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Belgium at CERN 
One of the twelve CERN founding member states  

•  Belgium	nowadays	one	of	the	22	CERN	member	states	
•  CERN	membership	of	27	M€/year	funded	by	Belgian	Federal	
Government		(FOD	Economie)	

•  CERN	Mandate:	
•  Fundamental	scienHfic	research	
•  Technology	transfer	
•  Training	and	educaHng	STEM	professionals	of	the	future	
•  InternaHonal	collaboraHon	

F.	Blekman,	Belgium	in	CMS,	RECFA		

2	



3	

Compact	Muon	
Solenoid	

	
ParHcle	detector	built		around	

single	solenoid	magnet		
at	4	Tesla.	

The		characterisHc	shape	of	the	
muon	tracks	in	the	tracker	and	
muon	sysem	is	also	present	in	

CMS	logo.	

General	Purpose	
Detector	
One	of	the	general	purpose	
detectors	at	the	Large	
Hadron	Collider,	with	a	
physics	programme	
focusing	on	all	aspects	of	
LHC	physics	including	heavy	
ion	physics,	Heavy	flavour,	
SM	and	BSM	measurement	
and	searches		

Project	of	a	
Genera8on	

	
First	designs	in	1990s,	
construcHon	in	2000s.	

	
OperaHonal	since	2009	

Run	1	2009-2012	at	7-8	TeV	
		

Present:		
Run	2	at	13	TeV	collision	energy.	

High-Luminosity	
LHC	
	
Next	major	upgrade	to	
high-luminosity	LHC	with	
many	detector	changes	in	
2026	:		
Phase	II	

CMS experiment 

F.	Blekman,	Belgium	in	CMS,	RECFA		
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Collabora8on 

Interna8onal 

Spokesperson 

Collabora8on	Board	Chairperson 

CMS Collaboration 
StaHsHcs	

4895	scienHsts,	
	incl.	physicists	with	PhD,	Engineers,	PhD	students 

201	universiHes	&	scienHfic	insHtutes,	46	countries 

Prof.	Joel	Butler	(Fermilab) 

Jorgen	D’Hondt	(Vrije	Universiteit	Brussel) 

4	
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ContribuHon	to	output,	management	and	prizes:	over-proporHonal	

Institutes in CMS 
Belgian	groups	have	been	involved	with	CMS	

since	the	start	of	the	experiment	

Wallonia:		
	Université	Catholique	de	Louvain		
	Université	Libre	de	Bruxelles		
	Université	Mons	(unHl	2014)	
	

Currently	65	CMS	members		
(11	permanent	researchers/
faculty)	
	
	

Flanders:		
	Universiteit	Antwerpen		
	Universiteit	Gent		
	Vrije	Universiteit	Brussel	

	
Currently	59	CMS	members	

		(6	faculty)	
	
	
+Associate	insHtute:	Katholieke	Universiteit	Leuven	
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Collaboration between institutes 
Collaboration in national context is essential to retain the 

leading role in CMS collaboration 

•  Up	to	2017,	all	Belgian	insHtutes	were	working	together	with	theory	in	a	program	funded	by	the	

BELSPO	(federal	research	agency)	called	Interuniversity	AjracHon	Poles	

•  This	programme	has	ended	in	that	form	

•  This	included	common	workshops	ensure	that	Belgian	experHse	was	retained	

•  In	general,	funding	model	in	parHcle	physics	has	evolved	drasHcally	over	last	years	

•  There	is	strong	and	consistent	support	from	all	groups	to	conHnue	to	closely	collaborate	

•  Also,	 ULB-VUB	 (+UA)	 have	 been	 very	 successfully	 collaboraHng	 since	 1970s	 in	

Interuniversity	InsHtute	for	High	Energies	(IIHE-ULB-VUB)	

•  Lack	of	technicians	limits	ability	to	make	impact	detector	at	same	level	as	physics/

management	

F.	Blekman,	Belgium	in	CMS,	RECFA		
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Coordinating roles 

•  Important	roles	in	collaboraHon	that	control	how	successful	detector	and	collaboraHon	is	

•  Examples	(not	a	complete	list):	

