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I. Préambule général  
Ce « Bleu du CAc » présente une synthèse +�����%��&��+! &�������%��%�����.����)$������.��"&,%��(QCM et 
questionnaire ouvert 1  menée par le Conseil Académique (CAc) auprès de la communauté (personnels 
permanents, sous contrat et étudiants) sur les orientations (objectifs / structure / organisation) qui devraient 
prévaloir au sein de la future Université cible « Paris-Saclay ». Cette synthèse est découpée en six items 
majeurs qui, !�#%��%� �.&�� � �$%�%�� !# ! $�nt diverses recommandations. Elle constitue donc un socle de 
propositions solides issues �.&�� réflexion collective de la communauté des personnels et usagers de Paris-
Saclay, sur lequel le « GT des sept » pourrait/devrait $.�!!&)�#� ! &#� ������� �������	��� ��� cette 
communauté autour des futures bases de �.université cible. 

 

� Présentation de ��������� : 
.enquête réalisée par le CAc du 15 décembre 2016 au 7 février 2017 comportait un questionnaire (informatique) 
en deux parties :  

I. ���� !�#%��� ���� ����'��&����� ��' )+�� �&(� �#+$����%$� �%� 	�#��%�&#$� �.
%����$$����%$� ! &#� ,%#��
#���$%#��&+��*��.��$�mble des personnels. ����$%���$ �&���%��� #����"&��������.��%�pas été partout le 
cas : le ���������
������������������������������������������
�����������������������-Saclay 
la garantie de distribution des messages officiels du Conseil Académique à �������	��� ���
personnel. 

II. Une partie ouverte destinée à tout collectif (Conseil de Laboratoire, par exemple). 

La synthèse présentée ci-dessous prend en compte ces deux � )��$��.�(!#�$$� �. 

 

� Analyse des réponses reçues : 
I. Partie QCM 2135 réponses dont 2021 complètes : 

1. Nombre de réponses comparable au nombre des participants aux élections de 2015 au CA et 
au CAc. 

2. ~33% des réponses proviennent des étudiants, avec un taux de participation plus fort pour les 
étudiants des Grandes Ecoles. 

3. Bonne participation des chercheurs et enseignants chercheurs de rang A mais plus faible taux 
de réponses dans la catégorie B. 

4. La plupart des réponses ont été analysées en fonction du profil des répondants. 

 

II. Partie ouverte : 

1. 28 réponses reçues, 19 venant de � �$���$��.&��%+��!�%�%es, moyennes et grosses), �.�&%#��!artie 
venant de collectifs représe�%�%��$��.&��!�&$��#����� ��#�� (Conseil de département, Conseil 
�.�����	+!�#%����%�&��'�#$�%��#����)�����%)�����$$ ���%� �$��.+%&����%$. 

2. ��� ��#�����!�#$ ���$����$��#�!#+$��%+�$��$%��.��'�# ��������!�#$ ���$�

                                                           
1 .��$��������$�� �%#��&%� �$��$%���$! ������$&#������  https://indico.lal.in2p3.fr/event/3400/ 



Photon polarisation of b→sγ
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✍ 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 process

In SM
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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! 

Other scenarios, see 
A. Tayduganov et al.

JHEP 1208



‣Time dependent CP asymmetry 
✓Bd➔KSπ0γ,  Bd➔ργ (Belle II)

✓Bd➔KSπ+π-γ (Belle II)

✓Bd➔KSϕγ, KS𝜼γ

✓Bs➔Κ+Κ-γ (LHCb)

‣Angular distribution (require more than 4 body final state)

✓Transverse asymmetry in Bd➔K*l+l-(called ΑΤ(2), ΑΤ(im)) (LHCb)

✓B➔Kres(➔Kππ)γ (called λγ)(Belle II/LHCB)

✓Λb➔Λ(*)γ (LHCb)
✓

✍ The BR is large (Br(K1(1270)γ)=Br(K*γ))

✍ Κ1➔Κππ system is not easy but solvable!

Why?

How do we measure the polarization?!

