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The	CMS	experiment
Compact	
Muon	
Solenoid
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The	CMS	collabora>on

˜3500	scien>sts		
from	200	ins>tutes	
	in	46	countries
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The	Large	Hadron	Collider	(LHC)

The	largest	accelerator	machine	in	the	world:	27	km,	1232	supraconductor	dipoles.		

Most	empty	place	in	the	solar	system	(10-13	atm),	colder	than	interstellar	medium	(magnets	-271°C).	

Collides	two	counter-circula>ng	beams	of	protons.	

40	millions	of	collisions	per	second.	

13 TeV
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Timeline…
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Timeline…

Your	thesis	2020-2023	(?)	
Run	2	(137	U-1	!)	and	Run	3	data…	😊

-	64	papers	published	in	2019		

-	910	since	the	beginning	of	Run	1	

hWps://>nyurl.com/y9odauv6	
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How	do	we	iden>fy	par>cles	in	CMS	?

Like	an	onion.	
Each	layer/detector	measures	E	or	p.
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The	CMS	tracker

Reconstruct	trajectories	of	all	the	charged	par>cles	from	collisions.

214	m2	silicon,	65.9	M	silicon	pixels,	11.4	M	silicon	strips.

Heavy	material	budget	!
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Plaques de métal 

Milieu scintillant  
et transparent 
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The	CMS	calorimeters

76k	scin>lla>ng	PbWO4	crystals:	

→	Heavy	(so	par>cles	interact	with	it	a	lot)		

→	Transparent	(so	you	can	collect	the	light	at	the	end)	

	

Detec>on	principle	:		

stop	a	par>cle 
measure	its	signal	

Transparent	scin>lla>ng	plas>c

Brass	or	copper	walls

ECAL HCAL
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Muon	chambers

Three	types	of	detectors	→	redundancy	

• drie	tubes	(DT)	→	fast	!	
• resis>ve	plate	chambers	(RPC)	→	fast,	radia>on	tolerant	
• cathode	strip	chambers	(CSC)	→	radia>on	tolerant	

Muons	are	typically	very	penetra>ng.	

S>ck	the	detectors	in	giant	hunks	of	iron	so	nothing	else	gets	through.	
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Par>cle	flow	?
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Link	tracks	and	calorimeter	clusters	together,	take	measurements	with	the	best	resolu>on	
from	each	detector,	to	iden>fy	precisely	photons,	charged	hadrons	and	neutral	hadrons,	that	

are	key	ingredients	to	reconstruct	other	par>cles	(taus,	electrons…)
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A	very	nice	detector	for	par>cle	flow Strong	magnet	(field	3.8	T	
and	bending	power	of	4.9	
T.m)	→	strong	separa>on	
between	charged-	and	
neutral-energy	deposits	

Magnet	large	enough	to	
accommodate	the	tracker	
and	both	calorimeters	
→	eliminates	energy	losses	
in	front	of	the	calorimeters		
→	facilitates	linking	between	
tracks	and	clusters	

HermeBc,	efficient,	fine-
grained	tracker	but	with	
heavy	material	budget.

Highly-segmented	ECAL		
→	allows	to	separate	energy	
deposits	from	par>cles	in	jets	
→	excellent	EM	energy	resolu>on	

HermeBc	coarse	segmented	HCAL	
→	separates	charged	and	neutral	
hadrons
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The	detector	right	now
Three	days	of	global	
cosmic	data	taking	
every	2	months:	
calibra>on,	
commissioning,	tests	
for	Run	3…	
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Timing	detector	(MTD):	

• measure	>me	of	tracks	

• fight	pile-up	

• central	and	forward	region	in	CMS	

LHCC	and	the	UCG	review	panels	recommend	the	CMS	MTD	project	for	approval		

Towards	HL-LHC…

First	phase	2	detectors,	GEM	muon	
chambers,	installed	these	days
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Par>cle	iden>fica>on

Dedicated	algorithms	to	iden>fy	key	par>cles…	

+	μ	in	muon	chambers	and	𝛾	in	ECAL
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Pile-up	?

Pile-up	:		
addi>onal	p-p	interac>ons	inside	a	bunch	crossing

primary	vertex	(PV)
pile-up	vertex	
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PV

16

Pile-up	removal	!

Pile	Up	Per	Par>cle	Iden>fica>on	(PUPPI)	method:	

Weight	each	p-flow	par>cle	according	to	the	presence	
of	neighbours…	

Weight	α	allows	to	separate	PU	par>cles	from	others.
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CMS	@	IPHC	?
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CMS	@	IPHC
+	Strong	support	and	exper>se	form	engineers	and	

technicians	(DAQ,	grid,	upgrades)!

