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Data taking in 2016

§ LHC has exceeded design luminosity
§ 2016 maximum peak lumi

1.5x1034 cm-2 s-1 with pileup ~ 45
§ With 2208 colliding bunches

§ LHC had much higher availability, 
~50%, than expected

§ CMS recording efficiency
held steady at 92.5%

§ Each CMS sub- detector had 
>96% of all channels working
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Data validated for all detectors is ~95% 
of the data recorded ➜ 35.9 fb-1 to analyze



Data taking in 2017
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§ The recording efficiency so far for all  2017 is 
~88%, as compared to 92.5% for 2016.
§ This reflects the period of commissioning 

the new pixel detector, addressing 
a number of unexpected issues.

§ This has improved lately, albeit at “low” 
luminosity running of ~ 1x1034cm-2s-1, 
to ~94%
§ Pixels are no longer the big contributor to 

downtime

§ Further upgrades in 2017 (besides the Pixel system):
§ Forward Hadron Calorimeter (HF) readout
§ One phi-wedge of HCAL Endcap (HPDs à SiPMs)
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A New Pixel Detector

BPIX	layer 4

beam	pipe

FPIX
service cylinder
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§ Number of barrel layers 3 ➔ 4 and 2 ➔ 3 in endcaps 
➤ more robust tracking & seeding

§ Innermost layer moved closer to beam pipe (4.4cm ➔ 2.9cm)
➤ improved vertex reconstruction and b-tagging

§ New readout chips for barrel layers 2-4 + FPIX (PSI46dig) 
and barrel layer 1 (higher rates, PROC600)
➤ less dynamic inefficiency at high instantaneous luminosity

§ DC-DC conversion powering 
system & CO2 cooling system

§ New µTCA DAQ system

§ Significantly reduced amount of material 

New	pixel	detector	installed	in	EYETS	2016/17
twice	number	of	channels	&	active	area	(2m2)



Pixel Detector Performance
§ ~95% good channels, losses mainly due to few power & readout groups 
§ Resolutions in L2-4 & FPIX match simulations  (eg. σ~12 μm in barrel layer 3)
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Pixel Detector Performance
§ ~95% good channels, losses mainly due to few power & readout groups 
§ Resolutions in L2-4 & FPIX match simulations  (eg. σ~12 μm in barrel layer 3)
§ Significant reduction of dynamic inefficiency at high inst. luminosity compared 

to old detector, with layer 1 closer to beampipe!
§ Readout bandwidth sufficient up to a PU of ~80
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~98.6%

Phase-1	detector
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Vertexing and B Physics Performance

§ Vertexing and b-tagging as good as ultimate 2016 
performance, despite higher instantaneous luminosity, 
and not yet fully optimized settings & reconstruction SW 
– further improvements expected

§ Performance of barrel layers 2-4 and FPIX as envisaged
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Vertexing and B Physics Performance

§ Vertexing and b-tagging as good as ultimate 2016 
performance, despite higher instantaneous luminosity, 
and not yet fully optimized settings & reconstruction SW 
– further improvements expected

§ Performance of barrel layers 2-4 and FPIX as envisaged

§ Work in progress to improve further the performances of 
Layer 1, despite of some shortcoming of the layer 1 chip 
§ Higher than expected threshold & dynamic inefficiency
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𝐁𝐬𝟎 → 𝐉/𝛙	𝛟

𝐁± 	→ 𝐉/𝛙	𝐊±	



Physics Highlights
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Event with 2 muons,  
2.4 TeV invariant mass



Overview on Publications

§ Remarkable	output
of	physics	publications

§ 655	publications	in	total
(on	collider	data)

§ Many	new	results	with	
full	2016	13TeV	data	set	

§ Some	selected	(very)	recent	
highlights	in	the	following
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Stairway to…
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§ Exploit forward-backward asymmetry AFB in	Z/γ*	à ee and µµ	Drell-Yan	events

Weak Mixing Angle

CMS-PAS-SMP-16-007	SPC    25/9/2017 G. Dissertori  / ETHZ 14



§ Exploit forward-backward asymmetry AFB in	Z/γ*	à ee and µµ	Drell-Yan	events

Weak Mixing Angle
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§ Exploit forward-backward asymmetry AFB in	Z/γ*	à ee and µµ	Drell-Yan	events