•  UGent	had	mulHple	leadership	roles	in	muon	project,	including	upgrades	

•  ULB	has	held	leadership	posiHons	in	CMS	GEM	upgrade	(muons)	and	tracker	

•  Various	very	visible	roles	in	tracker	by	ULB,	VUB,	UCL	
•  UA	has	had	mulHple	leadership	posiHons	in	CASTOR	forward	calorimeter	

•  Deputy	run	coordinator	UCL	
•  CollaboraHon	board	chair	VUB		

F.	Blekman,	Belgium	in	CMS,	RECFA		
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8	Belgian	detector	
contribu8on	

To	Phase	1	CMS	detector	

UA,	UCL,	ULB,		
VUB,	Umons	
(incl.	management)	

ULB,		
VUB,		
UGent	
(incl.	management)	

UA	
Incl.	
management	

Also:	HPS	
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Coordination: Collaboration (2016) 9	

2012:	C.Delaere	(UCL)	
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THE DISCOVERY OF THE 
STANDARD MODEL SCALAR	
The	genuine	highlight	of	CMS	for	the	LHC	run	1	(2009-2012)	is	
without	doubt	the	Discovery	of	the	Higgs	boson	in	2012	
	
ConfirmaHon	of	the	Standard	Model	as	a	exhausHve	theory	of	
fundamental	parHcles	and	their	interacHons	
	
Belgian	link	to	the	2013	Nobel	prize-winning	predicHon	of	the	
Standard	Model	Scalar	parHcle	by	Brout,	Englert	and	Higgs	in	1964	

11	
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Coordination: Physics (timeline) 12	
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Coordination:  Physics 13	

•  The	 coordinaHon	 of	 physics	 analysis	 is	 one	 of	 the	 main	
organisaHonal	challenges	of	large	collaboraHons	
•  Many	 small	 groups	 to	 work	 effecHvely,	 with	 2	 conveners	
coordinaHng,	usually	with	2-year	staggered	terms	

•  CMS	 has	 9	 dedicated	 physics	 analysis	 groups	 focusing	 on	
different	physics	topics,	each	containing	100s	of	analysts	
•  Standard	model	 physics:	 top,	 Higgs,	 small-x,	 heavy	 flavour	
and	fQCD	

•  Heavy	Ion	Physics	
•  Searches:	SUSY,	ExoHca,	Beyond-2-generaHons	
•  Each	 of	 these	 has	 numourous	 working-groups	 where	
analysis	is	reviewed	(in	charge	of	5-10	ongoing	papers)	

•  There	are	also	7	similar	groups	for	the	physics	reconstrucHon:	
•  Electrons/photons,	 muons,	 Jets/EtMiss,	 taus,	 b-tagging,	
tracking,	luminosity	
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Coordination:  Physics 14	

•  The	 coordinaHon	 of	 physics	 analysis	 is	 one	 of	 the	 main	
organisaHonal	challenges	of	large	collaboraHons	
•  Many	 small	 groups	 to	 work	 effecHvely,	 with	 2	 conveners	
coordinaHng,	usually	with	2-year	staggered	terms	

•  Belgian	contribuHon	to	physics	groups		
•  OrganisaHon	in	place	since	
•  Convener	roles:	TOP	(2x),	fQCD	(2x),	B2G	
•  Numerous	 (over	 20)	 subgroup	 conveners	 from	 all	 current	
Be-CMS	insHtutes	and	in	most	physics	groups	(excl.	HI)	

•  About	20	posiHons	as	physics	object	conveners	
•  E/gamma,	b-tagging,	tau,	tracking,	jets/MET,	SimulaHon	
6.6%	of	CMS	group	conveners	are	Belgian	

	
In	addiHon	very	visible	roles	in	publicaHon	approval	process	(publicaHon	commijee)	incl.	vice	chair	
(UA)	and	many	faculty	structurally	responsible	for	review	papers	in	EXO,	TOP,	SUSY	

14	
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Researchers	
with	PhD	

Number	of	
PhD	studeents	

Group	
conveners	CMS	authors	 Conference	

talks	
PhD	thesis	
awards	

2.9%	 5.3%	 4.4%	 6.6%	 36%	

Belgian institutes have a huge impact in the CMS collaboration 

 

Excellent example is the fact that 8 out of the 22 CMS thesis awards* have been awarded 

to Belgians, most recently in 2017 for Dr Ceclie Caillol’s thesis on H ->ττ (2016) 
 