Emery	Nibigira	
(post-doc)	

Daniel	Bloch Caroline	Collard Jean-Marie	Brom Pierre	Van	Hove Jérémy	Andrea

Éric	ChabertÉric	ConteJean-Charles	
Fontaine

Anne-Catherine		
Le	Bihan

Dylan	
Apparu	

Dr.	Nicolas	
Tonon	

Guillaume	
BourgaWe	

Natalia	
Emriskova

Clément	
Grimault

Douja	
Darej

Jean-Laurent	
Agram

Ulrich	Goerlach

11	physicists,	
5	phDs,										

1	post-doc
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Involved	in	many	of	the	needed	topics	to	contribute	to	CMS…
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Tracker	performance
Historical	involvement	of	IPHC		

Par>cipa>on	to	the	construc>on		

	 	 •		Data-taking	(shies)	

	 	 •		Study	of	performances	and	monitoring:	efficiency,	ageing	studies…	 

Responsibility	of	local	reco	&	calibra>on	of	the	strip	tracker.	
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A	new	tracker	for	HL-LHC

→	Radia>on	tolerant	
→	High	granularity			
→	With	less	material,	extended	acceptance	
→	To	be	used	at	trigger	level	and	at	high	pile-up	(200)	

@	IPHC:	
Data	acquisi>on	system	
TB2S	mechanics	design	(in	red	on	the	picture)	
Module	integra>on	in	ladders,	assembling	
Dedicated	Cyrcé	beam	line,	beam	tests	
TB2S	commissioning
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Par>cle	reconstruc>on

Algorithm	op>misa>on…	
Commissioning	in	data…	
Performance	measurements…		
Upgrade	prepara>on…

12	boosted	decision	trees	to	separate	taus	and	electrons
Performance	with	>ming	detector	(HL-LHC)	included…
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Direct	search	for	new	physics
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In	the	past,	search	for	supersymmetric	par>cles,	
stringent	limits	obtained	on	the	existence	of	
supersymmetric	stops	but	with	simplified	models…	

Search	now	for	"exoBc"	scenarios	-	R-parity	viola>on,	
gravi>no	LSP,	compressed	spectra…	

→	Heavy	charged	stable	par>cles	(dE/dx)	

→	Displaced	ver>ces	

SUS-19-009
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Measurement	of	the	electroweak	mixing	angle	in	Z	to	ττ	
decays	depends	on	the	tau	polarisa>on:	

Polarisa>on:	difference	between	helicity	+1	and	-1	par>cles	

Helicity:	spin	projec>on	along	momentum	

24

“Standard	model”	physics	

(8	TeV	data)

Nail	down	long	exis>ng	discrepancies…



physics	@	CMS 25

Phenomenology
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Towards	a	global	picture	of	the	Higgs	boson	proper>es

Run	1:	discovery	using	decays	to	bosons	

Run	2:	couplings	to	3rd	genera>on	fermions		

Run	3:	extend	sensi>vity	to	physics	beyond	the	SM	

HL-LHC:	probe	the	Higgs	self-coupling	

MH	=	125.35	±	0.12	(stat.)	±	0.09	(syst.)	GeV	
→	1.2	per	mille	accuracy,	35.9	U-1,	from	H→𝛾𝛾	and	
H→4ℓ	channels 

Width:	0.08	<	Γ(H)	<	9.16	MeV	
→	new	lower	bound	

Spin-parity:	0+	
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Search	for	tH(q)	

Measure	the	rela>ve	sign	of	the	top	Yukawa	coupling	(w.r.t.	𝜅V…)	

Search	for	FCNC	processes	(forbidden	in	SM…)

Best	limits	(95%	CL):		
Br(t→Hu)	<	0.072		
Br(t→Hc)	<	0.085	

y
t
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Prédicti
on 



CMS	-	M2	-	october	2019 28

Internship	and	thesis	subject

Spin-parity	=	0-	excluded	from	measurements	made	in	decays	into	electroweak	bosons	
(Phys.Rev.LeW.	110	(2013)	no.8)		

But	the	Higgs	boson	could	have	a	CP	viola>ng	term	showing	up	in	its	Yukawa	couplings	and	
have	a	pseudo-scalar	component	JCP=0-+:

Transverse	tau	spin	correla>ons	sensi>ve	to	CP	viola>on		
Use	polarimetric	(h)	vector	to	characterise	the	spin	(s)	

Higgs	SM	
Higgs	pseudo-scalar	
a1-a1	𝜏𝜏	final	state

Tau	decay	par>al	width	
defines	polarimetric	
vector:

Use	acoplanarity	angle	φ	to	characterise	the	tau	Yukawa	coupling	
Model	independent	method!

pseudo-scalar	CP	
viola>ng	term	?

