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•  La	physique	de	la	saveur,	complémentaire	au	recherches	directes	de	nouvelles	physique,	
est	plus	que	jamais	d’actualité.		

•  La	majorité	 des	mesures	 sont	 actuellement	 limitées	 par	 l’erreur	 sta:s:que,	 et	 pas	 par	
l’erreur	systéma:que	=>	il	faut	collecter	une	quan:té	de	données	encore	plus	grande	

•  Les	 paramètres	 de	 fonc:onnement	 du	 LHC	 après	 le	 Run	 II	 impliquent	 une	 dose	 de	
radia:on	et	un	taux	d’occupa:on	trop	élevés	pour	les	sous-détecteurs	actuels.	

	
	

Upgrade	du	détecteur	LHCb.	
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Mo:va:on	



Timescale	

NB:	C’est	le	seul	upgrade	prévu	pour	LHCb	pour	l’instant	(discussions	en	cours	sur	le	futur).		

LHCb UPGRADE 
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Target: collect 50 fb-1 over 10 years after LS2  

LHC	running	condi5ons	

Year	 2012	 upgrade	

Energy	 8	TeV	 13	-	14	TeV	

Bunch	spacing	 50	ns	 25	ns	

Colliding	bunches	 2400	

Luminosity	leveling	 4x1032	cm-2	s-1	 2x1033	cm-2	s-1	

Pileup	(interacPons/bunch	crossing)	 1.7	 2.5	to	5	

•  replace/overhaul	several	sub-detectors:	VeloPixel,	
Trackers	(UT,	SciFi),	RICH	

•  replace	readout	electronics:	from	1	MHz	to	40	MHz	
•  Full	soWware	trigger	
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Occupancy	in	the	upgrade	era	

Average  pp interactions per bunch crossing m: 2 à 5 
Average number of tracks in a bb event:72 à 180 
                 



LHCb	upgrade:	overview	
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Since	2013.	
	
Main	development	related	to	the	new	tracking	detector	(SciFi):	
	
•  electronics:	Olivier Le Dortz responsable de l’acquisition 

backend du SciFi 

	
•  	simula:on	of	the	tracker	(geometry,	detector	design)		
													and	evalua:on	of	its	performances	(pa[ern	recogni:on)	
	
Tracking	ac5vi5es	are	pursued	also	in	the	context	of	Run	II.	

LPNHE	contribu:on	to	the	upgrade	



The	SciFi	detector	
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Le	Scin:lla:ng	Fiber	tracker	(SciFi)		
va	remplacer	les	sta:ons		
de	tracking	après	l’aimant		
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Il	est	ou	le	SciFi?	
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Planes	and	modules	
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Fibres	
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Silicon	PhotoMul:pliers	



Caractéris:ques	principales	

•  Made	up	of	3	sta:ons,	each	sta:on	with	4	layers	(	x,	u,	v,	x),	each	layer	divided	into	10	(12)	fiber	modules.	
•  Scin:lla:ng	fibers:	250	μm	diameter,	2.5m	long,	arranged	in	mul:ple	planes	for	improved	light	collec:on.	
•  Mirror	at	the	center	(beam	pipe	height)	to	collect	reflected	light.	
•  Mul:-channel	Silicon	photo-mul:pliers	(SiPM	128	channels	in	a	32mm	array),	16	SiPM	per	module.	
•  40MHz	front-end	electronics.		
•  Dead	material	in	the	acceptance	minimized	through	readout	at	borders.	
•  Whole	acceptance	covered	(no	IT/OT	as	today)		
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Comparaison	avec	le	detecteur	actuel		



Prise	en	charge	de	
l’électronique	de	back-end	

SciFi:	
•  Gestion de l’achat des cartes 

AMC40 en format PCIexpress.  
•  Développement d’un firmware 

spécifique, si nécessaire. 
•  Test et déploiement du 

firmware.  
•  Logiciel de pilotage des cartes 

et interface avec la DAQ. 
•  Installation et commissioning. 