*) Awards for best PhD thesis on a CMS related subject, awarded since 2000 

Belgian achievements 
Some		typical	contribuHons,	in	numbers	

8.3%	

Number	of	researchers	with	PhD	
Used	to	determine	M&O	and		
‘fair	share’	detector	contribuHon	

Dr	Cecile	Caillol	



Methodology Much	above	proporHonal	
contribuHon		

	detector	and	opera8on		
	physics		
	papers		

reflected	in	disproporHonal	number	
management	posiHons	and	prizes	
	
More	on	the	upgrades	in	the	next	
talk	–	we	are	invested	there	too!	
	
	

	bodes	very	well	for	future!	
	

Engineering	
only!	

Conclusion and outlook 



backup	

F.	Blekman,	Belgium	in	CMS,	RECFA		 17	



Precision measurements 
in Top-quark sector 

•  Inclusive  cross section 
•  Top-quark mass 
•  Spin correlation in to-pairs 
•  tt+W/Z cross section &EFT 
interpretation 

Searches for Supersymmetry (SUSY) 

Search for Dark matter 

•  Active in multiple analyses, leading roles 
• JetMET Convenor: crucial for SUSY&beyond 

•  top-pairs 
produced with 
DM  

•  Electroweak production of       
chargino-neutralino pairs 
using multi-leptons 
•  Gluinos via strong 
production 
•  Search for stop-quarks 

•  		 •  		

•  		

Physics Highlights: Gent 



H(125	GeV)	àWW:	From	early	searches	…	to	discovery	…	to	measurements	of	proper8es		

Searches	for	2nd	high	mass	HàWW/ZZ	 WW	Vector	Boson	ScaYering	

2010	data	à	First	limit	

Phys.	Le0.	B	699	(2011)	25-47	

Full	Run	I	data	à	4.3	σ 		

J.	High	Energy	Phys.	01	(2014)	096	

Full	Run	I	data	à	Excluding	spin	1	&	2	
																										à	Constraining	the	H	width	
																										à	Differen8al	x-sec8on	in	pT,H		
																										à	Combina8on	with	ATLAS		 		

Phys.	Rev.	D	92	(2015)	012004	

J.	High	Energy	Phys.	08	(2016)	045	

à	Run-I:	Contribu8ons	to	13	papers	
															…	including	H	discovery			

à	Run-II:	Contribu8ons	to	first	H	àWW	
																	Analysis	@	13	TeV	…	more	to	come			

Full	Run-I	data:	
	
à	Limits	up	to	1		
				TeV	for	SM-like	
à	Parameter	scan	
				and	limits	for		
				EWK	singlet		
			model	
à	Contribu8on	to		
				1	paper	

J.	High	Energy	Phys.	10	(2015)	144	

Longitudinal	WW	
VBS	

q  Prospects	for	WW	VBS	
@	S-LHC	=	3	ab-1	
(CMS	Tech.	Proposal)	
	

q  Working	on	Run-II	WW	VBS	
measurements	
à	First	results	with	2016	
					data	expected	soon		

CMS	TP	

Physics Highlights: Antwerp 19	
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Physics Highlights: UCLouvain 20	

Top	quarks:		
Single	top	
jbar	in	dileptons	
tH	producHon	
Also:	PDG	and	Reviews	in	
Physics	contribuHons	
(11	papers&preliminary	results)	

Searches:		
Dimuon	resonances	
Massive	long-lived	parHcles	
BNV	top	quarks	
(8	papers&preliminary	results)	

SM	Scalar	boson:		
H/A	->	Z	H/A	->	ll	bb	
H/A	->	Z	H/A	->	ll	ττ	
h	->	ZZ	->	ll	νν	(->	h	width)	
(16	papers&preliminary	results)	

Standard	model:		
Diphoton	producHon	of	μμ	
and	quarHc	gauge	boson	
couplings	
(4	papers&preliminary	results)	
Also:	link	to	TOTEM	

Plus:	 	High-impact	work	&	leadership	CMS	fast	simulaHon	
	 	DELPHES	parameterized	detector	simulaHon	

F.	Blekman,	Belgium	in	CMS,	RECFA		

ContribuHons	to	b-tagging,	
tau,	tracking	(incl.	alignment),	
muons,	datasets/performance	

