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2017: A busy year
✦ Replace the “heart” of CMS

✦ Prepare CMS for record-setting 
2017 data taking

✦ Analyze large 2016 datasets 

✦ Submit 4 (+2) Technical Design 
Reports Technical + Technical 
Proposal on MiP timing layer for 
High-Luminosity LHC upgrade

Introduction
Another successful year of CMS physics!

2

692 collider data papers submitted!

>700 total, 
incl. detector 
& performance 
papers

2017: 122
>2 per week!

new pixel detector 
to maintain excellent 

performance



Thanks to the LHC team for 
the outstanding accelerator 

performance!!
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2017 data
• 2017 data taking recently 

ended, first performance 
studies with full dataset

• Good physics object 
performance observed
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Physics highlights

Measurements span nine orders of magnitude!
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Electroweak measurements
1st observation of same-sign WW
✦ Vector-boson scattering 

✦ Enhanced in beyond-SM 
scenarios (modified Higgs 
sector or new resonances)

✦ Significance: 5.5σ (5.7σ exp.), 
in agreement with SM
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Weak mixing angle
✦ Exploit forward-backward asymmetry in 

Z → ee/µµ events (8 TeV data)
• sin2θeff

lept = 0.23101 ± 0.00052

✦ Most precise LHC measurement so far

17

9 Summary

We extract sin2 q
lept
eff from the measurements of the mass and rapidity dependence of AFB in

Drell-Yan ee and µµ events. With larger datasets and new analysis techniques, including pre-
cise lepton momentum calibration, angular event weighting, and additional PDF constraints,
the statistical and systematic uncertainties are significantly reduced compared to our previous
measurement. The combined result from the dielectron and dimuon channels is:

sin2 q
lept
eff = 0.23101 ± 0.00036(stat)± 0.00018(syst)± 0.00016(theory)± 0.00030(pdf) (15)

sin2 q
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eff = 0.23101 ± 0.00052. (16)
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Figure 9: Comparison of the measured sin2 q
lept
eff in the muon and electron channels and their

combination with the previous LEP, SLC, Tevatron and LHC measurements. The shaded band
corresponds to the combination of the LEP and SLC measurements.

Comparison of the extracted sin2 q
lept
eff with the previous results from the LEP, SLC, Tevatron

and LHC is shown in Figure 9. The results are consistent with the most precise LEP and SLD
measurements.

CMS-PAS-SMP-16-007 8
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Top quarks

1st observation of tops in proton-lead 
collisions
✦ Precise probe of nuclear gluon density
✦ σtt = 45±8 nb, consistent with predictions

4

The number of events in each b jet category is obtained by fitting the sum of the contributions
for signal and backgrounds. The free parameters of the fit are the normalization of the signal,
QCD multijet, and W+jets yields (as well as the parameters of their functional forms described
above), the b-finding efficiency, i.e., the probability that a jet originating from the b quark from
a top quark decay passes both the kinematic and the b tagging selections, and an overall jet
energy scale factor. Figure 1 shows the mjj0 distribution for events with zero, one, or at least
two b-tagged jets, compared with the fit results.
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Figure 1: Invariant mass distributions of the W candidate, mjj0 , in the 0 (left), 1 (center), and
2 (right) b-tagged jet categories after all selections. The red and orange areas correspond to
the signal simulation (correct and wrong assignments, respectively) while the blue one corre-
sponds to the estimated non-top background contributions. The error bars indicate the statisti-
cal uncertainties.

To further support the hypothesis that the selected data are consistent with the production of
top quarks, we define a proxy of the top quark mass, mtop, as the invariant mass of a t ! jj0b
candidate formed by pairing the W candidate with a b-tagged jet. This pairing is chosen to
minimize the absolute difference between the invariant masses of the t ! jj0b, and the t ! `nb
candidates. In the 0b and 1b categories, the jet(s) with the highest value(s) of the b quark
identification discriminator are considered for this purpose. Figure 2 shows the distribution
of mtop reconstructed for events in the 0, 1, and 2 b-tagged jet categories, with all signal and
background parameters kept fixed to those from the outcome of the mjj0 fit.
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Figure 2: Invariant mass distributions of the t ! jj0b candidates, mtop, in the 0 (left), 1 (center),
and 2 (right) b-tagged jet categories after all selections. All signal and background parameters
are kept fixed to the outcome of the mjj0 fit. Symbols and patterns are the same as in Fig. 1.