 
Le test et la qualification hardware des 
AMC40 sont sous la responsabilité du 

CPPM 

SciFi:	le	projet	electronique	du	LPNHE	
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ITA	involved:	
	-	50%	Olivier	Le	Dortz	
	-	45%	Diego	Terront		=>	Eduardo	Sepulveda	

See	Olivier’s	presenta:on!	
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La	collabora:on	SciFi	

Université	Technique	Dortmund	
Université	de	Rostock	
Université	d’Heidelberg			
Université	d’Aachen		

Université	de	Valence		
ICC	Barcelone	

CBPF	(Centro	Brasileiro		
de	Pesquisas	Fisicas)		
de	Rio	de	Janeiro	

CERN		
EPF	Lausanne		

	
INR	Moscou	
ITEP	Moscou		
IHEP	Protvino		 NIKHEF	Amsterdam		

Imperial	College	London	

LPC	Clermont	
LPNHE	Paris	
LAL	Orsay	
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Implica:on	dans	le	panorama	français	

LPNHE	

LPC	

LAL	

CPPM	

LAPP	
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	The	trigger	and	the	tracking	
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	Beyond	the	limits:	the	trigger	
Expected luminosity four times higher:  2x1033 cm-2 s-1 (=> 5 fb-1 /year)	

Hadronic channels saturate due to energy cuts in the hardware trigger 
 
 
 
 
 
 
 
 
 
 
 
 
 
	

Need to move from 1 MHz to 40 MHz read-out rate  
(i.e. reading at the collision frequency of the LHC!)	



	The	new	trigger	paradigm	

Run	II	used	as	test	bench!	
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Tracking	reconstruc:on	

Several algorithms reconstructiong tracks traversing part or the whole 
detector 
 
Challenges in the upgrade:   
•  events with larger occupancy 
•  strong time constraints in order to be run at the trigger level 
•  need to keep excellent performances 
 



•  Implémenta5on	de	la	géométrie	du	SciFi	pour	la	simula:on	et	la	reconstruc:on.		
					-	Toujours	en	évolu:on	dans	ce[e	phase	de	projet.		
					-	Maintenance	du	package	FTDet	prise	en	charge	par	le	LPNHE.	
	
•  PaMern	recogni5on	for	a	stand-alone		tracking	(SEEDING):	
			-	Reconstruit	les	traces	seulement	avec	les	hits	dans	le	SciFi	(no	velo,	no	UT)	
			-	Nécessaire,	par	exemple,	pour	la	reconstruc:on	des	KS		
			-	Implémenta:on	et	études	de	ses	performances	(efficacité,	ghost	rate,	:ming,	…)	

	
	
	
	
	
	
	
	
					

Ac:vités	du	LPNHE	en	simula:on	
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SciFi		
UT  
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Comparaison	avec	la	géométrie	simplifiée	
L’une	des	premières	études:	après	l’implementa:on	détaillée	de	la	géométrie	du	
détecteur	pour	le	TDR	(«	New	»)	il	a	fallu	comparer	les	performances	par	rapport	à	la	
géométrie	approxima:ve	u:lisée	par	les	études	précédentes	(«	Old	»)	où,	par	exemple,	
il	n’y	avait	pas	de	segmenta:on	en	modules	et	donc	de	régions	mortes.		

Etudes pour le TDR 
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Seeding	 Forward	tracking	

Etudes	de	performance	pour	le	TDR	
Etudes pour le TDR 
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Es:ma:on	de	l’angle	stéréo	op:mal	
Design of the detector 
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Es:ma:on	de	l’angle	stéréo	op:mal	
Design of the detector 

And the winner is: 5°! 
(C’est peut être pas par hasard…) 
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TDR	seeding		

First	implementa:on	of	the	seeding	for	the	SciFi		
	
A	pa[ern	recogni:on	algorithm	in	a	two	steps	
approach:	
	1)	reconstruct	the	x-z	projec:on	of	a	track	
					(3	cases	to	account	for	detector	inefficiencies)	
	2)	add	hits	from	stereo	layers	
	
Provided	preliminary	performances	for	the	TDR.	
	
Put	in	evidence	the	need	of	improvements.	
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Hybrid	seeding	
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Improvements	with	respect	to	the	TDR	
	-  New	track	model:	from	parabolic	to	3rd	order	

polynomial	(dRaPo)	
-  Stereo	hits	treatment:	not	only	used	to	complete	

the	x-z	projec:on	but	to	apply	requirements	
reducing	the	ghost	rate	

-  Implementa:on	of	a	soPware	level		
						Y-segmenta5on:	less	hits	on	a	track	are	permi[ed	
							only	where	you	expect	detector	inefficiency	
						(beam	hole)	
-  Progressive	cleaning	of	the	tracking	environment:	

allows	to	relax	search	windows	for	low	momentum	
tracks	and	so	higher	hit	efficiency	

-  BeMer	implementa5on	of	the	clone	removal	
-  Track	recovery	rou5ne	for	low	momentum	tracks	
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TDR	vs	Hybrid	seeding	
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Publica:ons	

Public	by	the	end	of	the	year	
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What’s	going	on	now?	
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See	Andrea	Mogini’s		
presenta:on	
	on	Friday.	

