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A:er	one	failed	aAempt	to	find	a	
suitable	place...	
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...and	even	a	
second	one!	



SeLng	the	scene	
•  LHCb	Phase-I	upgrade	
– Detector	will	be	operated	at	2x1033	cm-2s-1	
– Under	construcAon	
– Will	be	ready	for	LHC	Run	3	

•  LHCb	Phase-II	upgrade	
– Run	at	a	factor	10	higher	luminosity	
– Need	significant	changes	to	the	detector	
– Envisaged	for	LHC	Run	5	
•  i.e.	not	clashing	with	ATLAS	and	CMS	Phase-II	upgrades	

– Expression	of	interest	submiPed	to	the	LHCC	
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Luminosity	prospects	
•  HL-LHC	can	supply	an	instantaneous	luminosity	at	the	
LHCb	interacAon	point	(IP)	of	around	2x1034	cm-2s-1	at	start	
of	fill	

•  The	lifeAme	of	the	inner	triplets	at	the	IP	is	expected	to	
correspond	to	an	integrated	luminosity	of	about	300	T-1	

–  improved	understanding	of	the	triplets'	response	to	radiaAon	
damage	may	allow	a	larger	value	to	be	achieved	

•  This	can	be	made	within	the	planned	HL-LHC	operaAon	
schedule!	
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Key	goals	
•  The	Phase-II	Upgrade	will	be	capable	of	improving	on	a	
broad	spectrum	of	important	flavour-physics	measurements	
–  A	comprehensive	programme	of	measurements	of	bàsl+l-	and	bàdl+l-	
transiAons,	employing	both	muon	and	electron	modes	

– Measurement	of	γ	with	a	precision	of	0.4o	

– Measurement	of	φs	with	a	precision	of	3	mrad	
– Measurement	of	the	raAo	B(B0àµµ)/B(Bsàµµ)	with	an	uncertainty	of	
about	10%,	and	the	first	precise	measurements	of	relevant	Bsàµµ	
observables	such	as	effecAve	lifeAme	and	CP	violaAon	

–  A	wide-ranging	set	of	lepton-universality	tests	in	bàclν	decays,	
exploiAng	the	full	range	of	b-hadrons	

–  CP-violaAon	measurements	in	charm	with	10-5	precision	
•  In	addiAon,	the	Phase-II	Upgrade	will	be	capable	of	major	
discoveries	in	hadron	spectroscopy,	and	pursuing	a	wide	and	
unique	programme	of	general	physics	measurements,	
complementary	to	those	of	ATLAS	and	CMS	
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Challenges	ahead	

•  The	project	is	very	challenging	
–  otherwise	we	would	have	done	it	already...	

•  The	mean	number	of	interacAons	per	event	will	be	around	50	
–  The	increased	parAcle	mulAplicity	and	rates	will	present	significant	problems	

for	all	detectors,	notaby	including	increased	radiaAon	damage	
•  An	essenAal	aPribute	will	be	precise	Aming	in	the	VELO	detector,	and	

also	downstream	of	the	magnet	for	both	charged	tracks	and	neutrals	
–  A	Ame	resoluAon	of	a	few	tens	of	ps	for	charged	tracks	and	photons	will	

dramaAcally	simplify	paPern	recogniAon	and	improve	associaAon	of	parAcles	
to	the	correct	interacAon	vertex	where	they	were	produced	

–  Furthermore,	a	high	granularity	tungsten	sampling	electromagneAc	
calorimeter	will	extend	the	experiment’s	capabiliAes	in	final	states	involving	
photons,	π0s	and	electrons	
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Timing	informaQon	
•  In	high	pileup	condiAons,	vertex	reconstrucAon	and	assignment	to	a	

given	decay	becomes	a	limiAng	factor	
–  ParAcles	produced	at	same	posiAon	can	have	very	different	producAon	

Ames	
•  Consider	two	beam	bunches	crossing	at	the	interacAon	point	
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•  In	this	cartoon,	interacAons	at	same	z	but	separated	by	300	ps	
•  If	we	would	have	precise	enough	Ame	informaAon	for	charged	

parAcles	and	neutral,	the	complexity	of	high-pileup	events	could	be	
reduced	to	the	present	situaAon	



•  By	instrumenAng	the	side	walls	of	the	dipole	magnet,	the	
tracking	acceptance	can	be	significantly	increased	for	soh	
tracks,	improving	detector	efficiency	for	high	mulAplicity	
decays	
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Challenges	ahead	



•  Downstream	fast-Aming	capabiliAes	will	allow	improved	
rejecAon	of	combinatoric	background	and	can	also	be	
used	for	improving	parAcle	idenAcaAon	at	low	
momentum,	along	with	improvements	in	the	RICH	
system	

