CMS Overview
Physics Highlights
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Outline

B CMS Detector status

® Subdetector upgrades for data-taking in 2017
" New: Pixel detector, L1 Trigger, HF calorimeter readout
® 2017 Performance

® CMS Physics highlights with full 2016 36/fb 13 TeV data

B 79 new results in 2017 realised at:
" Moriond’17 -39 publications
= | HCP’17 - 22
® EPS-HEP’17 -20
B |n this talk — only selected fresh proton-proton results
" during this conference — other 22 presentations and 4 posters
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LHC schedule

2011 2012

75%
nominal
luminosity |

splice consolidation
button collimators
R2E project

2013 2014

experiment
beam pipes

2015 2016

nominal luminosity

® Run 2:~60/fb
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2017

2018

LHC proton-proton data
delivered to CMS till yesterday

injector upgrade
cryo Point 4
DS collimation

14 TeV 14 TeV
energy
5to7 xI
limit s nomina
icn%c}ggt'ion : HL LH? luminosity
regions installation

P2-P7(11 T dip.)
Civil Eng. P1-P5

2019 2020 2021

experiment upgrade
phase 1

2022

damage
2 x nominal luminosity

radiation

2024 2025

experiment

—

I | upgrade phase 2
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CMS Integrated Luminosity, pp
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45 . . ‘ : ‘ as
Ta a0 w2010, 7 TeV, 45.0 pb ' |
s w2011, 7 TeV, 6.1 fb ' {35
"
£ 30f m— 2012, 8 TeV, 23.3 b |0
£
220 2012 , == 2015, 13 TeV, 4.2 ' {25
E 20f 2016, 13 TeV, 40.8 b |20
-l 2011 s 2017, 13 TeV, 17.0 b ! I
£ 2010 |10
3 2015 e
° X
LTy _/ ‘ iad ‘ °
A A e A ° W A ¥° A
Date (UTC)
CMS Overview ICNFN2017 Crete 21.08.2017 4



Compact Muon Solenoid

STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter :15.0m Pixel (100x150 pym) ~16m* ~66M channels
Overall length :28.7m Microstrips (80x180 pm) ~200m? ~9.6M channels
Magnetic field :3.8T
SUPERCONDUCTING SOLENOID
g 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 PbBWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels



CMS upgrades in 2016/17

- 7 | Recent upgrades are not yet used for current results
= New CMS Pixel detector:
" 3 layers (barrel) /[ 2 disks (endcaps) — 4 layers [ 3 disks

® Improved readout electronics

Innermost barrel layer closer to the interaction point
® Lower material budget

" Very good efficiency up to 99% for all pixel detector at L=1.5e34cm™s"

" Expected improvements in tracking,

I - I CMS Pr .f in 2017 S=
vertexing and b-tagging N
3 = e i 7 AN P b aiiny _-_-v_,-_-v: rpa "
c - i ]
. . . o) 0.99 s L L s e i T D e
Barrel Pixel layers Forward Pixel disks s £ Q9% -~
; R ——— i osspdd .
i N Lo et T 097
| 0.96f
1 E -
: 0.95F
L w
- » BPix, Layer 1
0.93| »BPix; Layer 2
1 E . BPix, Layer 3
I 0.92F v BPIX; Layer4
1 - » FPix, Disk 1
I 0.91 FPix; Digk 2
I i l l l l l ! FPIK I:)ISi(IS l l l l l l L
I 0-90g 810 12 14 16 18

Instantaneous Luminosity (x10**cm2s-)
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AR CMS upgrades in 2016/17
- Full upgrade of L1 trigger system

to manage with high inst. luminosity of 1€34 cm?s” and high pile-up

CMS Preliminary 221 pb (2016) + 53 pb (2017) (13T V) CMS Preliminary 9.5 (2016) + 267 pb ' (2017) (13 TeV)
TTTTTT[TTTT]TTTIT T T T 17 rr1r 1 [ rr 11T T

CMS-DP-2017-024

> T A 5
3 1I f" § 1i r&ﬁ:ﬁi#-f— [
£ o8 L 5 0l T
s st E:E GeV + Isolation ] E i
g} 9
04i <PU>=24 04_‘ :2016d:t: % |
* 2017Data | o g
0.2 . 2o1q Data g 0.2+ %
LN b ot g ko
e . :
® L1 electron/photon trigger L1 muon trigger
re-optimization new track finders