Alterna:ve	seeding	
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Clustering	studies	

Difference Hit-MC with MaxSize=8


htemp
Entries  458707
Mean   0.02689
RMS    0.4629

Residual_X
4− 3− 2− 1− 0 1 2 3 4

210

310

410

510

htemp
Entries  458707
Mean   0.02689
RMS    0.4629

Residual_X {abs(Residual_X)<4}

Check ongoing on feasibility of 
the implementation in the 

clustering FPGA.  

The clustering FPGA combines signal from 
different SiPM to identify the hit position.  
 
Two algorithms: 
•  “standard” (default option):  
  - asymmetric building of clusters with size<8 
  - shows parasitic peaks, due to asymmetric  
    splitting of large clusters 
 
•  “raw” (proposed by LPNHE):  
   - symmetric by construction.  
   - if size>8, the cluster is eliminated or flagged 
   - has less tails and a symmetric behavior 

Interplay with electronics 
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Field	alignment	
The present field map (LHCb-INT-2015-034) comes from:  
simulation + global translation/rotation/scaling constrained by measurements in the central 
region (roughly: |x|<1500, |y|<1000, 3000<z<6000) 
    - no guaranteed outside the measurement region 
    - some indication of biases for peripheral tracks  
 
 
 
 
 
 
 
 
Can we use the alignment procedure to better constrain the field ? 
	If	Bperturb	=			Breference	+	Σ	αk	Pk(x,y,z)	
when	extrapola:ng	(x1,	y1,	tx1,	ty1)	at	z1	to		(x2,	y2,	tx2,	ty2)	at	z2	
then		(x2,	y2,	tx2,	ty2)perturb-	(x2,	y2,	tx2,	ty2)reference=	Σ	αk	(δx,	δy,	δtx,	δty)k	
	
è  the αk may be included in a linearized alignment procedure in the same way as small 

translations/rotations. 

	

Potentially valid also in Run II 
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Fast	tracks	extrapola:on	

z2 O 

δt 
      Δx = Σ Cijk δtx

i δty
j (q/p)k 

 
Similar expressions for Δy, Δtx, Δty 
 
Tabulate the coefficients  
as functions of x,y at z1 
 z1 

include here the tx deviation from 0 to z1 as q/p F(z1) 
(F from a table) è |δtx| and  |δtx| are small 

straight line from O 
to starting point 

A 
B 

Quite acceptable in the zx plane 
after global correction of degree 
7 in q/p error on x 

(central tracks) 

Potentially valid also in Run II 
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Conclusion	
•  The	LHCb	upgrade	ensures	pursuing		the	flavor	physics	program	at	LHC	

•  The	SciFi	project	is	central	in	the	upgrade	

•  The	LPNHE	group	contributes	to	the	SciFi	via	two	ac:vi:es:	
						-	backend	electronics		
						-	simula:on	

•  The	simula:on	ac:vity	has	an	impact	on	the	design	of	the	detector	(geometry,	
electronics)	and	a	focus	on	the	tracking	algorithm	

•  Some	solu:ons/ideas	can	be	applied	already	in	Run	II	



~8/fb ~50/fb 

•  Actuellement	presque	toutes	les	mesures	sont	limitées	sta:s:quement.		
•  Incer:tudes	10	fois	plus	pe:tes	après	10	ans	d’upgrade:	proches	des	erreurs	théoriques.	
•  Le	défi	deviendra	réduire	les	incer:tudes	systéma:ques.		

~3/fb Framework TDR for the LHCb upgrade: Technical Design Report 

Erreurs statistiques 
Theory 

Poten:el	de	physique	de	l’upgrade	
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Vue	générale	
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Aimant	

RICH2	
SciFi	
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	Limita:on	du	detector	actuel	
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The	trigger	in	the	upgrade	
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ECFA	(octobre	2013,	Aix	les	Bains)	

Comparison	avec	les	autres	experiences	



•  To be improved to cope with our 
main limitations 
–  Hardware	trigger	and	data	

acquisi:on	

–  Rate	limited	by	bandwidth	

•  With higher luminosity... 

