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Outline
• Introduction
• Measurement	of	time-dependent	CP	violation	in	
B0àp+p- and	BsàK+K- decays	at	LHCb
– LHCb-CONF-2016-018

• 1	fb-1 @	7	TeV and	2	fb-1 @	8	TeV

– Event	selection
– Experimental	decay	rates
– Flavour	tagging	calibration
– Decay	time	resolution

• Results	and	conclusions
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• q/p is	related	to	the	neutral	B	mixing
• Af/Af is	the	ratio	between	the	CP

conjugate	decay	amplitudes

CPV	observable
• Observables	are	the	time-dependent	asymmetries	of	the	

B0àp+p- and	BsàK+K-

CPV	in	the	decay
CPV	from	mixing/decay	

interference
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Motivation

• A	rich	set	of	physics	processes	participates	
to	the	B0àp+p- and	BsàK+K- decays
– Tree	and	penguin	decay	topologies
– Neutral	B-mixing

• Time	dependent	CPV	observables	are	sensitive	to
CKM	angle	g and	-2bs
– presence	of	loop	diagrams	introduce	

hadronic	uncertainties	
– presence	of	loop	diagrams	makes	the	CPV	observables	sensitive	to	New	

Physics	contribution
– opportunity	to	compare	results	with	the	CKM	phases	determined	from	decays	

dominated	by	tree-level	topologies
NP?
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Current	status
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• Cpp and	Spp are	well	constrained	by	
B-factories	and	LHCb
– All	three	experiments	are	in	good	agreement

• CKK and	SKK are	measured	only	by	LHCb
using	1	fb-1 @	7	TeV
– No	measurement	is	available	for	AKK

JHEP	1310	(2013)	183



How	to	exploit	Bàhh decays
• First	proposal	to	use	TD	CP	asymmetries	of	Bàhh
decays	dates	back	to	1999
– Use	U-spin	symmetry	to	constraint	QCD	uncertainties
– Use	external	inputs	of	fd
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Adir =	-Cf;	Amix =	Sf

Phys. Lett. B459 (1999) 306 Phys. J. C71 (2011) 1532



• New	strategies	are	being	developed	to	reduce	the	usage	of	U-spin	
symmetry	à arXiv:1608.00901v1

How	to	exploit	Bàhh decays
• Main	issue	is	to	reduce	uncertainties	coming	from	strong	phases	

and	amplitudes
– Use	also	isospin	symmetry	to	further	constraint	hadronic	uncertainties
– Combined	analysis	of	B0,±àp0,±p0,± and	BsàK+K-
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k = allowed	level	of	non	factorizable U-spin	breaking

Up	to	50%	non	factorisable U-spin	breaking	effects

JHEP 10 (2012) 029 Phys. Lett. B741 (2015) 1



Measurement	of	time-
dependent	CP	asymmetries	in	
B0àp+p- and	BsàK+K- decays
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Event	selection	(I)
• Event	selection	is	separated	in	two	

steps
– First	à Particle	identification

• Separate	the	two	final	states
• Reduce	amount	of	cross	contamination	from	

other	Bàhh modes	to	~10%	of	the	signal
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~35k	signals

~45k	signals
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Plot	from	an	old	LHCb paper
used	just	to	to	show	the	power	of	PID

JHEP 10 (2012) 37
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Event	selection	(II)
• A	multivariate	Boosted	Decision	
Tree	classifier	is	used	to	remove	
combinatorial	background	
– aiming	at	best	S/sqrt(S+B)
– Use	kinematical	and	topological	
variables

– Parameterise	signal	from	MC
– Background	from	sideband
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LHCb-CONF-2016-018
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Event	selection	(II)
• A	multivariate	Boosted	Decision	
Tree	classifier	is	used	to	remove	
combinatorial	background	
– aiming	at	best	S/sqrt(S+B)
– Use	kinematical	and	topological	
variables

– Parameterise	signal	from	MC
– Background	from	sideband
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~28k	signals

~36k	signals
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Determination	of	time-dependent	
asymmetries

• CP	violation	coefficients	are	determined	from	unbinned
maximum	likelihood	fits	to
– Mass,	decay	time,	per-event	mistag probability,	per-event	decay	

time	error
– Simultaneous	fit	to	p+p-,	K+K- and	K+p- spectra	

• Crucial	ingredients, both	diluting	the	amplitude	of	time-
dependent	asymmetries
– Determination	of	the	flavour	of	the	B	at	the	production	(flavour	

tagging)	
– Determination	of	the	decay	time	resolution	

• fundamental	for	BsàK+K- decay	due	to	fast	oscillation
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Experimental	decay	rates	for	signals
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t	=	decay	time
x =	B	flavour
h =	predicted	mistag
dt =	decay	time	error



