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The	LHCb	Path	to	the	Future	
•  Long	program	
ahead	of	us	

•  Increasing	
difficulties	in	time	

•  Requires	to	be	
carefully	planned	
in	advance	
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Chris	Parkes	



U2	
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Chris	Parkes	



Detector	Sessions	
•  LHC	studies	

•  VELO@U2	overview	
•  Use	of	timing	in	tracking	
•  (Use	of	timing	in	ATLAS)	
•  CMOS	Pixel	Sensors	for	Inner	Tracker	
•  Magnet-side	chambers	

•  RICH	Upgrade	
•  TORCH	
•  CALO	Upgrade	
•  Muon	Upgrade	

•  Towards	an	U2	Data	Processing	Model	
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LHC	studies	
•  Many	ways	to	increase	

instantaneous	luminosity,	but	
machine	has	limits	

•  The	need	to	change	the	LHCb	
magnet	polarity	further	
complicates	the	situation,	
implying	possible	LHC	
commissioning	operation	(è	
extra	time)	at	polarity	reversal	
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Riccardo	de	Maria	



What	can	we	get	from	LHC	
•  Will	not	be	able	to	operate	continuously	

at	a	leveled	luminosity	of	2E+34	cm-2s-1		

•  Design	for	2E+34	cm-2s-1		will	allow	us	to	
–  Increase	overall	statistics		
–  Better	perform	at	lower	instantaneous	

luminosity	
	
•  LHCb	prefers	shortest	fills	with	respect	to		

ATLAS/CMS	

•  LHC	concern:	lifetime	of	our	triplets,	due	
to	radiation	damage		
–  Better	estimate	will	come	from	ATLAS/CMS	
–  Consider	improving	their	shielding,	in	

particular	for	the	one	behind	muon	stations	
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Riccardo	de	Maria	



The	VELO	Timeline	
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Mark	Williams	



VELO	Requirements	
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Maintain	the	
Upgrade-I	
efficiencies	

Possibly	improve	
impact	parameter	
resolution	

Reduce	wrong	
associations	to	PV	
using	time	information	

10x	multiplicities,	10x	occupancies,	10x	rad.	damage:	can	it	be	done	and	how?	

Mark	Williams	



Implications	of	occupancy	to	design	
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Mark	Williams	



Time	info	reduces	spatial	occupancy	
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Mark	Williams	



PV	mis-association	fraction	
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Mark	Williams	



Faster	is	Better	than	Smaller	
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Mark	Williams	



(Many)	Open	Questions	
•  How	we	will	deal	with	radiation	damage?	
•  Can	we	remove	RF	foil?	
•  How	will	timing	information	be	used?	
•  Will	(and	how	will)	reconstruction	needs	

and	limitation	influence	VELO	design?	
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Mark	Williams	

Conclusion	à	



Tracking	using	Time	Info	
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Marco	Petruzzo	
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Marco	Petruzzo	
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Marco	Petruzzo	



Tracking	with	Timing	Summary	
•  Timing	in	tracking	helps	–	however	more	detailed	studies	required	

•  Stub-based	approach	is	an	interesting	option	–	how	to	make	stub?	

•  Doing	tracks	at	hardware	level	
–  Might	not	necessarily	reduce	total	amount	of	data	sent	to	event	builder	
–  Will	definitely	speed-up	HLT		

•  FPGA-based	system	is	a	possibility	that	matches	well	the	expandability	
our	event-builder	scheme	–	but	it’s	not	the	only	one		
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Marco	Petruzzo	



CMOS	Pixels	(Inner	Tracker)	
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M.	Winter	Advantages:	
	
•  Detector	and	FEE	on	the	

same	substrate	

•  Commercially	available	

•  Low	cost	per	cm2	

•  Granular	(<10	um)	

•  “Fast”	(timestamping	<25ns)	

•  Radiation	Hard	(1015	neq/cm2)	

•  Low	Power	



CMOS	&	HVCMOS	

TTFU	Annecy,	23/03/18	 A.	Cardini	/	INFN	Cagliari	 19	



Magnet	Stations	
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C.	Da	Silva	
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C.	Da	Silva	

Use	a	simplified	version	
of	SCIFI	electronics	



Tracking	and	MC	studies	
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M.	Chrzaszcz	



ECAL	Requirements	for	U2	
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A.	Schopper	
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A.	Schopper	
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Rad.	Hardness	
	
Energy	resolution	
	
Occupancy	
	
Timing	
	
Constraints	



Radiation	hard	and	fast	scintillators	
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Y.	Guz	



Transparency	degradation	after	3E+15	p/cm2	
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Y.	Guz	

Excel
lent	

radia
tion	

hardn
ess	!	



Possible	ECAL	Technologies	
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+	Rad.	Hard.	/	low	Moliere	radius	/	
longitudinal	segmentation	/	
t@shower_max	
-	Cooling?	Calibration?	….	

