
Ignacio	A.	Monroy,	D.	Milanés,		
UNAL.	Bogotá,	Colombia	
		

1	

Charmed	baryon	spectroscopy	with	
D0p	and	D+p	final	states		
at	LHCb	experiment		



Our	Study		
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•  Inclusively	prompt	produced	Dp	combinaAons,	in	

	orden	to	study	excited	charmed	baryons	

•  Large	combinatorics	(main	component	to	fight	with)	

•  2011	and	2012	data	are	included	



LO-Diagrams	with	a	D-Meson		
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Known	states	(at	present)	to	decay												
in	our	modes	
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Babar	(Phys.	Rev	LeB.	98	(2007))	 Belle(Phys.	Rev.	LeB.	98	(2007))		



LHCb	Detector	
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Identificación de estados exóticos encantados a través de
los mesones D

Se identifican los mesones D0 a partir de los estados finales
K−π+ y K−π + π−π+

Cada muestra es producida combinando trazas de las
part́ıculas cargadas a partir de una composición apropiada en
un ajuste geométrico a un vértice común.

Alberto Monroy Cañón Directores Jairo A. Rodriguez, Diego A. MilanésEstudios de Espectroscoṕıa de Bariones Encantados y Excitados

Stripping	SelecAon	
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KinemaAc	Variables	(P,	M,	E,	Inv	Mass)	
	
Geometric	Variables		
	
•  Decay	vertex	locaAon	
•  Primary	vertex	(PV)	locaAon	
•  Flight	distance		
•  The	cosine	of	the	angle	between		
						primary	vertex	and	vertex	dacay		
					with	D	momentum	
	
ParAcle	IdenAficaAon	(PID)	variables	provide	informaAon	in	the	parAcle	
idenAficaAon	obtained	by	each	sub	system	of	LHCb	
	
•  LL:	log	Likelihood	
•  DLL		(	ex:	DLL(p-K)	=	LL(p)-LL(k)	)	
•  ProbNN(p),	ProbNN(k),	ProbNN(π) 		



Stripping	SelecAon		
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The	StrippingCharmedAndCharmedStrangeSpectroscopy.py	line	selects	D	mesons			
	
Track	selecAon	k,	π,		p	
•  Χ2		probability	of	track	fit	>	0	.0001	
•  PT>250	MeV	
•  DLL(K	-	π))	>	5	for	kaons	
•  DLL(K	-	π))	<	5		fo	pions	
	
D0	->	K-	π+		&	D+	->	K-	π+	π+	

•  Cos(DirecAon	angle)	>	0.99999	
•  Minimum	χ2	distance	<	16	
•  χ2(IP		related	PV)>	25	
•  Cut	vertex	fit	χ2/ndf	<	8		
	
Signal	selected	within	±	3σ	
	
Protons	candidates	
•  DLL(p	–	(K	&	π))	>	15	
Dp	Candidates	
•  cos	θ	>	0				
•  Clone	removal		
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Our	Study		
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•  Prompt	spectroscopy	selecAon	criteria,	previously	
chosen	through	a	cut-based	approach	in	channels	with	
final	states	as	D0π+,	D+π-,	D*+π-	(arXiv:1311.7364),	D+Ks,	
D0K-	(arXiv:1207.6016v1)	

•  BDT	method	to	reduce	the	background	and	opAmize	
the	signal	events.	

•  Signal	component:	Use	Λc(2880)	signal	sWeighted		for	
opAmizaAon	

•  Background	component:	Random	D0p	events	
reconstrucAon.		

•  SAME	SELECTION	FOR	D+p	(we	use	same	kinemaAc	
variables)	



Boosted	Decision	Tree	(BDT)		
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•  BDT	Is	a	mulA	variable	method	
to	classify	events	of	signal	and	
background	

•  	A	decision	tree	is	a	binary	tree:	
a	sequence	cuts	paving	the	
phase	space		of	input	variables	

	



BDT:	Signal	&	Bkg	Component	
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Signal	PDF:		Breit	Wigner	
Bkg	PDF 		:		ExponenAal		2011	 2012	

2011	 2012	

Λc(2880)	 Λc(2880)	

Bkg	Component		BDT		

Signal	Component		BDT		



BDT:	Input	Variables	
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BDT:	2011	

14	BDT response
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BDT:	2012	
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Figure	of	Merit	2011-2012	
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BDT	Cut=	0.7	is	applied	to	study	a	DP	samples		



PDF	Fits	2011-2012	sample	
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Χ2/ndf:	158.7/156			è 131.6/159		
	improvement	ΔΧ2	~	27	

Fired	background	
	subtracted	

PRELIM
INARY
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Χ2/ndf:	151.4/144		è 112.8/148		
Improvement	ΔΧ2	~	39	Fired	background	subtracted	PRELIM
INARY
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Fired	background	subtracted	
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Conclusions	
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•  Clear	evidence	of	structure	in	2840	MeV	in	
D0p.	Most	probably	be	Λc	family.	

•  A	structure	in	3050	MeV	D0p	sample	is	found.	
•  A	structure	in	2940	and	3050	MeV	in	D+p	
samples	are	found	(isospin	partners	of	the	
D0p	states?	)		

•  No	clear	evidence	of	structures	on	D0p	and			
D+p	samples	are	found	
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BDT:	Input	Variables	
2011	BDT1	and	BDT	2	

2012	BDT1	and	BDT	2	
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BDT:	Rank	Variables	
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2011	BDT	1	and	BDT	2	

2012	BDT	1	and	BDT	2	



BDT:	CorrelaAon	Matrix	2011	
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BDT:	CorrelaAon	Matrix	2012	
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BDT:	Train	and	Test	Sample	
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•  Random	uniform	number	(0,1)	is	included	in	2011	and	2012	
data.	

•  Samples	are	splired	into	two	sub	samples	with	this	random	
number.		

•  One	sub	sample	is	used	as	train	in	the	other	sub	sample	and	
viceversa.		

•  One	BDT	comes	out	for	each	sub	sample.		
•  A	Kolmogorov	test	criterium	is	applied	for	two	BDTs		
•  Applying		BDT	from	one	sub	sample	to	the	other	one		and	

viceversa	we	obtain	our	final	BDT				



To	do	list	
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-  Simultaneous	fit	to	both	samples,	including	
mass	resoluAon	effects	

-  Fit	stability	studies	
-  SystemaAc	uncertainAes	
-  Proper	computaAon	of	significances	of	new	
states	

-  ANA	documentaAon	



Figure	of	Merit	2011-2012	
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BDT	Cut=	0.7	is	applied	to	study	a	DP	samples		