§ Effective leptonic weak mixing angle	sin/𝜃122
3145 from	minimizing	χ2 between AFB templates and data in	

72	bins of dilepton mass and rapidity

Weak Mixing Angle
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§ Exploit forward-backward asymmetry AFB in	Z/γ*	à ee and µµ	Drell-Yan	events

§ Effective leptonic weak mixing angle	sin/𝜃122
3145 from	minimizing	χ2 between AFB templates and data in	

72	bins of dilepton mass and rapidity

Weak Mixing Angle
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Best	LHC	measurement so	far,	approaching precision achieved at	the Tevatron
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Same-Sign WW prod.
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Submitted	to	PRL	last	week!§ Search	for	EWK	production	of	two	W	bosons	of	same	charge
§ Signal:	two	same-sign	leptons	and	two	jets	with	large	rap-
separation	and	large	inv.	Mass

CMS-PAS-SMP-17-004	



Same-Sign WW prod.

G. Dissertori  / ETHZSPC    25/9/2017 19

Submitted	to	PRL	last	week!§ Search	for	EWK	production	of	two	W	bosons	of	same	charge
§ Signal:	two	same-sign	leptons	and	two	jets	with	large	rap-
separation	and	large	inv.	Mass

§ First	observation:		5.5	𝜎 (obs),	5.7	𝜎 (exp)
fid.	cross section in	agreement with SM	pred.	of ~	4	fb

§ Stringent limits	on	aQGCs and	doubly-charged	Higgs	prod.

CMS-PAS-SMP-17-004	



Top quark production
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CMS-PAS-TOP-17-002	§ Recent	example	from	the	rich	harvesting	of	top-quark	events
§ Precise	measurements	of	differential	cross	sections,	
as	functions	of	many	kin.	observables

§ Comparisons	to	modern	MC	generators	

CMS-PAS-TOP-15-015	



Top quark production

The European Physical Journal

EPJ C
Recognized by European Physical Society

Particles and Fields

The European Physical Journal C

The European Physical Journal C

volume 77 · number 7 · july · 2017

volume 77 · number 7 · july · 2017           

  volum
e 77 ∙ num

ber 7 ∙ july ∙ 2017          

123

432  Z.-G. Wang
Analysis of the QQQ

–
Q
– tetraquark states with QCD 

sum rules
Regular Article - Theoretical Physics

433  V.O. Rivelles
Remarks on a gauge theory for continuous spin 
particles
Regular Article - Theoretical Physics

434  M.-J. Zhang, H. Li and J.-Q. Xia
What do we know about cosmography
Regular Article - Theoretical Physics

435  K.S. Kim and H. Kim
Possible signatures for tetraquarks from the decays 
of a0(980), a0(1450)
Regular Article - Theoretical Physics

436  A. Castillo et al.
Top–antitop production from W +

L W –
L and ZL ZL 

scattering under a strongly interacting 
symmetry-breaking sector
Regular Article - Theoretical Physics

437  G. Adhikari et al.
Understanding NaI(Tl) crystal background for dark 
matter searches
Regular Article - Experimental Physics

438  A. Paliathanasis
Analytic solution of the Starobinsky model for 
infl ation
Regular Article - Theoretical Physics

439  L. Iorio
Post-Keplerian perturbations of the orbital time 
shift in binary pulsars: an analytical formulation 
with applications to the galactic center
Regular Article - Theoretical Physics

440  S. Mukhopadhyay et al.
Compact bifl uid hybrid stars: hadronic matter 
mixed with self-interacting fermionic asymmetric 
dark matter
Regular Article - Theoretical Physics

441  G. Abbas and R. Ahmed
Models of collapsing and expanding anisotropic 
gravitating source in f (R, T) theory of gravity
Regular Article - Theoretical Physics

442  A.V. Rusov
Higher-twist eff ects in light-cone sum rule for the 
B → p form factor
Regular Article - Theoretical Physics