Shashlik	using	WLS-filled	quartz	
capillaries	and	inorganic	scintillator	
slabs	
	

+	Rad.	Hard.	/	low	Moliere	radius	/	
reasonable	Eres	
-	Complex	construction	

Y.	Guz	



Possible	ECAL	Technologies	
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Crystal	SpaCal	
	

+	Smaller	Moliere	radius	possible		
-	Long	light	path	

Y.	Guz	



ECAL	Performance	Simulations	
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A.	Davis	

Let’s	not	forget	that	electron	reconstruction	will	much	
benefit	of	material	reduction	before	the	magnet	
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S.	Easo	Challenges	in	RICH	Upgrade	



RICH	Plans	
•  Recipe	for	U2	

–  Keep	occupancy	<30%	
–  Improve	single	photon	Č	

angle	precision	to	
<0.5mrad	

•  How	
–  Improve	optical	error	à	

flat	light	mirrors	(in	
acceptance)	

–  Further	reduce	chromatic	
error	à	green-enhanced	
detectors	

–  Increase	granularity	
–  Add	timing	
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Cooling?	

ASICs	in	vacuum	

Squeeze	light	on	smaller	area	

Flat	mirror	

Synch	1ns	gating!		

C.	D’Ambrosio	



Improved	RICH	Radiators	
Design	photonic	crystals	
from	transparent	dielectrics	
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S.	Easo	



(Near)	Future	Work	Directions	
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C.	D’Ambrosio	



The	TORCH	TOF	Detector	
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Aim:	10-15ps	time	resolution	per	
track,	or	70ps	single	photon	time	
resolution	
	
1mrad	precision	required	to	
achieve	50ps	

		

N.	Harnew	



ERC-funded	5	years	
R&D	Program	
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(1)	New	photodetectors	
(2)	Demonstrator	

N.	Harnew	



TORCH	Demonstrator	Test	Beam	
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90ps	

n.	photons	

T.	Hancock	
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N.	Harnew	



Muon	System	LS2	Upgrades	
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M.	Palutan	



Increase	Muon	Shielding	@	L=2E+34	
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Idea:	Replace	HCAL	with	thicker	(in	terms	of	λint)	iron	shielding	

PID	performance	loss	due	to	HCAL	removal	to	be	carefully	assessed	

M.	Palutan	



New	detectors	needed	
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…	and	a	new	electronics	too!	

M.	Palutan	



Muon	Upgrade	Summary	
•  @LS3	(2024	-	5)	
–  additional	Fe	shielding	(and	no	HCAL)	à	impact	on	PID	and	
low	E	muons	to	be	carefully	evaluated	

•  @LS4	(2030	-	…)	
– New	detectors	for	all	inner	regions,	with	new	FEE	
– New	FEE,	but	we	might	also	need	new	chambers	in	R34,	
the	ones	installed	were	built	in	~2005…	
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M.	Palutan	



Everyone	agrees	on	the	fact	that	
	

•  Almost	all	bunch	crossing	will	contain	interesting	physics	signal	

•  Most	of	the	particle	produced	in	these	bunch	crossing	are	not	
interesting	

								The	biggest	data	processing	challenge	in	history	of	HEP	

											==>	Try	to	cleanup	the	event	as	early	as	possible	
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Data	Taking	in	the	U2	Era	
V.	Gligorov	



Vava	assumes	an	untouched	DAQ	model…	
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V.	Gligorov	



…	others	have	different	ideas	
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S.	Stracka	TTFU	2017	



Towards	an	U2	Data	Processing	Model	
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V.	Gligorov	

10-20	TB/s					X	

Everything	should	scale	by	~10	from	U1…	but	HLT1	output	rate	cannot	scale	because	of	
signal	saturation!	(1)	What	could	we	do	at	HLT1?	OR	(2)	Could	we	run	HLT2	at	5-10	MHz?		



Possible	HLT1	Strategies	
HLT1	finds	an	interesting	signal	based	on	a	high-pT	
subset	of	decay	product,	then	uses	timing	to	to	
suppress	pile-up	in	full	event	reconstruction	
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V.	Gligorov	



…	but	we	can	all	agree	on	this	
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V.	Gligorov	



Co
nc
lu
sio

n	
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U2:	a	final	remark	

(From	Wednesday	21st	afternoon	session)	
	

•  (Vava)	We	will	be	going	to	extremely	difficult	
data	taking	conditions	with	Upgrade	II…	

•  (Mitesh)	…	but	it’s	worth	it!	
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A	big	THANKS	to	the	LAPP	team	for	their	kind	
hospitality	and	for	the	excellent	organization	
	

(P.S.:	Any	volunteers	for	2019	TTFU?)	



Spares	Slides	
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(Many)	Open	Questions…	
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Mark	Williams	



…	and	more	
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Conclusion	à	

Mark	Williams	
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A.	Schopper	



CMS	vs.	LHCb	data	rates	
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C.	D’Ambrosio	



Still,	strong	requirements	on	detectors…	
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M.	Palutan	


