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Introduction

Another successful year of CMS physics!

2017: A busy year
+ Replace the "heart” of CMS

1]
\ 75
JA~ ,)'—" Y
x ) RNGY

new pixel detector
to maintain excellent
performance

+ 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
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Show all Total Exotica

Standard Model Supersymmetry

Heavy lon B Physics Forward Physics

Higgs Top Physics

692 collider data papers submitted!

1 >700 total,

1 incl. detector
1 & performance

{ papers

C

2017: 122
2 per week!




2017 operation

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:22 to 2017-11-10 14:09 UTC
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CMS Integrated Luminosity, pp, 2017, Vs = 13 TeV

Data included from 20 -30 08:43 t0 2017-11-10 14:09 UTC
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Thanks to the LHC team for
the outstanding accelerator
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Physics highlights
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November 2017

CMS Preliminary

# events in
2016 dataset§

m 7 TeV CMS measurement (L <5.0 fb™)
@ 8 TeV CMS measurement (L < 19.6 fb™)
~ m 13 TeV CMS measurement (L < 35.9 fb™)
Theory prediction

% %4 Z CMS 95%CL limits at 7, 8 and 13 TeV

-1010
-10°
-108
- 107
- 108
- 10
L 104
110
1107

-10

T T o T 1o T T TEW TEW 11— EW TEW TEW EW =T T.T1. 1. 1T T, ol T.oT1 1
W'  Z Wy Zy WW WZ ZZ qaW qaZ WW qaWyssWW qaZy qqZZ'WVY Zyy Wyy tt 't tw 't tty tZqg #tW ttZ tttt ggH

All results at: http://cern.ch/go/pNj7
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— Measurements span nine orders of magnitude!



Physics highlights

November 2017 CMS Preliminary

m 7 TeV CMS measurement (L < 5.0 fo™) # events in

2015-2016 \E 8 TeV CMS measurement (L<19.6 ") 2016 dataset!
data m 13 TeV CMS measurement (L < 35.9 fb™) :
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All results at: http://cern.ch/go/pNj7

— Measurements span nine orders of magnitude!




Electroweak measurements %

CMS 35.9 fb™ (13 TeV)
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1st observation of same-sign WW

+ Vector-boson scattering

+ Enhanced in beyond-SM q /
scenarios (moditied Higgs
sector or new resonances)

+ Significance: 5.5¢ (5.70 exp.),
in agreement with SM



http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-17-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-17-004/index.html

Electroweak measurements
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-17-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-17-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-16-007/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-16-007/index.html

Top quarks

pPb (174 nb™, s = 8.16 TeV)
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1st observation of tops in proton-lead

collisions

+ Precise probe of nuclear gluon density

t
TWH\ + o1 = 45x8 nb, consistent with predictions


http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-17-002/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-17-002/index.html

Top quarks

pPb (174 nb™, s = 8.16 TeV)
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zz N collisions
15| ol = 32150 o & + Precise probe of nuclear gluon density
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-17-002/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-17-002/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-16-020/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-16-020/index.html

Top quarks
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-16-020/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-16-020/index.html
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SM Higgs triumph

2012 — 2017: From first discovery with gauge *
bosons, to confirming fermion couplings
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SM Higgs triumph

2012 — 2017: From first discovery with gauge *
bosons, to confirming fermion couplings

Branchin
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-16-043/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-16-043/index.html
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2012 — 2017: From first discovery with gauge *
bosons, to confirming fermion couplings

Branchin

35.9 fb' (13 TeV) A i, N

1 | } 1 ‘ 1 1 1 1 1 1
120 140 160 180 200

-4 R A
1080 100

..9107""""""""""""""'? M, [GeV]
GCJ 5 CMS 1oF —o— (Obs. - bkg)bkg. |1 7
T 14F —— (H—tr)/bkg. 3
0_; Bkg. unc./bkg. 1 o
O 117 H — 11 observation
10°F — I. T e o) 3 L
f " 31+ Combination of 7/8/13 TeV — 5.96

103_E O o

+ Tstsingle-experiment observation!