Improved L1 muon track finding

" Dbetter resolution = sharper turnON . .
and p; resolution, and efficiency

20% rate reduction
" 15% gain in efficiency " | owest unprescaled threshold

(keeping almost no PU dependencéﬁ?s Overview ICNFNo17 Cre ? GeVin 2017
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https://cds.cern.ch/record/2273270/files/DP2017_024.pdf

CMS Performance in 2017

" Firstillustration of di-muon spectrum

taken with inclusive and dedicated muon trigger paths

M. Kazana

Events / GeV
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CMS Integrated Luminosity, pp, 2017, Vs = 13 TeV

Data included from 2017-05-23 14:32 to 2017-08-20 02:44 UTC

=]
©

- LHC Dellvered 17. oo fb- i
A\ 1 CMS Recorded: 14.49 b !

" CMS data-taking
efficiency > 85 %

=
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| CMS Online Luminosity
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® Some time was dedicated for
testing the new Pixel detector

L )] (-]

Total Integrated Luminosity (fb!)
N

ol
B Successful restart of U T 3 S 095, o9
Date (UTC)
t h e L H C CMS Peak Luminosity Per Day, pp

Data included from 2010-03-30 11:22 to 2017-08-20 02:44 UTC

Data taking in 2017
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M. Kazana CMS Overview ICNFN2017 Crete 21.08.2017


https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults#2017_Proton_Proton_13_TeV_Collis

" Excellent performance of the CMS detector— i
® Efficiency of data-taking (41/fb) for:

" 38/fb, recording > 92%

" 35.9/fb, good for physics > 87%

CMS Integrated Luminosity, pp, 2016, Vs = 13 TeV

Data included from 2016-04-22 22:48 to 2016-10-27 14:12 UTC

_ 45 45
T } - LHC Dellvered 41. o7 o'
& 40 =\ 1 CMS Recorded: 37.82 fb ! 40
2 35f 135
0 CMS Online Luminosity
c 30} 30
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Data in 2016 — new results

CMSLumi2016

Average Pileup, pp, 2016, Vs = 13 TeV

o 120@ 120
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20
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40 29 20 a0 0 © e
Mean number of interactions per crossing

CMS Peak Luminosity Per Day, pp, 2016, Vs = 13 TeV

Data included from 2016-04-22 22:48 to 2016-10-27 14:12 UTC

el Max. inst. lumi.: 15.30 Hz/nb
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults#2016_Proton_Proton_13_TeV_Collis
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August 2017

- Run 1&2 legacy - Nature is SM-like

. /Theoretical description of high-Q? processes is with high agreement with LHC data

CMS Preliminary
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B 7 TeV CMS measurement (L <5.0 fo™)

B 8 TeV CMS measurement (L <19.6 fb)

B 13 TeV CMS measurement (L < 35.9 fb)
Theory prediction

L L Z CMS 95%CL limits at 7, 8 and 13 TeV
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All results at: http://cern.ch/go/pNij7
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined
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- ratios of LHC parton luminosities:
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Higgs boson and precise SM measurements
new possibilities for deciphering the properties opened up
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New Physics

| —no sign, but....

| ® Large increase in signal

xsecs for heavy particles

from 8 13 TeV

| ™ Strong gluino pair

production privileged

12


http://www.hep.ph.ic.ac.uk/~wstirlin/plots/plots.html

CMS pp Physics (in this talk):

® Standard Model
B Electroweak Physics
" Higgs
® Top Physics
B Searches:
= SUSY

B Exotica
B Dark Matter

Exotica

Heavy lon B Physics Forward Physics

M. Kazana

Standard Model

CMS Physics Highlights

639 collider data papers submitted as of 2017-08-11

0]  CMS Publicati‘

1104

100:
90:
BO:
]
60:
s

40

Supersymmetry Higgs

Top Physics

Beyond 2 Generations
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http://cms-results.web.cern.ch/cms-results/public-results/publications-vs-time/
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Electroweak precise measurements

Challenging Standard Model predictions

CMS Overview ICNFN2017 Crete 21.08.2017
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EWK Gauge Couplings

