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

Original	motivation:	CPV	measurements	with	

U-spin	
transformation	
(exchange	of	
s	and	d	quarks)

Flavour	changing	neutral	currents	→	Loop-level	
transitions	in	the	SM,	potentially	enhanced	
sensitivity	to	NP	contributions.	

Sensitivity	to	the	CKM	phases	β	and	βs,	through	the	
interference	between	mixing	and	decay.	

Leading	order	diagrams	in	the	SM:

B0
(s) → K(*)0K(*)0

(*)0

(*)0

(*)0

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

Experiments	involved:	

B	factories:	mostly	studied	B	decays.	Some	Bs	studies	through	the	ϒ(5S)	production.	

LHCb:	study	both	B	and	Bs	modes.

Experimental	situation

The	analysis	of	these	modes	is	typically	done	in	increases	steps	of	difficulty	and	required	
statistical	power:

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.

Disclaimer:	I’m	going	to	focus	mostly	on	LHCb	measurements.
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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	is	typically	done	in	increases	steps	of	difficulty	and	required	
statistical	power:

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.

At	LHCb,	K0	accessible	through	KS→𝜋+𝜋-.	

KS:	Long	lived	particle.	
➥	Around	2/3	of	KS	decay	outside	the	VELO.	→	
Challenging	efficiency	and	resolution.
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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.

At	LHCb,	K0	accessible	through	KS→𝜋+𝜋-.	

KS:	Long	lived	particle.	
➥	Around	2/3	of	KS	decay	outside	the	VELO.	→	
Challenging	efficiency	and	resolution.

At	LHCb,	K*0	reconstructed	in	the	K+𝜋-	final	state.	

K*0:	Wide	resonance.	
➥	S-wave	(																																		,	non-resonant,	…)	
in	the	same	K+𝜋-	mass	region	as	the	K*0.	
➥The	amount	and	shape	of	the	S-wave	needs	to	
be	determined.

K*0 (800), K*0 (1430)
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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.B0,	Bs:	P	
K*0:	V	
KS:	P	
K+𝜋-	S-wave:	P	

P→VV	decays:	
				3	polarisation	amplitudes:	L,	∥,	⟂	
P→PP,	P→VP,	P→PV	
			1	polarisation	amplitude	

Longitudinal	
polarization	
fraction,	fL.
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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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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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Similar	behavior	for	
both	modes	also	
expected	naively	from	
U-spin	symmetry.fL = 0.69+0.16

−0.20 fL = 0.72+0.16
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Anomalously	low	value	of	fL	in	the	Bs:

Similar	behavior	for	
both	modes	also	
expected	naively	from	
U-spin	symmetry.
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Analysis	in	a	large	K+𝜋-	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:	
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Comparative	study	B0	vs.	Bs	
The	B0	mode	is	consistent	with	the	
SM	prediction:	
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Analysis	in	a	large	K+𝜋-	mass	window,	with	
a	lot	of	spectroscopy	work	(19	polarization	
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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.

https://arxiv.org/abs/1905.06662
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LHCb: JHEP 07 (2019) 032Fit	projections	for	the	B0

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

Run	1	data
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https://arxiv.org/abs/1905.06662


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

LHCb: JHEP 07 (2019) 032

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

12

Systematic	uncertainties	for	the	B0 Systematic	uncertainties	for	the	Bs

(Simulation	
sample	size)

Run	1	data

https://arxiv.org/abs/1905.06662


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

LHCb: JHEP 07 (2019) 032

13

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


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

LHCb: JHEP 07 (2019) 032
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Measurement	of	BR	and	fL	for																										,	fL	forB0 → K*0K*0 B0
s → K*0K*0

Using	previous	measurements	of	the	Bs	BR:

Smaller	value	than	the	one	measured	by	BaBar,	due	to	the	S-wave	been	
included	in	the	LHCb	analysis:

BABAR: PRL 100 (2008) 081801

Run	1	data

https://arxiv.org/abs/1905.06662
https://arxiv.org/abs/0708.2248
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Run	1	dataLHCb: JHEP 07 (2019) 032
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Measurement	of	BR	and	fL	for																										,	fL	forB0 → K*0K*0 B0
s → K*0K*0

Using	previous	measurements	of	the	Bs	BR:

Optimised	observable	from	a	theory	point	of	view:

arXiv:2301.10542

https://arxiv.org/abs/1905.06662
https://arxiv.org/abs/2301.10542
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Measurements	of	B0
(s) → K0K0

BABAR: PRL 97 (2006) 171805

BR	
and

	TD
	CP

	Asy
m.	

