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• FCNC  are loop suppressed in 
the SM:


• Offer sensitivity to potential NP 
contributions


• Access measurements of CPV phases 
 via gluonic penguin diagrams

B0
(s) → K(*)0K̄(*)0

β, βs
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• Leading order SM diagrams are connected by -spin symmetry  interesting 
property to exploit when computing SM predictions
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! Disclaimer !   

This will be a very LHCb focused exp. review

• FCNC  are loop suppressed in 
the SM:


• Offer sensitivity to potential NP 
contributions


• Access measurements of CPV phases 
 via gluonic penguin diagrams

B0
(s) → K(*)0K̄(*)0

β, βs
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Integrated branching     
ratios

• At LHCb branching ratios are accessed relatively to control modes 
with same FS to cancel systematic uncertainties (detection effs., 

,  …)σbb̄ L
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 measurementsB → K(*)0K̄(*)0

Integrated branching     
ratios

• At LHCb branching ratios are accessed relatively to control modes 
with same FS to cancel systematic uncertainties (detection effs., 

,  …)


•   FS are selected in   window presence 
of broad  and NR contributions to be 
included

σbb̄ L

K*0(892) → K±π∓ mKπ →
K*0(800), K*0(1430)

Julián García Pardiñas (CERN) B(s) -> K(*)0 K̅(*)0 decays Beyond the Flavour Anomalies IV

LHCb: JHEP 07 (2019) 032Fit	projections	for	the	Bs

Measurement	of	BR	and	fL	for																										,	fL	forB0 → K*0K*0 B0
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Run	1	data
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[JHEP 07 (2019) 032]
Julián García Pardiñas (CERN) B(s) -> K(*)0 K̅(*)0 decays Beyond the Flavour Anomalies IV
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Comparative	study	B0	vs.	Bs	
The	B0	mode	is	consistent	with	the	
SM	prediction:	

7

Anomalously	low	value	of	fL	in	the	Bs:

Analysis	in	a	large	K+!-	mass	window,	with	
a	lot	of	spectroscopy	work	(19	polarization	
amplitudes,	with	scalar,	vector	and	tensor	
components),	six-dimensional	fit.	
fL	consistent	with	previous	experimental	
results:	

[LHCb: JHEP 03 (2018) 140]

https://arxiv.org/abs/1905.06662
https://arxiv.org/abs/1712.08683
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 measurementsB → K(*)0K̄(*)0

Integrated branching     
ratios

• At LHCb branching ratios are accessed relatively to control modes 
with same FS to cancel systematic uncertainties (detection effs., 

,  …)


•   FS are selected in   window presence 
of broad  and NR contributions to be 
included


•  are reconstructed as  which are relatively long lived 
particles, roughly 2/3 of them decay outside of the VELO 
acceptance Poor  momentum resolution and reconstruction 
efficiency


σbb̄ L

K*0(892) → K±π∓ mKπ →
K*0(800), K*0(1430)
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Figure 2: Combined invariant-mass distribution m(K0

S
K0

S
) of the signal decay channel. The

black (solid) curve represents the complete model, the B0
s signal component is given in green

(dashed), the smaller B0 signal is given in blue (dash-dotted) and the background component in
red (dotted).

so that fB0/B0
s
can be converted to a ratio of branching fractions by multiplying by fs/fd.

The calculated value of B(B0! K0

S
K0

S
)/B(B0

s ! K0

S
K0

S
) is (7.5± 3.1)⇥ 10�2, where the

uncertainty is statistical only.
The significances of the B0

s ! K0

S
K0

S
and B0! K0

S
K0

S
signal yields are estimated

relative to a background-only hypothesis using Wilks’ theorem [44]. The observed signal
yield of 32 B0

s ! K0

S
K0

S
decays has a large significance of 8.6 � (6.5 � including the e↵ect

of systematic uncertainties), while the smaller B0! K0

S
K0

S
signal yield has a significance

of 3.5 � including systematic uncertainties.

Table 1: Results of the simultaneous fit to the invariant mass of the K0

S
K0

S
system. The fit

results for B and fB0/B0
s
are shared among all data categories. The given uncertainties are

statistical only. The normalization constant ↵ and the corresponding normalization channel
yields Nnorm are shown for reference.

Run 1 LL Run 1 LD Run 2 LL Run 2 LD Status
Parameter

B (⇥10�6) 8.3 ± 1.6 Free
fB0/B0

s
0.30 ± 0.13 Free

NB0
s

4.3 ± 1.0 2.1 ± 0.5 12.8 ± 2.7 12.4 ± 2.7 B/↵
NB0 1.3 ± 0.5 0.63± 0.26 3.8 ± 1.5 3.7 ± 1.5 fB0/B0

s
⇥ B/↵

Nbkg 10.4 ± 3.5 3.5 ± 2.2 7.2 ± 3.0 13 ± 4 Free
↵ (⇥10�6) 1.90± 0.21 3.9 ± 0.5 0.65± 0.05 0.66± 0.05 Gaussian constr.
Nnorm 179± 18 178± 22 316± 25 400± 31 Included in ↵
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Figure 3: Aggregated four-body invariant-mass fit result of the 2011 and 2012 data. The solid
red distribution corresponds to the B0

s ! (K+⇡�)(K�⇡+) decay, the solid cyan distribution
to B0! (K+⇡�)(K�⇡+), the dotted dark blue line to ⇤0

b! (p⇡�)(K�⇡+), the dotted yellow
line to B0! (K+⇡�)(K�K+) and the dotted cyan line represents the partially reconstructed
background. The tiny combinatorial background contribution is not represented. The black
points with error bars correspond to data to which the B0! ⇢0K⇤0 contribution has been
subtracted with negatively weighted simulation, and the overall fit is represented by the thick
blue line.

Table 3: Signal and background yields for the 2011 and 2012 data samples, obtained from
the fit to the four-body mass spectrum of the selected candidates. Statistical and systematic
uncertainties are reported, the latter are estimated as explained in Sect. 8.

Yield 2011 sample 2012 sample
B0! (K+⇡�)(K�⇡+) 99± 12± 3 249± 19± 5
B0

s ! (K+⇡�)(K�⇡+) 617± 26± 8 1337± 39± 12
Misidentified B0! (K+⇡�)(K�K+) 145± 17± 2 266± 27± 8
Partially reconstructed background 100± 15± 4 230± 25± 6
Combinatorial background 7± 5± 11 48± 25± 25

either the B0! (K+⇡�)(K�⇡+) or the B0

s ! (K+⇡�)(K�⇡+) decays. The contribution
from ⇤0

b! (p⇡�)(K�⇡+), for which the yield is fixed, is treated using extended weights
according to Appendix B.2 of Ref. [33]. The sPlot method suppresses the background
contributions using their relative abundance in the four-body invariant mass spectrum
and, therefore, no assumption is required for their phase-space distribution.
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https://arxiv.org/abs/1905.06662
https://arxiv.org/abs/2002.08229
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 measurementsB → K(*)0K̄(*)0

• Study of differential distributions of  decays offer 
access to rich angular structure

B → K(*)0K̄(*)0

Integrated branching     
ratios

Angular analyses
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Figure 2: Definition of the helicity angles, employed in the angular analysis of the B0

(s)! K⇤0K⇤0

decays. Each angle is defined in the rest frame of the decaying particle.

of the K+(�) meson and the direction opposite to the B-meson momentum in the rest
frame of the K⇤0 (K⇤0) resonance, and �, the angle between the decay planes of the two
vector mesons in the B-meson rest frame. From angular momentum conservation, three
relative polarisations of the final state are possible for V V final states that correspond
to longitudinal (0 or L), or transverse to the direction of motion and parallel (k) or
perpendicular (?) to each other. For the two-body invariant mass of the (K+⇡�) and
(K�⇡+) pairs, noted as m1 ⌘ M(K+⇡�) and m2 ⌘ M(K�⇡+), a range of 150MeV/c2

around the known K⇤0 mass [5] is considered. Therefore, (K⇡) pairs may not only
originate from the spin-1 K⇤0 meson, but also from other spin states. This justifies that,
besides the helicity angles, a phenomenological description of the two-body invariant mass
spectra, employing the isobar model, is adopted in the analytic model. In the isobar
approach, the decay amplitude is modelled as a linear superposition of quasi-two-body
amplitudes [14].

For the S–wave (J = 0), the K⇤
0
(1430)0 resonance, the possible K⇤

0
(700)0 (or ) and a

non-resonant component, (K⇡)0, need to be accounted for. This is done using the LASS
parameterisation [15], which is an e↵ective-range elastic scattering amplitude, interfering
with the K⇤

0
(1430)0 meson,

M0(m) / m

q

✓
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+ e2i��
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q

q0

◆
(2)

represents the K⇤
0
(1430)0 width. In Eq. (1) and Eq. (2) q is the (K⇡) centre-of-mass decay

momentum, and M0, �0 and q0 are the K⇤
0
(1430)0 mass, width and centre-of-mass decay

momentum at the pole, respectively. The e↵ective-range elastic scattering amplitude
component depends on

cot �� =
1

aq
+

1

2
bq,

where a is the scattering length and b the e↵ective range.
For the P–wave (J = 1), only the K⇤(892)0 resonance is considered. Other P–wave

resonances, such as K⇤(1410)0 or K⇤(1680)0, with pole masses much above the fit region,
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3 polarisation amplitudes, , , extract their 
magnitude and phases together with their relative 
fractions
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decays. Each angle is defined in the rest frame of the decaying particle.

of the K+(�) meson and the direction opposite to the B-meson momentum in the rest
frame of the K⇤0 (K⇤0) resonance, and �, the angle between the decay planes of the two
vector mesons in the B-meson rest frame. From angular momentum conservation, three
relative polarisations of the final state are possible for V V final states that correspond
to longitudinal (0 or L), or transverse to the direction of motion and parallel (k) or
perpendicular (?) to each other. For the two-body invariant mass of the (K+⇡�) and
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around the known K⇤0 mass [5] is considered. Therefore, (K⇡) pairs may not only
originate from the spin-1 K⇤0 meson, but also from other spin states. This justifies that,
besides the helicity angles, a phenomenological description of the two-body invariant mass
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Table 2: Amplitudes, Ai, and angle-mass functions, gi(m1,m2, ✓1, ✓2,�), of the di↵erential decay
rate of Eq. (5). In particular, A0, Ak and A? are the longitudinal, parallel and transverse helicity

amplitudes of the P–wave whereas A+

S and A�
S are the combinations of CP eigenstate amplitudes

of the SV and V S states and ASS is the double S–wave amplitude. The table indicates the
corresponding CP eigenvalue, ⌘i. The mass propagators, M0,1(m), are discussed in the text.

i Ai ⌘i gi(m1,m2, ✓1, ✓2,�)
1 A0 1 cos ✓1 cos ✓2M1(m1)M1(m2)
2 Ak 1 1p

2
sin ✓1 sin ✓2 cos�M1(m1)M1(m2)

3 A? �1 ip
2
sin ✓1 sin ✓2 sin�M1(m1)M1(m2)

4 A+

S �1 � 1p
6
(cos ✓1M1(m1)M0(m2)� cos ✓2M0(m1)M1(m2))

5 A�
S 1 � 1p

6
(cos ✓1M1(m1)M0(m2) + cos ✓2M0(m1)M1(m2))

6 ASS 1 �1

3
M0(m1)M0(m2)

The remaining amplitudes, except for A?, correspond to CP -even eigenstates. The
contributions can be quantified by the terms Fij, defined as

Fij =
9

8⇡
�4(m1,m2)gi(m1,m2, ✓1, ✓2,�)g

⇤
j (m1,m2, ✓1, ✓2,�)(2� �ij), (6)

which are normalised according to
Z

Fijdm1dm2dcos ✓1dcos ✓1d� = �ij.