® Diboson and W/Zjj processes extensively studied

B Vector-boson scattering is the ideal testbench to study of the EWK sector

® First 5.5 o observation of

EWK same-sign WWijj production the ZZjj channel at the LHC
®  Evts: two leptons of the same charge, " Evts: fully leptonic (4]) final state
moderate MET, 2 jets with large rapidity .o s .
separation and large dijet mass EWK ZZ” is measured with
" Bkg: non-prompt Ieptons and the Wz —3¢v  SIgN. of 2. 7 (1 6) G obs. (exp )
359fb (13 TeV) L | e oS ol 36V
i e ' - |
S e e OMS S m CMe s
N oM. = 600 GeV a »n 18 =
> 150 [ 7 Preliminary gl moy > ZZ ]
LU L[ Non- promptk\Bkg oL ] Q 16 qq — ZZ =
- Others 1 L 1 4_ []ttZ, WWZ i
- ] L B Z+X
100 |- : = —
_\\\\K\% ) 12 m; > 100 GeV
: ] !
50 = -
\\\\\\?\\\\\\\*\ NP
%OOI i ]1 000 1500 2000 CMS-SI\II\:IZ:TOOG | : A 0.6 0.8 1
CMS-SMP-17-004 m.. [GeV] BDT output

M. Kazana CMS Overview ICNFN2017 Crete 21.08.2017

® First measurement of VBS in

+0.02
0.29 +0:92

th —

o

oew (PP — ZZjj — ££¢7¢'jj) = 0.40702L (stat) T3 (syst) fb


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-17-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-17-006/

5 Electroweak mixing angle at 8 TeV

CMS-SMP-16-007

® Precise measurement with the forward-backward
asymmetry A8 of Drell-Yan (ee and up) events at 8 TeV

Improved lepton momentum calibration, angular event weighting, and additional PDF constraints
" Sin%0 extraction by fitting A F® inv. mass and rapidity bins

" Most precise measurement of sin?0 at the LHC
= Allows to constrain PDFs

) T b T T i
CMS ee+ °
I3 CcMS Pre/lm/nary 18.8 fo’ rominary e
<E : _l I IMI 04 m| ola;\vlu\L1lz 1.Izs|\v!‘,‘\l<w.‘s 1.Iss|\vlu|‘<z.lo 20<v,,<24 PCI\I’In?n eye 19.6 o' e 0.23056 + 0.00086
G118 fo’ ——— 0.23125 + 0.00060
02 it  SESEUEE T TRER MR TR T DR URE NREORRR TR IR TR S S SRR
)fl‘ )J} LHCb puu 3 fb™ ° 0.23142 + 0.00106
0 B ;ﬁ ATLAS ee+up 4.8 fb™ ° 0.23080 + 0.00120
B L= j’ -vfrf I i}
DO ee 9.7 fo — 0.23147 + 0.00047
—~Data * ] B =
02— o CDF ee+up 9.4 fb! — 0.23221 + 0.00046
eyt e R SLD: A 0.23098 + 0.00026
by T e T e T e T P T e En e B — —
LII_ 0.05 3 + ﬂ E LEP + SLD: A(;’; O 0.23221 £ 0.00029
(U 0 fre S T SEIRE ot s "+++_?_ ’ - %+l+ ; 2 =
g _005F y + + H» LEP + SLD —o— 0.23153 + 0.00016
C s | | 1
7'0'9'0'11lo 70 90 11070 90 11070 90 110|70 90 11070 90 '11'0 0.23 0-231I 0.232 0.233
. o lept
M,, (GeV) SIN“B,

[N

sin?9P" = 0.23101 = 0.00036(stat) = 0.00018(syst) = 0.00016(theory) = 0.00030(pdf)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-16-007/index.html

® Good agreement with SM to date

EWK boson measurements

" Precision will be improved with increased luminosity

M. Kazana

CMSxSecComb

March 2017

CMS Preliminary

T

CMS measurements
vs. NNLO (nLo) theory

YY -

Wy, (NLO th.)