443  G. Abbas et al.
Higher-dimensional inhomogeneous perfect fl uid 
collapse in f (R) gravity
Regular Article - Theoretical Physics

444  S. Arunasalam and A. Kobakhidze
Electroweak monopoles and the electroweak phase 
transition
Regular Article - Theoretical Physics

445  T. Elghozi, N.E. Mavromatos and M. Sakellariadou
Graviton propagation within the context of the 
D-material universe
Regular Article - Theoretical Physics

446  A.V. Nikolaev and S.V. Chervon
Erratum to: Development of Zeldovich’s approach 
for cosmological distances measurement in the 
Friedmann Universe
Erratum

(Continuation on the reverse page)
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CMS-PAS-TOP-17-002	§ Recent	example	from	the	rich	harvesting	of	top-quark	events
§ Precise	measurements	of	differential	cross	sections,	
as	functions	of	many	kin.	observables

§ Comparisons	to	modern	MC	generators	

CMS-PAS-TOP-15-015	
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§ First	measurement	of	the	jet	mass	of	the	hadr.	decaying	
top	quark	in	highly	boosted	regime		(pT >	400	GeV)	!

§ Sensitivity	to	top	quark	mass	
§ All	these	results	consistently	show	softer	top	prod.	than	predicted	by	MC	generators



Evidence for tZq prod.
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Just	released	for	TOP2017
§ Rare	SM	process		(	~120	fb	)
§ Sensitive	to	t-Z	coupling,	FCNCs,	triple WWZ coupling
§ Signal:	3	leptons	and	at	least	2	jets



Evidence for tZq prod.
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Just	released	for	TOP2017
§ Rare	SM	process		(	~120	fb	)
§ Sensitive	to	t-Z	coupling,	FCNCs,	triple WWZ coupling
§ Signal:	3	leptons	and	at	least	2	jets
§ Evidence:		3.7	𝜎 (obs),	3.1	𝜎 (exp)



4 top quarks production
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§ Even	rarer	SM	process		(	~10	fb	)
§ Sensitive	to	ttH coupling,	enhancement	in	many	BSM	models
§ Signal:	2	same-sign	or	at	least	3	leptons

§ jet	multiplicty and	flavour enhance	signal	sensitivity
§ nice	“spin-off”	of	a	BSM	search

CMS-PAS-TOP-17-009



4 top quarks production
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§ Even	rarer	SM	process		(	~10	fb	)
§ Sensitive	to	ttH coupling,	enhancement	in	many	BSM	models
§ Signal:	2	same-sign	or	at	least	3	leptons

§ jet	multiplicty and	flavour enhance	signal	sensitivity
§ nice	“spin-off”	of	a	BSM	search

§ 1.6	𝜎 significance,	meas.	cross	section	agrees	with	SM	pred.

CMS-PAS-TOP-17-009



Top in p-Pb Collisions

§ First	observation	of	top	quark	production	in	proton-nucleus	collisions
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Intermezzo:

CMS-HIN-17-002

§ Signal:	1	isolated	lepton	(el,	mu)	and	at	least	4	jets
§ 710	signal	events,	significance	above	5 𝜎  
§ Cross	section		45	± 8	nb,	consistent	with	pQCD predictions

W	candidate top	candidate

Submitted	to	PRD	last	week!



Observation of H à 𝝉𝝉
§ Branching ratio =	6.3%,	best channel to establish coupling of Higgs boson to fermions
§ Final	states:	𝜏h𝜏h,	e𝜏h,	µ𝜏h,	eµà Significance of 4.9𝜎 observed (4.7𝜎 expected)	using 13	TeV data

§ Combination with 7	and 8	TeV data:	5.9𝜎 obs.	(5.9𝜎 exp.)	and µ	=	0.98	± 0.18

CMS-PAS-HIG-16-043SPC    25/9/2017 G. Dissertori  / ETHZ 27

arXiv:1708.00373



Observation of H à 𝝉𝝉
§ Branching ratio =	6.3%,	best channel to establish coupling of Higgs boson to fermions
§ Final	states:	𝜏h𝜏h,	e𝜏h,	µ𝜏h,	eµà Significance of 4.9𝜎 observed (4.7𝜎 expected)	using 13	TeV data