20	



Physics Highlights: ULB 21	

F.	Blekman,	Belgium	in	CMS,	RECFA		

Exo8ca:	
High-mass	resonances	in	
ee,	μμ,	eμ,	γγ	
IniHated	high-energy	ee	
pair	(HEEP)	group	
Top+Dark	Majer	(w	ULB,	
UCL)	
	
“Discovery	alerts”		
(task	forces	ll	2011,	γγ	2016)	
Strong	experHse	electrons	
	

arXiv:1609.05391	

Scalar	sector:	
Coupling	to	fermions	(ZH->	ll	+	ll	ττ)	
Invisible	decays	incl	off-shell	tail	
and	total	decay	width		H->	ll+νν	
BSM	H	->	ττ,	H->	ll+νν	
SM	cross	secHon:	ZZ	->	ll+νν	
Strong	experHse	muon,tau	
leptons	(incl	convenerships)	

Nature	Phys.	10	(2014)	557-560	

H	coupling		
to	fermions	

QCD	studies:	
Total	and	differenHal	cross	
secHons	
Underlying	events	
ExperHse	in	jet	calibraHon	

21	



Physics Highlights: VUB 22	
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Top	quarks:	
•  Cross	secHon	(early,	

differenHal,	top-as-a-tool)	
•  Top	mass	(&	mass	

difference)	
•  Anomalous	couplings	
•  FCNC	(also	tH)	
•  Discovery	tW	producHon	
•  Rare	decays	(jj)	
Convenerships	incl.	founding	
convener,	two	other	conveners	
ex-VUB,	many	sub-conveners	
MulHple	papers	on	each	topic	

Searches	for	new	Physics:	
•  SUSY	top	squarks	
•  SUSY	jets+missing	energy	
Dark	majer	including	convenerships	CMS	
and	LHC	working	group	
•  Top+DM	(with	ULB,	UCL)	
•  mono-jets	
ExoHca	using	top	quarks	including	founding	
convenership	B2G	
•  Vector-like	quarks	
•  tW	resonances	
•  Displaced	new	physics	(DM,	SUSY)	
•  Trackless	jets	(pheno)	
At	least	one	paper/preliminary	result	on	
each	topic	

B-tagging:	
Visible	leadership	(2	
conveners	in	4	years)		
Charm	tagging	
CalibraHon/new	algorithms/
simulaHon	
High-mulHplicity,	future	
studies	

22	



Phase-1	upgrade:	
Muon	endcap	
extension	in	η

23	Andrey	
Marinov		
(ULB)	

Patrick	
De	
Harenn
e		
(ULB)	

GEM	slice	test:	
2x5	GEM	
prototypes	
installed	in	
january	2017	

GEM	slice	test	(GE1/1	sta8on):	installaHon	and	
commissioning	during	extended	technical	stop	
2016-2017	

Phase II upgrades - Muon system

CMS phase 2 Muon system
• Maintain excellent triggering, ID/reco, & resolutions under harsher HL-LHC 

conditions 
• Existing detectors: barrel DT and endcap CSC electronics upgrade for 40 MHz readout 
• New chambers to complete forward region at 1.6 < η < 2.4 region

• GEM detectors — reduces trigger rate by factor of 2-4 or more
• iRPC chambers — high rate, and timing resolution to reject background

• Forward muon tagger — ME0 - Coverage up to η = 3

10/3/2016 M. Narain, ECFA 2016 25

Gas Electron 
Multipliers 
(GEM)

Improved 
Resistive Plate 
Chambers

Forward Muon 
Tagger (ME0)

Design and optimisation considerations
Anna Colaleo, thursday afternoon

• Improved coverage in the |η| region > 1.6 with GEM detectors and improved resistive plate chambers 

• New detector technologies with higher rate capabilities

18

• Three GEM detectors: 

• GE1/1 - baseline for the GEM project  

• Installation in LS2 (2019) 

• 36 super-chambers (SC) 

• timing resolution 8 ns 

• GE2/1 - two layers of GEM-like technology 

• Installation in LS3 (2025) 

• at the moment baseline is the same as 
GE1/1 

• research still ongoing 

• ME0 - six layers of GEM-like technology 

• Pilot system to be installed in January of 2017 

• 5 super-chambers 

• gaining experience with commissioning, 
operations and DAQ

2
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Figure 1. Transverse section of one quadrant of the CMS detector showing the present muon system and the
proposed locations for the triple-GEM detectors.

