]O2(0)}

= − 1

48π2m2
c

(DρFαβ)[sγρ(1− γ5)gsG̃
a
αβtab] + . . .

(1.39)

where Fαβ = i(qαεβ∗ − qβεα∗) and the dots denote terms of higher order in 1/mc.
Two hadronic matrix elements can be parametrized in terms of three form factors, T1,

L and L̃ in the following way [22]:

〈K∗
γ|O(′)

7γ |B〉 = − e

8π2
mbT

(K∗)
1 (0)

[
εµνρσε

µ∗
γ εν∗

K∗p
ρ
K∗qσ

± i{(ε∗
γε

∗
K∗)(pK∗q)− (ε∗

γpK∗)(ε∗
K∗q)}

] (1.40)

and

〈K∗
γ|OF |B〉 = 〈K∗

γ|(DρFαβ)[sγρ(1− γ5)gG̃a
αβtab]|〉B

= 2〈K∗
γ|sγµ(1− γ5)q

µgsG̃αβb|B〉εα∗
γ qβ

= 2
(
Lεµνρσε

µ∗
γ εν∗

K∗p
ρ
K∗qσ + iL̃[(ε∗

γε
∗
K∗)(pK∗q)− (ε∗

γpK∗)(ε∗
K∗q)]

) (1.41)

The B → K∗ form factor T1 and L, L̃ are computed using the light-cone QCD sum
rules. Note that L and L̃ are functions of the three-particle (s-quark, spectator quark and
gluon) K∗ wave function. The difference between L and L̃ comes e.g. from the different
distribution amplitudes of the vector and axial vector wave functions of K∗. The T1 form
factor was computed in Ref. [23] and its updated value can be found in [24]

T (K∗)
1 (0) = 0.31± 0.04 (1.42)

and the most recent calculation by Ball and Zwicky [22] gives the values of L and L̃:

L = (0.2± 0.1) GeV3, L̃ = (0.3± 0.2) GeV3 (1.43)
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In Refs. [39, 40], the authors give a general discussion in the framework of the Soft

Collinear Effective Theory and end up with two important conclusions: 1) the “wrong”

helicity amplitude is suppressed by a factor O(ΛQCD/mb), 2) it comes mainly from the O2

operator. The conclusion is a parametric estimate of the ratio

M(B → K
∗
γR)

M(B → K
∗
γL)

∼ (C2/3)

C7γ

ΛQCD

mb
∼ 10% . (40)

This number is not a quantitative estimate since the matrix elements are not known. Only

a rough order of magnitude estimate of the matrix element of the local operator is made.

The actual result could be larger or smaller. Furthermore, the above result corresponds

to the approximation of zero charm quark mass, mc = 0.

Another quantitative estimate of this “wrong” chirality contamination is offered with

the method of QCD sum rules in the work of Khodjamirian et al. [41], and Ball et al. [42].

They roughly agree in that the non-perturbative contribution of the O2 operator9 is very

small, which hardly modifies the tree-level estimate, ms/mb. The result of Ref. [42] is

M(B → K
∗
γR)

M(B → K
∗
γL)

# ms

mb
× (0.8± 0.2) # 2% . (41)

The large numerical discrepancy between Eq. (40) and (41) is surprising, since they seem

to come from the same basic effect.

In terms of the effective Hamiltonian the decay amplitude for the B → K
∗
γ decay,

can be written as

M(B → K
∗
γ) =− 4GF√

2
VtbV

∗
ts〈K

∗
γ|C7γO7γ + C ′

7γO ′
7γ

+ iεµ∗γ
∑

i #=7γ

Ci

∫
d4xeiqxT{je.m.

µ (x)Oi(0)}|B〉 ,
(42)

and the numbers in Eqs. (40) and (41) are estimates of this quantity, with the same basic

idea of attaching the electromagnetic current and a soft gluon to a c-quark loop starting

from the four-fermion operator O2. A possibility to relieve the helicity suppression of

right-handed photons is indeed to consider an additional gluon emission resulting in the

three-particle final state b → sγg 10.

Of course, one could explain the discrepancy simply by invoking the fact that the

estimate (40) is very approximate, while the other (41) is based on QCD sum rules. A

more careful analysis allows to be more specific. The result in Eq. (40) comes with the

assumption mc = 0 in the loop function

κ(z) =
1

2
− 2

z
arctan2

[√
z

4− z

]
, (43)

9A complementary estimate using LCSR with B meson wave functions has been given in [43].
10In the case of the three-particle final state the argument of the helicity conservation in the footnote 1

is no longer valid.
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Add gluon to charm line, 
then the counting low leads 
to a contribution at 1/mc=0

The loop diagram can be 
expanded in terms of z=1/mc2
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from the four-fermion operator O2. A possibility to relieve the helicity suppression of

right-handed photons is indeed to consider an additional gluon emission resulting in the

three-particle final state b → sγg 10.