–  Harder	L0	separa:on.	Change	
to	LLT	

–  :ghter	cuts	on	ET,	pT	
–  bigger	track	mul:plicity	

–  much	more	data!	

•  It is needed 

–  5	kHz	→	20kHz	to	storage	

–  keep	high	efficiency	on	muon	
streams	

–  improve	gain	on	hadron	
streams	

HLT upgrade 

Online 

from C.Fitzpatrick, The upgrade of the LHCb trigger system, WIT2014 

The	trigger	implica:ons	
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Les	couts	pour	l’in2p3	

Aujourd’hui	650	kCHF	
pour	la	totalité	des	
AMC40	PCI	express	

Cout	total	de	l’upgrade	
pour	le	in2p3:	~5MCHF	
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Es:ma:on	de	l’angle	stereo	op:mal:	
nu=7.6	
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Le	challenge	de	la	vitesse	

•  Nous	sommes	déjà	impliqués	sur	le	soWware	de	reconstruc:on	des	traces.	
•  Les	algorithmes	doivent	être	très	rapides	pour	reconstruire	le	traces	pour	chaque	évènement	

directement	au	niveau	du	trigger.	
•  Une	démarche	exploratrice	des	techniques	de	calcul	parallèle,	vectorisa:on,	ainsi	que	

u:lisa:on	de	GPU	est	en	cours.	
•  Nous	y	par:cipons,	entre	autre,	en	tant	que	partenaires	du	ANR	LPaSo	(LHC	Parallel	

SoWware),	soumis	ce[e	année:	
						-	collabora:on	entre	laboratoires	impliqué	dans	CMS(LLR),	ATLAS	(LAL,	LPC,	IRFU/SPP),		
								LHCb	(LAL,	LPNHE)	ainsi	que	laboratoires	d’informa:que	(LRI,	LIMOS)	et	de	physique	
								théorique	(LPTHE)		.	
							-	Si	succès,	un	post-doc	sera		affecté	a	LHCb,	embauché	par	le	LAL	mais	sensé	collaborer	
									avec	le	LPNHE.		
•  Il	s’agit	d’une	ac:vité	et	une	collabora:on	que	l’on	souhaite	poursuivre	indépendamment	de	

l’approba:on	de	l’ANR.	
	
 



Vertex  
locator 

(VELOPixel) 

–  Change from silicon micro-strip to pixel detector 
•  Reduce material budget 
•  Easier pattern recognition 
•  Easier alignment 
•  Radiation harness 
•  High data rate ~12Gbit/s 
•  Higher predicted performance 

–  Better impact parameter resolution 
–  Improved efficiency 
–  Reduced ghost rate 

VELO upgrade, TDR, LHCb-TDR-13 

       NEW 

The	new	VErtex	Locator:	VELOPixel	
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TT 

Tracking upgrade, TDR, LHCb-TDR-15 

•  TT → UT (Upstream tracker) 

–  New silicon strips with finer 
granularity 

–  Increase acceptance at low η  

–  Features 

»  Ghost rates reduction 

»  high-momentum track online 
selection (trigger) 

»  Improved matching with VELO 
segments 

»  Improvement of VELO 
downstream tracks 

The	new	tracking	system:TT	
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       NEW 



Tracking upgrade, TDR, LHCb-TDR-15 

•  OT and IT 

–  From drift tubes and silicium to 
scintillating fibers technology 

–  Only one uniform detector 

–  SiPM for readout. ~40MHz FEE 

–  250µm diameter scintillating fibers 

The	new	tracking	system:	SciFi	

49	

OT  IT 

       NEW 
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Carte	de	front-end	
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La	collabora:on	a	finalement	decidé	d’u:liser	les	AMC40	sur	des	cartes	en	format		
PCIexpress	(PCIe40)		au	lieu	du	format	ATCA	(TELL40)	.		
Il	y	aura	en	total	112	cartes	PCIe40.	
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Publica:on:	TDR	+	2	notes	publiques	
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error on x 
(central tracks) 

error on x 
(peripheral tracks) 

quite acceptable 
in the zx plane 
after global correction 
of degree 7 in q/p 

error on tx 
(central tracks) 

error on tx 
(peripheral tracks) 