𝜏	Yukawa	coupling

(Mailto:	anne-catherine.lebihan@iphc.cnrs.fr)
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Internship	and	thesis	subject

Exploit	BDTs	and	NN	in	data	to	select	the	Higgs	boson…	

Op>mise	primary	vertex	reconstruc>on,	impact	parameter,	tau	momentum	es>mates…	

Collabora>on	with	DESY	(Hamburg),	Imperial	College	(London)…	

Compare	polarimetric	method	w/	different	methods	depending	on	the	tau	decay	modes….

decay	plane	method impact	parameter	method

(Mailto:	anne-catherine.lebihan@iphc.cnrs.fr)
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More	informa>on	about	CMS	?	

hWps://cms.cern/tags/physics-briefing	
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Backup
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Run	2	finished	in	2018…
-	64	papers	published	in	2019		

-	910	since	the	beginning	of	Run	1	

hWps://>nyurl.com/y9odauv6	

<PU>	=	34	
37	in	2017	
38	in	2018 

Excellent	data	quality	with	evolved	detector!	

-	upgrade	of	the	pixel	detector	with	4	layers	

-	upgrade	of	the	HCAL	readout	(long.	segm.)	
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Trigger	system

Trigger	strategy

40	MHz

100	kHz

1	kHz

L1

HLT

STORAGE
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1.6 Il processo pp�Z + jets 25

Figura 1.6: Sezioni d’urto per interazioni protone-protone in funzione dell’energia nel riferimen-

to del centro di massa. La sezione d’urto per la produzione della Z è circa 1/10 di quella relativa

alla produzione del bosone W a LHC.

LHC	rate	=	40	MHz

Rate	to	be	wriWen	on	disk	
1	kHz

Physics	rate	
10	Hz
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How	does	the	trigger	work	?

✦ Independent	trigger	paths	;	
✦ Common	sequences	;	
✦ Different	streams	and	datasets	;	
✦ Specific	trigger	memus	for	commissioning,	cosmics,	low	PU	and	heavy	ions.
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ZZ	channel

Towards	10%	uncertainty	on	the	coupling!	Stage	1.1	STXS…	
Differen>al	cross	sec>ons:	vs	number	of	associated	jets,	pT	and	rapidity	of	H,	…

Excellent channel for H boson characterisation (mH, ΓH, SCP, diff. xsec)

CMS-PAS-HIG-19-001	
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Decays	to	3rd	genera>on	

Observa>on	of	H→bb	by	both	ATLAS	and	CMS	in	2018		

Now:	evidence	to	bb	decays	using	WH	only!	

Improved	MVA	techniques	and	b-jet	iden>fica>on	

fH,	H	→bbar,	HIG-18-030

NN	classifica>on	to	dis>nguish	produc>ons	modes		

90%	of	backgrounds	from	data	

Stage-1	STXS,	…	

H→𝜏𝜏,	HIG-18-032

4.7σ	(6.6	exp.)	
μ=0.75±0.18
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Towards	the	2nd	genera>on

Charm	coupling,	same	order	as	tau	coupling,	but	harder	to	probe	
•	BR(H→cc)~0.05×BR(H→bb)	  
•	large	(hadronic)	background  
•	charm	jet	ID	is	highly	challenging		

cc)→(VH,Hµ95% CL upper limit on 
0 50 100 150 200

SM×Obs.=70
SM×Exp.=37

Combination

SM×Obs.=93
SM×Exp.=57

2L

SM×Obs.=110
SM×Exp.=72

1L

SM×Obs.=83
SM×Exp.=79

0L

CMS  (13 TeV)-135.9 fbPreliminary

Observed
Median expected
68% expected
95% expected

First	result,	s>ll	far	away	from	SM:	μ<	70	(obs.),	37	(exp.)	at	95%	CL…	

H→μμ,	currently	about	2σ	expected	significance…

• Categorisa>on	of	lepton	mul>plici>es	
of	V	decays	

• Advanced	charm	tagging	techniques	

• Resolved	jets	or	merged	jets

CMS-HIG-18-031		
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Towards	HL-LHC…
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Towards	HL-LHC…

Physics
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Supersymmetry

40

+

SUSY	par>cles	have	not	been	observed.	
→	Supersymmetry	must	be	a	broken	symmetry	
→	SUSY	par>cles	must	have	a	higher	mass	