<—Golden channel of Belle II

see also talks by Gershon, Sanchez Mayordomo

For recent theoretical works, see 
S. de Boer & G. Hiller, Eur.Phys.J. C78 (2018)
J. Gratrex, R. Zwicky arXiv:1807.01643

see also talk by de Boer
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Tremendous 
efforts on-going to 
disentangle different 

intermediate  
resonances !!

Later, 

I’ll show 


Bd➔KSπ+π-γ can provide 
two independent 

information. 



Comparison of the three methods
Becirevic, EK, Le Yaouanc, Tayduganov in preparation
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Assumption for $*/Z penguin (C9,C10 contributions) necessary!
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LHCb measurement 
JHEP ‘15 

It turned out that Method I with Bs➔Κ+Κ-γ gives similar constraints. 

more in the talk by Sanchez Mayordomo

C’7γNP≠0, C7γNP=0

Prospect…

3%



Angular analysis of B➔Kresγ➔(Kππ)γ



Gronau, Grossman, Pirjol, Ryd PRL88(’01)
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Friday, October 11, 13
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     ±0.019(stat)
     ±0.003(syst)

spin 0

Measuring the photon polarization using 
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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 
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Daum et al,  Nucl Phys, B187 (‘81)
Thesis of S. Akar (Babar)

Angular distribution method
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LHCb - PRL 112 (2014) 
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Angular distribution method

LHCb measurements of photon polarization in B � Xs �

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

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

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 ⇤2 test where the null hypothesis is
defined as �� = 0, implying Aup�down = 0 in each mass interval

5.2⇥ significance for non-zero up-down asymmetry

First observation of a parity-violating photon polarization di�erent from 0

Cross-checks

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

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

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

Angular distribution in B � K1(1
+)(� K⇥⇥)�

Experimentally, we measure the decay width (sum of left and right-handed contributions):
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The di⇥erential decay width of K̄1 L,R decay can be described by the helicity amplitude Jµ

and the left- and right-handed circular-polarization vector ⇥µK1 L,R

M(K̄1 L,R ⇥ P1P2P3)= ⇥µK1 L,R Jµ

Decay width for the isolated single 1+ resonance:
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Di⇥erence 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 ⇥ K⇧⇧
(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)
JF Marchand (LAPP) CKM 2014 – September 11, 2014 6 / 18

Interpretation in terms of Aud =
� 1
0 d cos � d�

d cos ��
� 0
�1 d cos � d�

d cos ��
� 11 d cos � d�

d cos �

⇥ Polarization

� Combined 5.2⌅ significance of non-zero up-down asymmetry = polarization

17 / 31

Figure 3: Background-subtracted K+���+ invariant mass distribution, obtained using
the sPlot technique [24].
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Figure 4: Invariant K⇥⇥� 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 PRL (‘14)

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

We need J function to 
interpret the LHCb result.



Disentangling resonances 
124 partial wave analysis
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Figure 7.4: JP = 1+M = 0/1 wave intensities and the relative phase motion in
respect to the strongest intensity of the counter branch. Only the
1+ 0+ K�(892)

�
0
1

⇥
�� wave intensity shows a clear double structure.

Other waves have only the same characteristic phase motion. The
K1(1400) resonance couples much stronger to the (K��+)-isobar
branch then in published results by the ACCMOR collaboration.

7.4 mass independent fit results 125
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Figure 7.5: JP = 1+M = 0 D-waves showing a resonant behaviour around
1.8GeV/c2. The intensity distributions were well in agreement with
observations by the ACCMOR collaboration.20 C. Daum et al. / Diffractive production 
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Fig. 14. Results of partial-wave analysis in the Q region for 1 +0 + waves, 0.05 ~<lt'] ~< 0.7 GeV 2 (see 

caption to fig. 13). 
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Figure 7.6: Left: the intensity over the K��+�� mass of the two main JP = 1+

waves as published by the ACCMOR collaboration [1] in 1981. Right:
The relative phase motion between them. Axis titles are same like
in figure 7.4 and the upper figures can be directly compared. The
range of momentum transferred is 0.05 � t � � 0.7GeV2/c2. The
continuous line is a mass dependent fit to the data.
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Three stages of the B+ ! K+!-!+" analysis 
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Figure 3: Background-subtracted K+���+ invariant mass distribution, obtained using
the sPlot technique [24].
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Figure 4: Invariant K⇥⇥� 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
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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.
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1. K11270(1+) & K11400(1+) decays based on quark model

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) 

 A.Tayduganov, EK, Le Yaouanc PRD ‘13

2. K*1410, 1680(1-) and K21430 (2+)

Lesser parameters

‣ Known to decay mainly Kres➔K*π, ρK

‣ Only 1 form factor for each resonance

On total 10 complex couplings needed (20 real number)!

