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•  Understand	Strong	Force	(QCD)	
•  Heavy	Quark	EffecMve	Theory	(HQET)	range	
•  Heaviest	Hadrons	(recall	top	has	very	short	

lifeMme,	decays	before	it	can	hadronize)	
•  Reference	baseline	for	rare	decay	searches	
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   Introduction 

 Why study b production ?  
	



	
•  B+→	J/ψ			K+			(reference	channel)	
•  Bs→	J/ψ	Φ	
•  B0→	J/ψ	K*0	(→K+/-	π	-/+	)	
•  Bc→	J/ψ	π	+	

•  Bc	is	the	haviest	meson	with	different	quark	flavors,		b	and	c	
•  Heavier,	shorter-lived,	sMll	poorly	measured	

Bc	
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   Introduction 

 B decays 
	



Bc	
+	
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   Introduction 

CMS Detector 
	

Most	criMcal	subdetectors	for	our	analyses:�	
muon	chambers	(outer)	and	silicon	detectors	(inner)	
	

Elements	of	B	reconstrucMon�	
	

General	purpose	detector	at	the	LHC	



Data Processing 
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   Data Processing 

  CMS and Datasets  
	

	
pp	collisions	at	13TeV	collected	by	CMS	in	

2016	
	

	(23Sep2016	re-reco	AOD)		
	
	

Data	processed:	
Bc:	Runs	B,	C,	D	,E,	F,	G	

	
B+,Bs,B0:	Runs	C,	D,	E,	F,	G(~81%)		

	
	

Trigger: dedicated algorithm for Online selection 
#
•  Two muons from J/ψ	 decay#
•  Track from some vertex#
•  Decay vertex displacement 
 
#

(HLT_DoubleMu4_JpsiTrk_Displaced) 
#
#



Analysis Steps 


					Bfinder		
•  CMSSW	code	

	
•  Applied	to	AOD	

files	to	obtain	
	B	candidates	

												CRAB	
Submission	to	Grid	
	

B_ProducMon	
•  Cuts	
•  Yields	
•  Efficiencies	with	MC	
•  SystemaMcs	
•  Cross	SecMon	

Luminosity		
with	BrilcCalc	Tool	
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   Data Processing 

 CMSSW, CRAB/Grid, DAS, Bfinder, RooFit, etc 
CUTS	
J/ψ	

mass_window	<0.150	Gev	;	
	pt>10.0	Gev	

	
Track	

π	pt	>	2.3	Gev	
K	pt	>1.6	Gev	

𝜼	>	2.5	
𝞆2	/ndf	<	5	

Strip	hit	+	pixel	hit	>	5	
	
B	

VtxProb	>	0.1	
Lxy/𝞂xy	>	3.0	xy	>	3.0	
Cos𝞪	2d	>	0.99	

	
Trigger:	

HLT_DoubleMu4_JpsiTrk_Displaced							

Data	files�	
(AOD	format)	
	



Analysis 
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   Analysis 

 Mass fits (B+→ J/ψ K+)  
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•	Extendend	unbinned	maximum	
likelihood	method	(using	RooFit)	
	
Signal	model:		
					sum	of	two	Gaussians�	
•Backgrounds	
				Combinatorial:	exponenMal�	
•.		Physics	backgrounds�	
				-	parMally	reco'd	decays	(B→	J/ψX)�	
				described	by	an	error	funcMon��	
				-	Cabibbo	suppressed	decay	
•B+→	J/ψ	π+:	sum	of	three	
Gaussians�	
 •PDG	Mass:	5279.31±0.15	MeV	
 

Ev
en

ts
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•Signal:		
		2	Gaussians	
“KPi	Swap”	(misreconstructed	tracks)	
	
•Combinatorial	background:		
		exponenMal		
 
 
 

•PDG	Mass:	5279.62±0.15	MeV	
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   Analysis 

 Mass fits (B0→ J/ψ K*0 (→K+/- π -/+) ) 
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•Signal:		
		2	Gaussians		
	
•Combinatorial	background:		
		exponenMal		
 
 

•PDG	Mass:	5366.82±0.22	MeV	
 

 
   Analysis 

 Mass fits (Bs→ J/ψ Φ)  
	

Ev
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ts
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   Analysis 

 Mass fits (Bc
+→ J/ψ π+)  

	

•Signal:														•Combinatorial	background:	
		1	Gaussians																					exponenMal		
	

2015	13	TeV	data	 2016	13	TeV	data	

PDGMass:	62749±08	MeV	
	
Increased	~10	Imes	the	signal	yield	wrt	2015	

								



Results 
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σ = ​𝑁/𝜀 
A 𝐿  


Acceptance	of	the	detector	

Signal	yield		(from	fit	to	data)	

Luminosity	of	our	Dataset	
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   Results 

 Cross-section 
	

		

SelecMon	Efficiency�	
(obtained	from	�	
MC	simulaMon)	
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   Analysis 

 Systematics 
	

•  Mass	fits		
•  Different	fit	models	
•  Change	mass	window	

•  Luminosity	(2.5%)	
•  Branching	fracMons	(taken	from	

PDG)	
•  Finite	size	of	the	simulated	samples	

(efficiency)	
•  Charged	parMcles	reconstrucMon	

efficiency	(3.9%	per	track)	

				

Example	of	fit	with	
alternaMve	modeling	
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   Analysis 

 Efficiencies 
	

Signal	efficiency	obtained	from	fit	to	signal	
MC	with	and	without	selecIon	applied	

DifferenMal	measurements	
require	larger	MC	samples�	
For	populaMng	high	pT	region	

	

𝜀= ​#𝑀𝐶𝐶𝑢𝑡𝐴𝑛𝑎𝑙𝑦𝑠𝑖𝑠/
#𝑀𝐶𝑇𝑜𝑡𝑎𝑙 	

Monte	Carlo	samples	
generated,	simulaMng		

signal	events		

Totatal	efficiency	
B+			Eff.	18,63%.																				rel	err		2,5%																
Bs.			Eff.			8,63%													rel	err		3,6%	
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   Results 

 Differential yield Bs	

dN
/d
pt
			
[G
eV

-1
]	
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   Results 

 Differential yield B+ 
	

dN
/d
pt
			
	[G

eV
-1
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 Summary 
	

•  Carried	out	preliminary	measurements	of	b	hadron	cross	secMons		
•  first	B	producMon	results	with	2016	data	at	CMS		

•  Executed	all	analysis	steps		
•  from	iniMal	data	(and	MC)	processing	to	final	physics	measurement		

•  Collected	Run2	data	allow	data	allows	to	reach	above	100GeV	for	the	ligher	B	
mesons	(B+,	B0,	Bs)	

•  First	studies	of	Bc	meson	at	CMS	in	Run2	
	
�	Future	work�	
•  SelecMon	opMmizaMon	for	Bc	(MVA)	�	
•  Refine	efficiency	evaluaMon	(using	gen-level	info)�	
•  Produce	MC	samples	for	Bc	and	B0	and	increase	producMon	for	B+	and	Bs	
•  Finalize	systemaMcs	
	
	



Bored?  
Don't forget the questions! 
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And the many, many, many presentations still to come... 