ZY, (NLO th.) O+

ZY, (NLO th.) —e—
WW+WZ — o —
WW b— o —
WW i
WW — &+

WZ —y—
WZ ———e——+

ZZ

Y4 ————+—i

77 — e —

|

7 TeV CMS measurement (stat,stat+sys) +——+—o——
8 TeV CMS measurement (stat,stat+sys) +——+—e——
13 TeV CMS measurement (stat,stat+sys) ——e——

1.06 £ 0.01 £0.12
1.16+£0.03+0.13
0.98 £0.01 £0.05
0.98 £0.01 £0.05
1.01+0.13+0.14
1.07 £ 0.04 £ 0.09
1.00+0.02+0.08
0.96 £ 0.05+£0.08
1.056+0.07 £ 0.06
1.02+0.04 £0.07
0.80 £ 0.06 £0.07
0.97+£0.13+£0.07
0.97 £ 0.06 £ 0.08
1.10+0.04 £ 0.05

35.9 fb™

5.0 fb
5.0 fb
5.0 fb
19.5fb™
4.9 b
4.9 fp
19.4 fb
2.3fb"
4.9 fb™
19.6 fb™
2.3fb"
4.9 fb™
19.6 fb™

0.5
All results at:

http://cern.ch/go/pNj7

1

15
Production Cross Section Ratio: ¢,/ o

CMS Overview ICNFN2017 Crete 21.08.2017
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined#CMS_Cross_Section_measurements

EWK boson measurements

® Good agreement with SM to date

" Precision will be improved with increased luminosity
May 2017 _ CMS Préliminary

CMS EWK measurements vs. 7 TeV CMS measurement (stat,stat+sys) o+

Theory 8 TeV CMS measurement (stat,stat+sys) e

13 TeV CMS measurement (stat,stat+sys) +——eo—+—

qqW o 0.84+0.08+0.18 19.3fb"

qqZ —+—of+— 0.93+0.14+0.32 5.0fb"

qqZ — . — 0.84+0.07+0.19 19.7 fb"

qqZ o 1.02+0.03+0.10 35.9fb"

W—>WW | . © 1.74+0.00+£0.74 19.7 fb"

qqWy — E — 1.77+0.67+0.56 19.7 fb”

ss WW +———e 0.69+0.38+0.18 19.4 fb

o | sswWw b e 0.90+0.16+0.08 35.9 fb

g | qqzy o 1.48+0.65+0.48 19.7 b

g 9922 . 138+0.64+0.38 35.9fb"
Al results at: . 1 Prcz)d uction Crosas Section Ra?io: ../ C °
http://cern.ch/go/pN;j7 exp © “theo

M. Kazana CMS Overview ICNFN2017 Crete 21.08.2017
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined#CMS_Cross_Section_measurements

QCD stress tests -

, < 15
- Jet productlon at 13 TeV with full 2016 & 16 800 < p™ < 1000 GV
-O Pythlas CUETP8M1 :
m . . . (@) Lo _¢_—¢I— - j;::g:;hC+U:yTt:iZZS(:1UETP8M1_E
Measurements of the normalized inclusive e i :
-1
o 3 : - ol = P =
2-jet, 3-jet, and 4-jet xSec. differential in Ad1,2 g G A = e S ]
" Observations emphasize the need to improve ik ] | -
predictions for multijet production i 3591 (13 TeV)
ok
. . CMS
m o (M,)inferred from a fit of the ratio of the £ o[ ¥
. . “lsT102E o pT™ > 1000 GeV (x10') nJets >4
3']et Over 2'Jet event XseC <3 JoME- " 8o<P <1000 GeV (x10° Anti-k, R = 0.4
CMS Preliminary '_l ; EE T i e ) sl R PH-2J + Pythia8 CUETP8M1
= © 10" 600 < 7™ < 700 GeV (x10°) :
S oo —— CMS R, preliminary, |s = 8TeV, ag(M) = 0.1150"7 7 BEEE
S - —e— CMS Ry, preliminary, |s = 8TeV ' 10° P s .
026 CMS Incl.Jet , |'s = 8TeV R
- —= CMSR,, s =7TeV 10 © 300 <pI™ <400 GeV (x10)
004 CMS Incl.Jet, I's = 7TeV 107 | © 200 <Py <300GeV G,
C —¥— CMStt,|s = 7TeV : _——
0.22— —+— CMS 3-Jet Mass , |'s = 7TeV 10 Py e
E —%— ATLAS TEEC, |'s = 7 TeV 10° L-‘;_-"V‘*_‘w“‘w it
02—\ . —o— DO Incl.Jet it gt
= N DO Angular Correlation 10°e - "“+ LM SE L gl
0.18 nE 103 '_'5_"—'5— —'u—'+ ._.‘__'-'l-‘-_‘_-—‘— =
= 3 _"_7_-._-‘_."“ -n:‘“‘q}‘.ﬂ-‘-ﬂ-‘
0.16_— 10% ¢ st _u;_u;-_n;-_n; e
E SR Loy __'__._'_.'—'I—_'_
0.14 :_ 10 —'—_'__'__'_-_&%—‘U‘LULLO‘LO‘W
0 C iiromas = gttt
o 0.12 S P
\99 E 10-1
- 0.1—
o C 102
% 0.08— g 3 | |
%) ©= 1 | B 58| || L 1 1 1 | s (B || | 1 1 /| | et S || 1 10 /2 2 /3 5 /6 T
S 5678 10 20 30 40 100 200 300 1000 2000 4 i &
g Q (GeV) Ag. 2(rad)
as(M,)=0.1150 £ 0.0010 (all except scale) +0.0050-0.0000 (scale) :