This condition ensures that
P

6

i=1
|Ai|2 = 1.

The polarisation fractions of the V V amplitudes are defined as

fL,k,? =
|A0,k,?|2

|A0|2 + |Ak|2 + |A?|2
,

where A0, Ak and A? are the longitudinal, parallel and transverse amplitudes of the
P–wave. Therefore, fL is the fraction of B0

(s)! K⇤0K⇤0 longitudinally polarised decays.
The polarisation fractions are preferred to the amplitude moduli since they are independent
of the considered (K⇡) mass range. The P–wave amplitudes moduli can always be
recovered as

|A0,k,?|2 = (1� |A+

S |2 � |A�
S |2 � |ASS|2) fL,k,?.

The phase of all propagators is set to be zero at the K⇤0 mass. In addition, a global
phase can be factorised without a↵ecting the decay rate setting �0 ⌘ 0. The last two
requirements establish the definition of the amplitude phases (�k, �?, �

�
S , �

+

S and �SS) as
the phase relative to that of the longitudinal P–wave amplitude at the K⇤0 mass.

Since B0

(s) mesons oscillate, the decay rate evolves with time. The time-dependent

amplitudes are obtained replacing Ai ! Ai(t) and Āi ! Āi(t) in Eq. (5) being

Ai(t) =


g+(t)Ai + ⌘i

q

p
g�(t)Āi

�
and Āi(t) =


p

q
g�(t)Ai + ⌘ig+(t)Āi

�
,

5
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(s)! K⇤0K⇤0

decays. Each angle is defined in the rest frame of the decaying particle.

of the K+(�) meson and the direction opposite to the B-meson momentum in the rest
frame of the K⇤0 (K⇤0) resonance, and �, the angle between the decay planes of the two
vector mesons in the B-meson rest frame. From angular momentum conservation, three
relative polarisations of the final state are possible for V V final states that correspond
to longitudinal (0 or L), or transverse to the direction of motion and parallel (k) or
perpendicular (?) to each other. For the two-body invariant mass of the (K+⇡�) and
(K�⇡+) pairs, noted as m1 ⌘ M(K+⇡�) and m2 ⌘ M(K�⇡+), a range of 150MeV/c2

around the known K⇤0 mass [5] is considered. Therefore, (K⇡) pairs may not only
originate from the spin-1 K⇤0 meson, but also from other spin states. This justifies that,
besides the helicity angles, a phenomenological description of the two-body invariant mass
spectra, employing the isobar model, is adopted in the analytic model. In the isobar
approach, the decay amplitude is modelled as a linear superposition of quasi-two-body
amplitudes [14].

For the S–wave (J = 0), the K⇤
0
(1430)0 resonance, the possible K⇤

0
(700)0 (or ) and a

non-resonant component, (K⇡)0, need to be accounted for. This is done using the LASS
parameterisation [15], which is an e↵ective-range elastic scattering amplitude, interfering
with the K⇤

0
(1430)0 meson,

M0(m) / m

q

✓
1

cot �� � i
+ e2i��

M0�0(m)

M2

0
�m2 � iM0�0(m)

◆
, (1)

where

�0(m) = �0

M0

m

✓
q

q0

◆
(2)

represents the K⇤
0
(1430)0 width. In Eq. (1) and Eq. (2) q is the (K⇡) centre-of-mass decay

momentum, and M0, �0 and q0 are the K⇤
0
(1430)0 mass, width and centre-of-mass decay

momentum at the pole, respectively. The e↵ective-range elastic scattering amplitude
component depends on

cot �� =
1

aq
+

1

2
bq,

where a is the scattering length and b the e↵ective range.
For the P–wave (J = 1), only the K⇤(892)0 resonance is considered. Other P–wave

resonances, such as K⇤(1410)0 or K⇤(1680)0, with pole masses much above the fit region,

3

deded

R
d(s)
�⇡

= � ·

B(D+
(s) ! �(µµ)⇡+)

B(D+
(s) ! �(ee)⇡+)

.
B(B+

! J/ (µµ)K+)
B(B+ ! J/ (ee)K+)

= 1 (20)

� = B(�! e
+
e
�)/B(�! µ

+
µ
�) ⇠

 
1�

4m2
µ

m
2
�

!�1/2

(21)

R
d(s)
�⇡

= � ·

N(D+
(s) ! �(µµ)⇡+)

N(D+
(s) ! �(ee)⇡+)

·

"(D+
(s) ! �(ee)⇡+)

"(D+
(s) ! �(µµ)⇡+)

.
rJ/ (22)

d�
d⌦dm1dm2

/ |

X

i

Aigi(m1,m2,⌦)|
2 (23)
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• Require control of the warping effects due to angular acceptance, 
mass requirements and detector resolution


• Careful treatment of efficiency dependence on decay model and 
parametrisation 

Table 2: Amplitudes, Ai, and angle-mass functions, gi(m1,m2, ✓1, ✓2,�), of the di↵erential decay
rate of Eq. (5). In particular, A0, Ak and A? are the longitudinal, parallel and transverse helicity

amplitudes of the P–wave whereas A+

S and A�
S are the combinations of CP eigenstate amplitudes

of the SV and V S states and ASS is the double S–wave amplitude. The table indicates the
corresponding CP eigenvalue, ⌘i. The mass propagators, M0,1(m), are discussed in the text.

i Ai ⌘i gi(m1,m2, ✓1, ✓2,�)
1 A0 1 cos ✓1 cos ✓2M1(m1)M1(m2)
2 Ak 1 1p

2
sin ✓1 sin ✓2 cos�M1(m1)M1(m2)

3 A? �1 ip
2
sin ✓1 sin ✓2 sin�M1(m1)M1(m2)

4 A+

S �1 � 1p
6
(cos ✓1M1(m1)M0(m2)� cos ✓2M0(m1)M1(m2))

5 A�
S 1 � 1p

6
(cos ✓1M1(m1)M0(m2) + cos ✓2M0(m1)M1(m2))

6 ASS 1 �1

3
M0(m1)M0(m2)

The remaining amplitudes, except for A?, correspond to CP -even eigenstates. The
contributions can be quantified by the terms Fij, defined as

Fij =
9

8⇡
�4(m1,m2)gi(m1,m2, ✓1, ✓2,�)g

⇤
j (m1,m2, ✓1, ✓2,�)(2� �ij), (6)

which are normalised according to
Z

Fijdm1dm2dcos ✓1dcos ✓1d� = �ij.

This condition ensures that
P

6

i=1
|Ai|2 = 1.

The polarisation fractions of the V V amplitudes are defined as

fL,k,? =
|A0,k,?|2

|A0|2 + |Ak|2 + |A?|2
,

where A0, Ak and A? are the longitudinal, parallel and transverse amplitudes of the
P–wave. Therefore, fL is the fraction of B0

(s)! K⇤0K⇤0 longitudinally polarised decays.
The polarisation fractions are preferred to the amplitude moduli since they are independent
of the considered (K⇡) mass range. The P–wave amplitudes moduli can always be
recovered as

|A0,k,?|2 = (1� |A+

S |2 � |A�
S |2 � |ASS|2) fL,k,?.

The phase of all propagators is set to be zero at the K⇤0 mass. In addition, a global
phase can be factorised without a↵ecting the decay rate setting �0 ⌘ 0. The last two
requirements establish the definition of the amplitude phases (�k, �?, �

�
S , �

+

S and �SS) as
the phase relative to that of the longitudinal P–wave amplitude at the K⇤0 mass.

Since B0

(s) mesons oscillate, the decay rate evolves with time. The time-dependent

amplitudes are obtained replacing Ai ! Ai(t) and Āi ! Āi(t) in Eq. (5) being

Ai(t) =


g+(t)Ai + ⌘i

q

p
g�(t)Āi

�
and Āi(t) =


p

q
g�(t)Ai + ⌘ig+(t)Āi

�
,
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 measurementsB → K(*)0K̄(*)0

Integrated branching     
ratios

Angular analyses

Time integrated CP 
asymmetries

Time dependent CP 
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d {• Flavour untagged angular analyses allow to access CP 
observables: [PRD.88.016007]

• Triple product asymmetries involving products of the 
kind:


• (In)direct CP asymmetries accessible for polarisation 
amplitudes combinations where one of the A’s is CP odd

Re[AhA*h′ 
+ ηhηh′ ĀhĀ*h′ 

]

⃗q ⋅ ( ⃗ε1 × ⃗ε2)

https://inspirehep.net/literature/1237930
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• Flavour untagged angular analyses allow to access CP 
observables: [PRD.88.016007]

• Triple product asymmetries involving products of the 
kind:


• (In)direct CP asymmetries accessible for polarisation 
amplitudes combinations where one of the A’s is CP odd{

{• Flavour tagged analyses allow to access to TD CP violation 
and measurement of the CKM angles β, βs

⃗q ⋅ ( ⃗ε1 × ⃗ε2)

Re[AhA*h′ 
+ ηhηh′ ĀhĀ*h′ 

]
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• Flavour untagged angular analyses allow to access CP 
observables: [PRD.88.016007]