B0 ->
K0 K̂

0

Belle: PRD 87 (2013) 3, 031103

BR	
B0→

K0 K̂
0

Belle: PRL 116 (2016) 16, 161801

BR	
Bs→

K0 K̂
0

LHCb: PRD 102 (2020) 1, 012011

BR	
Bs→

K0 K̂
0 	and

	B0→
K0 K̂

0
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BABAR: PRL 97 (2006) 171805

BR	
and

	TD
	CP
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B0 ->
K0 K̂

0

Belle: PRD 87 (2013) 3, 031103

BR	
B0→

K0 K̂
0

Belle: PRL 116 (2016) 16, 161801

BR	
Bs→

K0 K̂
0

LHCb: PRD 102 (2020) 1, 012011
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Measurements	of	B0
(s) → K0K0
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Julián García Pardiñas (CERN) B(s) -> K(*)0 K̅(*)0 decays Beyond the Flavour Anomalies IV

	➥	Several	systematic	uncertainties	cancel	in	the	ratio	(including	a	dominant	one	from	
data/simulation	differences	in	the	trigger).	
➥	The	result	is	statistically	dominated.

Measurement	of	BR	for B0
(s) → K0K0

Run	1	+		2015&2016		data
LHCb: PRD 102 (2020) 1, 012011

Analysis	method:	
	-	Measure	yields	and	efficiencies	
for	the	signal	mode(s)	and	the	
normalization	one.	
	-	No	need	for	amplitude	analysis.

17

Normalisation	mode:	

If	directly	normalising	the	B0→KsK̂s	to	the	Bs→KsK̂s:

https://arxiv.org/abs/2002.08229


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

	➥	Several	systematic	uncertainties	cancel	in	the	ratio	(including	a	dominant	one	from	
data/simulation	differences	in	the	trigger).	
➥	The	result	is	statistically	dominated.

Measurement	of	BR	for B0
(s) → K0K0

Run	1	+		2015&2016		data
LHCb: PRD 102 (2020) 1, 012011

Analysis	method:	
	-	Measure	yields	and	efficiencies	
for	the	signal	mode(s)	and	the	
normalization	one.	
	-	No	need	for	amplitude	analysis.
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Normalisation	mode:	

If	directly	normalising	the	B0→KsK̂s	to	the	Bs→KsK̂s:

Optimised	observable	from	a	theory	point	of	view:

arXiv:2301.10542

https://arxiv.org/abs/2002.08229
https://arxiv.org/abs/2301.10542
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Julián García Pardiñas (CERN) B(s) -> K(*)0 K̅(*)0 decays Beyond the Flavour Anomalies IV

Connecting	modes:	Week	Effective	Theory

Both deviations can be consistently explained by NP contributions to 
Wilson coefficients.

arXiv:2301.10542
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https://arxiv.org/abs/2301.10542


Julián 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

https://arxiv.org/abs/2301.10542


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

Measuring	the	previous	observables	requires	splitting	the	contributions,	which	can	only	be	done	
with	FT	in	both	the	Bs	and	B0	modes.

