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Collisions in LHCb
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(not	all	energies	shown)	



LHCb SMOG: fixed (gas) target
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Colin	Barschel,	PhD	thesis	2013	

JINST	9	(2014)	P12005	

System	for	Measuring	Overlap	with	Gas	
•  Inject	He,	Ne,	Ar	into	VELO	at	~2x10-7	mbar	
•  Designed	to	measure	beam	profile	
•  Allows	data	taking	in	fixed	target	mode	

Collected	data	

vertices	from	beam-gas	interactions	



LHCb Experiment
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Forward	spectrometer	fully	instrumented	in	2	<	η	<	5	
•  Very	good	momentum	and	vertex	resolution	

δp/p	<	1	%	for	0	<	p	<	200	GeV/c,	δx	~	20	µm	for	high	pT	tracks	

•  Good	particle	identification	
K:	~90	%	efficiency,	mis-ID	<	5	%	

µ:	~97	%	efficiency,	mis-ID	~	1-3	%	

•  Optimal: 	µ,	p,	K+-,	π+-	produced	inside	Vertex	Locator	

•  Ok: 	K0S,	Λ0,	γ,	e,	π0	

•  Challenging:	 	stable	neutral	hadrons	n,	K0L	

JINST	3	(2008)	S08005	
IJMP	A	30	(2015)	1530022		

HeRSCHel	 HeRSCHel	



HeRSCheL: forward scintillator

•  Forward	shower	counters	with	acceptance	5	<	|η|	<	10	
•  Better	identification	of	diffractive	events,	important	to	identify	CEP	
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All	

Carvalho	Akiba	et	al.	JINST	13	(2018)	no.04,	P04017	



Why heavy flavor?
Charm	and	Beauty	
•  Quark	mass	≫	ΛQCD	acts	as	cut-off	

allowing	pQCD	calculations	to	low	pT	
•  Tests	of	pQCD	–	FONLL	calculations	

	
	

•  Cross-sections	sensitive	to	Parton	Density	
Functions	(PDFs)	
•  Important	input	to	theoretical	calculations	
•  Dominate	uncertainties	of	predictions	
•  Unexplored	at	low	x	

•  Hadrons	produced	early	in	ion	collisions	
•  Experience	evolution	of	nuclear	medium	
•  Probe	nuclear	medium	via	transport	properties	
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adapted	from	Wikipedia	
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	 adapted	from	CERN	Courier	2012/04	

fixed-order	plus	next-to-leading	logs,	see	Cacciari	et	al.	hep-ph/9803400	



Heavy-ion physics to explore
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Hot	nuclear	matter	in	PbPb	
•  Possible	formation	of		

Quark	Gluon	Plasma	(QGP)	

Cold	nuclear	matter	in	pPb	
•  Modified	parton	distribution	function:	nuclear	PDF	
•  Absorption	and	coherent	energy	loss	in	nuclear	matter	

•  Possible	formation	of	Color	Glass	Condensate	

Pb	
p	

Pb	Pb	

Study	signatures	separately	in	pp,	pPb,	PbPb	
to	distinguish	QGP	effects	
p-p:	No	nuclear	effects	
p-Pb:	Adds	cold	matter	effects	
Pb-Pb:	Adds	hot	matter	effects	



Nuclear effects & asymmetric acceptance
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"forward"	
Measured	particles	at	η >	0	
Probes	low	x	in	nuclear	PDF	

“backward”	
Measured	particles	at	η	<	0	
Probes	high	x	in	nuclear	PDF	

Pb	
p	

Pb	

p	

RpPb	=		
cross-section	for	pPb	
APb	x	cross-section	for	pp		

Nuclear	modification	factor	

No	nuclear	effects:	RpPb	=	1	

RFB	=		
cross-section	for	pPb	+|y|	
cross-section	for	pPb	–|y|		

Forward-Backward	(FB)	ratio	



Recent results
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Hadrons	with	charm	
ψ(2S)	in	pp	at	7,13	TeV 	 	 	 	 	LHCb-PAPER-2018-049,	submitted	to	JHEP	
Asymmetry	of	Ds