•  IniAal	steps	of	a	limited	number	of	these	detector	
upgrade	projects	could	already	be	installed	for	Run	4,	
allowing	the	Phase-I	experiment	to	improve	its	physics	
reach	even	before	the	Phase-II	upgrade	takes	place	
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Challenges	ahead	



Matching	the	LHCb	layout	
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bàsl+l-	transiQons	and	LFU	
•  LHCb	has	already	reported	important	results	for	many	of	
these	modes	with	Run-1	data	

•  The	main	systemaAc	uncertainAes	are	expected	to	scale	
with	integrated	luminosity,	moAvaAng	conAnued	study	of	
these	decay	channels	at	the	Phase-II	Upgrade	

•  Although	LFU	measurements	comparing	rates	with	muons	
and	electrons	are	theoreAcally	clean,	for	absolute	
branching	fracAons	and	angular	observables	the	size	of	
possible	charm-loop	effects	may	introduce	addiAonal	
theoreAcal	uncertainAes	

•  Besides	improvements	in	the	known	problemaAc	modes,	
new	observables	e.g.	in	the	Bs	and	Λb	sectors,	will	be	
measured	with	excellent	sensiAvity,	thus	providing	a	
broader	picture	 12	



P5’	demo	
•  For	example,	the	region	
4	<	q2	<	8	GeV2	in	P5’	
where	there’s	the	famous	
hint	of	a	discrepancy	
between	data	and	
predicAon	will	be	
mapped	out	with	very	
high	precision	
– LHCb	Run-1	results	
compared	with	expected	
sensiAvity	with	300	T-1		
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•  Similar	arguments	hold	for	studies	of	bàdl+l-	transiAons,	albeit	
with	lower	staAsAcal	precision	

•  The	angular	analysis	of	BsàK*0µµ	with	the	data	sample	
collected	by	the	Phase-II	Upgrade	will	be	more	precise	than	the	
Run-1	result	for	B0àK*0µµ,	enabling	a	powerful	comparison	
between	different		flavour	transiAons	

•  A	Ame-dependent	analysis	will	become	feasible	for	the	mode	
B0àρ0l+l-,	and	with	large	sample	sizes	and	improved	π0	
reconstrucAon	with	upgraded	ECAL	other	relevant	modes	with	
neutrals	will	become	accessible	

•  The	upgraded	ECAL	will	also	be	very	valuable	in	improving	the	
sensiAvity	of	the	experiment	to	studies	of	bàsγ	and	bàdγ
–  for	example	enabling	the	photon	polarisaAon	in	Bsàφγ	to	be	
measured	with	a	sensiAvity	comparable	to	the	precision	on	the	SM	
predicAon	

–  also	polarisaAon	measurements	with	rare	baryon	decays,	such	as	
ΛbàΛγ,	ΞbàΞγ	and	ΩbàΩγ
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bàdl+l-	transiQons	and	radiaQve	decays	



Scaling	yields	up	
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•  Opportunity	to	make	comprehensive	tests	by	looking	
at	very	wide	range	of	observables	in	different	modes	
and	different	lepton	final	states	



Similar	(new)	physics	in	bàclν?	
•  Lepton	universality	studies	in	bàclν	transiAons	provide	
complementary/alternaAve	constraints	on	possible	NP	
models	

•  The	present	4	sigma-ish	tension	with	R(D)	and	R(D*)	is	a	
pure	experimental	problem	and	will	be	clarified	in	the	
coming	years	with	LHCb	and	Belle-II	
– Also	because	LHCb	can	provide	further	related	measurements	
such	as	BcàJ/ψlν,	ΛbàΛclν,	etc.,	some	of	which	coming	soon	

•  The	Phase-II	Upgrade	will	allow	LHCb	to	test	both	τ-µ	
and	µ-e	universality	in	bàclν	transiAons	at	bePer	than	
the	percent	level	across	the	full	range	of	decaying	b-
hadrons	
–  The	yields	of	BàD(*)tν	decays	will	be	sufficiently	large	to	allow	
for	precise	polarisaAon	studies	of	the	final-state	parAcles	
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Very	rare	decays	
•  The	Bsàµµ	decay	has	
been	successfully	observed	
at	the	LHC,	and	in	parAcular	
at	LHCb	for	the	first	Ame	
from	a	single	experiment	
–  branching	raAo	measured	
to	be	consistent	with	the	SM	
predicAons	with	a	precision	of	about	20%	