§ Combination with 7	and 8	TeV data:	5.9𝜎 obs.	(5.9𝜎 exp.)	and µ	=	0.98	± 0.18
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µ	=	1.09

arXiv:1708.00373



Observation of H à 𝝉𝝉
§ Branching ratio =	6.3%,	best channel to establish coupling of Higgs boson to fermions
§ Final	states:	𝜏h𝜏h,	e𝜏h,	µ𝜏h,	eµà Significance of 4.9𝜎 observed (4.7𝜎 expected)	using 13	TeV data

§ Combination with 7	and 8	TeV data:	5.9𝜎 obs.	(5.9𝜎 exp.)	and µ	=	0.98	± 0.18

CMS-PAS-HIG-16-043

First	direct observation by a	single experiment of
H	coupling to fermions!	

- Observed before in	CMS+ATLAS	combination
First	direct observation of H	coupling to leptons and to
fermions of the 3rd	generation!
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µ	=	1.09

arXiv:1708.00373



Observation of H à 𝝉𝝉
§ Branching ratio =	6.3%,	best channel to establish coupling of Higgs boson to fermions
§ Final	states:	𝜏h𝜏h,	e𝜏h,	µ𝜏h,	eµà Significance of 4.9𝜎 observed (4.7𝜎 expected)	using 13	TeV data

§ Combination with 7	and 8	TeV data:	5.9𝜎 obs.	(5.9𝜎 exp.)	and µ	=	0.98	± 0.18

CMS-PAS-HIG-16-043

First	direct observation by a	single experiment of
H	coupling to fermions!	

- Observed before in	CMS+ATLAS	combination
First	direct observation of H	coupling to leptons and to
fermions of the 3rd	generation!
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µ	=	1.09

arXiv:1708.00373



Evidence for H à bb
§ BR	=	58%,	but	large	backgrounds,	not	yet observed
§ Production of ZH	and WH	is studied,	with Z	à ee,	µµ,	𝜈𝜈 and W	à e𝜈,	µ𝜈
§ Significance of 3.3𝜎 obs.	(2.8𝜎 exp.)	using 13TeV	data
§ Combination with 7	and 8	TeV data:	3.8𝜎 obs.	(3.8𝜎 exp.)

CMS-PAS-HIG-16-044SPC    25/9/2017 G. Dissertori  / ETHZ 31

Submitted	to	PLB	last	week!



Evidence for H à bb
§ BR	=	58%,	but	large	backgrounds,	not	yet observed
§ Production of ZH	and WH	is studied,	with Z	à ee,	µµ,	𝜈𝜈 and W	à e𝜈,	µ𝜈
§ Significance of 3.3𝜎 obs.	(2.8𝜎 exp.)	using 13TeV	data
§ Combination with 7	and 8	TeV data:	3.8𝜎 obs.	(3.8𝜎 exp.)
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Evidence for H à bb
§ BR	=	58%,	but	large	backgrounds,	not	yet observed
§ Production of ZH	and WH	is studied,	with Z	à ee,	µµ,	𝜈𝜈 and W	à e𝜈,	µ𝜈
§ Significance of 3.3𝜎 obs.	(2.8𝜎 exp.)	using 13TeV	data
§ Combination with 7	and 8	TeV data:	3.8𝜎 obs.	(3.8𝜎 exp.)
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Submitted	to	PLB	last	week!



Inclusive boosted H à bb
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Submitted	to	PRL	last	week!

CMS-PAS-HIG-17-010

§ First	search for incl.	ggà H	à bb in	boosted topology!
§ was	considered impossible....	Because of overwhelming QCD	bckg.

§ Higgs pT >	450	GeV,	reconstructed as single fat jet
§ Using state-of-the-art	boosted jet substructure and dedicated b-tagging techniques

b b



Inclusive boosted H à bb
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Submitted	to	PRL	last	week!

CMS-PAS-HIG-17-010

§ First	search for incl.	ggà H	à bb in	boosted topology!
§ was	considered impossible....	Because of overwhelming QCD	bckg.