+/-	in	pp	at	√sNN	=	7,8	TeV 	JHEP	08	(2018)	008	
Prompt	Λc

+	in	pPb	at	√sNN	=	5	TeV 	 	 	JHEP	02	(2019)	102
J/ψ,	D0	in	p(Ar,He)	at	√sNN	=	87,	110	GeV 	arXiv:1810.07907,	submitted	to	PRL	

Hadrons	with	beauty
Υ(nS)n=1,2,3	in	pp	at	√sNN	=	13	TeV 	 	 	JHEP	07	(2018)	134	
Υ(nS)n=1,2,3	in	pPb	at	√sNN	=	8.16	TeV 	 	JHEP	11	(2018)	194	
B0,	B+,	Λ0

b	in	pPb	at	√sNN	=	8.16	TeV 	 	Phys.	Rev.	D	99	(2019)	052011
Ξb

−	in	pp	at	√s	=	7,8,13	TeV 	 	 	 	Phys.	Rev.	D	99	(2019)	052006	



Hadrons with Charm
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ψ(2S) in pp at 7,13 TeV
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•  ψ(2S)	has	negligible	feed-down	compared	to	J/ψ,	easier	to	theoretically	interpret	
•  Decay	channel:	ψ(2S)	->	µµ	
•  Double	differential	cross-section	in	y,	pT	for	prompt	ψ(2S)	and	ψ(2S)	from	b-decay	
•  Cross-section	                        	inferred	
•  Combined	fit	to	invariant	mass	and	pseudo	decay	time	

LHCb-PAPER-2018-049,	to	be	submitted	to	JHEP	

blue:	prompt	ψ(2S)	 	black	line:	from	b-decay	 	green,	magenta:	backgrounds	

LHCb	Preliminary	 LHCb	Preliminary	

�(pp ! bb̄X)
<latexit sha1_base64="TCZxTueQQNhE6Fd5vwnjFutVamQ=">AAACDnicbVC7SgNBFJ2Nrxhfq5Y2Q0IgooRdLbQM2lhGMA/IhnB3MkmGzO4OM7PKsuQLbCz8ERsLRWyt7fI3Th6FJh64cDjnXu69xxecKe04Yyuzsrq2vpHdzG1t7+zu2fsHdRXFktAaiXgkmz4oyllIa5ppTptCUgh8Thv+8HriN+6pVCwK73QiaDuAfsh6jIA2Uscueor1AygJgT3J+gMNUkYP2MeeDzL1R9g7xc3jjl1wys4UeJm4c1Ko5L2T53ElqXbsb68bkTigoSYclGq5jtDtFKRmhNNRzosVFUCG0KctQ0MIqGqn03dGuGiULu5F0lSo8VT9PZFCoFQSmOOKAeiBWvQm4n9eK9a9y3bKQhFrGpLZol7MsY7wJBvcZZISzRNDgEhmbsVkABKINgnmTAju4svLpH5Wds/L7q1bqFyhGbLoCOVRCbnoAlXQDaqiGiLoEb2gN/RuPVmv1of1OWvNWPOZQ/QH1tcPwmKePA==</latexit>

tz =
(z (2S) � zPV)⇥m (2S)

pz
<latexit sha1_base64="z0X1DemQ8W/AqgTtH2flwj7t51o="></latexit>



ψ(2S) in pp at 7,13 TeV
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•  Overall	good	agreement	with	predictions,	some	deviation	at	low	pT	for	prompt	ψ(2S)	
•  New	measurement	at	7	TeV	supersedes	earlier	result	based	on	smaller	event	sample	

LHCb	Preliminary	 LHCb	Preliminary	

LHCb	Preliminary	 LHCb	Preliminary	

LHCb-PAPER-2018-049,	to	be	submitted	to	JHEP	



Asymmetry of Ds
+/- in pp at √sNN = 7,8 TeV
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Expected	asymmetry	in	charmed	mesons	with	u	and	d	
•  c	and	c-bar	hadronise	differently	due	to	the	presence	of	u,	d	valence	quarks	
•  c-bar	preferably	forms	mesons,	c	can	additionally	form	baryons	with	valence	quarks	

Ds
+/-	does	not	contain	valence	quarks,	only	indirect	effect	of	asymmetry	expected	