•

– eacc(t)	= decay	time	
acceptance

– Introduced	by	selection	
requirements

– Studied	from	simulation

Experimental	decay	rates	for	signals
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•

– W(h,x)	=	 flavour	tagging

– R(t,dt)= decay	time	
resolution

– AP = production	asymmetry
Determined	from	
time-dependent	
asymmetries	of	untagged
B0àKp and	BsàpK decays

Experimental	decay	rates	for	signals
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• In	this	analysis	only	Opposite	Side
(OS)	taggers	are	used:
– information	is	used	on	a	

per-event	basis

• Calibration
– Use	time-dependent	asymmetry	of	

B0àK+p- for	calibration

Flavour	tagging
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~	(1-2w)

w =	p0 +	p1(h – h) OS
taggers
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Decay	time	resolution	(I)
• Decay	time	resolution	introduce	

a	dilution	factor	in	the	
oscillation	amplitudes
– Determined	on	per-event	basis	

calibrating	the	decay	time	error	dt
computed	in	reconstruction
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Relation	between	dt and	st is
studied	on	MC

st =	q0 +	q1(dt – 30	fs)

Dm is	the	oscillation	frequency	of	the	B	meson
st is	the	width	of	the	decay	time	resolution

BsàpK BsàDsp

Calibration	curve	is	very	similar	between	BsàpK and	BsàDsp in	simulation

LHCb-CONF-2016-018

D	=	exp(-0.5	Dm2 st
2)



Decay	time	resolution	(II)
• Calibration	on	data	is	performed	

measuring	simultaneously	the	

time-dependent	asymmetries	of	

B0àD-p+ and	BsàDsp decays
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~(1-2w)

~(1-2w)xD

D	=	exp(-0.5	Dm2 st
2)

B0àD-p+ BsàDsp

LHCb Preliminary
q0 =	46.1	± 4.1	fs
q1 =	0.81 ± 0.38

st =	q0 +	q1(dt – 30	fs)

Dilution	from	st negligible	
for	B0 à small	Dmd
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Result	of	the	simultaneous	fit
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p+p- spectrum

Averages	from	
Heavy	Flavour	Averaging	Group

Fixed	parameters
LHCb-CONF-2016-018



Results	of	the	simultaneous	fit
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p+p- spectrum
(LHCb Preliminary)

LH
Cb

-C
O
N
F-
20

16
-0
18

statistical	error	only



Result	of	the	simultaneous	fit
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K+K- spectrum

Averages	from	
Heavy	Flavour	Averaging	Group

Fixed	parameters
LHCb-CONF-2016-018



Result	of	the	simultaneous	fit
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K+K- spectrum
(LHCb Preliminary)
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Systematic	uncertainties
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LHCb Preliminary	- LHCb-CONF-2016-018



Final	results
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Statistical
Correlation

• Significant	improvement	with	respect	to	previous	result
– Results	are	in	agreement	with	~	x	2	better	precision

• Most	precise	determination	of	Spp
• First	determination	of	AKK

• Naïve	determination	of	CPV	significance
– Neglecting	correlations	and	summing	in	quadrature	statistical	and	

systematic	uncertainties
– (CKK,	SKK,	AKK)	is	5.3s from	(0,	0,	1)
– (CKK,	SKK)	is	4.9s from	(0,	0)
– CKK and	SKK are	3.6s and	3.3s from	0,	respectively

LHCb Preliminary	- LHCb-CONF-2016-018

DG



Final	results
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By	courtesy	of	the	Heavy	Flavour	Averaging	Group



Conclusions
• The	measurement	of	time-dependent	CP	violation	with	
B0àp+p- and	BsàK+K- have	been	presented
– The	full	Run1	sample	of	LHCb has	been	used

• 1	fb-1 @	7	TeV and	2	fb-1 @	8	TeV
• Significant	improvement	with	respect	to	previous	measurement

– Only	OS	taggers	have	been	used
• Update	including	SS	taggers	will	follow	shortly

– Best	measurement	of	Spp from	a	single	experiment
– With	a	naïve	determination	of	CPV	significance

• First	evidence	of	CPV	in	the	decay	and	in	the	mixing/decay	
interference	in	BsàK+K-

• First	observation	of	CPV	in	the	BsàK+K- decay
• More	accurate	determination	of	significance	is	needed
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Backup
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The	LHCb detector
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Vertex	
Locator	
(VELO)	

silicon	micro-
strips

RICH
Three	different radiators in	order to
cover	a	wide	momentum range HCAL,	ECAL	and	Preshower/SPD

Tracking	stations
silicon	micro-strips	and	straw-tubes

Dipole	magnet
4	Tm

Muon detector

The	LHCb detector
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