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Motivation
• Many	physics	opportunities	arise	from	the	study	of	B	mesons	decays	to	two	
charm	mesons	
• Eg.	B0⟶D-D+,	Bs⟶Ds

-Ds
+	probe	the	mixing	phases	fd and	fs with	a	

complementary	determination	to	B0⟶J/yK0 and	Bs0⟶J/yf decays
• LHCb measurements	performed	with	Run	1	data	(B0⟶D-D+:	Phys.	Rev.	Lett.	117	(2016)	261801	,	
Bs⟶DsDs:	Phys.	Rev.	Lett.	113	(2014)	211801), to	be	updated	with	Run	2.

• Decays	are	driven	by	tree-level	and	loop-level	amplitudes,	contributions	of	
penguin	topologies	can	play	an	important	role.
• Branching	fractions	and	CP	asymmetries	in	different	charged	and	neutral	B⟶DD	
decay	modes	can	be	related,	employing	isospin	or	SU(3)-flavour symmetries,	and	
test	of	SM	predictions	can	be	derived		(M.Jung and	S.Schacht Phys.Rev.D91,034027;			
L.Bel,K.DeBruyn,R.Fleisher et	al.	JHEP	1507	(2015)	108)
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Measurement	of	CP	violation	in	
B0⟶D*±D∓ decays

LHCb-PAPER-2019-036		in	preparation



• New	result	and	first	measurement	of	CPV	in	B0⟶D*±D∓ at	LHCb
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• b⟶ccd transition	with		
tree,	penguin	and		
exchange	diagrams.

• Expect	mixing-induced	CPV						
and	possible	direct	CPV	
contributions.
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• Not	a	CP	eigenstate:	four	decay-rates	for	B0	 and	𝐵0	events	to 𝑓	and	𝑓	̅	final	states.		Eg.:

• Adopt	HFLAV	definition,	measure	the	5	parameters:

5

and	similar	for	𝑓.̅
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Signal	sample
• Full	Run1+Run2	data	sample	~9	fb-1 collected	at			√s =7,	8,	13	TeV
• B0⟶D*+D-,			D*+⟶D0p+ (D0⟶K-p+ and	D0⟶K-p+p-p+)				“Kp”,”K3p”

D-⟶K-p+p-

• Loose	selection	with	kinematic,	mass	and	particle-identification	requirements	to	
reject		physics	background		
• Lb

0⟶D*-Lc
+(K+pp+),	B(s)0⟶D*-Ds

+ (K+K-p+)	
• single	charm	B(s)0⟶D*+h+p-p-,	h=p,K

• Multivariate	selection	(BDT	classifier)	to	reject	combinatoric background
• Trained	with	simulated	signal	and	high	B-mass	side-band.	
• Inputs:	kinematical,	topological	and	PID	variables
• Maximize	sensitivity	to	CPV
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Invariant-mass	fit

• Extended	maximum	likelihood	to	mass	distribution
• Separate	for	the	two	D0	samples	(Kp/K3p)	and	Run1/Run2	

Total	signal	yield	~6000	
candidates

LHCb-PAPER-2019-036
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Flavour Tagging
• CP	measurement	from	time-dependent	analysis	of	B0	decays	needs	the	determination	of	
the	B	flavour (b	or	b)	at	production

• Several	tagging	algorithms	developed	in	LHCb.	Here	use	the	combination	of	all	Opposite	
Side	and	Same	Side	taggers (	Eur.Phys.J.	C72(2012)2022,	Eur.Phys.J.	C77(2017)238	)
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Flavour Tagging
• Each	tagging	algorithm	provides	a	tagging	decision	and	the	probability	that	it	is	
incorrect	(mistag)	
• Large	data	samples	(B+⟶J/yK+,	B0⟶D-p+ ) are	used	to	optimize	the	algorithms	and	calibrate	the	
mistag probabilities.

• Data	samples	of	B0⟶D*+Ds
- and	B0⟶D+Ds

- decays	used	to	calibrate	the	OS	and	SS	
combinations.

• Flavour-specific	decays	with	high	yields	and	similar	topology	and	kinematics	as	the	signal	decay

• High	tagging	power	on	the	signal	sample	(favorable	signal	kinematic)
D0➝ K3p D0➝ Kp

etag D2	(%)
Run1 6.3	± 0.6 5.6	± 0.4	
Run2 7.1	± 0.3	 6.6	± 0.2	
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Decay-time	Fit

• Unbinned likelihood	fit	to	the	decay-time	
distribution	of	background-subtracted	
candidates
• Simultaneous	fit	to	the	4	data	samples	
(Run1,Run2)	x	(Kp,K3p)	of	tagged	and	untagged	
candidates.