•  Sensitive	test	for	non-perturbative	QCD	models	
•  Essential	input	for	direct	CP	violation	in	decays	of	D+

s	mesons	

Decay	mode	Ds
+	->	φ	π+	with	φ	->	K+K-,	measurements	includes	Ds

+*	->	Ds
+	γ or Ds

+	π0

Asymmetry	

2	< y	<	3	
2.5	<	pT	<	4.7 GeV/c	

JHEP	08	(2018)	008	



Asymmetry of Ds
+/- in pp at √sNN = 7,8 TeV
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•  3.3	σ	non-zero	asymmetry	in	combined	data	
	

•  No	significant	dependence	on	√sNN,	y,	pT	
	

•  PYTHIA	8.1	prediction	is	off	and	shows	
stronger	dependence	on	y	and	pT	than	data	

JHEP	08	(2018)	008	



Prompt Λc
+ in pPb at √sNN = 5 TeV
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•  Double	differential	cross-section	in	y*,	pT	
	y*	...	rapidity	in	cms	of	colliding	nucleons	

•  Cross-section	ratios:	Forward-backward,	baryon-to-meson	
•  Decay	channel	Λc

+	->	p	K-	π+	used	to	measure	Λc
+	yield	

•  Prompt	Λc
+	determined	from	fit	of	log(χ2IP)	distribution	

		χ2IP	...	difference	in	χ2	when	fitting	primary	vertex	with	and	without	Λc
+	candidate	

Combinatorial	background	for	log(χ2IP)	
	measured	in	sidebands	

JHEP	02	(2019)	102	



Prompt Λc
+ in pPb at √sNN = 5 TeV

•  FB	ratios	consistent	with	predictions	
•  Baryon-to-meson	ratios	

•  At	forward	rapidity	lower	at	pT	>	7	GeV/c	
than	predictions	

•  Predictions	slightly	convex	in	y*,	
ALICE	+	LHCb	suggest	more	peaked	
shape	at	mid-rapidity	
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JHEP	02	(2019)	102	



J/ψ, D0 in p(Ar,He) at √sNN = 87, 110 GeV

Hans	Dembinski	|	MPIK	Heidelberg,	Germany	 17	

J/ψ	D0	

arXiv:1810.07907,	submitted	to	PRL	

Other	data:	PHENIX,	STAR,	HERA-B,	fixed	target	

•  First	study	of	charm	in	fixed-target	mode	
•  J/ψ	and	D0	production	in	pAr(gas)	and	pHe(gas)	
•  Decay	channels:	D0	->	K+π-,	J/ψ	->	µ+µ-	

•  Differential	cross-section	in	y	and	pT	
•  Low	background	in	invariant	mass	distributions	

	
•  Right:	Total	cross-sections	

•  Data	measured	at	y	=	[2,	4.6]	extrapolated	
(about	10	%	correction)	

•  Measurements	fill	gap	between	50	and	200	GeV	
•  D0	to	c	c-bar	with	global	fragmentation	factor	
•  Very	high	precision	compared	to	other	data	



J/ψ, D0 in p(Ar,He) at √sNN = 87, 110 GeV
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J/Ψ

D0	

HELAC-ONIA	predictions	differ	in	amplitude	and	shape	

interpolations	use	E789,	HERA-B,	PHENIX	data	

arXiv:1810.07907,	submitted	to	PRL	
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•  Substantial	intrinsic	valence-like	charm	content	of	the	nucleon	expected	in	some	theories	
	

•  Would	contribute	at	large	Bjorken-x	and	could	be	visible	in	most	backward	bin	of	pHe	data	
•  Data	seem	to	agree	with	predictions	without	any	intrinsic	valence-like	charm	contribution	
•  No	evidence	of	substantial	intrinsic	charm	content	of	the	nucleon	observed	

x 2 [0.17, 0.37]
<latexit sha1_base64="QCVp9MVftBpjkEpQm9g1afrTbsM=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCBwmJFeqx6MVjBfsBbSib7aZdutmE3Y20hP4VLx4U8eof8ea/cdvmoK0PBh7vzTAzL0g4U9p1v63CxubW9k5xt7S3f3B4ZB+XWypOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxndzv/1EpWKxeNTThPoRHgoWMoK1kfp2eYJ6TKCu63i1S+Q61Zrftyuu4y6A1omXkwrkaPTtr94gJmlEhSYcK9X13ET7GZaaEU5npV6qaILJGA9p11CBI6r8bHH7DJ0bZYDCWJoSGi3U3xMZjpSaRoHpjLAeqVVvLv7ndVMd3vgZE0mqqSDLRWHKkY7RPAg0YJISzaeGYCKZuRWREZaYaBNXyYTgrb68TlpXjld1vIfrSv02j6MIp3AGF+BBDepwDw1oAoEJPMMrvFkz68V6tz6WrQUrnzmBP7A+fwAV1JHf</latexit>