A. Kotenko, B. Knysh talk at Lausanne WS ‘17

Generator for Kres➔Kππ decays…
see also  M. Gronau, D. Pirjol, Phys.Rev. D96 (2017)
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‣4 form factors (S,D partial wave amplitudes) 

 A.Tayduganov, EK, Le Yaouanc PRD ‘13

2. K*1410, 1680(1-) and K21430 (2+)

Lesser parameters

‣ Known to decay mainly Kres➔K*π, ρK

‣ Only 1 form factor for each resonance

On total 10 complex couplings needed (20 real number)!

A. Kotenko, B. Knysh talk at Lausanne WS ‘17

Another implementation on-going 
with MINT II program 


V. Belle, P. Pais talk at Lausanne WS ‘17

Generator for Kres➔Kππ decays…
see also  M. Gronau, D. Pirjol, Phys.Rev. D96 (2017)



1. K11270(1+) & K11400(1+) decays based on quark model

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) 

 A.Tayduganov, EK, Le Yaouanc PRD ‘13

2. K*1410, 1680(1-) and K21430 (2+)

Lesser parameters

‣ Known to decay mainly Kres➔K*π, ρK

‣ Only 1 form factor for each resonance

On total 10 complex couplings needed (20 real number)!

A. Kotenko, B. Knysh talk at Lausanne WS ‘17

Full angular and Dalitz variable fits are 
essential for successful resonance study!

Generator for Kres➔Kππ decays…
see also  M. Gronau, D. Pirjol, Phys.Rev. D96 (2017)



The Kres angular distribution (individual resonances)

Now, we look at the angular distribution of individual resonances.
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Full angular/Dalitz analysis!

Regions over
p
s (Dalitz plot): [1.0; 1.3] GeV
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Azimuthal angle evolution
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STAY 
TUNED! Polar angle evolution: K 1270/1400
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Time dependent analysis of 
B➔Kresγ➔(Kππ)γ



Bd(t=0)

Bd➔K*γL

Bd➔K*γL

Ksπ0γL

f+(t)

q/pf-(t)

C7
’

C7

Time dependent CPV method

‣In SM C7’ is negligibly small, so the 
interference does not occur (no CPV). 

‣Thus, observation of CPV is a signal 
beyond the SM.

Atwood, Gronau, Soni, PRL 79 (1997)
Atwood, Gershon, Hazumi, Soni, PRD71 (2005)
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q/pf-(t)
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Time dependent CPV method
Ksπ+π-γL

‣One can do the same study using 
B➔ρKsγL channel (CP eigenstate) 
with final state Ksπ+π-γL. 

Atwood, Gronau, Soni, PRL 79 (1997)
Atwood, Gershon, Hazumi, Soni, PRD71 (2005)



Bd(t=0)

Bd➔KresγL

Bd➔KresγL

ρKsγL

f+(t)

q/pf-(t)

C7
’

C7

Time dependent CPV method

Bd(t=0)

Bd➔KresγL

Bd➔KresγL

K*+π-γL 

K*-π+γL

f+(t)

q/pf-(t)

C7
’

C7

‣One can do the same study using 
B➔ρKsγL channel (CP eigenstate) 
with final state Ksπ+π-γL. 

‣However, Ksπ+π-γL final state can 
also come fromΚ*π channel, which is 
not CP eigenstate. 

‣This can “dilute” the CP violation from 
ρKsγL channel.  