Opto Hybrid 
(FPGA / GBTs) 

VFAT3 
(front-end ASIC) 

Power Supplies 

LV 

HV 

Optical links @ 3.2Gbps 

micro-TCA  
Trigger 
 
DAQ 
 
DCS 
 
TTC 

On Detector 

AMCs 
GLIB  

GEB 
(GEM Electronic Board) 

AMC13 

Off Detector 

 Links to CSCs 

Figure 2. Electronics and data acquisition system architecture proposed for the CMS GE1/1 sub-detector.

The proposed architecture for the readout system is very similar to other LHC experiment up-
grades and hence common needs exist between sub-detector systems. Common areas are typically
the power regulation and the optic data transmission link. At CERN, generic developments, such as
the Gigabit Transceiver (GBT) [4], the Versatile Link [5] and DC/DC converters [6] projects have

– 2 –

Opto-hybrid: 
• board which 

transmits the GEM 
trigger data through 
existing optical fibres 

• designed at IIHE

GEM	DAQ	system:	opto-hybrid	and	
DAQ	architecture;	FPGA	radiaHon	tests	

F.	Blekman,	Belgium	in	CMS,	RECFA		



Completed	PhD	theses	since	2010:	ULB	
•  DetecHon	of	high	energy	electrons	in	the	CMS	detector	at	the	LHC	–	O.	Charaf	–	octobre	2010	–	ULB	-	IISN		
•  Data-driven	mulH-jet	and	V+jets	background	esHmaHon	techniques	for	top	quark	pair	producHon	at	CMS	–	G.	

Hammad	–	août	2011	–	ULB	–	FRIA,	boursier	de	la	fondaHon	Van	Buuren.	
•  Search	for	new	physics	at	the	LHC	through	the	study	of	the	lepton	pairs	mass	spectrum	at	7	TeV	in	CMS	–	V.	

Dero	–	décembre	2011	–	ULB	–	IISN	
•  Search	for	new	heavy	narrow	resonances	decaying	into	a	dielectron	pair	with	the	CMS	detector	–	L.	Thomas	–	

septembre	2014	–	ULB	–	assistant	ULB	–	FRIA	
•  Search	for	new	massive	resonances	decaying	to	dielectrons	or	electron-muon	pairs	with	the	CMS	detector	–	

Th.	Reis	–	février	2015	–	ULB	–	IISN	
•  Development	of	the	new	trigger	and	data	acquisiHon	system	for	the	CMS	forward	muon	spectrometer	

upgrade	–	E.	Verhagen	–	mars	2015	–	ULB	–	ARC/AIDA/PAI	
•  Measurement	of	Z	boson	producHon	in	associaHon	with	jets	at	the	LHC	and	study	of	a	DAQ	system	for	the	

Triple-GEM	detector	in	view	of	the	CMS	upgrade	–	A.Léonard	–	juin	2015	–	ULB,	FNRS	
•  Measurement	of	the	Z	boson	pair-producHon	cross	secHon	in	pp	collisions	at	7	and	8	TeV,	and	ECAL	Hming	

studies	for	the	phase-2	upgrade	of	the	CMS	experiment	-	L.	Pernié	–	septembre	2015	–	ULB	-	IISN		
•  Scalar	boson	decays	to	tau	leptons:	In	the	standard	model	and	beyond	–	C.	Caillol	–	avril	2016	–	ULB	
•  Study	of	Triple-GEM	detectors	for	the	CMS	muon	spectrometer	upgrade	at	LHC	and	study	of	the	forward-

backward	charge	asymmetry	for	the	search	of	extra	neutral	gauge	bosons	–	F.	Zenoni	–	avril	2016	–	ULB	
•  Study	of	Triple-GEM	detector	for	the	upgrade	of	the	CMS	muon	spectrometer	at	LHC	–	Th.	Maerschalk	–	

juillet	2016	–	ULB	
•  Development	of	the	DAQ	System	of	Triple-GEM	Detectors	for	the	CMS	Muon	Spectrometer	Upgrade	at	LHC	–	