J/ψ, D0 in p(Ar,He) at √sNN = 87, 110 GeV
arXiv:1810.07907,	submitted	to	PRL	

J.	Pumplin,	H.	L.	Lai,	and	W.	K.	Tung,	PRD	75	(2007)	054029;	S.	Dulat	et	al,	PRD	89	(2014)	073004	



Hadrons with Beauty
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Υ(nS)n=1,2,3 in pp at √sNN = 13 TeV
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•  Previous	measurements	(RHIC,	LHC)	showed	increasing	
suppression	of	higher	states	("melting")	

•  Decay	channel:	Υ(nS)	->	µµ	

•  Double	diff.	cross-section	d2σ/dpTdy	times	muon	branching	
fraction	for	Υ(1S),	Υ(2S),	Υ(3S)	

•  Also	computed	ratios	of	13	TeV	data	to	8	TeV	data	

Υ(1S)	

Υ(2S)	

Υ(3S)	

JHEP	07	(2018)	134	



Υ(nS)n=1,2,3 in pp at √sNN = 13 TeV
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•  Good	agreement	with	NRQCD	predictions	

•  Enhanced	suppression	of	n>1	states	at	low	pT	
•  No	significant	dependence	observed	on	y	

Ratios	of	13	TeV	data	to	8	TeV	data	
•  Consistently	above	unity	
•  Growths	with	pT	and	y	for	all	states	

Υ(1S)	

Υ(2S)	 Υ(3S)	

JHEP	07	(2018)	134	

Theory	arXiv:	1503.08439	



Υ(nS)n=1,2,3 in pPb at √sNN = 8.16 TeV
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•  21x	luminosity	compared	to	previous	LHC	measurement	at	5	TeV	
•  Decay	channel:	Υ(nS)	->	µµ	
•  Double	diff.	cross-section	d2σ/dpTdy	for	Υ(1S)	and	Υ(2S),	integral	for	Υ(3S);	multiple	ratios	measured	

similar	plot	for	Pbp	

•  Nuclear	modification	R	
enhanced	at	low	pT	

•  Agreement	with	HELAC-Onia	
predictions	at	high	pT	

•  Some	disagreement	at	low	pT	

JHEP	11	(2018)	194	



Υ(nS)n=1,2,3 in pPb at √sNN = 8.16 TeV
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R(
Υ(
S2
))	
	

Υ(3S)	/	Υ(1S)	
Υ(2S)	/	Υ(1S)	

•  Suppression	of	n	>	1	states	in	good	agreement	
with	predictions	and	previous	measurements	

•  Stronger	suppression	at	low	pT	
•  Strongly	enhanced	suppression	of	Υ(3S)	in	pPb	

compared	to	pp	at	negative	rapidity	

JHEP	11	(2018)	194	

"Suppression	factor"	 "nuclear	modification"	of	"suppression	factor"	



B0, B+, Λ0
b in pPb at √sNN = 8.16 TeV
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•  Double	diff.	cross-section	d2σ/dpTdy,	see	paper	for	many	more	plots	&	tables	