§ Higgs pT >	450	GeV,	reconstructed as single fat jet
§ Using state-of-the-art	boosted jet substructure and dedicated b-tagging techniques

§ Z	à bb as control:	Significance of 5.1𝜎 obs,	
first obs.	in	single-jet	topology

§ H	à bb at	1.5	𝜎 consistent with SM	expectations

b b



Higgs “differential”
§ Entering	the	Higgs	precision	physics	era
§ explore	new	regions	of	phase	space	(also	in	view	of	systematics…)
§ explore	Higgs	production	differentially,	eg.	at	large	pT

§ “precision”	vs	“sensitivity”

G. Dissertori  / ETHZSPC    25/9/2017 36CMS-HIG-16-041 CMS-PAS-HIG-17-015

HZZHγγ



Search for HH → 𝐛�̅� γγ
§ Study	H	self coupling in	gluon fusion events –

very low SM	cross section,	difficult
§ May	be enhanced due	to anomalous couplings,	or

new particles produced directly or in	loops

SPC    25/9/2017 G. Dissertori  / ETHZ 37CMS-PAS-HIG-17-008
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Search for HH → 𝐛�̅� γγ
§ Study	H	self coupling in	gluon fusion events –

very low SM	cross section,	difficult
§ May	be enhanced due	to anomalous couplings,	or

new particles produced directly or in	loops
§ Two-dimensional	fits in	Mγγ and Mjj invariant	masses
§ Observed (expected)	95%	CL	limits on	cross section

~	19.2	(16.5)	x	SM	cross section

§ Best	limits at	LHC	so	far
§ Limits	on	𝜅A = 𝜆DDD/𝜆DDDEF and 𝜅5 = 𝑦5/𝑦5EF and on	

radions &	KK-gravitons	in	Warped ED	model
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§ Broad	program:	23	SUSY	searches	completed	
with	full	2016	CMS	dataset

§ several	already	submitted	to	journals
§ Probing	different	models:	inclusive	production,	strong	

and	electroweak	production,	and	3rd generation	
sparticles (stops,	staus),	high	ΔM,	compressed,	…

?

CMS-PAS-SUS-17-004
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§ Broad	program:	23	SUSY	searches	completed	
with	full	2016	CMS	dataset

§ several	already	submitted	to	journals
§ Probing	different	models:	inclusive	production,	strong	

and	electroweak	production,	and	3rd generation	
sparticles (stops,	staus),	high	ΔM,	compressed,	…

§ Recent	highlight:	“EWK	combination”

?

Signal topology
Search WZ WH ZZ ZH HH
1` 2b X
4b X
2` on-Z X X X
2` soft X
2` SS, � 3` X X X X X
H(gg) X X X

CMS-PAS-SUS-17-004
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§ Broad	program:	23	SUSY	searches	completed	
with	full	2016	CMS	dataset

§ several	already	submitted	to	journals
§ Probing	different	models:	inclusive	production,	strong	

and	electroweak	production,	and	3rd generation	
sparticles (stops,	staus),	high	ΔM,	compressed,	…

§ Recent	highlight:	“EWK	combination”

?

Signal topology
Search WZ WH ZZ ZH HH
1` 2b X
4b X
2` on-Z X X X
2` soft X
2` SS, � 3` X X X X X
H(gg) X X X

Higgsino-
production
limits as 
function of 
BR(N1→H G~)

CMS-PAS-SUS-17-004
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?

SUSY	limits	in	a	nutshell:
§ Gluinos >				~2	TeV
§ Stops							>				~1	TeV
§ EWKinos >	~0.5	TeV

LP17	summaryEPS17	summary
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?

SUSY	limits	in	a	nutshell:
§ Gluinos >				~2	TeV
§ Stops							>				~1	TeV
§ EWKinos >	~0.5	TeV

Other	searches	for	exotics:
§ Some	focus	on	boosted	topologies	

(eg.	X	decaying	to	pairs	of	W/Z/H/tops)

LP17	summaryEPS17	summary
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?