Of course, one could explain the discrepancy simply by invoking the fact that the

estimate (40) is very approximate, while the other (41) is based on QCD sum rules. A

more careful analysis allows to be more specific. The result in Eq. (40) comes with the
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which takes the value κ(∞) = 1/2. Indeed, in this expression, z is an operator acting on

the fields, namely

z =
mb

m2
c

(iD+) , (44)

where D is the covariant derivative.

For an arbitrary mc, instead, κ(z) is a non local operator or a series of local operators

with increasing number of additional covariant derivatives, corresponding to the powers of

z, and with coefficients of order (Λmb/m2
c)

n, where Λ is a hadronic scale. More specifically,

the expansion of κ(z) is

κ(z) = − z

24
− z2

180
− z3

1120
+ . . . . (45)

The other estimate in Eq. (41), initiated by the work of Khodjamirian et al., uses a

short distance expansion of the T−product appearing in Eq. (42) and retains the lowest

order in the expansion, proportional to 1/m2
c .

Let us then consider the first term in the expansion (45). We see that the first

local operator in the series will have one additional derivative with respect to the local

operator at mc = 0, and look like the operator OF (defined in Ref. [41]), with a coefficient

−1/24(Λmb/m2
c) instead of 1/2 for the original non local operator at mc = 0. Therefore,

we retrieve the power 1/m2
c , and a small coefficient for the operator OF . As a tentative

estimate of the derivative operator one can use the standard recipe and replace each

derivative by a factor Λ. Therefore, by setting z → Λmb/m2
c , the original estimate in

Eq. (40) becomes11

M(B → K
∗
γR)

M(B → K
∗
γL)

∼ (C2/3)

C7γ

Λ

mb
× 1

12

Λmb

m2
c

. (46)

This new estimate is obviously much smaller than the one given in Eq. (40), and explains

the discrepancy between Eqs. (40) and (41) seems to reside in a rather strong dependence

on the charm quark mass when varied from mc = 0 to the physical value.

The crucial question is the validity of the limited expansion to the first order in 1/m2
c .

We can notice that z → Λmb/m2
c is not very small; it is close to 1, so that retaining the

first term in the expansion, as done in the sum rules approach, is probably not safe. For

Λ =Λ QCD, z is close to 1/m2
c . For Λ = Λ̄ & 0.5 GeV of HQET, instead, z is close to 1. We

can notice that even when z = 1, κ(z) & 0.05, which is still 1/10 of the value 1/2 on which

the numerical estimate of Eq. (40) seems to be based. We therefore tend to believe that

this O2 contribution to the “wrong” helicity remains really small. Nevertheless, one must

be aware that this conclusion relies on a highly qualitative feeling of how to estimate zn,

which means how to estimate the matrix elements of the local operators. For example, Λ

could be well replaced by equally reasonable and most naive 1 GeV. For the latter, z & 3

and κ(z) would be much larger, which would invalidate the short distance expansion. In

summary, it seems that once one takes into account the charm quark mass effect, the non

11We accounted for the factor of 2 used in Refs. [39, 40], which gives 2× 1/24 in Eq. (46).
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Then the leading term leads to 1/12mc2

Khodjamirian et al Phys. Lett.B(‘97)
Ball and Zwicky Phys. Lett B (‘06) Grinstein et al Phys. Rev. D(‘06)

Tayduganov et al JHEP (‘12)

Discussed in detail
 at B2TiP...



Outlook
Many efforts have been and will be made to measure the 
photon polarization of the b ➔sγ process at Belle II and 
LHCb. 
Theoretical uncertainties, especially from charm 
contribution are still under debate and it is important to 
continue discussion on this issue. 
We are working on interpreting the LHCb result on the 
asymmetry of the B->Kππγ channel based on our 
theoretical model for K1 strong decay. But eventually, the 
simultaneous measurement with B->K1J/ψ would be the 
best way to remove the hadronic uncertainties. 
We are investigating other channels to measure the 
photon polarization. So far, we see some difficulties on B-> 
VPγ channel but hopefully, we can find some way out. 
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BrSM>BrNP

Λ= 1 TeV

Constraint of magnetic operator
The b->sγ is induced by the electro-magnetic operator. The constraint on the 

coupling cij and new physics scale Λ depend on the chiral structure. 

For b->sγ: i=2, j=3

ij=generation,    A, B:   L or R FCNC

The new physics has 
same Dirac/flavour 
structure as the SM

mb c23(VtbVts*)e/Λ c23<O(10-2)

The new physics has same 
Dirac/flavour structure 
but “chirally-enhanced”

mt c23(VtbVts*)e/Λ c23<O(10-3)

The new physics is 
“right-handed” c23<O(10-5)

cij

Λ eψiAσµνψjBFµν

NP contribution

GFmb(VtbVts*)e
SM coupling

BrSM>BrNP

Λ= 1 TeV
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Λ= 1 TeV

NP contribution

NP contribution
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GFms(VtbVts*)eSM coupling



BrSM>BrNP
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The b->sγ is induced by the electro-magnetic operator. The constraint on the 
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For b->sγ: i=2, j=3

ij=generation,    A, B:   L or R FCNC
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The new physics is 
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Even if the coupling is strongly 
constrained by other b->s transitions 
(e.g. Bs oscillation), New Physics 
contributions with new Dirac/flavour/
chiral structures can lead to a large 
contribution, observable in the future! 