Phys.	Rev.	D	99	(2019)	052011	

Low	backgrounds	in	invariant	mass	distributions	

B+ ! D̄0⇡+
<latexit sha1_base64="s4P06JMNj6nDbMjoxE1SVnPBCVU=">AAACCHicbVDLSsNAFJ3UV42vqEsXDhZBKJSkLnQjFnXhsoJ9QJOWyXTSDp0kw8xEKaFLN/6GSzculOLWT3Aj/o3Tx0JbD1w4nHMv997jc0alsu1vI7OwuLS8kl0119Y3Nres7Z2qjBOBSQXHLBZ1H0nCaEQqiipG6lwQFPqM1Pze5civ3REhaRzdqj4nXog6EQ0oRkpLLWv/opmHrqCdrkJCxPfQ9ZFIrwZNG7qcNvMtK2cX7DHgPHGmJHc+NM/405dZblmfbjvGSUgihRmSsuHYXHkpEopiRgamm0jCEe6hDmloGqGQSC8dPzKAh1ppwyAWuiIFx+rviRSFUvZDX3eGSHXlrDcS//MaiQpOvZRGPFEkwpNFQcKgiuEoFdimgmDF+pogLKi+FeIuEggrnZ2pQ3BmX54n1WLBOS44N3auVAQTZMEeOABHwAEnoASuQRlUAAYP4Bm8gjfj0Xgxhsb7pDVjTGd2wR8YHz90l5vq</latexit>

B+ ! J/ K+
<latexit sha1_base64="7eLQClEhXYq4yeg1xkf3dPyBnFQ=">AAACA3icbVC7SgNBFJ2Nrxhfa+y0GQxCIBB3Y6Fl0Ea0iWAekN2E2clsMmR2dpmZVcISsLH2L2wsFLG18RPs/BB7J49CEw9cOJxzL/fe40WMSmVZX0ZqYXFpeSW9mllb39jcMrezNRnGApMqDlkoGh6ShFFOqooqRhqRICjwGKl7/bORX78hQtKQX6tBRNwAdTn1KUZKS21z97RVgI6g3Z5CQoS38OLQiSSFl61C28xZRWsMOE/sKcmVs07+++PBqbTNT6cT4jggXGGGpGzaVqTcBAlFMSPDjBNLEiHcR13S1JSjgEg3Gf8whAda6UA/FLq4gmP190SCAikHgac7A6R6ctYbif95zVj5J25CeRQrwvFkkR8zqEI4CgR2qCBYsYEmCAuqb4W4hwTCSseW0SHYsy/Pk1qpaB8V7SudRglMkAZ7YB/kgQ2OQRmcgwqoAgzuwCN4Bi/GvfFkvBpvk9aUMZ3ZAX9gvP8ApGKZ2w==</latexit>

B0 ! D�⇡+
<latexit sha1_base64="pRD34xh/r9LX1MoGJubxjECR188=">AAACAnicbVDLSsNAFJ3UV42vqCtxM1gEQSxJXehGLOrCZQX7gCYtk+mkHTrJhJmJUkJx45+IGxeKuHDjV7gR/8bpY6GtBy4czrmXe+/xY0alsu1vIzMzOze/kF00l5ZXVtes9Y2K5InApIw546LmI0kYjUhZUcVILRYEhT4jVb97PvCrN0RIyqNr1YuJF6J2RAOKkdJS09o6a9jQFbTdUUgIfgsvGgfQjWljv2nl7Lw9BJwmzpjkTt/Nk/jhyyw1rU+3xXESkkhhhqSsO3asvBQJRTEjfdNNJIkR7qI2qWsaoZBILx2+0Ie7WmnBgAtdkYJD9fdEikIpe6GvO0OkOnLSG4j/efVEBcdeSqM4USTCo0VBwqDicJAHbFFBsGI9TRAWVN8KcQcJhJVOzdQhOJMvT5NKIe8c5p0rO1csgBGyYBvsgD3ggCNQBJegBMoAgzvwCJ7Bi3FvPBmvxtuoNWOMZzbBHxgfP4IumSc=</latexit>

⇤0
b ! ⇤+
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�

<latexit sha1_base64="GU8yVY9ArkNfD4CnwvuZ+HYNW5I=">AAACEnicbVC7SgNBFJ2NrxiNrrG0GQxCRAy7sdAyYGNhEcE8ILtZZmdnkyGzD2dmlbDkCyxs/AxbGwtFbK3sxJ9x8hA08cDA4ZxzuXOPGzMqpGF8apmFxaXllexqbm09v7GpbxUaIko4JnUcsYi3XCQIoyGpSyoZacWcoMBlpOn2T0d+85pwQaPwUg5iYgeoG1KfYiSV5Oj71rkKe8hxOwa0OO32JOI8uoE/Ou4cQCumnUNHLxplYww4T8wpKVYLpa/bh6t8zdE/LC/CSUBCiRkSom0asbRTxCXFjAxzViJIjHAfdUlb0RAFRNjp+KQh3FOKB/2IqxdKOFZ/T6QoEGIQuCoZINkTs95I/M9rJ9I/sVMaxokkIZ4s8hMGZQRH/UCPcoIlGyiCMKfqrxD3EEdYqhZzqgRz9uR50qiUzaOyeaHaqIAJsmAH7IISMMExqIIzUAN1gMEdeATP4EW71560V+1tEs1o05lt8Afa+zfR85/X</latexit>