Ksπ+π-γL

Atwood, Gronau, Soni, PRL 79 (1997)
Atwood, Gershon, Hazumi, Soni, PRD71 (2005)

Ksπ+π-γL



Time dependent CPV formula

We can also find the relations among the B decay amplitudes AL,R,AL,R, by applying parity and
charge operation. Let us start with JP = 1+ state. Inserting the unit matrix (P†P), we find:

AR = ⟨KresγR|(P†P)H−(P†P)|B⟩

= ηP (B)ηP (Kres)η
P (γ)(−1)j0−j1−j2

(

c′

c

)

⟨KresγL|H+|B⟩

= +

(

c′

c

)

AL

where ji is the total spin of the initial (i = 0) and the final (i = 1, 2) particles. Here we also used
Psσµν(1− γ5)bFµνP† = +sσµν(1+ γ5)bFµν . Similarly the sign between the AL,R and AL,R can be
obtained by applying C transformation. Inserting C transformation to the B decay part, we find:

AR = ⟨Kresγ|(C†C)H−(C†C)|B⟩

= ηC(B)ηC(Kres)η
C(γ)

(

c′

c∗

)

⟨Kresγ|−H+†|B⟩

= +

(

c′

c∗

)

AR (13)

where we used Csσµν(1 − γ5)bFµνC† = −bσµν(1 − γ5)sFµν . The phase convention dependence on
C of Kres, is chosen to be negative throughout this article.

In summary for the amplitudes for B decaying into JP = 1+ kaonic state, we find:

AR = +
(

c′

c

)

AL, AR = +
(

c∗

c′∗

)

AL

AR = +
(

c′

c∗

)

AR, AL = +
(

c
c′∗

)

AL

(14)

and for JP = 1− and JP = 2+ kaonic states, we find

AR = −
(

c′

c

)

AL, AR = −
(

c∗

c′∗

)

AL

AR = +
(

c′

c∗

)

AR, AL = +
(

c
c′∗

)

AL

(15)

3.2 The Kres decay part

First, we find a relation between Ai′
λ and Ai′

λ (λ = L,R), which are related by the charge transfor-
mation. Let us start with ρKS intermediate process. the amplitude can be written in terms of the
product of the matrix elements:

A′ρKS
λ = ⟨π+(p1)π

−(p2)|H′
s|ρ⟩⟨ρKS(p3)|Hs|Kres⟩

A′ρKS
λ = ⟨π+(p1)π

−(p2)|H′
s|ρ⟩⟨ρKS(p3)|Hs|Kres⟩

Now we apply charge transformation:

A′ρKS
λ = ⟨π+(p1)π

−(p2)|(C†C)H′
s(C†C)|ρ⟩⟨ρKS(p3)|(C†C)Hs(C†C)|Kres⟩

= ⟨π−(p1)π
+(p2)|H′

s|ρ⟩⟨ρKS(p3)|Hs|Kres⟩
= −⟨π−(p2)π

+(p1)|H′
s|ρ⟩⟨ρKS(p3)|Hs|Kres⟩ (16)

6

where in the second line, the charge transformation swap the π± momentum while knowing that
the π± comes from ρ meson, we interchange p1 and p2, which leads to an overall minus sign in the
third line since ρ → π+π− is P -wave decay. Thus, by writing explicitly the momentum assignment
of π+π−KS , we find

A′ρKS
λ (p1, p2, p3) = A′ρKS

λ (p2, p1, p3)

= −A′ρKS
λ (p1, p2, p3)

(17)

On the other hand, the K∗π intermediate states are not as simple as this. The matrix elements we
need to compare are:

A′K∗+π−

λ = ⟨KS(p3)π
+(p1)|H′

s|K∗+⟩⟨K∗+π−(p2)|Hs|Kres⟩

A′K∗−π+

λ = ⟨KS(p3)π
−(p2)|H′

s|K∗−⟩⟨K∗−π+(p1)|Hs|Kres⟩

When we apply the charge transformation, we find (for the clarity, we explicitly write the momen-
tum assignment)