The total number of tt signal events obtained through the fit of the µ+jets and e+jets channels
combined, is 710. Sources of experimental uncertainty in the measurement include the uncer-
tainty in the b tagging efficiency, which is measured in situ and bears the largest effect of ±13%

tt

9

-
-

CMS-HIN-17-002 
(PRL 119, 242001 (2017)
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To further support the hypothesis that the selected data are consistent with the production of
top quarks, we define a proxy of the top quark mass, mtop, as the invariant mass of a t ! jj0b
candidate formed by pairing the W candidate with a b-tagged jet. This pairing is chosen to
minimize the absolute difference between the invariant masses of the t ! jj0b, and the t ! `nb
candidates. In the 0b and 1b categories, the jet(s) with the highest value(s) of the b quark
identification discriminator are considered for this purpose. Figure 2 shows the distribution
of mtop reconstructed for events in the 0, 1, and 2 b-tagged jet categories, with all signal and
background parameters kept fixed to those from the outcome of the mjj0 fit.
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and 2 (right) b-tagged jet categories after all selections. All signal and background parameters
are kept fixed to the outcome of the mjj0 fit. Symbols and patterns are the same as in Fig. 1.

The total number of tt signal events obtained through the fit of the µ+jets and e+jets channels
combined, is 710. Sources of experimental uncertainty in the measurement include the uncer-
tainty in the b tagging efficiency, which is measured in situ and bears the largest effect of ±13%

CMS-HIN-17-002 
(PRL 119, 242001 (2017)
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2 (right) b-tagged jet categories after all selections. The red and orange areas correspond to
the signal simulation (correct and wrong assignments, respectively) while the blue one corre-
sponds to the estimated non-top background contributions. The error bars indicate the statisti-
cal uncertainties.

To further support the hypothesis that the selected data are consistent with the production of
top quarks, we define a proxy of the top quark mass, mtop, as the invariant mass of a t ! jj0b
candidate formed by pairing the W candidate with a b-tagged jet. This pairing is chosen to
minimize the absolute difference between the invariant masses of the t ! jj0b, and the t ! `nb
candidates. In the 0b and 1b categories, the jet(s) with the highest value(s) of the b quark
identification discriminator are considered for this purpose. Figure 2 shows the distribution
of mtop reconstructed for events in the 0, 1, and 2 b-tagged jet categories, with all signal and
background parameters kept fixed to those from the outcome of the mjj0 fit.
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Figure 2: Invariant mass distributions of the t ! jj0b candidates, mtop, in the 0 (left), 1 (center),
and 2 (right) b-tagged jet categories after all selections. All signal and background parameters
are kept fixed to the outcome of the mjj0 fit. Symbols and patterns are the same as in Fig. 1.

The total number of tt signal events obtained through the fit of the µ+jets and e+jets channels
combined, is 710. Sources of experimental uncertainty in the measurement include the uncer-
tainty in the b tagging efficiency, which is measured in situ and bears the largest effect of ±13%
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Figure 18: Distribution of the decimal logarithm of the ratio between the expected signal and
the sum of expected signal and expected background in each bin of the mass distributions
used to extract the results, in all signal regions. The background contributions are separated
by decay channel. The inset shows the corresponding difference between the observed data
and expected background distributions divided by the background expectation, as well as the
signal expectation divided by the background expectation.

consistency of the observation with the SM Higgs boson hypothesis.

A likelihood scan is performed for mH = 125.09 GeV in the (kV,kf) parameter space, where
kV and kf quantify, respectively, the ratio between the measured and the SM value for the
couplings of the Higgs boson to vector bosons and fermions, with the methods described in
Ref. [26]. For this scan only, Higgs boson decays to pairs of W bosons are considered as part of
the signal. All nuisance parameters are profiled for each point of the scan. As shown in Fig. 22,
the observed likelihood contour is consistent with the SM expectation of kV and kf equal to
unity.