) 4-jet xSec. in A, ,for 8 p7__ regions
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-16-014/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-16-008/index.html

CMS-DP-2016-035

\\
p; =488 GeVY
3 sub-jets

LHC is a top quark factory

" ~10 top pairs every second @ 103 cm2s”inst. luminosity
" Wide and detailed studies under top quark
" Testing SM and BMS physics

M. Kazana CMS Overview ICNFN2017 Crete 21.08.2017

m,,, = 176 GeV

20


http://cds.cern.ch/record/2195773

Top quark production

TtSig - -
E‘ [ [ e [ [ S P BT e ETH FY G R R S RS SR e S W S B \IS G(tt) [ b] L[fb-1]
S [ 7 mmmememenoonl, ouspemnay e P
c m CMSeu7TeV(L=5fb"
o O CMS l+jets 7 TeV (L = 23fb )
= 3 v CMSalljets 7 TeV (L= 3.54 b
O 10°F o CMseusTev(L=19.71b j ~ 0.0
Q [ f CMS ﬁrﬁtets ; Te(V (L= 196f)b 61 5 TeV 70 3
n ~ ¢ CMSalljets 8 TeV (L=18.41b h
» E CMS ep 13 TeV (L =43 pb™!, 50 -
%) — & OMSen13TeV (L= 22%) ) 7 TeV 170 5
o B 8%3 {+]6}S 1133TT13/V(I(_L 5 f%b) 50 ns)
els e 4
o % OMS alljets’ 13 TeV (L = 253 1) 1 8 TeV ~250 19.7
T * Preliminary L
2 102 800 1= 13 TeV ~800 2.3
5 - I = \ y
= C g |
O - 3 i ]
£ - 600—.NNPDF30 .MMHT14— i
= BEEEE NNLO+NNLL (pp) [ Wcme I:lABM12 = SglTop
E—— NNLO+NNLL (pp) .
; ; 13 \(_ TeV SiTRART ! J g i [ I I [ I =
10 Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 [TovE | = Single top-quark production T e
E NNPDF8.0, m,_ =172.5 GeV, a,(M,) = 0.118 £ 0.001 [* (xs(MZ)_O.ﬂS] - = i _ .
E T8 A e Sl e | BETE | e L Inclusive cross sections al
2 4 6 8 10 12 14 >:_Sing|e top tW (pp or pp)_
Vs [TeV] = E
B s-channel (pp) i
CMS-TOP-16-023 10 = -
New Xsec (69.5 + 8.4 pb) : ]
1 —
° s == NLO+NNLL, PRD 82, 054018 (2010) 3
for tt pa l r p rO d ° @ 5 Tev - ~—— NLO+NNLL, PRD 83, 091503 (2011) 4  CMS, PRL 110, 022003 (2013) -]
. . . § v Tevatron, arXiv:1503.05027 [hep-ex] ® CMS, PRL 112, 231802 (2014) "
(speual short runin 2016; |—=27-4/Pb) 10 = 4 CMS, JHEP 12, 035 (2012) NLO+NNLL, PRD 81, 054028 (2010) 3
E ®  CMS, JHEP 06, 090 (2014) v Tevatron, PRL 112, 231803 (2014) E
. . B ® CMS, arXiv:1610.00678 [hep-ex] = CMS, JHEP 09 (2016) 027 =
" Evts:1muon and at least 4jets, 2b-tag SRS T UREiknin aeraib TS E R R i bbb i i
2 3 4 5 6 7 8 9 10 11 12 13( 14
s[TeV]
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-16-023/index.html
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsTOPSummaryFigures/singletop_sqrts.pdf
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsTOPSummaryFigures/tt_curve_sqrts_cms.pdf