Constraint of magnetic operator

mt c23(VtbVts*)e/Λ 

GFms(VtbVts*)eSM coupling



Current status on the constraint on the 
right-handed contribution
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Figure 3: Current constraints from the combination of the inclusive decay rate and the mixing-induced
CP -asymmetry in B → K∗(→ KSπ0)γ. In Fig. (a) we present the constraints in particular NP scenario
where both C7γ and C ′

7γ are real. In Fig. (b, c, d), for illustration, we consider several NP scenarios

with the left-handed coefficient C (NP)
7γ = 0, C ′ (NP)

7γ , −C ′ (NP)
7γ respectively. Gray (dark gray) bound

represents the ±3σ (±1σ) constraint from the B(B → Xsγ) measurement. Orange (dark orange) region
represents the ±3σ (±1σ) constraint from the current SKSπ0γ measurement. The light and dark blue

regions correspond respectively to the 95% and 68% CL bounds for C ′ (NP)
7γ , obtained from the χ2-fit of

the present measurements of B(B → Xsγ) and SKSπ0γ .

14

(a) assume 
Re[C(’)7γNP]≠0 
Im[C (’) 7γNP]=0
(b) assume 

C’7γNP≠0
C7γNP=0

(c) assume 
C’7γNP=C7γNP

(d) assume 
C’7γNP=-C7γNP

:Br(B->Xsγ)
:SCP(B->Ksπ0γ)
:combined

C’7γNP/C7γSM

C’
7γ

NP
/C

7γ
SM

(a)

(c)

Re[C’7γNP/C7γSM]

Im
[C

’ 7γ
NP

/C
7γ

SM
]

Re[C’7γNP/C7γSM]

Im
[C

’ 7γ
NP

/C
7γ

SM
]

(b)

(d)
Re[C’7γNP/C7γSM]

Im
[C

’ 7γ
NP

/C
7γ

SM
]

CONSTRAINTS:

2-4 fold ambiguities...

A. Tayduganov et al.
JHEP 1208



BSM Discovery Channels

•WG1: B -> tau nu, mu nu

•WG1: B -> D(*) tau nu (R ratio, q2 
dependence, angular distribution)

•Tee level Charged Higgs [tanbeta-MH±]

•WG 2:  B-> Xs/d gamma CP violation and 
BR

•WG 2/3: Time-dependent CP for B-> Ks pi0 
gamma, rho gamma

•NP in b-> s/d penguins [C7(‘), C9(‘), C10(‘) fit] 

•WG 3: Time-dependent CP for B-> phi Ks, 
eta’ Ks, pi0 Ks, KsKsKs

•WG4: phi3 measurement with B-> K pi
•WG5: charmless 2/3 bodies: B -> K*pi, K 
rho, phi K*, K*rho, VV, KKK, KKpi, Kpipi

•NP in b-> s penguins 

•WG3: Time dependent CP in B-> pipi, pi 
rho, rho rho

•NP in b-> d penguins 

•WG1: B -> Xu l nu

•WG1: |Vub| determination with B-> pi l nu

•WG1: WG1: B -> tau nu, mu nu

•WG3: Time dependent CP in B-> pipi, pi rho, 
rho rho

•NP in b-> u trees w/wo CP

•WG1: B -> Xc l nu
•WG4: phi3 measurement via GLW, ADS, 
GGSZ, GLS methods

•NP in b-> c trees w/wo CP [Right-handed W?] 

•WG3: Time dependent CP in B-> J/psi Ks

•NP CP in b-> d box  



BSM Discovery Channels

•Lepton flavour violation

•WG8:  tau -> 3mu

•CP violation in lepton sector

•WG8:  CP violation in tau -> Kspi nu 

•WG 2:  Lepton Universality in B-> Xs l+l- 
(l=e, mu)

•Lepton universality violation

•CPV in charm decay

•CPV in charm mixing

•WG6: Direct CP asymmetry in D->pipi.KK

•WG6: Time dependent CP in D->KKK, K 
pipi, pipipi 

•Light-Higgs

•WG7/8: Y(3S) to photon + leptons

•Rare charm decay

•WG6: D-> l nu, Ds-> l nu
•WG6: D-> K(*)lnu, D-> rho gamma, phi 
gamma, gamma gamma, D->missing + 
gamma/pi

•Dark matter

•WG7/8: ISR e+e- ---> photon nothing
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b-, c- quark ! scale linear with "s

Run-2 50% less efficient for hadronic 

triggered modes

Run-3 will have a new trigger: 

recovering efficiency loss in hadron 

trigger, no change for muon triggers.

https://d2comp.kek.jp/record/234
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