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Proton	Lead	Collisions
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CMS	detector	and	p-Pb system



Jets	in	CMS
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Calorimeter	(CALO)	Jets:	Using	Calorimeter	
energy	deposits.
Particle	Flow	(PF)	Jets:	Combines	information	
from	all	sub	detectors	to	make	PF	candidates,	
which	are	then	clustered.



Starring	Jets!	

• Asymmetry	in	jet	
production	(nPDF
contribution)
• Initial	State	vs	Final	State	
effects	in	the	RpA
• Fragmentation	function	
effects	
• Does	mass	play	a	role?	
(Heavy	Flavor	jets)
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pPb Inclusive	Jet	Spectra

• High	pT triggered	Dataset	
combined	and	unfolded	using	
Iterative	Bayesian	technique.	
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Pb cross	section	ratio	to	mid	rapidity
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Yield	Asymmetry
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• Lead	going	side	vs	proton	
going	side	yield	ratio
• There	is	no	significant	
asymmetry	observed	in	
the	jet	production	within	
the	covered	
pseudorapidity range,	
although	a	small	effect	at	
high	pT cannot	be	
excluded	with	the	
present systematic	
uncertainties.	  [GeV/c]
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Inclusive	Jet	RpPb
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• Data	slightly	above	EPS09	prediction	(but	still	consistent	
within	the	uncertainties)
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Fragmentation	Functions	(FF)

• FF	are	the	jet	yield	normalized	track	yield	inside	a	
jet	of	specified	radius	for	each	jet	pT bin
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FF	for	pPb and	PP	(interpolated)
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Ratio	of	FF	pPb/pp
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Heavy	quark	Jets	at	the	CMS	
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b-Jet	tagging
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The	SSV	tagger	is	more	robust	against	a	
combinatorial	background	due	to	the	
secondary	vertex	requirement	

Template	fits	to	the	SV	invariant	mass	
distribution	 in	pPb collisions	for	jets	of	90	<	pT <	
110	GeV/c,	where	b-jets	dominate	after	2	GeV/c2

arXiv:1510.03373,	Submitted	 to	PLB



b-jet	Spectra/RpPb in	ηcm bins
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Comparison	to	theory	(mid	
rapidity)
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• Comparison	to	
pQCDmodel	
including	modest	
initial-state	energy-
loss	effects

Phys.	Lett.	B	726 (2013)	251

arXiv:1510.03373,	Submitted	 to	PLB



b-Jets	vs	Inclusive	Jets
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Even	Trickier	– c	Jets
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C-Jet	RpA!!!	
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Conclusion	

• Data	doesn’t	show	siginificant deviation	with	
existing	nPDF and	pQCD calculations
• Changes	to	the	PbPb FF	doesn’t	appear	to	be	a	cold	
nuclear	matter	effect.	pPb FF	consistent	based	on	
q/g	based	interpolation
• In	the	high	pT range	observed,	parton flavor	
doesn’t	affect	the	nuclear	modification	factor	
(compared	to	PYTHIA)
• Results	checks	in	progress	with	latest	pp	data	@	
5.02	TeV (look	forward	to	new	results	very	soon!)
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