A′K∗+π−

λ (p1, p2, p3) = ⟨KS(p3)π
+(p1)|(C†C)H′

s(C†C)|K∗+⟩⟨K∗+π−(p2)|(C†C)Hs(C†C)|Kres⟩
= ⟨KS(p3)π

−(p1)|H′
s|K∗−⟩⟨K∗−π+(p2)|Hs|Kres⟩

= A′K∗+π−

λ (p2, p1, p3)

The π± momentum is again swapped but here, we have no simple relation to interchange p1 and
p2. In this case, the overlap of K∗+ and K∗− occurs only when p2 = p1. Therefore, we can write

A′K∗+π−

λ (p1, p1, p3) = +A′K∗−π+

λ (p1, p1, p3) (18)

We can obtain the similar result for (Kπ)0π channel:

A′(Kπ)+0 π−

λ (p1, p1, p3) = +A′(Kπ)−0 π+

λ (p1, p1, p3) (19)

Next we find a relation between Ai′
L and Ai′

R and between Ai′
L and Ai′

R. Since the decay of the kaonic
resonances is only strong interaction, we expect the former and the latter relations be the same.
Thus, we work out only for A′

L,R. Furthermore, since the left and the right Kres final states would
not overlap, we need to know the relations for the squared amplitude. The explicit computation of
three kaonic resonances show that these squared amplitudes do not depend on the helicity of the
resonances after integrating over all the angles

A∗i′
R Aj′

R = A∗i′
L Aj′

L, A∗i′
R Aj′

R = A∗i′
L Aj′

L
(20)

where (i, j = ρKS ,K∗±π∓, (Kπ)±0 π∓).

7

Example of K*π

=

Time dependent CPV (measurable)
Photon polarization

Dilution factor to be extracted from the resonance study (angular analysis)

‣ Note: a null-test can be performed without dilution factor (i.e. 
SKsπ+π-γ ≠0 is immediately a discovery of new physics!)

=D dilution factor

Belle: Phys.Rev.Lett. 101 (2008), Babar: Phys.Rev. D93 (2016)



S. Akar, E. Ben-Haim, J. Hebinger, E.K. F. Yu 
arXiv:1802.09433

Time dependent analysis 

Bd➔KSπ0γ vs Bd➔KSπ+π-γ

Red: Belle II golden channel Bd➔KSπ0γ

Green: LHCb B->K*ee angular analysis 

http://arxiv.org/abs/arXiv:1802.09433


Blue: Belle II Bd➔KSπ+π-γ (without Dalitz information)

Green: LHCb B->K*ee angular analysis 

D=1

D=0.6
D=0.3

D=1
D=0.6D=0.3

S. Akar, E. Ben-Haim, J. Hebinger, E.K. F. Yu 
arXiv:1802.09433

Time dependent analysis 

Bd➔KSπ0γ vs Bd➔KSπ+π-γ

http://arxiv.org/abs/arXiv:1802.09433


Blue: Belle II Bd➔KSπ+π-γ (without Dalitz information)

Green: LHCb B->K*ee angular analysis 

In previous studies, Dilution factor was Dalitz integrated. Without  
integration, we have two observables (Re and Im of Dilution factor).

Using these information, we can resolve the ambiguity and 

constrain both real and imaginary part of C7/C7’.  

Re Im 

Re[D(s12,s23)]

Bd➔KSπ+π-γ: new observable!
S. Akar, E. Ben-Haim, J. Hebinger, E.K. F. Yu 

arXiv:1802.09433

Im[D] is 
symmetric so it 
becomes zero 

when integrating 
over the Dalitz 

space

=D: dilution factor
Im[D(s12,s23)]

http://arxiv.org/abs/arXiv:1802.09433


Blue: Belle II Bd➔KSπ+π-γ (without Dalitz information)

Green: LHCb B->K*ee angular analysis 

For example, 

- measure the CPV parameter SKSπ+π-γ  

for upper (SI) and lower (SI) part of Dalitz 
plane separately. 

- then, we can compose two observables: 

Re Im 

SKSπ+π-γ

S. Akar, E. Ben-Haim, J. Hebinger, E.K. F. Yu 
arXiv:1802.09433

=D: dilution factor

SI

SI

Bd➔KSπ+π-γ: new observable!

