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Introduction

Introduction to CMS 671 collider data papers submitted as
Higgs results S e
SUSY results
Dark matter

searches

Heavy resonance
searches
Standard model
measurements
Top results
Heavy ion results

Summary

Papers submitted

http://cms-results.web.cern.ch/cms-
results/public-results/publications/
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CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:22 to 2017-10-23 12:33 UTC
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* Compact Muon Solenoid

CMS DETECTOR

: 14,000 tonnes

STEEL RETURN YOKE
12,500 tonnes

pa
\'

Total weight
Overall diameter : 15.0m
Overall length ~ :28.7m
Magneticfield  :3.8T

SILICON TRACKERS
Pixel (100x150 pm) ~16m* ~66M channels
Microstrips (80x180 ym) ~200m?* ~9.6M channels

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

7 N 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 (HCATL)
Brass + Plastic scintillator ~7,000 channels

Excellent data taking performance from CMS to match the excellent performance of the LHC!
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http://arxiv.org/abs/1706.09936

CMS

Higgs to tt

http://arxiv.org/abs/1708.00373

35.9 b (13 TeV)
T

Search for H = 17 using leptonic and hadronic decays CMS
The di-tau mass is reconstructed using a dedicated i -
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http://arxiv.org/abs/1708.00373

ZH(bb)

W= 09+05

WH(bb)
W= 17+07

0 lept.

P=00+05

1 lept.

W= 19406

2 lept.

n=18=+06

Traditional H — bb search shows good

http://arxiv.org/abs/1709.07497

http://arxiv.org/abs/1709.05543

agreement between SM and observations
(3.30) at 13 TeV

Dedicated search for events where

boosted Higgs decay products end up in a
single fat-jet

Boosted channel significance of 1.5

35.9fb7 (13 TeV)

pp = VH; H = bb
Combined L =1.2 £ 0.4
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Best fit p
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http://arxiv.org/abs/1709.07497
http://arxiv.org/abs/1709.05543

SUSY at the LHC

Higgs discovery raises questions
about my =~ 125 GeV M

2 _ 2 2
my =mpgo+omy v Tey

= SM predicts §m#% will be driven —
up to the UV cutoff of the
theory

= SUSY allows small §m%

~1 TeV <4 -
Natural SUSY models br

= Choose sparticle masses L
(namely h/t/§) to keep fine- Kt ht —
tuning small hS

= Motivates “light” )
higgsino/stop/gluino searches at -—
LHC

Closeness to Higgs

L. Hall. Searches for SUSY at the LHC, LBL Workshop, 19-21 Oct 2011
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Dedicated searches using top tagging
Custom SUSY-specific top tagging
algorithms

11/2/2017

Unmerged
hadronic top

Partially merged
hadronic top
(W jet + b jet)

Fully merged
hadronic top jet



Stop search results

http://arxiv.org/abs/1707.03316
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https://cds.cern.ch/record/2291019
http://arxiv.org/abs/1707.03316

CMS

https://cds.cern.ch/record/2264698

Dark matter well motivated without SUSY
Simplest search is p7*%° + X

Monojet search looks at p7***® spectrum
in association with a single high pr jets or
a highly boosted hadronicly decaying

35.9 fb" (13 Tev) vector boson y
== 4 I B B 3591b (13 TeV)
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https://cds.cern.ch/record/2264698
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http://arxiv.org/abs/1609.02507

CMS

12.9 7 (13 TeV)

1297 (13 TeV)

Compact Muon Solenold

3. eyt Dam 3 + Data http://arxiv.org/abs/1609.02507
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http://arxiv.org/abs/1609.02507
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http://arxiv.org/abs/1708.08539
Search for W' — tb where t = blv

Reconstruct My, from ljj + pptss

Split by e /u channel and by number of
b-tagged jets used in M, calculation
Set limits on left and right-handed W'

models

359" (13 TeV)
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http://arxiv.org/abs/1708.08539

3597 (13 TeV)
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http://arxiv.org/abs/1708.08539
Search for W' — tb where t = blv

Reconstruct My, from ljj + pptss

Split by e /u channel and by number of
b-tagged jets used in M, calculation
Set limits on left and right-handed W'

models
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S
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http://arxiv.org/abs/1708.08539

SMP overview

ol

Compact Muon Solenold

September 2017 CMS Preliminary
Q' g ]
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All results at: http://cern.ch/go/pN;j7
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qgW ggZ WW qgWyssWW qgZy qqZ2
EW: Wby, Z-ll, I=e,u

Th. Ao, in exp. Ac
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SMP overview

ol

Compact Muon Solenold

September 2017 CMS Preliminary
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All results at: http://cern.ch/go/pN;j7
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sWW qq2y qqZZ

Th. Ao, in exp. Ac

I I I I I I I I I | | | | | | |
WVy Zy Wyttt W ot ftty tZq HW ttZ ngl—i gl?,f VH ttH  HH
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CMS

http://arxiv.org/abs/1609.02507

First observation of EW production of same-sign
WW production

Low background channel, probes for new physics
2 same-sign lepton 2 jet final state