SUSY	limits	in	a	nutshell:
§ Gluinos >				~2	TeV
§ Stops							>				~1	TeV
§ EWKinos >	~0.5	TeV

Other	searches	for	exotics:
§ Some	focus	on	boosted	topologies	

(eg.	X	decaying	to	pairs	of	W/Z/H/tops)
§ Also	focus	on	combining	searches	

targeting	DM (the	“mono-X”	class)

LP17	summaryEPS17	summary



New Results for LHCP & EPS
BPH-13-008:	Precision	lifetime	measurements	of	b	hadrons	reconstructed	in	final	states	with	a	J/Psi	meson

HIN-16-021:	Pseudorapidity distributions	of	charged	hadrons	in	proton-lead	collisions	at	5.02	and	8.16	TeV

SMP-16-018:	Measurement	of	electroweak	production	of	two	jets	in	association	with	a	Z	boson	in	proton-proton	collisions	at		sqrt(s)	=	13	TeV

SMP-16-019:	Measurement	of	ZZ	production	in	association	with	jets	and	search	for	electroweak	production	of	two	jets	in	association	with	a	Z	boson	in	proton-proton	collisions	at	13	TeV and	8	TeV

SMP-17-004:	Observation	of	electroweak	production	of	same-sign	W	boson	pairs	in	the	two	jet	and	two	same-sign	lepton	final		state	at	a	center-of-mass	energy	of	13	TeV

HIG-17-001:	Search	for	lepton	flavour violating	decays	of	the	Higgs	boson	to	eτ and	μτ at	13	TeV

HIG-17-005:	Search	for	production	of	a	Higgs	boson	and	a	single	top	quark	in	multilepton√final states

HIG-16-040:	Measurements	of	properties	of	the	Higgs	boson	in	thediphoton decay	channel	with	the	full	2016	data	set

HIG-16-043:	Observation	of	the	SM	Higgs	boson	decaying	to	a	pair	of	τ leptons	at	13	TeV

TOP-17-005:	Measurement	of	the	top	quark	pair-production	in	association	with	a	W	or	Z	boson	at	13	TeV

EXO-17-001:	Search	for	light	vector	resonances	decaying	to	a	quark	pairproduced in	association	with	a	jet

EXO-16-004:	Search	for	stopped	long-lived	particles	produced	in	pp	collisions	at	13	TeV

EXO-16-045:	Search	for	heavy	neutrinos	and	W	bosons	with	right-handed	couplings	at	13	TeV

EXO-16-048:	Search	for	new	physics	in	final	states	with	an	energetic	jet,or a	hadronically decaying	W	or	Z	boson	with	full	2016	dataset

EXO-16-052:	Search	for	Dark	Matter,	Invisible	Higgs	Boson	Decays,	and	Large	Extra	Dimensions	in	the	ll +	Emiss final	state

EXO-16-054:	Search	for	Dark	Matter	Produced	in	Association	with	a	Higgs	Boson	Decaying	to	Two	Photons

EXO-17-005:	Search	for	high-mass	resonances	in	Zgamma final	state

B2G-17-003:	Search	for	VLQ	pair	production	using	kinematic	reconstruction	in	the	lepton+jets final	state

B2G-17-008:	Search	for	top	quark	partners	with	charge	5/3	in	the	single-lepton	final	state

B2G-16-023:	Search	for	diboson resonances	in	the	2l	2nu	final	state

B2G-16-026:	Search	for	HH	resonances	in	the	4b	final	state

SUS-16-050:	Search	for	supersymmetry	using	hadronic	top	quark	tagging	at	13	TeV (PAS	PUB)

SMP-16-007:	Measurement	of	the	weak	mixing	angle	with	the	forward-backward	asymmetry	of	Drell-Yan	events	at	8	TeV	

SMP-16-010: Measurement	of	the	differential	jet	production	cross	section	with	respect	to	jet	mass	and	transverse	momentum	in	dijet	events	at	13	TeV	

TOP-16-014: Measurement	of	the	differential	cross	sections	of	top	quark	pair	production	as	a	function	of	kinematic	event		variables	at	13	TeV	

HIG-17-008: Search	for	Higgs	boson	pair	production	in	the	final	state	containing	two	photons	and	two	bottom	quarks	at	13	TeV	