• Triple product asymmetries


• (In)direct CP asymmetries accessible as well{
{

Today’s focus

• Requires decay careful time acceptance modelling


• Involves flavour tagging of the  at production
B

• Flavour tagged analyses allow to access to TD CP violation 
and measurement of the CKM angles β, βs

https://inspirehep.net/literature/1237930
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• The heavy-quark limit implies the polarisation hierarchy  in 
 decays, with QCDF predicting [Nucl.Phys.B774:64-101,2007] :

fL ≫ f∥,⊥
B(s) → K*0K̄0*

fB0
L = 0.69+0.16

−0.20 fBs
L = 0.72+0.16

−0.21

 at LHCbB → K*0K̄*0

http://www.apple.com/uk
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[LHCb: Phys.Lett.B 709 (2012) 50]

[LHCb: JHEP 03 (2018) 140]

[LHCb: JHEP 07 (2015) 166]

fB0
L = 0.69+0.16

−0.20 fBs
L = 0.72+0.16

−0.21

[LHCb: JHEP 07 (2019) 032]

B (
s)

→
K

*0
K̄

0*

First observation of  
with  of data


• Anomalously low value of 


Bs → K*0K̄0*

35pb−1

fBs
L

fBs
L = 0.31 ± 0.12(stat) ± 0.04(syst)

 at LHCbB → K*0K̄*0

• The heavy-quark limit implies the polarisation hierarchy  in 
 decays, with QCDF predicting [Nucl.Phys.B774:64-101,2007] :

fL ≫ f∥,⊥
B(s) → K*0K̄0*

https://arxiv.org/abs/1111.4183
https://arxiv.org/abs/1712.08683
https://arxiv.org/abs/1503.05362
https://arxiv.org/abs/1905.06662
http://www.apple.com/uk
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[LHCb: Phys.Lett.B 709 (2012) 50]

[LHCb: JHEP 03 (2018) 140]

[LHCb: JHEP 07 (2015) 166]

fB0
L = 0.69+0.16

−0.20 fBs
L = 0.72+0.16

−0.21

[LHCb: JHEP 07 (2019) 032]

B (
s)

→
K

*0
K̄

0*

TI CP asymmetries in  
with  of data


• Within uncertainties consistent with 
no CP violation 


• Low value of  confirmed


Bs → K*0K̄0*

1fb−1

fBs
L

fBs
L = 0.201 ± 0.057(stat) ± 0.040(syst)

 at LHCbB → K*0K̄*0

• The heavy-quark limit implies the polarisation hierarchy  in 
 decays, with QCDF predicting [Nucl.Phys.B774:64-101,2007] :

fL ≫ f∥,⊥
B(s) → K*0K̄0*

https://arxiv.org/abs/1111.4183
https://arxiv.org/abs/1712.08683
https://arxiv.org/abs/1503.05362
https://arxiv.org/abs/1905.06662
http://www.apple.com/uk


D. Lancierini (Cambridge U.) BFA Workshop IV (Siegen U.) 10th April 202416
t

[LHCb: Phys.Lett.B 709 (2012) 50]

[LHCb: JHEP 03 (2018) 140]

[LHCb: JHEP 07 (2015) 166]

fB0
L = 0.69+0.16

−0.20 fBs
L = 0.72+0.16

−0.21

[LHCb: JHEP 07 (2019) 032]

B (
s)

→
K

*0
K̄

0*

TD CP asymmetries in  
with  of data


• First measurement of the CP-violating 
phase





• Low value of  confirmed


Bs → K*0K̄0*

3fb−1

ϕss̄
s = − 0.10 ± 0.13(stat) ± 0.14(syst)

f Bs
L

f Bs
L = 0.208 ± 0.032(stat) ± 0.046(syst)

 at LHCbB → K*0K̄*0

• The heavy-quark limit implies the polarisation hierarchy  in 
 decays, with QCDF predicting [Nucl.Phys.B774:64-101,2007] :

fL ≫ f∥,⊥
B(s) → K*0K̄0*

https://arxiv.org/abs/1111.4183
https://arxiv.org/abs/1712.08683
https://arxiv.org/abs/1503.05362
https://arxiv.org/abs/1905.06662
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−0.20 fBs
L = 0.72+0.16

−0.21

[LHCb: JHEP 07 (2019) 032]

B (
s)

→
K

*0
K̄

0*

 at LHCbB → K*0K̄*0

Angular analysis of both  and  
with  of data, 


•  well compatible with SM 
prediction!


B0 Bs
3fb−1

fB0

L

fB0

L = 0.724 ± 0.051(stat) ± 0.016(syst)

• The heavy-quark limit implies the polarisation hierarchy  in 
 decays, with QCDF predicting [Nucl.Phys.B774:64-101,2007] :

fL ≫ f∥,⊥
B(s) → K*0K̄0*

https://arxiv.org/abs/1111.4183
https://arxiv.org/abs/1712.08683
https://arxiv.org/abs/1503.05362
https://arxiv.org/abs/1905.06662
http://www.apple.com/uk
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Analysis strategy, in brief:


• sWeight the 4-body invariant mass to disentangle  
from  contributions and remove backgrounds


• Perform an amplitude analysis to measure amplitude 
magnitudes and relative phases

B0

Bs
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sB
)+K−K)(−π+K (→ 0B

)+π−K)(−πp (→ 0
bΛ

Partially reconstructed

LHCb

Figure 3: Aggregated four-body invariant-mass fit result of the 2011 and 2012 data. The solid
red distribution corresponds to the B0

s ! (K+⇡�)(K�⇡+) decay, the solid cyan distribution
to B0! (K+⇡�)(K�⇡+), the dotted dark blue line to ⇤0

b! (p⇡�)(K�⇡+), the dotted yellow
line to B0! (K+⇡�)(K�K+) and the dotted cyan line represents the partially reconstructed
background. The tiny combinatorial background contribution is not represented. The black
points with error bars correspond to data to which the B0! ⇢0K⇤0 contribution has been
subtracted with negatively weighted simulation, and the overall fit is represented by the thick
blue line.

Table 3: Signal and background yields for the 2011 and 2012 data samples, obtained from
the fit to the four-body mass spectrum of the selected candidates. Statistical and systematic
uncertainties are reported, the latter are estimated as explained in Sect. 8.

Yield 2011 sample 2012 sample
B0! (K+⇡�)(K�⇡+) 99± 12± 3 249± 19± 5
B0

s ! (K+⇡�)(K�⇡+) 617± 26± 8 1337± 39± 12
Misidentified B0! (K+⇡�)(K�K+) 145± 17± 2 266± 27± 8
Partially reconstructed background 100± 15± 4 230± 25± 6
Combinatorial background 7± 5± 11 48± 25± 25

either the B0! (K+⇡�)(K�⇡+) or the B0

s ! (K+⇡�)(K�⇡+) decays. The contribution
from ⇤0

b! (p⇡�)(K�⇡+), for which the yield is fixed, is treated using extended weights
according to Appendix B.2 of Ref. [33]. The sPlot method suppresses the background
contributions using their relative abundance in the four-body invariant mass spectrum
and, therefore, no assumption is required for their phase-space distribution.
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Julián García Pardiñas (CERN) B(s) -> K(*)0 K̅(*)0 decays Beyond the Flavour Anomalies IV

LHCb: JHEP 07 (2019) 032Fit	projections	for	the	Bs

Measurement	of	BR	and	fL	for																										,	fL	forB0 → K*0K*0 B0
s → K*0K*0

Run	1	data
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• Account for both vector and scalar components, 
total of 6 amplitudes: 

Julián García Pardiñas (CERN) B(s) -> K(*)0 K̅(*)0 decays Beyond the Flavour Anomalies IV

Measurement	of	BR	and	fL	for																										,	fL	for

LHCb: JHEP 07 (2019) 032

B0 → K*0K*0 B0
s → K*0K*0

9

Run	1	data

Analysis	method:	
	-	Filter	data,	4-body	mass	fit	and	sWeights	to	
remove	backgrounds.	
	-	Amplitude	analysis	separately	for	the	B0	and	
the	Bs	to	measure	the	amplitude	parameters.	
	-	Combine	the	previous	numbers	together	to	
measure	the	BR.

Six	contributing	amplitudes	for	each	mode:	VV	(3	pols.),	PV,	VP	and	PP.

Clean	peaks	for	the	B0	and	the	Bs.

{
Amplitude analysis of  decays B(s) → K*0K̄0*

https://arxiv.org/abs/1905.06662
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Results with Run 1 data:
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= 0.240± 0.031(stat)± 0.025(syst) (27)

B(B0
! K

⇤0
K̄

⇤0)

B(Bs ! K⇤0K̄⇤0)
= [7.58± 0.57(stat)± 0.25(syst)± 0.16(fs/fd)]% (28)

(29)

D. Ĺancierini (UZH) LFU tests at LHCb

19

[JHEP 07 (2019) 032]

Amplitude analysis of  decays B(s) → K*0K̄0*

Combine with previous  Br to get:Bs → K*0K̄0*
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Systematic	uncertainties	for	the	B0 Systematic	uncertainties	for	the	Bs

(Simulation	
sample	size)

Run	1	data
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Measurement	of	BR	and	fL	for																										,	fL	forB0 → K*0K*0 B0
s → K*0K*0

The	polarisation	parameters	(because	of	the	efficiency	computation)	and	S-wave	
fraction	are	inputs	to	the	BR	computation.

Using	previous	measurements	of	the	Bs	BR:

Run	1	data

https://arxiv.org/abs/1905.06662
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Measurement	of	BR	and	fL	for																										,	fL	forB0 → K*0K*0 B0
s → K*0K*0

The	polarisation	parameters	(because	of	the	efficiency	computation)	and	S-wave	
fraction	are	inputs	to	the	BR	computation.

Using	previous	measurements	of	the	Bs	BR:

Run	1	data

As pointed out in [JHEP06(2023)108] U-spin symmetry can be exploited to reduce theoretical 
uncertainties building ratios of longitudinally polarised branching ratios:


Main sources of uncertainties are form  factors (currently LCSR from [Barucha, Straub, 
Zwicky] and affected by LCDA end point singularities, chance for discussion?


B → K*

LK⇤K̄⇤ = ⇢(mK⇤ ,mK̄⇤)
f
Bs

L

f
Bd

L

B(Bs ! K
⇤0
K̄

⇤0)

B(Bd ! K⇤0K̄⇤0)

https://arxiv.org/abs/1905.06662
https://inspirehep.net/literature/2626415
https://arxiv.org/abs/1503.05534
https://arxiv.org/abs/1503.05534
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Amplitude analysis of  decays B(s) → K*0K̄0*

An update using full Run1+Run2 is underway!