Similar to the GGSZ method, PRD68 (2003) For model independent analysis, see  
Le Yaouanc, A.Tayduganov, EK, PLB ‘16

http://arxiv.org/abs/arXiv:1802.09433


Purple : in case Re[D] > Im[D]

Green: in case Re[D] < Im[D]

Red: in case Re[D] = Im[D]

S. Akar, E. Ben-Haim, J. Hebinger, E.K. F. Yu 
arXiv:1802.09433

Bd➔KSπ+π-γ: new observable!

http://arxiv.org/abs/arXiv:1802.09433


Conclusions
• There have been many progresses in photon polarisation 

determination of the b ➔sγ process. 


• B➔Kππγ channel is motivated by its large data sample. 
Also B➔Kππγ is the simplest possible channel for angular 
analysis. 


• The angular analysis method determines the photon 
polarisation by measuring the Kaonic resonance 
polarization. Thus, the challenge is to understand the 
Kres➔Kππ decays very precisely. 


• Simultaneous fit of angles and Dalitz variables is crucial 
and a lot of efforts are put in such works by LHCb/
Belle/BelleII. 

CKM2020



• For the time dependent analysis, Bd➔KSπ+π-γ channel 
requires an extraction of the dilution factor D, which is 
the challenges for this channel (it can be obtained as a 
byproduct of the angular analysis). 


• Today, we showed that Bd➔KSπ+π-γ has an advantage 
compared to Bd➔KSπ0γ (golden-)channel as the Dalitz 
distribution can provide extra information, which provides 
more information, such as both the real/imaginary parts 
of the C7’/C7.  

CKM2020
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Model independent analysis
Use of B->J/psi Kππ channel Le Yaouanc, A.Tayduganov, EK, PLB ‘16

These form factors could be made explicit in a quasi-two-body approach to the K1 decay

[?,?]. Here, on the contrary, we want to determine them in a model independent way by

using the experimental data to avoid the ambiguities described in the introduction.

3 Angular distribution

Now, we define the probability density function (PDF) for a given value of s. First, the

di↵erent transverse (s
z

= ±) and the longitudinal (s
z

= 0) polarizations of V state do

not interfere, thus the decay rate is written as† :

d�(B ! K1V ! (K⇡⇡)V )
s

ds13ds23d(cos ✓)d�
=
(2⇡)4

2M
B

(2⇡)3ds
1

(2⇡)5
|~p ⇤

V

|
2M

B

⇥ 1

32(2⇡)8s

����
1

(s�m2
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) + im

K1�K1(s)

����
2

⇥
X

sz

|AV

sz
(s)|2

���~✏
K1sz

· ~J
K1(s13, s23)s

���
2

,

(5)

where ~p ⇤

V

is the three momentum of V in the B reference frame, while the K1 polarization

vector ~✏
K1 and ~J

K1 are defined in the K1 reference frame. Note that in Eq. (5), the

width in the denominator could also be related to ~J
K1 , except, we have to add all charge

combinations, K+
1 ! K+⇡+⇡� and K+

1 ! K0⇡+⇡0 for K+
1 and K0

1 ! K+⇡0⇡� and

K0
1 ! K0⇡+⇡� for K0

1 (and similar for the charge conjugations).

The PDF WV (s13, s23, cos ✓,�)s is obtained from Eq. (5) and is normalized as :

Z
ds13

Z
ds23

Z
d(cos ✓)

Z
d� WV (s13, s23, cos ✓,�)s = 1 . (6)

Thus, the PDF can be written in terms of the squared decay amplitudes, which are the

functions of the kinematical variables we are interested in, without the irrelevant pre-

factors :

WV (s13, s23, cos ✓,�)s =

P
sz
|AV

sz
(s)|2

���~✏
K1sz
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���
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K1(s13, s23)s

���
2

(7)

Next we make explicit the angular distribution of WV (the definition of the coordinate

system and angles is given in the Appendix) :

WV (s13, s23, cos ✓,�)s ⌘ aV + (aV1 + aV2 cos 2�+ aV3 sin 2�) sin2 ✓ + bV cos ✓ , (8)