Thomas	Lenzi	–	décembre	2016	–	ULB	

F.	Blekman,	Belgium	in	CMS,	RECFA		 24	



Completed	PhD	theses	since	2010:	VUB	
•  Joris	Maes	–	EsHmaHon	of	b-tag	efficiency	using	top	quarks	(2010)	
•  Petra	Van	Mulders	–	CalibraHon	of	the	jet	energy	scale	using	top	

quarks	(2010)	
•  Maryam	Zeinali	–	Measurement	of	the	jet	energy	scale	using	top	

quarks	(2011)	
•  Nadjieh	Jafari	–	Measurement	of	the	b-tagging	efficiency	using	top	

quarks	(2011)	
•  Michael	Maes	–	Measurement	of	the	top	quark	producHon	cross	

secHon		(2013)	
•  SHjn	Blyweert	–	Measurement	of	the	top	quark	mass	and	the	mass	

difference	top	quark	and	anHquark	(2013)	
•  Alexis	Kalogeropoulos	–	Search	for	direct	stop	quark	producHon	(2014)	
•  Gerrit	Van	Onsem	–	Search	for	new	heavy	quarks	(2014)	
•  Annik	Olbrechts	–	Measuring	the	anomalous	couplings	of	the	Wtb	

vertex	(2016)	
•  Lana	Beck	–	The	search	for	Standard	Model	producHon	of	four	top	

quarks	(2017)	
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Completed	PhD	theses	since	2010:	UGent	
•  -	2011:	Lukas	Vanelderen	
•  -	2012:	Piet	Verwilligen	
•  -	2012:	Benjamin	Klein	
•  -	2012:	Sinéad	Walsh	
•  -	2012:	Andrey	Marinov	
•  -	2014:	Filip	Thyssen	
•  -	2015:	Joseph	McCarHn	
•  -	2015:	Guillaume	Garcia	
•  -	2015:	Nadja	Strobbe	
•  -	2015:	Kelly	Beernaert	
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Completed	PhD	theses	since	2010:	UCLouvain	
•  1)	2017-24-03	Alexandre	Mertens	Search	for	2HDM	extensions	of	the	scalar	sector	close	to	the	alignment	limit	with	the	CMS	

detector	(Ch.	Delaere)	
•  2)	2016-10-20 	 	Adrien	Caudron

	The	final	state	with	two	b	jets	and	two	leptons	at	the	LHC	as	a	probe	of	the	scalar	sector 	(Christophe	Delaere) 		
•  3)	2016-04-25 	 	Laurent	Forthomme

	Measurement	of	exclusive	two-photon	processes	with	dilepton	final	states	in	pp	collisions	at	the	LHC
	Krzysztof	Piotrzkowski 		

•  4)	2015-10-16 	 	Andrey	Popov
	Search	for	anomalous	Higgs	boson	produc8on	in	associa8on	with	single	top	quarks	using	the	CMS	detector
	Andrea	Giammanco 		

•  5)	2015-10-14 	 	Camille	Beluffi
	Search	for	rare	processes	with	a	Z+bb	signature	with	the	CMS	detector,	using	the	Matrix	Element	Method
	Vincent	Lemaitre 		

•  6)	2015-10-09 	 	Lucia	Perrini
	Search	for	higgs	bosons	decaying	to	tau	leptons	with	the	CMS	experiment	at	the	LHC 	Giacomo	Bruno		

•  7)	2015-09-25	
Suzan	Basegmez		A	new	method	for	mapping	detector	material	in	situ	and	a	matrix	element	approach	to	the	search	for	heavy	
di-muon	resonance	at	the	LHC.	Giacomo	Bruno	

•  8)	2015-06-08Ludivine	CéardFirst	measurement	of	the	associated	produc8on	of	a	Z	boson	with	b	jets	at	the	LHCChristophe	
Delaere	

•  9)	2014-02-12Michele	GabusiSearch	for	baryon	number	violaHon	in	top-quark	decays	with	the	CMS	experimentGiacomo	Bruno	
and	Paolo	Vitulo	

•  10)	2013-10-07Arnaud	PinThe	Matrix	Element	Method	at	the	LHC:	A	Search	for	the	Associated	Produc8on	of	Higgs	and	Z	
bosonsVincent	Lemaître	