HIG-16-043: Observation	of	the	SM	scalar	boson	decaying	to	a	pair	of	τ	leptons	with	the	CMS	experiment	at	the	LHC	

HIG-16-021: Higgs	to	WW	measurements	at	13	TeV	with	2015	and	2016	data	

SUS-16-052: Search	for	supersymmetry	in	events	with	at	least	one	soft	lepton,	low	jet	multiplicity,	and	missing		transverse	momentum	at	13	TeV	

SUS-17-004: Search	for	electroweak	production	of	charginos	and	neutralinos	at	13	TeV	

SUS-17-003: Search	for	pair	production	of	tau	sleptons	in	all-hadronic	final	state	

EXO-17-002: Search	for	excited	states	of	light	and	heavy	flavor	quarks	in	the	γ	+	jet	final	state	at	13	TeV	

EXO-16-046: Search	for	new	physics	with	dijet	angular	distributions	in	proton-proton	collisions	at	13	TeV	and	constraints	on	dark	matter	and	other	models	

EXO-16-051: Search	for	dark	matter	in	final	states	with	a	top	quark	and	missing	transverse	momentum	using	new	hadronic	top	quark	tagging	techniques	

EXO-17-004: Search	for	long-lived	particles	that	stop	in	the	CMS	detector	and	decay	to	muons	

B2G-17-009: Search	for	a	singly	produced	vector-like	quark	B	decaying	to	a	b	quark	and	a	Higgs	boson	in	a	fully	hadronic	final		state	using	boosted	topologies	

B2G-17-005: Search	for	heavy	resonances	decaying	into	a	Z	boson	and	a	vector	boson	in	the	νν	qq	̄	final	state	

B2G-16-025: Search	for	pair	production	of	excited	top	quarks	in	the	lepton+jets	final	state	

PPS-17-001: Evidence	for	proton-tagged,	central	semi-exclusive	production	of	high-mass	muon	pairs	at	13	TeV	with	the	CMS-TOTEM	Precision	Proton	Spectrometer	

FTR-16-002: Projected	performance	of	Higgs	analyses	at	the	HL-LHC	for	ECFA	2016	
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Summary and Outlook

§ The EYETS installations went well
§ We encountered some problems with the new pixel detector but 

are taking good data and expect to do excellent physics with it

§ Physics results continue to be excellent with much exciting 
analyses ahead for the 2016 data and with the new data 
from 2017

§ The collaboration is handling well the “pile-up” of tasks:
§ Data Analysis
§ Efficient data taking, with the related challenges of new detector sub-

systems and the running at high luminosity (Trigger, DAQ, computing & SW)
§ Preparation of Phase-2 Upgrade Documents
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Thank	you	for	your	attention!
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Phase 2 Upgrades
§ The CMS Phase II Upgrade is a major construction effort 

§ Complexity is very high; CMS continues to do bold projects with 
high potential physics payoff 

§ Four major TDRs: 
§ Tracker (submitted, recently reviewed by LHCC)
§ Barrel Calorimeter (submitted)
§ Muon Detectors (submitted)
§ Endcap Calorimeter (end of Nov)

§ Three Interim Design Documents: 
§ Trigger  (submitted)
§ DAQ/HLT (submitted)
§ Common Infrastructure Upgrade and Logistics of work during LS3 

§ A Conceptual Design document of precision timing, Oct. 30
§ Much R&D, design, prototyping, and preproduction work ongoing
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2017 Data Taking Overview
• Dominant	reasons for inefficiency:

• Commissioning,	in	particular of the new pixel detector

• Operational	procedures for new pixel detector

• Other	sources are mostly related to the usual small intermittent
problems and are scattered over the whole detector

• During last	weeks the efficiency reached values well above 92%,	
and is similar to the efficiency achieved in	previous years

2016	efficiency

Lumi	recorded
87.5%

Lumi	lost	due	
to	dead	time
5.7%

Lumi lost	due	
to down	time
7.8%

DAQ
33%

Testing
33%

Undecided
5%

LHC	2%
Infrastructure	9%

Power	
supplies	9%

Trigger	7%

CT-PPS	2%

Down	time	per	category
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From	talk	by	K.	Klein,	at	Open	LHCC	session,	Sep	13



Pixel Detector: Commissioning, Timing, Operations

• Pixel	detector commissioning is complex – many parameters to be optimized
• Threshold,	gain,	timing,	bias voltage,	...