J/ ! µµ
<latexit sha1_base64="2BeR9OPQEhmULU/hsI2yt88hB9A=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEV3WmCrosuBFXFewDOkPJpJk2NI8hyShlKG78FTcuFHHrV7jzb0zbWWjr4V44nHMvyT1Rwqg2nvftFJaWV1bXiuuljc2t7R13d6+pZaowaWDJpGpHSBNGBWkYahhpJ4ogHjHSioZXE791T5SmUtyZUUJCjvqCxhQjY6Wue3BzGiSawkDR/sAgpeQDDHhqq+uWvYo3BVwkfk7KIEe9634FPYlTToTBDGnd8b3EhBlShmJGxqUg1SRBeIj6pGOpQJzoMJueMIbHVunBWCrbwsCp+nsjQ1zrEY/sJEdmoOe9ifif10lNfBlmVCSpIQLPHopTBo2EkzxgjyqCDRtZgrCi9q8QD5BC2NjUSjYEf/7kRdKsVvyzSvX2vFyr5nEUwSE4AifABxegBq5BHTQABo/gGbyCN+fJeXHenY/ZaMHJd/bBHzifP/SDlxs=</latexit>

D̄0 ! K+⇡�
<latexit sha1_base64="AuFKQyiuQA37xP67mB1FoQP9+Fc=">AAACCHicbVDLSgMxFM3UV62vUZcuDBZBEMtMFXRZ0IXgpoJ9QGdaMmmmDc0kQ5JRytClG3/FjQtF3PoJ7vwb03YW2nrgwuGce7n3niBmVGnH+bZyC4tLyyv51cLa+sbmlr29U1cikZjUsGBCNgOkCKOc1DTVjDRjSVAUMNIIBpdjv3FPpKKC3+lhTPwI9TgNKUbaSB173wuQTK9GbQd6kvb6GkkpHuBN+xh6MW2fdOyiU3ImgPPEzUgRZKh27C+vK3ASEa4xQ0q1XCfWfoqkppiRUcFLFIkRHqAeaRnKUUSUn04eGcFDo3RhKKQpruFE/T2RokipYRSYzgjpvpr1xuJ/XivR4YWfUh4nmnA8XRQmDGoBx6nALpUEazY0BGFJza0Q95FEWJvsCiYEd/bleVIvl9zTUvn2rFgpZ3HkwR44AEfABeegAq5BFdQABo/gGbyCN+vJerHerY9pa87KZnbBH1ifP0LmmMk=</latexit>

D� ! K+⇡�⇡�
<latexit sha1_base64="TNh2Fol2xQ1l2CRTwE1eg/jTeCY=">AAACCHicbVDLSgMxFM3UV62vUZcuDBZBEMtMFXRZ0IXgpoJ9QGdaMmnahmaSIckoZejSjb/ixoUibv0Ed/6NmXYW2nrgXg7n3EtyTxAxqrTjfFu5hcWl5ZX8amFtfWNzy97eqSsRS0xqWDAhmwFShFFOappqRpqRJCgMGGkEw8vUb9wTqajgd3oUET9EfU57FCNtpI69f9U+gZ6k/YFGUooHeNM+hl5EUzXtHbvolJwJ4DxxM1IEGaod+8vrChyHhGvMkFIt14m0nyCpKWZkXPBiRSKEh6hPWoZyFBLlJ5NDxvDQKF3YE9IU13Ci/t5IUKjUKAzMZIj0QM16qfif14p178JPKI9iTTiePtSLGdQCpqnALpUEazYyBGFJzV8hHiCJsDbZFUwI7uzJ86ReLrmnpfLtWbFSzuLIgz1wAI6AC85BBVyDKqgBDB7BM3gFb9aT9WK9Wx/T0ZyV7eyCP7A+fwAv55gd</latexit> ⇤+