• Using naive luminosity scaling the measurement on  
is going to be systematically dominated:


• Major contributions to syst. budget are from 
simulation sample size and S-wave mass model


• Reduce the latter by decomposing the amplitudes 
using angular momentum eigenfunctions rather than 
helicity basis


• Ensure translatability of the results between the two 
bases

fBs
L

Table 6: Systematic uncertainties for the parameters of the amplitude-analysis fit of the
B0

(s)! (K+⇡�)(K�⇡+) decay. The bias related to di↵erences between data and simulation is
included in the results shown in Table 4.

Decay mode B0! (K+⇡�)(K�⇡+)
Parameter fL xfk |A�

S |2 x|A+

S |2 x|ASS |2 �k �? � �+S ��S �SS
Bias data-simulation 0.001 0.00 0.006 �0.001 0.004 0.01 �0.01 0.00 0.01
Fit method 0.007 0.01 0.011 0.009 0.001 0.00 0.01 0.00 0.02
Kinematic acceptance 0.005 0.01 0.006 0.004 0.002 0.03 0.12 0.01 0.04
Resolution 0.007 0.00 0.005 0.001 0.002 0.00 0.16 0.00 0.02
P–wave mass model 0.001 0.00 0.004 0.001 0.002 0.00 0.01 0.00 0.02
S–wave mass model 0.007 0.01 0.016 0.003 0.002 0.03 0.03 0.03 0.02
Di↵erences data-simulation 0.004 0.00 0.002 0.001 0.001 0.01 0.01 0.01 0.01
Background subtraction 0.002 0.01 0.006 0.001 0.002 0.01 0.06 0.01 0.09
Peaking backgrounds 0.009 0.02 0.009 0.003 0.003 0.04 0.06 0.01 0.08
Total systematic unc. 0.016 0.03 0.024 0.011 0.006 0.06 0.22 0.04 0.13

Decay mode B0

s ! (K+⇡�)(K�⇡+)
Parameter fL xfk |A�

S |2 x|A+

S |2 x|ASS |2 �k �? � �+S ��S �SS
Bias data-simulation 0.004 0.003 0.007 �0.003 0.021 0.05 0.00 0.05 0.07
Fit method 0.001 0.000 0.001 0.000 0.000 0.00 0.00 0.00 0.00
Kinematic acceptance 0.011 0.006 0.011 0.021 0.009 0.05 0.07 0.05 0.05
Resolution 0.002 0.001 0.000 0.002 0.000 0.00 0.00 0.00 0.00
P–wave mass model 0.001 0.000 0.001 0.002 0.009 0.00 0.01 0.00 0.01
S–wave mass model 0.021 0.001 0.007 0.011 0.028 0.03 0.02 0.03 0.02
Di↵erences data-simulation 0.002 0.000 0.001 0.001 0.001 0.01 0.00 0.01 0.01
Background subtraction 0.000 0.001 0.001 0.001 0.004 0.01 0.01 0.01 0.01
Peaking backgrounds 0.003 0.008 0.002 0.002 0.002 0.02 0.01 0.02 0.01
Time acceptance 0.008 0.014 0.008 0.004 0.005 0.00 0.00 0.00 0.00
Total systematic unc. 0.025 0.010 0.014 0.024 0.031 0.06 0.07 0.06 0.05

where, for each channel, "B0

(s)
is the detection e�ciency, �fL

B0

(s)
is a polarisation-dependent

correction of the e�ciency, originated in di↵erences between the measured polarisation
and that assumed in simulation, NB0

(s)
is the measured number of B0

(s)! (K+⇡�)(K�⇡+)

candidates and fD
B0

(s)
represents the V V signal purity at detection. In this way NB0

(s)
⇥fD

B0

(s)

represents the B0

(s)! K⇤0K⇤0 yield. Finally, fd and fs are the hadronisation fractions of

a b-quark into a B0 and B0

s meson, respectively.
The purity at detection and the �fL factor ratios, k

B0

(s)
, are obtained for each decay

mode as

k
B0

(s)
⌘

�fL
B0

(s)

fD
B0

(s)

=

6P
i=1

6P
j�i

Re[AiA⇤
j

⇣
1�⌘i
�H

+ 1+⌘i
�L

⌘
!k
ij]

(1� |A�
S |2 � |A+

S |2 � |ASS|2)
3P

i=1

3P
j�i

Re[Asim

i Asim⇤
j

⇣
1�⌘i
�H

+ 1+⌘i
�L

⌘
!k
ij]

,

(12)
where the !k

ij coe�cients are defined in Eq. (9), Asim

i are the amplitudes used to gen-
erate signal samples, and the ⌘i values are given in Table 2. Also in this case, for the

16

Currently in advanced state, inclusive Br measurements are almost finalised, angular 
fitter is well understood, soon to enter WG circulation

https://arxiv.org/abs/1905.06662


D. Lancierini (Cambridge U.) BFA Workshop IV (Siegen U.) 10th April 202422

Br measurement of  B(s) → K0K̄0

Analysis strategy:
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Figure 2: Combined invariant-mass distribution m(K0

S
K0

S
) of the signal decay channel. The

black (solid) curve represents the complete model, the B0
s signal component is given in green

(dashed), the smaller B0 signal is given in blue (dash-dotted) and the background component in
red (dotted).

so that fB0/B0
s
can be converted to a ratio of branching fractions by multiplying by fs/fd.

The calculated value of B(B0! K0

S
K0

S
)/B(B0

s ! K0

S
K0

S
) is (7.5± 3.1)⇥ 10�2, where the

uncertainty is statistical only.
The significances of the B0

s ! K0

S
K0

S
and B0! K0

S
K0

S
signal yields are estimated

relative to a background-only hypothesis using Wilks’ theorem [44]. The observed signal
yield of 32 B0

s ! K0

S
K0

S
decays has a large significance of 8.6 � (6.5 � including the e↵ect

of systematic uncertainties), while the smaller B0! K0

S
K0

S
signal yield has a significance

of 3.5 � including systematic uncertainties.

Table 1: Results of the simultaneous fit to the invariant mass of the K0

S
K0

S
system. The fit

results for B and fB0/B0
s
are shared among all data categories. The given uncertainties are

statistical only. The normalization constant ↵ and the corresponding normalization channel
yields Nnorm are shown for reference.

Run 1 LL Run 1 LD Run 2 LL Run 2 LD Status
Parameter

B (⇥10�6) 8.3 ± 1.6 Free
fB0/B0

s
0.30 ± 0.13 Free

NB0
s

4.3 ± 1.0 2.1 ± 0.5 12.8 ± 2.7 12.4 ± 2.7 B/↵
NB0 1.3 ± 0.5 0.63± 0.26 3.8 ± 1.5 3.7 ± 1.5 fB0/B0

s
⇥ B/↵

Nbkg 10.4 ± 3.5 3.5 ± 2.2 7.2 ± 3.0 13 ± 4 Free
↵ (⇥10�6) 1.90± 0.21 3.9 ± 0.5 0.65± 0.05 0.66± 0.05 Gaussian constr.
Nnorm 179± 18 178± 22 316± 25 400± 31 Included in ↵
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provided separately when necessary. The total systematic uncertainty in the measurement
of the B0 branching fraction is also 10.7%.

These measurements of the branching ratio are calculated using the time-integrated
event yield, without taking into account B0

s–B
0

s mixing e↵ects. The conversion into a
branching ratio that is independent of B0

s–B
0

s mixing can be performed according to the
computation given in Ref. [47], where Af

��
is calculated from the decay amplitudes of

the BH

s and BL

s states. In this work, the simulation is generated using the average B0

s

lifetime, corresponding to the Af
��

= 0 scenario. For this scenario the mixing-corrected SM
prediction of the branching ratio is equivalent to the quoted time-integrated branching ratio
within uncertainties, because the impact of the scaling from ��s/�s = 0.135± 0.008 [15]
is small.

Considering that the final state of the decay is CP -even, the relevant decay lifetime of
the B0

s is expected to be closer to that of the BL

s state, corresponding to a SM prediction
of Af

��
close to �1. This change in lifetime corresponds to a change in the expected

e�ciency of the B0

s ! K0

S
K0

S
reconstruction of approximately �4.5% for Af

��
= �1, or

4.5% for the less-likely Af
��

= 1. These scaling factors are not included in the systematic
uncertainty for the time-integrated branching ratios presented below.

6 Conclusion

Data collected by the LHCb experiment in 2011–2012 and 2015–2016 was used to measure
the B0

s ! K0

S
K0

S
branching fraction. The measured ratio of this branching fraction relative

to that of the normalization channel is

B(B0

s ! K0

S
K0

S
)

B(B0! �K0

S
)

= 2.3± 0.4 (stat)± 0.2 (syst)± 0.1 (fs/fd),

where the first uncertainty is statistical, the second is systematic, and the third
is due to the ratio of hadronization fractions. This is compatible with the ratio
B(B0

s ! K0

S
K0

S
)/B(B0! �K0

S
) = 2.7 ± 0.9 calculated from the current world average

values [15].
From this measurement, the B0

s ! K0

S
K0

S
branching fraction is determined to be

B(B0

s ! K0

S
K0

S
) = [8.3± 1.6 (stat)± 0.9 (syst)± 0.8 (norm)± 0.3 (fs/fd)]⇥ 10�6,

where the first uncertainty is statistical, the second is systematic, and the third and fourth
are due to the normalization channel branching fraction and the ratio of hadronization
fractions fs/fd. This result is the most precise to date and is compatible with SM
predictions [6–9] and the previous measurement from the Belle collaboration [14].