•  For	the	B0àµµ,	no	significant	signal	has	been	
established	yet	

•  Assuming	SM,	LHCb	can	achieve	with	a	Phase-II	upgrade	
a	precision	of	about	10%	on	the	raAo	B(B0àµµ)/
B(Bsàµµ),	a	very	powerful	observable	to	constrain	the	
flavour	structure	of	NP	models	beyond	the	SM	
–  CMS	is	expected	to	aPain	a	somewhat	worse	staAsAcal	
sensiAvity,	but	hadron	parAcle	idenAficaAon	capabiliAes	at	
LHCb	will	be	more	powerful	for	suppressing	backgrounds	and	
control	systemaAc	uncertainAes	
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Very	rare	decays	
•  Moreover	the	large	Bsàµµ	yield	will	allow	the	study	of	
new	observables	such	as	the	effecAve	lifeAme,	for	
which	a	proof	of	concept	has	been	already	published,	
and	CP	asymmetries	
– These	observables	will	be	parAcularly	relevant	for	
discriminaAng	between	NP	models	in	the	event	that	effects	
beyond	the	SM	are	observed	by	that	Ame	
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Prospects	with	γ
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Prospects	with	γ
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Improvements	on	Vub/Vcb
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Prospects	for	φs	measurements	
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•  Analysis	can	greatly	benefit	
from	Aming	informaAon	at	
very	high	pileup	



Control	of	penguin	amplitudes	

•  In	order	to	interpret	properly	the	Ame-dependent	
analysis	of	BsàJ/ψφ	in	terms	of	φs,	the	size	of	any	
potenAal	contribuAons	from	doubly	Cabibbo-
suppressed	penguin	decays	must	be	determined	
–  for	example	using	control	channels	such	as	B0àJ/ψρ0	and	
BsàJ/ψK*0,	which	benefit	from	the	hadron	idenAcaAon	
capabiliAes	of	LHCb	

•  With	the	data	accumulated	aher	the	Phase-II	
Upgrade,	it	is	expected	that	the	effect	of	such	
penguin	diagrams	on	φs	will	be	known	with	a	
precision	bePer	than	1.5	mrad	
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Other	related	measurements	
•  Moreover,	studies	of	the	weak	phase	in	complementary	bàsss	
decay	modes	such	as	Bsàφφ,	where	current	measurements	are	
limited	by	staAsAcs,	will	be	able	to	reach	sensiAviAes	of	8	mrad	
with	the	Phase-II	Upgrade	sample	

•  Similar	improvements	will	be	possible	in	related	charmless	decays	
BsàKπKπ,	BsàKShh	(h=π,K)	and	BsàKKπ0,	where	the	improved	
capabiliAes	of	the	Phase-II	ECAL	will	play	an	important	role	

•  Furthermore,	LHCb	will	conAnue	to	make	important	CKM	tests	in	
the	B0	system	
–  for	example	the	Phase-II	Upgrade	will	allow	LHCb	to	measure	Γd	with	
sufficient	precision	to	be	sensiAve	to	a	non-zero	value	at	the	predicted	
SM	level	

•  Further	relevant	measurements	are	those	of	semileptonic	
asymmetries	
–  it	will	e.g.	be	possible	to	reach	a	precision	close	to	the	SM	value	for	adsl	
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Prospects	with	Charm	(and	strange)	physics	
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Phase-II	LHCb	upgrade	will	make	precision	
measurements	of	charm	CPV	à	no	other	
exisAng	or	planned	experiment	can	collect	
such	large	charm	samples	



Search	for	dark	photons	
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Summary	of	Phase-II	upgrade	prospects	
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Further	steps	to	be	made	next	week	
•  Comprehensive	workshop	on	Phase-2	Upgrade	to	be	held	at	
La	Biodola	

	
	
	
	
hPps://agenda.infn.it/conferenceDisplay.py?ovw=True&confId=12253		
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Summary	
•  If	present	flavour	anomalies	are	not	due	to	fluctuaAons	
and	inaccurate	knowledge	of	QCD	effects,	we	will	know	
that	quite	soon	
–  confirmaAon	from	Belle-II	will	be	as	important	as	first	
measurements!	

•  If	we	are	really	seeing	the	first	cracks	in	the	SM,	then	it	
will	be	of	paramount	importance	to	unveil	the	full	
picture,	and	it	would	be	a	shame	not	to	exploit	the	full	
potenAal	of	the	LHC	for	flavour	physics	All	the	last	drop	
of	protons	with	an	LHCb	Phase-II	upgrade	

•  In	the	event	that	present	anomalies	will	fade	out,	and	
that	no	direct	evidence	for	NP	will	pop	out	of	LHC,	
flavour	physics	is	one	of	the	fundamental	tools	to	
explore	new	direcAons	for	future	adventures	
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