Top quark mass

" Great accuracy (~o0.3%) in the CMS
top mass measurement from Run 1

e
CMSTop |

T NN I I T T T T | I I

CMS 2010, dilepton
JHEP 07 (2011) 049, 36 pb’

CMS 2011, dilepton
EPJC 72 (2012) 2202, 5.0 fb”"

CMS 2011, all-jets
EPJC 74 (2014) 2758, 3.5 b

CMS 2011, lepton+jets
JHEP 12 (2012) 105, 5.0 fb"

CMS 2012, dilepton
This analysis, 19.7 fo™'

CMS 2012, all-jets
This analysis, 18.2 fo™

CMS 2012, lepton+jets
This analysis, 19.7 fo™'

CMS combination

¢ 175.50 + 4.60 = 4.60 GeV

(value = stat + syst)

172.50 + 0.43 = 1.43 GeV

(value = stat + syst)

173.49 + 0.69 = 1.21 GeV

(value = stat + syst)

173.49 + 0.43 = 0.98 GeV

(value = stat + syst)

172.82 + 0.19 = 1.22 GeV

(value =* stat £ syst)

172.32 + 0.25 + 0.59 GeV
(value * stat * syst)

172.35+ 0.16 + 0.48 GeV
(value * stat * syst)

172.44 + 0.13 = 0.47 GeV
(value * stat + syst)

Tevatron combination (2014) o=
arXiv:1407.2682 174.34 + 0.37 £ 0.52 GeV
(value + stat + syst)
World combination 2014 —
ATLAS, CDF, CMS, Do 173.34 £ 0.27 £ 0.71 GeV
arXiv:1403.4427 (value + stat + syst)
| | | | | | | | I | | | | | ] | | | |

M. Kazana

m, [GeV]
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" First top mass
measurement from
U +jets with 13TeV
with only 2.2/fb

M,,, = 172.62  0.38+ 0.70 GeV

2400
2200
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1
0.5

Data/MC Permutations / 5 GeV

CMS Preliminary

22" (13 Te

I tt correct |
[ tt wrong
[ ]tt unmatched
¢ Data 7

T[T T[T [ TT T[T TT T[T [TT [T I [TTT[TTI[TTT

I Single t
W+jets

Bl Z+jets

[ 1 QCD multijet

CMS-TOP-16-022

o be b b b e b s e i L i i IS

400
mft [GeV]
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-16-022/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP/index.html

Same-charge dilepton, 3- and 4-lepton final
states where the jet and b-jet multiplicities are
exploited to enhance the signal-to-bkg ratio

Measured xSec. are in agreement
with SM predictions

o(ttZ) =1.00%°9_ . (stat)+o= _ (sys.)pb
o(ttW) = 0.80*°___ (stat.) *>3_ _ (sys.) pb

CMS Ppreliminary 36" (13 TeV)
i) T T T T T T T T T ;

IT% =
i V= :
ttW/ttZ
T SR R T
CMS-TOP-17-005 Sy [PD]

M. Kazana
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Four top production

Single-lepton +jets and the opposite-sign +jets
channels

Boosted decision trees to combine information
on the global event and jet properties to
distinguish between tt'tt” and tt” production

Upper limit on xSec.
combined with same-sign dilepton search

o(ttet) < 69 Tb @ 95% C.L. (7.4xSM)

26" (13 TeV)

Dilepton: > 8 jets
¢t Data

(@)
=
w

I i

é
\

i GIENESE W EW
i tW
: § i it (x 20)
4 ME scale unc.