c ! pK�⇡+
<latexit sha1_base64="q82LIF1vf2mzqGFmB7saSzDlZKs=">AAACDHicbVDLSgMxFM3UV62vqks3wSIIxTJTBV0W3Ai6qGAf0JmWTCbThmaSIckoZegHuPFX3LhQxK0f4M6/MW1noa0HAodzzuXmHj9mVGnb/rZyS8srq2v59cLG5tb2TnF3r6lEIjFpYMGEbPtIEUY5aWiqGWnHkqDIZ6TlDy8nfuueSEUFv9OjmHgR6nMaUoy0kXrFkntjwgHq4W4ZupL2BxpJKR5gDK+7J9CNabdsUnbFngIuEicjJZCh3it+uYHASUS4xgwp1XHsWHspkppiRsYFN1EkRniI+qRjKEcRUV46PWYMj4wSwFBI87iGU/X3RIoipUaRb5IR0gM1703E/7xOosMLL6U8TjTheLYoTBjUAk6agQGVBGs2MgRhSc1fIR4gibA2/RVMCc78yYukWa04p5Xq7VmpVs3qyIMDcAiOgQPOQQ1cgTpoAAwewTN4BW/Wk/VivVsfs2jOymb2wR9Ynz+xcpoO</latexit>



B0, B+, Λ0
b in pPb at √sNN = 8.16 TeV

Nuclear	effects	
•  Small	effects	in	agreement	with	predictions	
•  Similar	for	all	analyzed	b-hadrons	
•  Comparable	to	non-prompt	J/ψ from	

b-decays	
•  Smaller	than	for	prompt	J/ψ	

(as	expected	from	b-mass	>	c-mass)
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Ξb
− in pp at √s = 7,8,13 TeV

•  Measured	production	ratios,	production	asymmetry	between								and				   ,	mass	
•  Decay	channel	Ξb

−	->	J/ψ	Ξ−	and	Ξ−	->	Λ π−	

•  Measure	production	ratios	instead	of	absolute	branching	fractions	
•  Lack	of	knowledge	of	fragmentation	fractions	for	decay	products	
•  Measure	ratio	to	kinematically	similar	decay	Λb

0	->	J/ψ	Λ	instead	(see	next	slide)	
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⌅�
b

<latexit sha1_base64="eBFYEmulVzXQgMDsnE/3++NP1xE=">AAAB7nicbVC7SgNBFL0bX0l8xQc2NoNBsHHZjYWWARvLCOYByRpmJ7PJkNmZZWZWCEtqaxsLRWz9Hjt/Rpw8Ck08cOFwzr3ce0+YcKaN5305uZXVtfWNfKG4ubW9s1va229omSpC60RyqVoh1pQzQeuGGU5biaI4DjlthsPrid98oEozKe7MKKFBjPuCRYxgY6Vmp8W64f15t1T2XG8KtEz8OSlXjw4bbuH7sdYtfXZ6kqQxFYZwrHXb9xITZFgZRjgdFzuppgkmQ9ynbUsFjqkOsum5Y3RqlR6KpLIlDJqqvycyHGs9ikPbGWMz0IveRPzPa6cmugoyJpLUUEFmi6KUIyPR5HfUY4oSw0eWYKKYvRWRAVaYGJtQ0YbgL768TBoV179w/VubRgVmyMMxnMAZ+HAJVbiBGtSBwBCe4AVencR5dt6c91lrzpnPHMAfOB8/DOCRlA==</latexit>

⌅̄+
b

<latexit sha1_base64="OLcHh0QdavN2yjotg85keZkor8Y=">AAAB9HicbVDLSsNAFL2pr7a+6gM3bgaLIAghqQtdFty4rGAf0MQymU7aoZNJnJkUSujaT3DjQhG3fow7f0acPhbaeuDC4Zx7ufeeIOFMacf5snIrq2vrG/lCcXNre2e3tLffUHEqCa2TmMeyFWBFORO0rpnmtJVIiqOA02YwuJ74zSGVisXiTo8S6ke4J1jICNZG8r0Ay8xrsXEnuD/vlMqO7UyBlok7J+Xq0WHDLnw/1jqlT68bkzSiQhOOlWq7TqL9DEvNCKfjopcqmmAywD3aNlTgiCo/mx49RqdG6aIwlqaERlP190SGI6VGUWA6I6z7atGbiP957VSHV37GRJJqKshsUZhypGM0SQB1maRE85EhmEhmbkWkjyUm2uRUNCG4iy8vk0bFdi9s99akUYEZ8nAMJ3AGLlxCFW6gBnUg8ABP8AKv1tB6tt6s91lrzprPHMAfWB8/1rGUVw==</latexit>
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wanted:	production	fractions	 3/2	in	SU(3)	flavor	symmetry	(assumed)	