The results are combined with the results of the search for H ! tt performed with the data
collected with the CMS detector at center-of-mass energies of 7 and 8 TeV [14], using a common
signal strength for all data taking periods. All uncertainties are considered as fully uncorre-
lated between the different center-of-mass energies. The combination leads to an observed and
an expected significance of 5.9 standard deviations. The corresponding best fit value for the
signal strength µ is 0.98 ± 0.18 at mH = 125.09 GeV. This constitutes the most significant direct
measurement of the coupling of the Higgs boson to fermions by a single experiment.

10 Summary
A measurement of the coupling of the Higgs boson to t leptons, based on data collected in pp
collisions with the CMS detector in 2016 at a center-of-mass energy of 13 TeV, has been pre-
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the sum of expected signal and expected background in each bin of the mass distributions
used to extract the results, in all signal regions. The background contributions are separated
by decay channel. The inset shows the corresponding difference between the observed data
and expected background distributions divided by the background expectation, as well as the
signal expectation divided by the background expectation.

consistency of the observation with the SM Higgs boson hypothesis.

A likelihood scan is performed for mH = 125.09 GeV in the (kV,kf) parameter space, where
kV and kf quantify, respectively, the ratio between the measured and the SM value for the
couplings of the Higgs boson to vector bosons and fermions, with the methods described in
Ref. [26]. For this scan only, Higgs boson decays to pairs of W bosons are considered as part of
the signal. All nuisance parameters are profiled for each point of the scan. As shown in Fig. 22,
the observed likelihood contour is consistent with the SM expectation of kV and kf equal to
unity.

The results are combined with the results of the search for H ! tt performed with the data
collected with the CMS detector at center-of-mass energies of 7 and 8 TeV [14], using a common
signal strength for all data taking periods. All uncertainties are considered as fully uncorre-
lated between the different center-of-mass energies. The combination leads to an observed and
an expected significance of 5.9 standard deviations. The corresponding best fit value for the
signal strength µ is 0.98 ± 0.18 at mH = 125.09 GeV. This constitutes the most significant direct
measurement of the coupling of the Higgs boson to fermions by a single experiment.

10 Summary
A measurement of the coupling of the Higgs boson to t leptons, based on data collected in pp
collisions with the CMS detector in 2016 at a center-of-mass energy of 13 TeV, has been pre-
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Figure 5: Combination of all channels into a single event BDT distribution. Events are sorted in
bins of similar expected signal-to-background ratio, as given by the value of the output of their
corresponding BDT discriminant (trained with a Higgs boson mass hypothesis of 125 GeV).
The bottom plots show the ratio of the data to the background-only prediction.

channels. The observed signal strengths of the three channels are consistent with the com-
bined best fit signal strength with a probability of 5%. In the upper portion of Fig. 6 the signal
strengths for the separate WH and ZH production processes are shown. The two production
modes are consistent with the SM expectations within uncertainties. The fit for the WH and ZH
production modes is not fully correlated to the analysis channels because the analysis channels
contain mixed processes. The WH process contributes approximately 15% of the Higgs boson
signal event yields in the 0-lepton channel, resulting from events in which the lepton is outside
the detector acceptance, and the ZH process contributes less than 3% to the 1-lepton channel
when one of the leptons is outside the detector acceptance.

Figure 7 shows a dijet invariant mass distribution, combined for all channels, for data and for
the VH and VZ processes, with all other background processes subtracted. The distribution
is constructed from all events that populate the signal region event BDT distributions shown
in Fig. 4. The values of the scale factors and nuisance parameters from the fit used to extract
the VH signal are propagated to this distribution. To better visualize the contribution of events
from signal, all events are weighted by S/(S+B), where S and B are the numbers of expected
signal and total post-fit background events in the bin of the output of the BDT distribution
in which each event is contained. The data are consistent with the production of a standard
model Higgs boson decaying to bb. In the Figure, aside from the weights, which favor the VH
process, the event yield from VZ processes is reduced significantly due to the pT(V) and M(jj)
selection requirements for the VH signal region, and from the training of the BDT that further
discriminates against diboson processes.