0

i-physletb.2017.06.064, TOP-16-016


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-17-005/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-16-016/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-16-016/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-16-016/index.html

ttH+bbH
WH+ZH
VBF

SN
CMS Vs=7TeV,L=5.1fb" s=8TeV,L=53" S e th
B I T T T I T T l>l T T T ] T 1 T I 1 T I ‘_ ..... 4 July 2012
> [ ] ; . : ke ~
@ e ¢ Data 8 6F Kp>05 1 ~~"A
© r Ilz+X o 5E 11
™ B “ -~ . 3
= E 3 [
E B DmH=125 GeV OC.) 3- l i (O] L E{%?|H—-'w
o 12— 3 2k -] 0 | (s=7TeV,L=5.11"
T - 1 £l I | il T 1500 FesR Tl uaanry
10 : 3 ® [
- 0 i 1=
C ) 120 140 160 . 5 I
oF = g
- =]
4t = 500
E ......
[
2 [}li ;l:l:?a
= [ e e e e S e e e
0 . » 0 110 120 130 140 150
80 10071 900 An = = en = a0 m,, (GeV)
my, (GeV)
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CMS Ppreliminary 35.9fb" (1 STGV)1
2

® New measurement at13 TeVin
H— ZZ*— 40 and H—yy

® Discovery channels despite small
BF of ~0.013% (4¢), ~0.23%(yY) CMS Proiminary 35.9 b (13 TeV)

040608 1 24 ite e 2

K,

IIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIII—

> i
[0} B H%yy f
. . (5 - All categories E
" Consistent with SM ool My=i254Gev,ftte TR :
= — S+Bfit ]
e Ey B component -
il CM|S . _ 359M7(13TeV) T} - H —_ YY el .
® i 15000 — i =
G 100 ¢ Data i L [ ]¥2 0o ]
Al :—H ’ » ZZ* ) 4e [ H(125) ] B i
%) = ] q9—-22,Zy* i 10000~ il
< = = Bl =
Gc) 80 B 992z, 2y i E CMS-HIG-16-040 | |
rrE Z+X ] B 1
e e g 5000 =
60— arXiv:1706.09936, — g =
2 CMS-HIG-16-041 . -
L H i T N T
401 il 600 " B component subtracted]
E i 400 =
o0 N 200 § .
B ] NINHE, B -
: i I. I‘"" Ip. I : LY :% % { _;
0 300 400 500 700 900 = F

m,, (GeV) m,, (GeV)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-040/
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-16-041/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-16-041/index.html

arXiv:1706.09936, CMS-HIG-16-041

o8 Higgs mass and xSec
u l\/lass measurement in golden channel: H = ZZ*— 4¢

via ggH, VH, VBF  [my; = 125.26 + 0.20(stat.) = 0.08(sys.) GeV]

" As good as the world average of the ATLAS+CMS combination from Run 1
mpy = 125.09 £ 0.21 (stat.) + 0.11 (syst.) GeV

5.1fb" (7 TeV), 19.7 fb' (8 TeV), 35.9 o' (13 TeV)

CMS Preﬁminary 35‘9 fb_1 (13 TeV) E 6£ TT | TTTT | TTTT | TTTT | TTTT | TTTT ‘ TTTT | TTTT | TTTT I TT E
B T - T s e L B | L AR = 9 CMS Preliminary ]
5 st o ]
i 73_ 6: 52_ * Data (stat. @ sys. unc.) __
CI\I - - —— Systematic uncertainty
65_ 4+ &\% Standard model (m_ = 125 GeV, N'LO gg—> H)
50 -
f 3k | S -
g e e - g\x\\\\k\k
E —a 2 ) ]
3 ; 2e2p - : ?&3&“\?‘\&%
C — 4de 1; &Y;‘x } ]
2 — Combined L
L e Combined (stat. only) L pp = (H = 4|) + X
1_ ______________________________________________ OT_I Ll l L1l | 1111 I L1l l L1111 | L1l l L1l l L1l | L1l 11 I_T
: | | 6 7 8 9 10 11 12 13 14
0 1588 I | 1 | ) I | 1111
120 121 122 123 124 125 126 127 ; . i s (TeV)
m,, (GeV) Fiducial cross sections as a function of Vs
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-16-041/index.html

arXiv:1708.00373, CMS-HIG-16-043

® First observation of H—=tt at CMS with the full 2016 dataset

" CMS observed H—tt at 4.9 0 wrt 4.7 o expected

® 4 final states (T, ut, et, ep)

3 categories (0-jet, VBF, Boosted)