In the same combined fit used for the B0

s ! K0

S
K0

S
measurement, the fraction of

B0! K0

S
K0

S
decays is also determined. Using this measured fraction of yields, the

branching fraction of B0! K0

S
K0

S
decays measured relative to B0

s ! K0

S
K0

S
decays is

found to be

B(B0! K0

S
K0

S
)

B(B0

s ! K0

S
K0

S
)
= [7.5± 3.1 (stat)± 0.5 (syst)± 0.3 (fs/fd)]⇥ 10�2,

where the first uncertainty is statistical, the second is systematic, and the third
is due to the ratio of hadronization fractions. For comparison, calculating
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Results using Run1+2015,2016 data:

If  normalisation is chosen:


• Benefit from large systematic uncertainties cancellation in the ratio of Br 
yielding a statistically dominated result

Bs → KSK̄S

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

CERN-EP-2020-008
LHCb-PAPER-2019-030

12 August 2020

Measurement of the branching

fraction of the decay B0
s! K0

S
K0

S

LHCb collaboration†

Abstract

A measurement of the branching fraction of the decay B0
s ! K0
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is performed

using proton–proton collision data corresponding to an integrated luminosity of
5 fb�1 collected by the LHCb experiment between 2011 and 2016. The branching
fraction is determined to be

B(B0
s ! K0

S
K0

S
) = [8.3± 1.6 (stat)± 0.9 (syst)± 0.8 (norm)± 0.3 (fs/fd)]⇥ 10�6 ,

where the first uncertainty is statistical, the second is systematic, and the third and
fourth are due to uncertainties on the branching fraction of the normalization mode
B0! �K0

S
and the ratio of hadronization fractions fs/fd. This is the most precise

measurement of this branching fraction to date. Furthermore, a measurement of
the branching fraction of the decay B0! K0

S
K0

S
is performed relative to that of the

B0
s ! K0

S
K0

S
channel, and is found to be

B(B0! K0

S
K0

S
)

B(B0
s ! K0

S
K0

S
)
= [7.5± 3.1 (stat)± 0.5 (syst)± 0.3 (fs/fd)]⇥ 10�2 .

Published in Phys. Rev. D 102 (2020) 012011

© 2020 CERN for the benefit of the LHCb collaboration. CC-BY-4.0 licence.

†Authors are listed at the end of this paper.

ar
X

iv
:2

00
2.

08
22

9v
3 

 [h
ep

-e
x]

  1
2 

A
ug

 2
02

0

B0 → ϕKS

https://arxiv.org/abs/2002.08229


D. Lancierini (Cambridge U.) BFA Workshop IV (Siegen U.) 10th April 202423

Br measurement of  B(s) → K0K̄0

Analysis strategy:


• Measure yields and efficiencies for the signal and 
normalisation modes to get the Br


• No amp analysis needed{
5000 5200 5400 5600

]2c [MeV/)0
SK

0
SK(m

0

5

10

15

20

 )2 c
C

an
di

da
te

s /
 ( 

20
 M

eV
/

2011-2016
LHCb

Figure 2: Combined invariant-mass distribution m(K0

S
K0

S
) of the signal decay channel. The

black (solid) curve represents the complete model, the B0
s signal component is given in green

(dashed), the smaller B0 signal is given in blue (dash-dotted) and the background component in
red (dotted).

so that fB0/B0
s
can be converted to a ratio of branching fractions by multiplying by fs/fd.

The calculated value of B(B0! K0

S
K0

S
)/B(B0

s ! K0

S
K0

S
) is (7.5± 3.1)⇥ 10�2, where the

uncertainty is statistical only.
The significances of the B0

s ! K0

S
K0

S
and B0! K0

S
K0

S
signal yields are estimated

relative to a background-only hypothesis using Wilks’ theorem [44]. The observed signal
yield of 32 B0

s ! K0

S
K0

S
decays has a large significance of 8.6 � (6.5 � including the e↵ect

of systematic uncertainties), while the smaller B0! K0

S
K0

S
signal yield has a significance

of 3.5 � including systematic uncertainties.

Table 1: Results of the simultaneous fit to the invariant mass of the K0

S
K0

S
system. The fit

results for B and fB0/B0
s
are shared among all data categories. The given uncertainties are

statistical only. The normalization constant ↵ and the corresponding normalization channel
yields Nnorm are shown for reference.

Run 1 LL Run 1 LD Run 2 LL Run 2 LD Status
Parameter

B (⇥10�6) 8.3 ± 1.6 Free
fB0/B0

s
0.30 ± 0.13 Free

NB0
s

4.3 ± 1.0 2.1 ± 0.5 12.8 ± 2.7 12.4 ± 2.7 B/↵
NB0 1.3 ± 0.5 0.63± 0.26 3.8 ± 1.5 3.7 ± 1.5 fB0/B0

s
⇥ B/↵

Nbkg 10.4 ± 3.5 3.5 ± 2.2 7.2 ± 3.0 13 ± 4 Free
↵ (⇥10�6) 1.90± 0.21 3.9 ± 0.5 0.65± 0.05 0.66± 0.05 Gaussian constr.
Nnorm 179± 18 178± 22 316± 25 400± 31 Included in ↵
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provided separately when necessary. The total systematic uncertainty in the measurement
of the B0 branching fraction is also 10.7%.

These measurements of the branching ratio are calculated using the time-integrated
event yield, without taking into account B0

s–B
0

s mixing e↵ects. The conversion into a
branching ratio that is independent of B0

s–B
0

s mixing can be performed according to the
computation given in Ref. [47], where Af

��
is calculated from the decay amplitudes of

the BH

s and BL

s states. In this work, the simulation is generated using the average B0

s

lifetime, corresponding to the Af
��

= 0 scenario. For this scenario the mixing-corrected SM
prediction of the branching ratio is equivalent to the quoted time-integrated branching ratio
within uncertainties, because the impact of the scaling from ��s/�s = 0.135± 0.008 [15]
is small.

Considering that the final state of the decay is CP -even, the relevant decay lifetime of
the B0

s is expected to be closer to that of the BL

s state, corresponding to a SM prediction
of Af

��
close to �1. This change in lifetime corresponds to a change in the expected

e�ciency of the B0

s ! K0

S
K0

S
reconstruction of approximately �4.5% for Af

��
= �1, or

4.5% for the less-likely Af
��

= 1. These scaling factors are not included in the systematic
uncertainty for the time-integrated branching ratios presented below.

6 Conclusion

Data collected by the LHCb experiment in 2011–2012 and 2015–2016 was used to measure
the B0

s ! K0

S
K0

S
branching fraction. The measured ratio of this branching fraction relative

to that of the normalization channel is

B(B0

s ! K0

S
K0

S
)

B(B0! �K0

S
)

= 2.3± 0.4 (stat)± 0.2 (syst)± 0.1 (fs/fd),

where the first uncertainty is statistical, the second is systematic, and the third
is due to the ratio of hadronization fractions. This is compatible with the ratio
B(B0

s ! K0

S
K0

S
)/B(B0! �K0

S
) = 2.7 ± 0.9 calculated from the current world average

values [15].
From this measurement, the B0

s ! K0

S
K0

S
branching fraction is determined to be

B(B0

s ! K0

S
K0

S
) = [8.3± 1.6 (stat)± 0.9 (syst)± 0.8 (norm)± 0.3 (fs/fd)]⇥ 10�6,

where the first uncertainty is statistical, the second is systematic, and the third and fourth
are due to the normalization channel branching fraction and the ratio of hadronization
fractions fs/fd. This result is the most precise to date and is compatible with SM
predictions [6–9] and the previous measurement from the Belle collaboration [14].

In the same combined fit used for the B0

s ! K0

S
K0

S
measurement, the fraction of

B0! K0

S
K0

S
decays is also determined. Using this measured fraction of yields, the

branching fraction of B0! K0

S
K0

S
decays measured relative to B0

s ! K0

S
K0

S
decays is

found to be

B(B0! K0
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S
)

B(B0
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S
)
= [7.5± 3.1 (stat)± 0.5 (syst)± 0.3 (fs/fd)]⇥ 10�2,

where the first uncertainty is statistical, the second is systematic, and the third
is due to the ratio of hadronization fractions. For comparison, calculating
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As pointed out in [JHEP06(2023)108] U-spin symmetry can be exploited to reduce theoretical 
uncertainties building ratios of branching ratios:


Interesting coherent deviation in this mode as well, is this a systematic long distance effect or 
does this have short distance origin? (FF uncertainties lower in this case)

B !

LKK̄ = ⇢(mK0 ,mK̄0)
B(Bs ! K

0
K̄

0)

B(Bd ! K0K̄0)

https://arxiv.org/abs/2002.08229
https://inspirehep.net/literature/2626415
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A coherent NP explanation?
A Elements of QCDF

A.1 Weak E↵ective Theory

At the scale mb, the relevant e↵ective Hamiltonian separating small- and large-distances

for b ! q transitions in non-leptonic B-decays is

He↵ =
GFp
2

X

p=c,u

�(q)
p

⇣
Cp

1sQ
p

1s + Cp

2sQ
p

2s +
X

i=3...10

CisQis + C7�sQ7�s + C8gsQ8gs

⌘
.

where �(q)
p = VpbV ⇤

pq. We follow the conventions and definitions of Ref [10]:

Qp

1s = (p̄b)V�A(s̄p)V�A , Q7s = (s̄b)V�A

X

q

3

2
eq(q̄q)V+A ,

Qp

2s = (p̄ibj)V�A(s̄jpi)V�A , Q8s = (s̄ibj)V�A

X

q

3

2
eq(q̄jqi)V+A ,

Q3s = (s̄b)V�A

X

q

(q̄q)V�A , Q9s = (s̄b)V�A

X

q

3

2
eq(q̄q)V�A ,

Q4s = (s̄ibj)V�A

X

q

(q̄jqi)V�A , Q10s = (s̄ibj)V�A

X

q

3

2
eq(q̄jqi)V�A ,

Q5s = (s̄b)V�A

X

q

(q̄q)V+A , Q7�s =
�e

8⇡2
mbs̄�µ⌫(1 + �5)F

µ⌫b ,

Q6s = (s̄ibj)V�A

X

q

(q̄jqi)V+A , Q8gs =
�gs
8⇡2

mb s̄�µ⌫(1 + �5)G
µ⌫b ,

where (q̄1q2)V±A = q̄1�µ(1± �5)q2, i, j are colour indices, eq are the electric charges of the

quarks in units of |e|. Qp

1s,2s are the left-handed current-current operators, Q3s...6s and

Q7s...10s are QCD and electroweak penguin operators, and Q7�s and Q8gs are electromag-

netic and chromomagnetic dipole operators. A summation over q = u, d, s, c, b is implied.

In the SM, Cc

1 is the largest coe�cient and it corresponds to the colour-allowed tree-level

contribution from the W exchange, whereas Cc

2 is colour suppressed. QCD-penguin opera-

tors are numerically suppressed, and the electroweak operators even more so.

For simplicity, in this article, we will focus on NP scenarios involving shifts in Wilson

coe�cients associated to operators already present in the SM, and we will thus use the basis

presented in Eq. (A.1). Similarly to Ref. [17], we could extend this basis to the chirally-

flipped ones Q̃i as defined in Ref. [48] by exchanging left and right-chirality projector in all

quark bilinears. These right-handed currents would modify the amplitudes of the various

decays considered in the following way

A(B ! PP )[C � C̃] A(B ! V P )[C + C̃] A(B ! (V V )0)[C � C̃] (A.1)

The discussion of the impact of right-handed currents on the observables under discussion

here is left for future work.