Visible	final	states	at	LHCb:

K+𝜋-

Contributions	from: Contributions	from:

B0
(s) → K*0(K+π−)K 0

S

B0
(s) → K*0(K+π−)K 0

S B0
(s) → K*0(K−π+)K0

S

B0
(s) → K*0(K−π+)K0

S

CP	conjugates

CP	conjugates

N
O
T	
CP

	c
on

ju
ga
te
s

N
O
T	
CP

	c
on

ju
ga
te
s

Experimental	note:	this	needs	flavour	tagging

21
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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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Julián García Pardiñas (CERN) B(s) -> K(*)0 K̅(*)0 decays Beyond the Flavour Anomalies IV

Measurements	of	the	crossed	modes

BR	
for	

Bs→
K0 K̂

*	+	
Bs→

K̂0K
*

LHCb: JHEP 01 (2016) 012

LHCb: JHEP 06 (2019) 114

BABAR: PRD 74 (2006) 072008

BR	
for	

Bs→
K0 K̂

*	+	
Bs→

K̂0K
*

Sea
rch

	for
	B0→

K0 K̂
*	+	

B0→
K̂0K

*

Sea
rch

	for
	B0→

K0 K̂
*	+	

B0→
K̂0K

*
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→	All	determinations	up	to	now	refer	to	the	average.	

→	No	measurement	for	the	B0	yet.	

→	The	future	study	of	these	modes	can	help	clarifying	the	non-leptonic	puzzle.
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Measurements	of	the	crossed	modes
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LHCb: JHEP 01 (2016) 012
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→	All	determinations	up	to	now	refer	to	the	average.	

→	No	measurement	for	the	B0	yet.	

→	The	future	study	of	these	modes	can	help	clarifying	the	non-leptonic	puzzle.

(Projections	of	a	2D	fit,	downstream	category) 2011	data
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Conclusions
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• The																																decays	are	loop-level	transitions	in	the	SM.	→	NP	contributions	can	be	
sizable.	
➥	Modes	originally	studied	for	the	measurement	of	CPV	parameters.	

• Long	standing	tension	for	fL	in																										,	while	fL	in																											is	as	expected.	
➥	2.6	σ	tension	in	the	associated	optimized	observable	LK*KD*.	

• Additional	tension	in	the	relative	BR	between																								and																							.	
➥	2.4	σ	tension	in	the	associated	optimized	observable	LKK̂.	

• Different	experimental	signatures	for	the	two	types	of	decays,	but	phenomenological	
connection	at	the	Week	Effective	Theory	level.	

• Future	measurements	from	LHCb	and	Belle	II	can	help	clarify	the	situation.	
➥	The	“crossed”	modes,	with	or	without	flavour	tagging.	
➥	Updates	of	the	previous	measurements	(which	are	statistically	dominated).	
➥	…

B0
(s) → K(*)0K(*)0

B0
s → K*0K*0 B0 → K*0K*0

B0
s → K0K 0 B0 → K0K 0

Stay	tuned!



Backup	slides
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S-wave	model	in B0
s → (K+π−)(K−π+)

LHCb: JHEP 03 (2018) 140

In	blue:	pheno.	(scattering)	model	for	the	phase	and	polynomial	for	the	modulus.	
In	red:	fully	model	independent,	polynomials	for	real	and	imaginary	parts.
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https://arxiv.org/abs/1712.08683
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Analysis	of B0
s → (K+π−)(K−π+)

LHCb: JHEP 03 (2018) 140
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https://arxiv.org/abs/1712.08683
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Systematic	uncertainties	on	the	analysis	of		B0
s → (K+π−)(K−π+)

LHCb: JHEP 03 (2018) 140
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https://arxiv.org/abs/1712.08683
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Summary	of	measurements	and	SM	computations
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arXiv:2301.10542

https://arxiv.org/abs/2301.10542
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Possible	future	opportunities

B0 → K*0K*0

B0 → K0K0

B0 → K0K*0

B0 → K*0K0

B0
s → K*0K*0

B0
s → K0K0

B0
s → K*0K0

B0
s → K0K*0

Easier	for	LHCb

Medium	
difficulty	for	
LHCb

Higher	
difficulty	for	
LHCb

Already	
measured	
in	gray

LHCb	Run	1	only,	
Full	Run	2	data	available

LHCb	Run	1	+	2015&2016	only,	
2017&2018	data	available
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A	lot	more	data	to	be	collected	by	LHCb	in	the	future.

Possible	future	opportunities

Important	complementary	information	from	Belle	II.
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