†

For V = J/ , we integrate over the J/ decay angle here so that the interference term disappears.
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where the angular coe�cients depend on the Dalitz variables and fixed value of s. They

can be written as :

aV (s, s13, s23) = NV

s

⇠V
a

⇥|c1|2 + |c2|2 � 2Re(c1c
⇤

2) cos �
⇤
, (9)

aV1 (s, s13, s23) = NV

s

⇠V
ai

⇥|c1|2 + |c2|2 � 2Re(c1c
⇤

2) cos �
⇤
, (10)
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[2Im(c1c
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2) sin �] , (13)

where the factor NV

s

> 0 is the normalization factor, which is equal to the inverse of the

denominator of Eq. (7).

The ⇠’s represent the B ! K1V decay, and thus, depend only on s

⇠V
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.

(14)

In fact, for V = �, the longitudinal amplitude vanishes (A�

0 = 0), which simplifies the

above expressions, giving as a result a� = �2a�1 .

The coe�cients c1,2 are related to the form factors in Eq. (4) as :

c1(s, s13, s23) = C1(s, s13, s23)|~p1|, c2(s, s13, s23) = C2(s, s13, s23)|~p2| ,

where we wrote explicitly the Dalitz variables dependence. The angle � (with 0 < � < ⇡)

is defined as

cos � =
~p1 · ~p2
|~p1||~p2| .

Let us also remind that all the relevant kinematical variables can be expressed in terms

of the Dalitz variables :

|~p1,2|2 = E2
1,2 �m2
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2

2
, E1,2 =

s� s23,13 +m2
1,2

2
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.
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For the moment, for a simpler illustration of the approach, we consider the case of

only one K1 resonance, which may be practically supported by the the fact that B !
K1(1270)� seems largely dominant over B ! K1(1400)� [19].

The rest of the article is organized as follows: in section 2, we introduce the decay

amplitudes of B ! K1J/ and B ! K1� with K1 decaying to K⇡⇡. In section 3, we

derive the angular distributions for these decays. Then, we demonstrate in section 4 that

the hadronic information we need to determine the photon polarization in B ! K1� can

be obtained directly from the measurement of angular coe�cients in B ! K1J/ and/or

B ! K1�, and we conclude in section 5.

2 The decay amplitudes and rates

The four body decay rate can be written as the product of the decay rates of B ! K1szVsz

and K1sz ! K⇡⇡ summed over the di↵erent V polarizations ⇤ :

d�V

4 (s) ⌘ d�(B ! K1V ! (K⇡⇡)V )
s

(1)

=
X

sz

(2⇡)4

2M
B

���MV

sz
(B ! K1szV ! (K⇡⇡)V )

s

���
2

(2⇡)3dsd�2d�3 ,

where s
z

is the polarization of V = J/ , � :

s
z

= 0,±1 (for V = J/ ), s
z

= ±1 (for V = �) . (2)

Here, B can be B±, B0 or B
0
. Denoting the amplitude of B ! K1(s)V as A

sz(s) and

of K1(s) ! K⇡⇡ as ✏µ
K1sz

J
µ

, one can write :

MV

sz
(B ! K1szV ! (K⇡⇡)V )

s

=
AV

sz
(s)⇥ (✏µ

K1sz
J

µ

(s13, s23)s)

(s�m2
K1
) + im

K1�K1(s)
. (3)

In the following, we consider only K1 = K1(1270) for simplicity, though it can be readily

extended to include K1(1400). The propagator of the K1, which is parametrized here as

Breit-Wigner function, is introduced in order to use the K⇡⇡ invariant mass m
K⇡⇡

⌘ p
s

as the varying K1 mass. The K1 rest frame is meant as the actual K⇡⇡ system. This is

not a convention, but an assumption on the o↵-shell extrapolation of amplitudes, partially

justified by unitarity. Note that this implies that the Dalitz plot (s13, s23) depends on s

as well.

In Eq. (3), the full kinematical variable dependence of J is left implicit but it can be

displayed with help of two form factors as C1,2 [8]:

J
µ

(s13, s23)s ⌘ C1(s, s13, s23)p1µ � C2(s, s13, s23)p2µ . (4)

⇤

We follow the PDG convention, i.e.