from	PDG	

Ξb
− in pp at √s = 7,8,13 TeV

measured	
Trick:	Replace	branching	fraction	by	decay	width	×	life-time			

•  Production	asymmetry	of	Ξb
−	at	7,8	and	13	TeV	compatible	with	zero	(not	shown)	

•  Mass	of	Ξb
−	also	measured	relative	to	Λb

0	to	cancel	uncertainty	of	momentum-calibration	

(with	PDG	mass	of	Λb
0)	

Phys.	Rev.	D	99	(2019)	052006	



Summary
•  LHCb	has	rich	and	broad	physics	program:	

Many	new	and	updated	precise	inclusive	production	cross-sections	for	c-	and	b-hadrons	
•  ψ(2S)	in	pp	at	7,13	TeV 	 	 	 	 	LHCb-PAPER-2018-049,	submitted	to	JHEP	
•  Asymmetry	of	Ds

+/-	in	pp	at	√sNN	=	7,8	TeV 	 	JHEP	08	(2018)	008	
•  Prompt	Λc

+	in	pPb	at	√sNN	=	5	TeV	 	 	 	JHEP	02	(2019)	102
•  J/ψ,	D0	in	p(Ar,He)	at	√sNN	=	87,	110	GeV	 	 	arXiv:1810.07907,	submitted	to	PRL	

•  Υ(nS)n=1,2,3	in	pp	at	√sNN	=	13	TeV 	 	 	 	JHEP	07	(2018)	134	
•  Υ(nS)n=1,2,3	in	pPb	at	√sNN	=	8.16	TeV 	 	 	JHEP	11	(2018)	194	
•  B0,	B+,	Λ0

b	in	pPb	at	√sNN	=	8.16	TeV 	 	 	Phys.	Rev.	D	99	(2019)	052011
•  Ξb

−	in	pp	at	√s	=	7,8,13	TeV	 	 	 	 	Phys.	Rev.	D	99	(2019)	052006	

	

•  Comparison	with	predictions	from	pertubative	QCD	improve	understanding	of	
nuclear	matter	effects,	mostly	good	agreement	
	

•  Cross-section	ratios	useful	to	reduce	uncertainties	on	experimental	and	theory	side	
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CEP	of	J/ψ	and	ψ(2S)	in	pp	at	13	TeV	JHEP	10	(2018)	167	

Also	see	Marcin	Kucharczyk	talk	at	11:05	on	"Soft	QCD	and	Central	Exclusive	Production	at	LHCb"	



Backup
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CEP of J/ψ, ψ(2S) in pp at 13 TeV
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JHEP	10	(2018)	167	

Central	exclusive	production	
•  Diffractive	process:	pp	à	pXp,	X	=	meson,	protons	remain	intact	
•  Fusion	of	photon	and	pomeron	

photon	(spin	1)	+	pomeron	(spin	0)	=	vector	meson	(spin	1)	
•  pQCD	calculations	available	for	charmonium	production	
•  Probes	gluon	PDF	down	to	x	=	2×10-6,	possibly	showing	saturation	effects	

Discrimination	of	CEP	events	with	HeRSCheL	

Results:	Differential	cross-sections	in	y	(MC	corrected	for	fiducial	acceptance	to	muons)			
Experimental	signature:	no	activity	in	LHCb	except	two	muons,	low	activity	in	HeRSCheL	



CEP of J/ψ, ψ(2S) in pp at 13 TeV
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Good	agreement	of	data	with	NLO	calculations	

CEP	cross-section	pp->pXp	are	converted	to	photoproduction	cross-section	γp->Xp	

Deviations	from	simple	power-law	observed	for	γp->J/ψp,	in	agreement	with	JMRT	prediction			

JHEP	10	(2018)	167	

J/ψ	

J/ψ	

ψ(2S)	

ψ(2S)	