QCDF allows one to compute the hadronic matrix elements starting from the heavy-

quark limitmb ! 1 where the naive factorisation approach holds for some classes of decays

and providing corrections to this picture. Indeed, the hadronic matrix elements Tq and Pq

can be expressed as an expansion of ↵s involving form factors and light-cone distribution

– 35 –

a Gaussian) and the SM theoretical value (generated as before), leading to

L
K⇤K̄⇤ : PullSM = 2.6� L

KK̄
: PullSM = 2.4� (B.3)

B(Bs ! K⇤K̄⇤) : PullSM = 0.9� B(Bd ! K⇤K̄⇤) : PullSM = 1.8� (B.4)

B(Bs ! KK̄) : PullSM = 1.6� B(Bd ! KK̄) : PullSM = 0.4� (B.5)

Figure 25: Variation of L
K⇤K̄⇤ and L

KK̄
w.r.t CNP

4s for CNP
4d = �0.01 and CNP

6,8gd,s = 0.

The magenta region ([0.008, 0.052]) represents the range of CNP
4s where both observables are

compatible (for this particular value of CNP
4d ) theoretically and experimentally within 1�.

Figure 26: Variation of L̂K⇤ and L̂K (left) and LK⇤ , LK and Ltotal (right) w.r.t CNP
4s

for CNP
4d = �0.01 and CNP

6,8gd,s = 0. The magenta region ([0.008, 0.052]) represents the

range of CNP
4s (with CNP

4d = �0.01) where both observables are compatible theoretically and

experimentally within 1� (it is the same as shown in fig. 25).

– 41 –

Figure 27: Variation of L
K⇤K̄⇤ and L

KK̄
w.r.t CNP

8gs for CNP
8gd = 0.3 and CNP

4,6d,s = 0. The

magenta region ([�0.425, 0.055]) represents the range of CNP
8gs where both observables are

compatible (for this particular value of CNP
8gd) theoretically and experimentally within 1�.

Figure 28: Variation of L̂K⇤ and L̂K (left) and LK⇤ , LK and Ltotal (right) w.r.t CNP
8gs for

CNP
8gd = 0.3 and CNP

4,6d,s = 0. The magenta region ([�0.425, 0.055]) represents the range of CNP
8gs

(with CNP
8gd = 0.3) where both observables are compatible theoretically and experimentally

within 1� (it is the same as shown in Fig. 27).

C Benchmark scenarios for New Physics

In this appendix, we illustrate the behaviour of the observables using their full expressions

in terms of Wilson coe�cients, going beyond the approximation discussed in Sec. 6 that

consisted in performing the substitution CNP
is

for CNP
is

�CNP
id

to infer the dependence on both

b ! d and b ! s Wilson coe�cients. We consider benchmark points which are allowed

according to Figs. 20, 21 and 22 (using also exact expressions) but are outside the limited

range where the approximation is valid.

We consider first the benchmark point CNP
4d = �0.01. The plots of Sec. 5 are modified

– 42 –

Local and non-local contributions in  transitions are separated via an 
effective hamiltonian

b → qq̄s

[JHEP06(2023)108]

• Express  observables as function of the WCs and constrain potential NP contributionL

https://inspirehep.net/literature/2626415
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• Three experimental “curiosities” of interest for this talk

1. Charged-current semi-leptonic B-decays 

2. Neutral-current semi-leptonic B-decays 

3. Neutral-current non-leptonic B-decays

τ

c

b

ν

ν

s

b

ν

q

s, d

b

q

B → K(*)νν̄

RD, RD*, RΛc
, RD+, etc .

Bs,d → K(*)K̄(*), Bs,d → K(*)ϕ

(Talk by Caspar + Danny)

(Talk by Markus + Patrick)



Neutral-current non-leptonic B-decays
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• Focus here on the  observables:LK(*)K̄(*)

LK*K̄* = ρ(mK*0, mK*0)
ℬ(B̄s → K*0K̄*0)
ℬ(B̄d → K*0K̄*0)

f Bs
L

fBd
L

=
|As

0 |2 + | Ās
0 |2

|Ad
0 |2 + | Ād

0 |2

LKK̄ = ρ(mK0, mK0)
ℬ(B̄s → K0K̄0)
ℬ(B̄d → K0K̄0)

=
|As |2 + | Ās |2

|Ad |2 + | Ād |2

Longitudinal 
component of 
B → K(*)K̄(*)

[Algueró, Crivellin, Descotes-Genon, Matias, Novoa-Brunet, 2011.07867]

[Biswas, Descotes-Genon, Matias, Tetlalmatzi-Xolocotzi 2301.10542]

*Disclaimer: Ratios reduce hadronic uncertainties but rescattering could be important in  .b → d

[Amhis, Grossman, Nir, 2212.03874]

https://arxiv.org/pdf/2011.07867
https://arxiv.org/pdf/2301.10542
https://arxiv.org/abs/2212.03874
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b
s

s

s d

d

b
d

d

d
s

s

b
s s

d
d

s

b
s

s

d

d

s

LSM
K*K̄* = 19.53+9.14

−6.64 Lexp
K*K̄*

= 4.43 ± 0.92

Lexp
KK̄

= 14.58 ± 3.37LSM
KK̄ = 26.00+3.88

−3.59

2.6σ *

2.4σ *

B̄s → K(*)K̄(*)

(b → s)

B̄d → K(*)K̄(*)

(b → d)

4-quark op. Gluon dipole

*Discrepancies are not large + SM prediction is subject to theoretical challenges. Still, it 
is an interesting exercise to see if there are consistent short-distance NP explanations.
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Going the 4-quark route seems difficult….
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b

s

q

q

G′ ℒ ⊃
2VtbV*ts

v2
EW

C4s (s̄α
Lγμbβ

L) (q̄βγμqα)

ℒ ⊃ ΔL
sb(s̄LγμbL) G′ μ + ΔR

sb(s̄RγμbR) G′ μ + ∑
i

Δqq(q̄iγμqi) G′ μ

• From di-jet searches:
Δ2

qq

m2
G′ 

≲
1

(5 TeV)2

•  observables:LK(*)K̄(*)
ΔsbΔqq

m2
G′ 

∼
1

(5 TeV)2 Δsb

mG′ 

∼
1

(5 TeV)

Δsb Δqq

•  mixing:Bs
Δ2

sb

m2
G′ 

≲
1

(100 TeV)2

[Algueró, Crivellin, Descotes-Genon, Matias, Novoa-Brunet, 2011.07867]*Can fine tune :ΔR
sb

https://arxiv.org/pdf/2011.07867


Chromomagnetic (Gluon) Dipole
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−ℒ ⊃
mbV*tsVtb

4π2 v2
EW

C8gs(s̄LσμνbR)Gμν b
s s

d
d

s
C8gs

bR sLbR sL

H
W

tL

In the SM: New physics:

Possibility to get a 
chiral enhancement!

H

We need 
CNP

8gs ∼ CSM
8gs = − 0.15 ⟹

mb

m2
W

≈
mt

Λ2
NP

⟹ ΛNP ≈ mW
mt

mb
≈ 500 GeV

Suppressed 
by mb

*We need a SM-sized effect, which points toward a low NP scale:

g g



Comes with the electromagnetic dipole!
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−ℒ ⊃
mbV*tsVtb

4π2 v2
EW

C8gs(s̄LσμνbR)Gμν b
s s

d
d

s
C8gs

In the SM: New physics:

bR sLbR sL

H
W

tL

Possibility to get a 
chiral enhancement!

HSuppressed 
by mb

g g
γ γ

• A challenge for any NP model generating the chromomagnetic dipole is 
then to explain how you pass the bounds from .B → Xs γ



A closer look at the electromagnetic dipole
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New physics:

bR sL

H

g
γ

B → Xs γ Th :

• If color flow in the loop follows the flow 
of electric charge, then we have the 
tree-level prediction of:

C7γs/C8gs = Qloop = − 1/3

• Two options for the colored NP mediator:

S1 ∼ (3, 1, − 1/3)

Color along the bosonic line

Q ∼ (3, 2,1/6)

Color along the fermionic line

*Naively some partial accidental cancellation, could be a good model building starting point.

[Misiak, Rehman, Steinhauser, 2002.01548]

https://arxiv.org/abs/2002.01548


A scalar leptoquark model
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• We go for the  scalar leptoquark option, since it is one of three 
mediators that can explain the charged-current B anomalies ( )

S1 ∼ (3, 1, − 1/3)
RD, RD*, etc .

Chiral Enhancement: TeV-scale  with an O(1) YukawaNR

ℒ ⊃ − yNℓ̄3
LH̃NR − MRN̄LNR −

1
2

μN̄LNc
L

Inverse seesaw

ν3
L → cos(θτ) ν3

L + sin(θτ) NL
mν ≈

y2
Nv2

2M2
R

μ ≡ θ2
τ μ

bR sL

H

S1

Nc
R νc

L

τL

W
νL

θτ ≲ 0.05
(EWPD +  decays)τ

NL,R
Psuedo-

Dirac 
Singlet

*Correlated deviations in 
precision observables:

[Lizana, Matias, BAS,  2306.09178]

https://arxiv.org/abs/2306.09178
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Evading the electromagnetic dipole

-0.2 -0.1 0.0 0.1 0.2
-1.0

-0.5

0.0

0.5

1.0

1.

0.5

0.

-0.5

-1.

S1 ∼ (3, 1)−1/3

C7γs

C8gs
≈ −

1
3.8

Solid line: Includes RGE 
from  to 2 TeV μEW

C8gd = − C8gs

Assumes

C7γs

C8gs
≈ −

1
3

Dashed line: No RGE

LK(*)K̄(*)

b →
sγ

(  regions)Δχ2 < 1

CSM
8gs = − 0.15

[Lizana, Matias, BAS,  2306.09178]

https://arxiv.org/abs/2306.09178


But, vanilla version has FCNC issues…
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[Lizana, Matias, BAS,  2306.09178]

ℒ ⊃ λi
Lq̄ci

L ϵℓ3
LS1 + λb

R b̄c
RNRS1

bR qi
L

H

S1

Nc
R ℓc

L

λi
Lλb

R

We need the following couplings:

• Fundamental issue here is that we need , giving a 
larger-than-CKM breaking of .