•  11)	2011-09-16Julien	CaudronFirst	observa8on	of	the	Top	Quark	at	the	Large	Hadron	ColliderVincent	Lemaître	
•  12)	2011-07-12Nicolas	SchulMeasurements	of	two-photon	interac8ons	at	the	LHCKrzysztof	Piotrzkowski	
•  13)	2010-10-14Loïc	QuertenmontSearch	for	Heavy	Stable	Charged	Par8clesGiacomo	Bruno	
•  14)	2010-04-30Séverine	OvynPhotoproduc8on	of	top	and	Higgs	par8cles	at	the	LHCVincent	Lemaître 		
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Long-term	plan		

•  LHC	planned	to	run	at	least	unHl	2037	
•  Total	dataset	two	orders	of	magnitude	larger	than	data	

currently	on	disk	
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now	
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CMS	LHC	Hi	Lumi	Upgrades	(>2023)			

29	

Trigger/DAQ	
•  L1	(hardware)	with	tracks	and	
			rate	up		∼		500	kHz	to	1	MHz	
•  Latency	≥	10µs	
•  HLT	output	up	to	10	kHz	

Muons	
•  Replace	DT	FE	electronics	
•  Complete	RPC	coverage	in	forward	
region	(new	GEM/RPC	technology)	

•  InvesHgate	Muon-tagging	up	to	η	∼	4	

New	Endcap	Calorimeters	
•  RadiaHon	tolerant	-	high	granularity		
•  InvesHgate	coverage	up	to	η	∼	4	

New	Tracker		
•  RadiaHon	tolerant	-	high	granularity	-	less	material		
•  Tracks	in	hardware	trigger	(L1)	
•  Coverage	up	to	η	∼	4	

Barrel	ECAL	
•  Replace	FE	electronics	
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Belgium	is	commijed	to	also	contribuHng	to	the	Phase-2	strip	tracker	for	HL-LHC	

Belgium and the CMS tracker 
Belgian	insHtutes	are	contribuHng	to	the	tracker	

construcHon	(and	R&D)	since	1993!	

Assembly	of	current	strip	tracker	was	done	
in	Belgium	(1800	silicon	detectors)	
	
Design&construcHon	of	supports,	cooling,	
quality	controls,	slow	control	
	
Belgian	scienHsts	involved	with	installaHon	
in	2008	
	
SHll	heavily	involved	in	operaHons,	shi�s	
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Ex:Top quark physics in Belgium 
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Combined	Brussels	effort	from	IIHE	
•  Conveners:	Thomas	Hreus,	Tomislav	Seva	(ULB);	Hugo	Delannoy	(ULB)	with	Isabelle	De	

Bruyn	(VUB)	
•  Contribu8ons:	validaHon	tools;	historic	DQM;	shi�er	training	Shifter Tools

• Tracker Maps for residuals (mean 
and RMS) included in the "family"
9can be a relevant source of information for the 

alignment group

• Nice work on the Offline Version of 
the TkCommissioner ongoing
9Also including integration of Phase 1 trees

o a sample Tree and a bare TkMap are in place already
9plan to have it done before collisions

• Other tools:
9Prompt Feedback Plot script in place to generate 

them automatically and publish on the web
9 tested and adapted to 90X releases all scripts used 

in shift operation (run list, Bad channel trend, 
luminosity calculator)

9created a dedicated virtual machine for code 
development to avoid interference with shifters 
everyday activities

Interactive TkMap in the 
TkCommissioner

04/04/2017 F.Fiori, Tracker General Meeting 11

A. Spiezia

Silicon strip tracker data quality monitoring  32	
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CASTOR	forward	calorimeter	
•  Design	

–  forward	em/had	calorimeter	
–  thungsten/quartz	sampling	with	Cherenkov	
radiaHon	

–  acceptance	in	rapidity	-6.6	<	eta	<	-5.2	

–  16-fold	segmentaHon	in	azimuth	
Physics	objects	

–  energy	flow	
–  rapidity	gaps	

–  forward	jets	
Large	UAntwerp	involvement	in	

–  construcHon	
–  maintenance	&	operaHon	
–  alignment	&	calibraHon	
–  commissioning	of	physics	objects	
–  physics	analysis	
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