7.1 Extraction of VZ with Z ! bb

The VZ process with Z ! bb, having a nearly identical final state as VH with H ! bb, serves
as a validation of the methodology used in the search for the latter process. To extract this
diboson signal, event BDT discriminants are trained using as signal the simulated samples
for this process. All other processes, including VH production (at the predicted SM rate), are

VH(bb)
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Figure 2: The mSD distributions in data for the failing (left) and passing (right) regions and
combined pT categories. The QCD multijet background in the passing region is predicted using
the failing region and the pass-fail ratio Rp/f. The features at 166 and 180 GeV in the mSD
distribution are due to the kinematic selection on r, which affects each pT category differently.
In the bottom panel, the ratio of the data to its statistical uncertainty, after subtracting the
nonresonant backgrounds, is shown.
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Table 2: Fitted signal strength, expected and observed significance of the Higgs and Z boson
signal. The 95% confidence level upper limit (UL) on the Higgs boson signal strength is also
listed.

H H no pT corr. Z
Observed signal strength 2.3+1.8

�1.6 3.2+2.2
�2.0 0.78+0.23

�0.19
Expected UL signal strength < 3.3 < 4.1 —
Observed UL signal strength < 5.8 < 7.2 —
Expected significance 0.7s 0.5s 5.8s
Observed significance 1.5s 1.6s 5.1s
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Figure 5: Combination of all channels into a single event BDT distribution. Events are sorted in
bins of similar expected signal-to-background ratio, as given by the value of the output of their
corresponding BDT discriminant (trained with a Higgs boson mass hypothesis of 125 GeV).
The bottom plots show the ratio of the data to the background-only prediction.

channels. The observed signal strengths of the three channels are consistent with the com-
bined best fit signal strength with a probability of 5%. In the upper portion of Fig. 6 the signal
strengths for the separate WH and ZH production processes are shown. The two production
modes are consistent with the SM expectations within uncertainties. The fit for the WH and ZH
production modes is not fully correlated to the analysis channels because the analysis channels
contain mixed processes. The WH process contributes approximately 15% of the Higgs boson
signal event yields in the 0-lepton channel, resulting from events in which the lepton is outside
the detector acceptance, and the ZH process contributes less than 3% to the 1-lepton channel
when one of the leptons is outside the detector acceptance.

Figure 7 shows a dijet invariant mass distribution, combined for all channels, for data and for
the VH and VZ processes, with all other background processes subtracted. The distribution
is constructed from all events that populate the signal region event BDT distributions shown
in Fig. 4. The values of the scale factors and nuisance parameters from the fit used to extract
the VH signal are propagated to this distribution. To better visualize the contribution of events
from signal, all events are weighted by S/(S+B), where S and B are the numbers of expected
signal and total post-fit background events in the bin of the output of the BDT distribution
in which each event is contained. The data are consistent with the production of a standard
model Higgs boson decaying to bb. In the Figure, aside from the weights, which favor the VH
process, the event yield from VZ processes is reduced significantly due to the pT(V) and M(jj)
selection requirements for the VH signal region, and from the training of the BDT that further
discriminates against diboson processes.

7.1 Extraction of VZ with Z ! bb

The VZ process with Z ! bb, having a nearly identical final state as VH with H ! bb, serves
as a validation of the methodology used in the search for the latter process. To extract this
diboson signal, event BDT discriminants are trained using as signal the simulated samples
for this process. All other processes, including VH production (at the predicted SM rate), are
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Figure 2: The mSD distributions in data for the failing (left) and passing (right) regions and
combined pT categories. The QCD multijet background in the passing region is predicted using
the failing region and the pass-fail ratio Rp/f. The features at 166 and 180 GeV in the mSD
distribution are due to the kinematic selection on r, which affects each pT category differently.
In the bottom panel, the ratio of the data to its statistical uncertainty, after subtracting the
nonresonant backgrounds, is shown.

 lo
g 

L(
da

ta
)

∆
-2

 

0

2

4

6

8

10

12

14

16

H
µ

4− 2− 0 2 4 6 8

Z
µ

0

0.5

1

1.5

2

2.5

3
 (13 TeV)-135.9 fb

CMS Best fit
SM expected
68% CL
95% CL

Figure 3: Profile likelihood test statistic �2D logL scan in data as a function of the Higgs and
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Table 2: Fitted signal strength, expected and observed significance of the Higgs and Z boson
signal. The 95% confidence level upper limit (UL) on the Higgs boson signal strength is also
listed.