• Subtle timing optimization was	required to achieve optimal	efficiency for all	layers
• L1	chip is faster than chip for other layers,	but	clock is common for L1	&	L2	(historical reasons)

• Operational	procedures had to be developed and optimized
• Periodic reprogramming /	power	cycling mainly to cure SEUs	in	a	small FE	chip (TBM)	
that organizes module readout,	now done automatically and taking few seconds

• Periodic resets of L1	readout chips to mitigate dynamic inefficiency

chosen	settingchosen	setting

Cluster	sizeHit	efficiency

Lines	are	drawn	
to	guide	the	eye

L1

L1

L2L2
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From	talk	by	K.	Klein,	at	Open	LHCC	session,	Sep	13



Pixel Data Losses
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• ~4%	of delivered data lost	due	to pixel downtime
• ~4%	of delivered data lost	due	to pixel data certification
• Both types of losses have gone down	to a	negligible level

• 2-3%	of delivered data lost	due	to dead time
• 1.3%	dead time	due	to ROC	reset;	now decreased to 0.7%

• 1-2%	dead time	due	to mitigation of SEUs;	now decreased,	need high	inst.	luminosity
to quantify

G.	Dissertori		/	ETHZ
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Phase 1 Pixel Detector

Pixel	Upgrade:
• Baseline	L	=	2x1034 cm-2sec-1 with	25ns	BX	à 50	pileup		(50PU)	with	very	small	efficiency	loss
• Tolerate		L	=	2x1034 cm-2sec-1 with	50ns BX	à 100	pileup	(100PU)	 with	reduced	performance
• Survive	Integrated	Luminosity	of	500	fb-1

• Same	detector	concept:	higher	rate	readout,	data	link	and	DAQ	w/	less	material	forward

• More Robust	tracking	:	4	hit	coverage;	3	layers/2	disks	to	4	layers	/	3	disks		(can	compensate	point	
losses	in	strips)

•Inner	layer	closer	to	beam	à Better	primary and		secondary	vertex	resolution

Phase	- 0



Evidence for H à bb
• BR	=	58%,	but	large	backgrounds,	not	yet observed
• Production of ZH	and WH	is studied,	with Z	à ee,	µµ,	𝜈𝜈 and W	à e𝜈,	µ𝜈
• 0-lepton,	1-lepton,	2-lepton	channels
• Signal	extraction from combined fit	to signal &	control regions
(BDT	discriminant,	b-tagging variable	CMVAmin)		

• Significance of 3.3𝜎 obs.	(2.8𝜎 exp.)	using 13TeV	data
• Combination with 7	&	8	TeV data:	3.8𝜎 obs.	(3.8𝜎 exp.)

CMS-PAS-HIG-16-044

µ	=	1.2
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From	talk	by	K.	Klein,	at	Open	LHCC	session,	Sep	13



Higgs: going beyond
§ Search	for	lepton	flavour violating	decays	of	the	Higgs	boson	to	eτ and	μτ
§ Previous	2.4σ hint	in	Hàμτ in	Run1	data	(Phys.	Lett.	B	749	(2015)	337)	

not	confirmed	with	13	TeV data	(2016)
§ stringent	limits	set	on	branching	fractions,	in	few	per	cent	range
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eτ μτ

CMS-PAS-HIG-17-001



Systematic uncertainties
§ To be taken note of: already now we are 

often hitting the “systematics wall”
§ Some examples:
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Another	intermezzo:



Searches
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Broad	program:	23	SUSY	searches	completed	with	full	2016	CMS	
dataset,	with	several	already	submitted	to	journals
• Probing	different	models	(inclusive	production,	strong	and	electroweak	

production,	and	3rd generation	sparticles (stops)
• Different	final	states	(with	leptons,	photons,	jets)	and	analysis	techniques

?
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Top Charge Asymmetry
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https://arxiv.org/abs/1709.05327



Data taking efficiency per fill
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