R
⌦ d�2 =

1
(2⇡)5

|~p ⇤
V |

2MB
,

R
 d�3 =

1
32(2⇡)8

1
sds13ds23d�d(cos ✓).
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The error matrix for simultaneous fit

At ~3% level sensitivity to all 5 parameters (5k events)!  

Preliminary result on the simultaneous fit

Preliminary 

result!

Photon polarization 
K1(1270)/K1(1270) separation 
(Kπ)s-wave contributions 
K1 mixing angle c.f. (60±10)o 
Damping factor c.f. (4±0.5) 

• etc.

The first parameter ⇥K1 provides an example of a parameter for which the dependence is non-quadratic,
but manageable. It is of the form:

f(e) = ac(e) cos ⇥K1 + acc(e) cos
2 ⇥K1 + as(e) sin ⇥K1 + ass(e) sin

2 ⇥K1 + asc(e) cos ⇥K1 sin ⇥K1 (55)

where the a(e)’s functions depend on the event kinematics and on the other parameters. In that case,
the normalization constant c can be obtained as a function of ⇥K1 (and the other parameters) as:

c(⇥K1) = Ac cos ⇥K1 +Acc cos
2 ⇥K1 +As sin ⇥K1 +Ass sin

2 ⇥K1 +Asc(e) cos ⇥K1 sin ⇥K1 (56)

where the A’s are the integrals over phase space of the corresponding a’s. Therefore a fit involving
⇥K1 is technically manageable since it only implies to perform five integrals, once and for all.

The second parameter f2 provides an example of a parameter for which the dependence is not man-
ageable. It involves a combination of ef2 to various powers, some of which depend on the kinematics
of the event. The third type of parameters are similarly non manageable.

It is worth to stress that the expected statistical accuracy of the measurement, as given by Eq.(25),
is always manageable. For a n parameter fit, the error matrix can be obtained with the (n+1)(n+2)/2
integrals (all to be performed with vk = v�k):

c =

⌥
f(x) dx (57)

⌅c

⌅vi
=

⌥
⌅f(x)

⌅vi
dx (58)

⇤ij =

⌥
⌅f(x)

⌅vi

⌅f(x)

⌅vi

1

f(x)
dx (59)

Numerically, for 5 103 events, the expected statistical uncertainties for the simultaneous 5 param-
eter fit of v0, v1, v2, v3, v4 is expressed by the error matrix:

E =

�

⇧⇧⇧⇧⇤

0.034 �0.133 �0.021 �0.067 0.007
0.040 0.260 0.630 �0.320

0.019 0.395 �0.470
0.680 �0.405

0.180

⇥

⌃⌃⌃⌃⌅
(60)

which shows that:

• the accuracy of the polarization measurement is not a⇥ected by the simultaneous fit,

• v1 and v2 accuracies are a⇥ected, but marginally,

• v3 = ⇥K1 is determined to a fraction of a degree, while it is a priori known as ⇥K1 = 60 ± 10
degrees (A. Tayduganov PhD)

• v4 = f2 is extracted as well from the data, while it is a priori know as f2 = 4±0.5 (A. Tayduganov
PhD).

3.1 Bias from s-dependent widths

The dependence of the widths of the K1(1270) and K1(1430) is shown on Fig.(23). Although the
widths depend on the v2 parameter, the latter dependence is ignored here, for simplicity. To assess
the bias in the measurement induced by this e⇥ect, one considers two data sets of 5000 events:

• a data set produced using constant widths in the Monte-Carlo generation (�data
cst ),

B2TiP 7 Polarization measurement in B ⇥ K1� decay

❖Photon polarization is sensitive to the imaginary part of the K1 
decay amplitudes


❖The imaginary part comes from interference of different resonances 
(either initial or intermediate states). 


❖These are very difficult to predict theoretically and the 
simultaneous fit is the most powerful! 

b� ⌅ ⌃Im(n̂ · ( ⌅J ⇤ ⌅J �))⌥
�
|C ⇥

7|2 � |C7|2
⇥
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