λi
L ≈ (−Vtd /Vts , 1) × 0.3

U(2)q

λ2
L

λ1
L

λ2
L

λ2
Lλ1

L

λ1
L

K → πνν̄ K − K / D − D

https://arxiv.org/abs/2306.09178


The way out: Add flavor to the LQ
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[Lizana, Matias, BAS,  2306.09178]

ℒ ⊃ λLq̄ci
L ϵℓ3

LSi
1 + Vi

R b̄c
RNRSi

1

bR qi
L

H

Si
1

Nc
R ℓc

L
λLVi

R

We promote:

S1 → Si
1 , [2 of U(2)q]

• FCNC’s now protected since we have one LQ for each flavor (similar to squarks 
in SUSY). Shifts the breaking of  to the coupling . At low energy, this 
coupling only enters via loops, like in the chromomagnetic dipole we need.

U(2)q Vi
R

qi
L

qi
L

Si
1

ℓL

ℓL

λL

λL

https://arxiv.org/abs/2306.09178


What about ?b → cτν
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[Lizana, Matias, BAS,  2306.09178]

ℒ ⊃ λLq̄ci
L ϵℓ3

LSi
1 + Vi

R b̄c
RNRSi

1

+Vi
L q̄c3

L ϵℓ3
LSi

1 + Δij
R ūci

RτRSj
1

bR qi
L

H

Si
1

Nc
R ℓc

L
λLVi

R

The full model:

• New couplings needed for RD/RD*. 
Maybe not so nice at first glance, but 
these couplings are new U(2)-breaking 
sources. Generate new FCNC’s:

bL ντ

τR

uj
R

Si
1

Δij
R

Vi
L

B → K(π)νν̄ Bs,d − B̄s,d

VL = (ϵL, 1) λb
L

Δij
R = λR

mt

mc
yij

u

https://arxiv.org/abs/2306.09178
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ℒ ⊃ λLq̄ci
L ϵℓ3

LSi
1 + Vi

R b̄c
RNRSi

1

+Vi
L q̄c3

L ϵℓ3
LSi

1 + Δij
R ūci

RτRSj
1

bR qi
L

H

Si
1

Nc
R ℓc

L
λLVi

R

The full model:

• New couplings needed for RD/RD*. 
Maybe not so nice at first glance, but 
these couplings are new U(2)-breaking 
sources. Generate new FCNC’s:

bL ντ

τR

uj
R

Si
1

Δij
R

Vi
L

B → K(π)νν̄

*Combining the non-leptonic and charged-
current anomalies predicts . 
Same combination gives a sub-dominant vector 
contribution to RD/RD* that improves the fit.

B → Kνν̄ ∝ λL VL

What about ?b → cτν

https://arxiv.org/abs/2306.09178


Putting everything together

38

Ben A. Stefanek | Possible new physics links between non-leptonic and semi-leptonic B-decays

[Lizana, Matias, BAS,  2306.09178]
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pp → ττpp → τETB → Kνν̄ Average:

LK(*)K̄(*)

LK(*)K̄(*)

b → cτν
b → cτν

Rν
K =

ℬ(B+ → K+νν̄)exp

ℬ(B+ → K+νν̄)SM
= 2.8 ± 0.8

Rν
K contours

https://arxiv.org/abs/2306.09178


Conclusions
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• Not so easy to have a consistent explanation of the  
non-leptonic puzzle from heavy NP at short distances.

Bs,d → K(*)K̄(*)

• The best option we found is going for NP in the gluon dipole, 
choosing a mediator with the right quantum numbers to pass the 
associated FCNC bound from .B → Xsγ

• Interestingly, these criteria allow the  LQ as a possible mediator, 
which is also 1 of only 3 mediators that can provide an explanation for 
hints of LFUV in  transitions.

S1

b → cτν

• While the couplings needed are distinct for  and , 
their combined explanation necessarily leads to an enhancement in 

, as hinted by current data. It is intriguing that these three 
“curiosities” can be consistently connected via a single dynamical mediator.

Bs,d → K(*)K̄(*) b → cτν

ℬ(B → Kνν̄)



D. Lancierini (Cambridge U.) BFA Workshop IV (Siegen U.) 10th April 2024

• Interesting modes, plethora of observables, LHCb capabilities in reconstructing  with 
 final states offer great precision on measurement related to these decays


• We are working towards update with full Run1+Run2 statistics + Run3 update of many different 
 modes 


• …


• Experimental precision on  is while the theory prediction QCDf (naive SU(3)) 
is 14%-40% for PP and VV modes (18(?)% - 50%) 


• Experimental precision is expected to increase thanks to increase in statistics and 
usage of covariant formalism to reduce systematic uncertainties


• Important to work towards reducing the SM prediction uncertainty

B → 4h
h = π, K

B → VV

B(s) → K(*)K̄(*), Bs → ϕK*,0, Bd → ρK*,0, B+ → ρK*+, B(s) → ωK*,0

LK*K̄* ∼ 20 %

Discussion points

40

[Related talk by Aritra and Gilberto tomorrow!]

https://indico.physik.uni-siegen.de/event/42/timetable/#b-111-non-leptonic-decays
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Discussion points

41

• Can data be used to constrain the contributions from annihilation topolgies?


• Use the idea by T. Huber, G. Tetlalmatzi-Xolocotzi: constrain size QCD-factorisation amplitudes through 
SU(3) symmetry in  decays [EPJC 82 (2022) 3, 210]


• Two ways of representing the amplitudes  with  mesons:


• Topological decomposition,  irreducible representation Expand using QCD-factorisation and 
establish connections to implement constraint 


• Can we perform the same exercise as B->PP for VV to obtain a set of closed equations that allow to single 
out modes to constrain non factorisable contributions?


• With a more global analysis we might get some more discriminating power against long dist contributions?


• And what about the form factors? Currently driving the  theory uncertainty prediction especially in the VV 
case!

B → V1V2

B → M1M2 Mi = P, V

SU(3) →

LM1M2

  

Non-leptonic B meson decays
Unfortunately, most of the decay channels involve (power suppressed)

contributions which lead to large uncertainties. 

A very well known example of this are the annihilation topolgies which are affected by 
LCDA end point singularities

Weak annihilation contributions 
are non-factorizable 

the annihilation subamplitudes are ubiquitous to most of the QCDF 
ampltiudes, consider for instance 

Uncertainties can reach several  100% for some channels 

b, b

https://inspirehep.net/literature/1967377
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Nucl.Phys.B 675 (2003) 333-415
Decay amplitudes in QCDf

https://arxiv.org/pdf/hep-ph/0308039.pdf


Backup
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Figure 5: Kinematic acceptance and decay-time distributions evaluated with simulated vector-
vector B0

s ! K⇤0K⇤0 and pure phase-space B0
s ! (K+⇡�)(K�⇡+) candidates scaled by the

mean acceptance. In the bottom right plot the decay-time acceptance obtained from the
simulated sample is shown as the black points and the parametric form of the acceptance
obtained with cubic splines is shown as the red curve. In the other three plots the black points
show the acceptance distribution for the masses and angles. The two cos ✓ variables and the
two m(K⇡) masses have been averaged for the purpose of illustration. In the fit, the kinematic
acceptance enters via the normalisation weights.

where the subscript ↵ (�) represents the state labels {j1, j2, h} ({j01, j
0
2, h

0
}), K↵�(t)

parameterises the decay-time dependence and is defined in Eq. (12), and F↵�(⌦) are
terms that parameterise the angular and mass dependence. Both the numerator and the
denominator of Eq. (11) are constructed as a sum over 190 real terms, which arise when
squaring the amplitudes decomposed in the combination of the nineteen contributing
polarisation states. The decay-time-dependent factors are constructed as

K↵�(t) = R(t, �t)⌦

⇢
e��st


⇣+

✓
a↵� cosh

✓
1

2
��st

◆
+ b↵� sinh

✓
1

2
��st

◆◆

+ ⇣�

✓
c↵� cos (�mst) + d↵� sin (�mst)

◆��
,

(12)

where R(t, �t) is the decay-time resolution function and the factors ⇣± contain the flavour-
tagging and production-asymmetry information. These factors are

⇣± =
(1 + Ap)

2
POS(qOS)P SS(qSS) ±

(1� Ap)

2
P̄OS(qOS) P̄ SS(qSS), (13)
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Julián García Pardiñas (CERN) B(s) -> K(*)0 K̅(*)0 decays Beyond the Flavour Anomalies IV

Experimental	situation:	challenges

The	analysis	of	these	modes	are	typically	done	in	increases	stages	of	difficulty	and	
statistics	required:

1. BR	measurement.	

2.	Amplitude	analysis	(when	needed).	

3.	Measurement	of	time-integrated	CPV	parameters.	

4.	Measurement	of	time-dependent	CPV	parameters	using	flavour	tagging.
3/20 Ulrich Eitschberger | Updates on Flavour Tagging | 72nd LHCb week | June 19th, 2014 

Flavour Tagging: Determine B production flavours 
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SS Kaon Signal Decay 
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Note:	additional	
challenges	when	
including	the	decay	time	
for	CPV	measurements.	
Not	discussed	here	as	
not	directly	relevant	to	
the	puzzle.
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 measurementsB → K(*)0K̄(*)0

• Requires decay time 
acceptance modelling


• Involves flavour tagging of the  
at production 


B{• Flavour tagged analyses allow to access to TD CP violation 
and measurement of the CKM angles β, βs

[Credits to J. G. Pardiñas for the nice plot!]

[LHCb: JHEP 03 (2018) 140]

[LH
C

b-FIG
U

RE-2020-002]

https://arxiv.org/abs/1712.08683
https://cds.cern.ch/record/2707121/
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Theory error budget on LK*K̄*
Theory Error budget

Form Factors
I LCSR from [Bharucha, Straub,

Zwicky]

I Main source of
uncertainty

I Could be reduced
knowing Bs and Bd
correlations

IR divergences

I Uncertainty of ���% and free complex phase
I In�uence is substantially reduced in LK⇤K̄⇤

I U-spin correlation between Bs and Bd must
be present (independent of parametrisation!)