• Physics	decay-rate	include	terms	dependent	
on	flavour tagging	parameters	(efficiencies	
and	mistag for	B0	and	B0)	and	B0	production	
asymmetry
• Gaussian-constrained	to	the	measurement	
performed	in	the	B0⟶D(*)+Ds

- control-channels

B0⟶D*±D∓

LHCb-PAPER-2019-036
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Corrections	for	AD*D

• The	raw	charge	asymmetry	measured	in	the	decay-time	fit	has	to	be	corrected	for	the		
detection	asymmetry	(including	reconstruction	and	PID)

• Each	detection	asymmetry	measured	from	samples	of	prompt	D-⟶K-p+p- decays,	
after	weighting	the	D- final	state	particles	to	match	the	spectra	of	signal	kaons	and	
pions.
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Results

• Main	correlations:	

• Systematic	uncertainties	come	from
• Variation	of	mass-model	(signal	and	backgrounds)	
• Variation	of	flavour tagging	calibration	model
• Decay-time	acceptance	and	resolution	
• Main	systematic	on	AD*D from	the	uncertainty	on	the	instrumental	asymmetries	
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LHCb LHCb

LHCbLHCb

• All	results	are	compatible	with,	and	more	precise	than	previous	measurements
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• The	results	are	consistent	with	sizeable	mixing-induced	CP	violation,	negligible	
contribution	of	penguin	diagrams,	zero	hadronic	phase	between	B0⟶D*+D- and	
B0⟶D*-D+ amplitudes	and	same	magnitudes	(AD*D=	0,		CD*D=	0,		DSD*D=	0,		DCD*D=	0).
• In	this	picture	SD*D =	- sin(2b).

• The	result		sin(2b)D*D = 0.861	± 0.070	± 0.019		is	compatible	at	1.9	s with	the	w.a.	
from	b⟶ccs	transitions	sin(2b)ccs=	0.699±0.017	(HFLAV)			and	at	1.5	s with	the	SM	
prediction	sin(2b)SM=	0.740+0020-0.025	(Eur.	Phys.	J.	C41	(2005)	1)

15

Effective	mixing	phase
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Measurement	of	the	CP	asymmetry	in	
B-⟶Ds

-D0 and	B-⟶D-D0 decays

LHCb Collaboration,		JHEP05(2018)160



• First	measurement	of	CP	asymmetry	in	B-⟶D(s)
-D0 at	LHCb.	

• Non-zero	CP	asymmetry	expected	due	to	interference	of	contributions	from	tree	
and	loop	amplitudes,	O(10-2)	in	SM.	
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• Asymmetries	from	the	time-integrated	measurement,	from	yield	of	selected	signal	
candidates.	Run	1	data	sample,	3	fb-1 at		√s	=7,	8	TeV.
• D-⟶K+p-p-, Ds

-⟶K-K+p-,	D0⟶K-p+ and	D0⟶ K-p+p-p+

B-⟶Ds
-D0

D0⟶K-p+

B-⟶D-D0

D0⟶K-p+

B+⟶Ds
+D0

D0⟶K+p-

B+⟶D+D0

D0⟶K+p-

JHEP05(2018)160
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• Raw	asymmetry	to	be	corrected	for	production	and	detection	asymmetries

B- production	asymmetry	measured	in	B-⟶D0p- decays	
(Phys.Rev.	D95	(2017)	052005)	

Detection	asymmetries	measured	in	data		
control	samples	of		D*+ and	D+ decays		
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• No	evidence	of	CP	violation	in	B-⟶D(s)
-D0	decays.	

• B-⟶Ds
-D0	asymmetry	measured	for	the	first	time.	

• Uncertainty	on	B-⟶D-D0	reduced	by	more	than	a	factor	two	with	respect	to	the	
previous	measurements	from	Babar	ACP=(-13±14±2)%	Phys.Rev.	D73(2006)112004
and	Belle	ACP=(0±8±2)%	Phys.Rev.D77(2008)091101

Results
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Conclusions	and	prospects

• Beauty	to	double-charm	decays	have	been	successfully	studied	at	LHCb.
• CPV	observed	in	B0⟶D*±D∓ decays,	while	no	CPV	measured	in	B-⟶D(s)

-D0.
• Full	exploitation	of	Run2	data	sample	for	double-charm	decays	not	completed	yet.
• Importance	of	these	channels	will	increase	in	Run3,	with	LHCb-Upgrade,	due	to	
removal	of	hardware	trigger.

• Future	LHCb-Upgrade-2			
will	allow	to	further	reduce	
all	statistical	uncertainties.
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Backup
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Flavour Tagging
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Systematics

• Additional	(dominant)	systematic	on	AD*D coming	from	the	subtraction	of	Adet
• No	significant	variation	of	parameters	observed	when	the	analysis	is	repeated	on	data	sub-samples	

(D0 decay	mode,	FT	algorithm	etc.)
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B0 production	asymmetry