= -+- Observed ™"
10 E ut . et

eu — H—1t (1=1.09)

1_ I CMS Preliminary CMS-PAS-HIG-17-019 35.9 b (13TeV)
_1E...S.’.I.....I....I....I.. E : |_A|_>““ All categories
10_3 Y 5 15 1 05 0 0 10000— (125 =0.7 for mp=125 GeV S/(S+B) weighted
CMS-HIG-16-043 log, ,(S/(S+B)) 3 oo ' e
(submitted to PLB) § - N B component
% 6000 [— O = 1o
3 F =2
. S 4000 —
(V) -
Constrain H — pp Sl
6 E
+ Probe 2nd gen. couplings g %
+ Obs. limit: 2.64xSM (1.89 exp.) wg%{{}
O —ZOOE
@ 95/0 CI_ 110 Ti5 120 125 130 135 140 145 150
m,, [GeV]

14

Most stringent limit to date!


http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-16-043/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-16-043/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-019/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-019/index.html

SM Higgs triumph

B,

Evidence for VH, H — bb

+ Combination of 7/8/13 TeV:
3.86

Data / MC (B)

CMS-HIG-16-044 (submitted to PLB)

35911 (13 TeV)
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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

SM Higgs triumph
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Evidence for VH, H — bb

+ Combination of 7/8/13 TeV:
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-010/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-010/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/publications/HIG-16-044/index.html
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M Higgs triumph
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Combination of 7/8/13 TeV:
3.86
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*

+

Distinguish from overwhelming

QCD bkg w. “"boosted” H g
Significance: b5 H et
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Evidence for ttH production

L + Direct access to top Yukawa coupling

+ Searches in leptonic final states:

£
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\CMS-PAS-HIG-’I7-OO4 )

CMS-HIG-16-044 (submitted to PLB)

35911 (13 TeV)

o  frrrrrrrrrrrrrrrrrrrr e e e T

QS 406

£ 100E CMS ¢ Data —— VH(bb) %_

oo I VH(ob) Bkg. unc. E
10° E [_] Background =

)
)
=
@
g :
084335 3 25 =2 45 4 05 0
log, (S/B)
35.9fb™ (13 TeV)
> 8000 L L
8 - CMS 450 <p <1000 GeV == w
N~ 7000k double-b tagger " z —]
~ . I tt
o o F T, pessiagresion Multijet =
GCJ 6000 -éw?waotalI background
q 5000 N H(ob)

¢ Data

Observe
F Z—bb

Data - multijet -t
[¢}

%060 80 100 120 140 160 180 200
mg,, (GeV)
CMS-HIG-17-010 (submitted to PRL)

17


http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-010/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-010/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/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, ...

+ 4+ + 4+
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Broad spectrum of new physics searches

Direct 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
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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

e Exciting year for CMS physics!

+ Many new results, primarily analyzing 2016 13 TeV data

e Unprecedented datasets allow detailed precision measurements & probing very

rare processes

+ Continued triumph of SM Higgs boson

e QObservation of coupling to tau leptons
e Evidence for coupling to b/top quarks

+ Extensive program searching for new physics

e Direct searches
e Precision SM
 Rare processes

e Meanwhile, analyses of 2017 data &
preparing for 2018 run ongoing!
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CMS detector

STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter : 15.0m Pixel (100x150 ym) ~16m* ~66M channels
Overall length :28.7 m Microstrips (80x180 um) ~200m?* ~9.6M channels

Magnetic field :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels
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Upgraded CMS for HL-LHC

New Tracker Muons

* Radiation tolerant - high granularity - less material * Replace DT FE electronics

* Tracks in hardware trigger (L1) * Complete RPC coverage in forward

* Coverageupton~ 4 region (new GEM/RPC technology)
77 Investigate Muon-taggingupton ~ 3

Barrel ECAL
* Replace FE electronics

N
)

New Endcap

* Cool detector/APDs

Calorimeters
e Radiation tolerant

Trigger/DAQ

e L1 (hardware) with tracks and
rate up ~ 750 kHz

* L1 Latency 12.5 ps

 HLT output rate 7.5 kHz

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