H H no pT corr. Z
Observed signal strength 2.3+1.8

�1.6 3.2+2.2
�2.0 0.78+0.23

�0.19
Expected UL signal strength < 3.3 < 4.1 —
Observed UL signal strength < 5.8 < 7.2 —
Expected significance 0.7s 0.5s 5.8s
Observed significance 1.5s 1.6s 5.1s
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Figure 5: Combination of all channels into a single event BDT distribution. Events are sorted in
bins of similar expected signal-to-background ratio, as given by the value of the output of their
corresponding BDT discriminant (trained with a Higgs boson mass hypothesis of 125 GeV).
The bottom plots show the ratio of the data to the background-only prediction.

channels. The observed signal strengths of the three channels are consistent with the com-
bined best fit signal strength with a probability of 5%. In the upper portion of Fig. 6 the signal
strengths for the separate WH and ZH production processes are shown. The two production
modes are consistent with the SM expectations within uncertainties. The fit for the WH and ZH
production modes is not fully correlated to the analysis channels because the analysis channels
contain mixed processes. The WH process contributes approximately 15% of the Higgs boson
signal event yields in the 0-lepton channel, resulting from events in which the lepton is outside
the detector acceptance, and the ZH process contributes less than 3% to the 1-lepton channel
when one of the leptons is outside the detector acceptance.

Figure 7 shows a dijet invariant mass distribution, combined for all channels, for data and for
the VH and VZ processes, with all other background processes subtracted. The distribution
is constructed from all events that populate the signal region event BDT distributions shown
in Fig. 4. The values of the scale factors and nuisance parameters from the fit used to extract
the VH signal are propagated to this distribution. To better visualize the contribution of events
from signal, all events are weighted by S/(S+B), where S and B are the numbers of expected
signal and total post-fit background events in the bin of the output of the BDT distribution
in which each event is contained. The data are consistent with the production of a standard
model Higgs boson decaying to bb. In the Figure, aside from the weights, which favor the VH
process, the event yield from VZ processes is reduced significantly due to the pT(V) and M(jj)
selection requirements for the VH signal region, and from the training of the BDT that further
discriminates against diboson processes.

7.1 Extraction of VZ with Z ! bb

The VZ process with Z ! bb, having a nearly identical final state as VH with H ! bb, serves
as a validation of the methodology used in the search for the latter process. To extract this
diboson signal, event BDT discriminants are trained using as signal the simulated samples
for this process. All other processes, including VH production (at the predicted SM rate), are
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•  Triggers	100%	efficient	for	signal	above	450	GeV	jet	pT	and	|eta|<2.5	

•  Veto	event	on	presence	of	electrons,	muon,	and	taus	

•  Veto	on	large	missing	ET	(>	140	GeV)	
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-16-044/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-16-044/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-004/index.html


Direct searches
Broad spectrum of new physics searches
✦ Probe different SUSY models/phase-space
✦ Long-lived particles
✦ Dark matter
✦ New resonances, ... 
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-17-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-17-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-048/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-048/index.html
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2GDibosons
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2GDibosons


Conclusions
• Exciting year for CMS physics!

✦ Many new results, primarily analyzing 2016 13 TeV data
• Unprecedented datasets allow detailed precision measurements & probing very 

rare processes

✦ Continued triumph of SM Higgs boson 
• Observation of coupling to tau leptons
• Evidence for coupling to b/top quarks

✦ Extensive program searching for new physics
• Direct searches
• Precision SM
• Rare processes

• Meanwhile, analyses of 2017 data & 
preparing for 2018 run ongoing!
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None of this feasible w/o the >3500 CMS collaborators! 



BACKUP
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CMS detector
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CMS has a comprehensive plan for adjusting detector, 
where necessary, to cope with these challenges. 

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

Muons 
• Replace DT FE electronics 
• Complete RPC coverage in forward 

region (new GEM/RPC technology) 
• Investigate Muon-tagging up to η  ∼ 3 

New Endcap 
Calorimeters 
• Radiation tolerant  
• High granularity  

Barrel ECAL 
• Replace FE electronics 
• Cool detector/APDs 

Trigger/DAQ 
• L1 (hardware) with tracks and 
   rate up  ∼  750 kHz 
• L1 Latency 12.5 µs 
• HLT output rate 7.5 kHz 

October 21, 2014 CMS Upgrade Overview 4 

Other R&D  
• Fast-timing for in-time pileup suppression 
• Pixel trigger 

Upgraded CMS for HL-LHC
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