W W% Signal found with 5.5¢ significance
Signal consistent with SM expectations

CMS 3.9 (18TeV) CMS 35.9 fo (13 TeV)
C - T T T T T T T T T T T T T T 7] F T T T T T T | T T T 7]
e -o-Data O -+ Data |
~ I EW WW 1 ~ 150 EW WW .
9 150 mwz ]l @ mwz 1
c Nonprompt C i Nonprompt
g Others g) L Others ,
L 100 -_ W BKg. unc. L 100 %\\ W BKkg. unc. —
N Q\ i
NN ] - _
50 naan f 50 | -
i o A - -‘\\\\\ﬁ\\\\\\
B L N B _\\\\\\\\\\\\\\\\i\\\\\\\\\\\\\\_
0 I 1 I 1 | I I I I ﬁ 0 I L L L | L L I ! L L L .
500 1000 1500 200 200 400 600
m; (GeV) m, (GeV)
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http://arxiv.org/abs/1609.02507

CMS

Compact Muon Solenold

First observation of EW production of same-
sign WW production
2 same-sign lepton 2 jet final state
Results interpreted as HETHE - WtW*search

Vector boson fusion

VBF H* - W*W*
T T T1T I\l\lll

35.9fb" (13 TeV)
\I‘\\\\‘I\I\lllll

---- Median expected
B 68% expected
95% expected

— Observed CMS ]

200 300 400 500 600 700

800 900 1000

m,,- (GeV)

Georgi-Machacek model

VBF H™ — W*W*
[TT T T[T T T [TrT TT

- CMS

0.8 — Observed _
---- Median expected
m 68% expected
3 95% expected
O_ej l"H++."mH¢:>U1

I N

T TR

o b b b by

35.9fb "' (13 TeV)
I T B e

200 300 400

600 700 800 900 1000
m,- (GeV)
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* Preliminary

Tevatron combined 1.96 TeV (L=< 8.8 o) .. -
CMS dilepton,l+jets” 5.02 TeV (L=27.4pb") CMS Preliminary July 2017
CMSeu7TeV(L=51"

CMS l+jets T TeV (L=2.3 1)

CMS all-jets 7 TeV (L = 3. 54- i)
CMSen8TeV(L=19.71")

CMS Il+jets 8 TeV (L= 19.6 fb ‘]

CMS all-jets 8 TeV (L = 18. =1- fb")

CMS eu 13 TeV (L = 43 pb 50 ns)
CMSeu13TeV(L=2210" ]

CMS I+|ets 13TeV (L= 42Fb 50 ns)
CMS [+jets 13 TeV (L=221b

CMS all-jets® 13 TeV (L= 2.53 fb ]

xS 0o 0«00« a

8001
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Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 13 Vs[TeV]
NNPDF3.0, m_ = 172.5 GeV, o (M) = 0.118 £ 0.001 [*c (M_)=0.113]

2 4 6 8 10 12 14
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CMS

t https://cds.cern.ch/record/2284599 (submitted to EPJC)
/ ] Search conducted in same-sign di-lepton (e/u)
t and = 3 lepton final states
t Cross-section measured to be 16.9 fo witha 1.6 o
. significance
i This is consistent with SM prediction of ~12 fb
t o o CMS Preliminary 35.9 fo”! (13 TeV)
245k CMS Preiiminary 35.9 fb" (13 TeV)
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PPb (174 nb™", s = 8.16 TeV)

90f
800
70t

100

e/t + >4j (=0b)
+ Data
Bt correct
tt wrong
B background

xr/dof - 31.9/50

250 300 350
My, [GEV]

150 200 400

First observation of tt in p-Pb collisions
Single lepton (e/u) channel, top mas
reconstructed adding 4 additional jets
Measured cross-section of 45 + 8 nb is
consistent with predictions from

perterbative QCD

Excellent probe of high x region of nuclear

gluon density

11/2/2017

Events

http://arxiv.org/abs/1709.07411
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Summary

CMS has produced a wide
array of high quality physics
results across many sub-fields

The large dataset provided by
the LHC has provided the data
for many precision
measurements, discovery of
rate processes and expanded
mass limits of exotic searches

With the dataset already
doubled between 2016 and
2017 and more data on the
way in 2018 stay tuned for
more exciting physics!
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CMS

https://cds.cern.ch/record/2264698

Dark matter well motivated without SUSY
Simplest search is p7*%° + X

Monojet search looks at p7***® spectrum
in association with a single high pr jets or
a highly boosted hadronicly decaying

35916 (13 TeV) vector boson
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Low-mass search
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High-mass search

36 o' (13 TeV)
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Search for dijet resonances
Low-mass search performed within high-level trigger
Traditional high-mass search performed with off-line objects
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