I Even with XA different for Bs and Bd error is
dominated by form factors

XA,H = (�+ ⇢A,Hei�A,H) ln
✓
mB

⇤h

◆

⇢A,H 2 [�, �] ,�A,H 2 [�, �⇡]

[Beneke, Buchalla, Neubert, Sachrajda]

J. Matias (UAB) University of Zurich, ��th and �6th November ���� ��/68Slide credits J. Matias

Form Factors


• LCSR from [Barucha, Straub, 
Zwicky] 


• Main source of uncertainty


• Could be reduced using  and   
correlations

Bs Bd

IR divergencies


• 100% uncertainty and free complex phase, influence 
substantially reduced in 


• U-spin correlation between  and   is parametrisation 
independent 


• Even if  different for  and  still FF are dominating the error

LK*K̄*

Bs Bd

XA Bs Bd

Theory Error budget

Form Factors
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Zwicky]
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I Could be reduced
knowing Bs and Bd
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IR divergences

I Uncertainty of ���% and free complex phase
I In�uence is substantially reduced in LK⇤K̄⇤

I U-spin correlation between Bs and Bd must
be present (independent of parametrisation!)

I Even with XA different for Bs and Bd error is
dominated by form factors

XA,H = (�+ ⇢A,Hei�A,H) ln
✓
mB

⇤h

◆

⇢A,H 2 [�, �] ,�A,H 2 [�, �⇡]

[Beneke, Buchalla, Neubert, Sachrajda]

J. Matias (UAB) University of Zurich, ��th and �6th November ���� ��/68

[JHEP04(2021)066]

https://arxiv.org/abs/1503.05534
https://arxiv.org/abs/1503.05534
https://arxiv.org/abs/1503.05534
https://arxiv.org/abs/1503.05534
https://inspirehep.net/literature/1830440
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• The heavy-quark limit also implies the polarisation hierarchy  in 
 decays, with QCDF predicting [Nucl.Phys.B774:64-101,2007] :

fL ≫ f∥,⊥
B(s) → K*0K̄0*

t

[LHCb: Phys.Lett.B 709 (2012) 50]

[LHCb: LHCb: JHEP 03 (2018) 140]

[LHCb: JHEP 07 (2015) 166]

fB0
L = 0.69+0.16

−0.20 fBs
L = 0.72+0.16

−0.21

[LHCb: LHCb: JHEP 07 (2019) 032]

B (
s)

→
K

*0
K̄

0*

TD CP asymmetries in 
 with  of data


• First measurement of the CP-
violating phase 





• Low value of  confirmed


B(s) → K*0K̄0* 3fb−1

ϕss̄
s = − 0.10 ± 0.13(stat) ± 0.14(syst)

f Bs
L

f Bs
L = 0.208 ± 0.032(stat) ± 0.046(syst)

 at LHCbB → K*0K̄*0
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Figure 7: One-dimensional projections of the decay-time-dependent, flavour-tagged fit to (black
points) the sPlot weighted data for (top row) the two (K⇡) invariant masses, (middle row) the
two (K⇡) decay plane angles, (bottom left) the angle between the two (K,⇡) decay planes and
(bottom right) the decay-time. The solid gray line represents the total fit model along with the
CP -averaged components for each contributing decay.

1 and 2. The longitudinal polarisation fraction for the B0
s ! K⇤0K⇤0 vector-vector decay

is determined to be fV V
L = 0.208± 0.032± 0.046, where the first uncertainty is statistical

and the second one systematic. This confirms, with improved precision, the relatively low
value reported previously by LHCb [14]. The first determination of the CP asymmetry
of the (K+⇡�)(K�⇡+) final state and the best, sometimes the first, measurements of
19 CP -averaged amplitude parameters corresponding to scalar, vector and tensor final
states, are also reported. This analysis determines for the first time the mixing-induced
CP -violating phase �s using a b ! dds transition. The value of this phase is measured to
be �dd

s = �0.10± 0.13± 0.14 rad, which is consistent with both the SM expectation [7]

18

Analysis performed in a large  window, 
involved spectroscopy work (19 polarisation 
amplitudes with scalar, vector and tensor 
components), six- dimensional fit

mKπ

http://www.apple.com/uk
https://arxiv.org/abs/1111.4183
https://arxiv.org/abs/1712.08683
https://arxiv.org/abs/1503.05362
https://arxiv.org/abs/1905.06662
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The crossed modes,  and   B(s) → K*0K̄0 B(s) → K̄*0K0

One can define  ratios using crossed PV and VP modes, depending on which 
spectator quark ends in up in a P or V meson:

L

Experimentally challenging as it requires flavour tagging for both the  and  , B0 Bs

deded

LK⇤K̄⇤ = ⇢(mK⇤ ,mK̄⇤)
f
Bs

L

f
Bd

L

B(Bs ! K
⇤0
K̄

⇤0)

B(Bd ! K⇤0K̄⇤0)
(24)

LKK̄ = ⇢(mK0 ,mK̄0)
B(Bs ! K

0
K̄

0)

B(Bd ! K0K̄0)
(25)

L̂K⇤ = ⇢(mK0 ,mK̄⇤0)
B(Bs ! K

⇤0
K̄

0)

B(Bd ! K⇤0K̄0)
L̂K = ⇢(mK0 ,mK̄⇤0)

B(Bs ! K
0
K̄

⇤0)

B(Bd ! K0K̄⇤0)
(26)

D. Ĺancierini (UZH) LFU tests at LHCb

Julián García Pardiñas (CERN) B(s) -> K(*)0 K̅(*)0 decays Beyond the Flavour Anomalies IV

arXiv:2301.10542

FT	required	
only	on	the	Bs.

No	FT	required.

More-friendly	(but	less	sensitive)	observables

22
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The crossed modes,  and   B(s) → K*0K̄0 B(s) → K̄*0K0

Julián García Pardiñas (CERN) B(s) -> K(*)0 K̅(*)0 decays Beyond the Flavour Anomalies IV

arXiv:2301.10542

FT	required	
only	on	the	Bs.

No	FT	required.

More-friendly	(but	less	sensitive)	observables

22Julián García Pardiñas (CERN) B(s) -> K(*)0 K̅(*)0 decays Beyond the Flavour Anomalies IV

arXiv:2301.10542

The	“crossed”	modes:																										and B0
(s) → K0K*0B0

(s) → K*0K0

If	the	previous	anomalies	come	from	NP,	large	deviations	predicted	for	the	“crossed	modes”.

Two	observables	can	be	defined,	depending	on	whether	the	spectator	quark	ends	up	in	a	
P	or	a	V	meson:

20

• Measurements are only available for, Br( )+Br( ) 
[JHEP 06 (2019) 114], No  results yet


• Current ongoing  to access 


• Plans to measure the tagged ones

Bs → K0 + K̄*0 Bs → K̄0 + K*0

Bd

B0
d,s → K0

SK*(892) Ltotal

https://arxiv.org/pdf/1902.07955.pdf
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Amplitude for each contribution


Where: 


-  are production barrier factors depending on the orbital momentum between  decay 
products 


-  are 2-body mass propagators


-  are spin densities from above

BLB
(BLK±π∓) B(K±π∓)

T(s)

Si
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Covariant amplitude formalism

9 Amplitude analysis829

Asier, Jeremy830

831

Two-body selections are applied to ensure that the invariant masses of K±⇡⌥ pairs832

are below mK +m⌘ ⇠ 1042MeV (inelastic threshold). No minimum is required, this being833

the first time in which the region up to the threshold is analysed in these decay channels,834

in order to have maximum control over scalar contributions.835

Both K⇡ pairs can be in vector (V) or scalar (S) states. Due to the conservation of836

angular momentum, there are three possible orbital waves for the V V states: L = 0, 1, 2837

(S, P,D). As it was detailed in section 2, V S and SV states are described in the rotated838

basis V S+ and V S� in which both are eigenstates of CP and angular momentum. These,839

together with the double scalar state, SS, constitute the six possible states that contribute840

to the total amplitude model.841

9.1 Amplitude model842

The individual spin amplitudes can be expressed in terms of quantum states that are843

eigenstates of CP and angular momentum operators. The states are described by con-844

structing a Lorentz scalar contracting the polarisation tensors with the corresponding845

orbital waves,846

AS

V V
: S / ✏µ(V1) ✏

µ(V2) ,

AP

V V
: S / "µ⌫↵� L

↵(V1, V2) ✏
�(V1) ✏

⌫(V2) p
µ(B) ,

AD

V V
: S / Lµ⌫(V1, V2) ✏

µ(V1) ✏
⌫(V2) ,

A+
V S

: S / ✏µ(V1)L
µ(V1, S2) + ✏µ(V2)L

µ(S1, V2) ,

A�
V S

: S / ✏µ(V1)L
µ(V1, S2)� ✏µ(V2)L

µ(S1, V2) ,

ASS : S / 1 ,

(22)

where V1,2 ⌘ |K±⇡⌥iJ=1 and S1,2 ⌘ |K±⇡⌥iJ=0. The amplitude for each contribution is847

modelled as848

Ai(�4) = BLB
(�4)

h
BL

K+⇡� (�4)TK+⇡�(�4)
i h

BL
K�⇡+ (�4)TK�⇡+(�4)

i
Si(�4) , (23)

where BLB
(BL

K±⇡⌥ ) is the production barrier factor depending on the orbital wave849

between B (K±⇡⌥) decay products, T (s) are 2-body mass propagators and Si are the850

spin densities from equation 22.851

The total amplitude for B0
(s) ! (K+⇡�)(K�⇡+) is constructed in the isobar approach852

as853

A(�4) =
X

i

ai Ai(�4) , (24)

where ai are the complex strong coe�cients that modulate each contribution and are free854

parameters in the fit to data. The amplitude for B is obtained as855

A(�4) =
X

i

ai �i Ai(�4) =
X

i

ai �iAi(�̄4) , (25)

43

Amplitudes are expressed in terms of eigenstates of CP and angular momentum operators. 
Stated described by contracting polarisation tensors with corresponding orbital waves L

Eur. Phys. J. A26, 125–134 (2005)

V1,2 ≡ |K±π∓⟩J=1

S1,2 ≡ |K±π∓⟩J=0
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The total amplitude for B0
(s) ! (K+⇡�)(K�⇡+) is constructed in the isobar approach852

as853

A(�4) =
X

i

ai Ai(�4) , (24)

where ai are the complex strong coe�cients that modulate each contribution and are free854

parameters in the fit to data. The amplitude for B is obtained as855

A(�4) =
X

i

ai �i Ai(�4) =
X

i

ai �iAi(�̄4) , (25)

43

A(B0
(s) → (K+π−)(K−π+))(Φ4) = ∑

i

aiAi(Φ4)

 complex coefficients, fit to dataai

https://arxiv.org/pdf/hep-ph/0508087.pdf