® Run1+Run216result: 5.90

35.9fb ' (13 TeV)
> 1800_] L L I | BN BEN B | l | N B I I'l‘lll':I'IIIl''III'I‘II'III'!‘IIHII'I ==
() - g
O) B CMS 40F —+—Obs. bkg
=~ 1600 | -
B ‘ 30F
(/)] - — Ho1t
"E 1400_—+—0bserved ] o0k i
o [ — Hoste (u=1.09) |:|Bkg. unc.
> E
© 1200F 2 i 1
§o) N ! ]
_9 E ."Q\’cl[(:ts ltijet = T ‘
z 1000__ multije _1d el
(_)) B Others
q) -_ Bkg. i 'R FEENE FEETE SRR TE PR P
= 000¢ Betg.une } 0 50 100 150 200250 300
M - GeV
CE 6001~ 0-jet: 7,7, M ( i
n C VBF: 1.7
e B ’- h'h &
(7) 400: ™ Boosted: 1,1,, b, et,, el
200F——*—— - &
B | R e el | I | W MR pinan! | I | Wit e o | l | ] o i3 | | | A e [ | | | S S [
0 50 100 150 200 250 300
m,. (GeV)
IVl. Kazana

1ot

Tau semi-hadronic & leptonic decay channels

using excellent CMS tau tagging

35.9 b7 (13 TeV)

CMS

oms Overview ICNFN2017 Crete 21.08.2017
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-16-043/index.html

Higgs Physics: H—bb

- Domlnant H decay channel (58.1%), but with huge QCD bb background
®  Presence of the vector boson (leptons, MET) supresses highly QCD

= Sig: 2b-tagjets + 2 lep (+1leptMET),

(+Nl ET) extracted via a simultaneous fit of all
control regions and signal regions

u Bkg: fitted in simultaneous fit for V+jets and ttbar

"  Analysis validated for Z—bb
® 5.0 6 observation

= For m, =125 GeV,

Run 1&2 excess of events observed
with local sig. of

3.8 0 (3.8 0 SM exp.)
Strong evidence

" Signal strength
0= ology = 1 0620520
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-044/index.html

Higgs - top production

® Direct test of H-t coupling using ttH and tHq channels
" Hdecaying to WW+, ZZ" or Tt
® 2 same-sign leptons or at least 3 leptons, and b-tag jets

1 1 1 1 tH+ttH
® Evidence for ttH signal Upper limiton ¢ x BR
3.3 0 obs. (2.5 0 eXp.) comb2ois 8206 0.64 pb obs. (0.32 exp.)
CMS Prelimi 91’ (13 Tev
o iy el PR CMS Preliminary 35.9fb ! (13 TeV)
- ¥, post-fit (SM prediction) s T B A ——
120 +Data @MWZ Non-prompt ]| 4 tH tiH —s— Dbserved limit (= = BR)
E mttH  CRares [ICharge mis-m. |  Single top in the “f PR iR+ TR --- Expected limit (+ x BR) |
b 100; EEZV Eévc;r\x i t-channeli— unique H_'I ' Ww-';zz-"lrr +1 standard dev.
. 1 opportunitytostudy 12 | go= gy 0 +2 standard dev.
- 4 therelative sign of ] : TiHu s
o 80 | the coupling ol
& 60
w-ﬁ__ﬁl :
il al SR
20 \ | i | . : —_ 1"
) PRy 1 ] ] ] ; h \ I h L.'
o 1% - @@ stat. unc. [ total unc. —:
Q AT =
=140 & K, <-1.25, :
= 1.2 * + b t e T, St .
8 6gﬁ == + ﬁ_— excluded - Lel ol excluded
06— : ; : : . : - 3 2 1 0 1 2 3
et P e ny S R RN }
CMS-HIG-17-004 BDT (ttH,t/ttV) bin Rif Ry CMS-HIG-17-005
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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-17-005/index.html

Searches

LHC is a unique place to
search for new particles
" directly and

" indirectly
— precise SM measurements

M. Kazana CMS Overview ICNFN2017 Crete 21.08.2017
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Strong SUSY
® Gluino or squark (gg,qq,gq) production

= Sig.: Jets+MET pp — 99, § > tTX%  Moriond 2017
;‘2000__I|III|III|III|III|III|III|III_—
+Njet + Nb-tagjet 8 - CMS Preliminary 35.9 b1 (13 TeV) -
gpm 1800F" _ gus-16- 033, 0-lep (HT™*°) B
—SUS-16-037,1-Iep( )

. :
Experimental search —SUS-16-042, 1-lep (A0)

sensitive to SUSY
®  Multiple signal regions and 400
searches in bins of different variables 5qq

1400 =

based on |gnat;,_|;'ez§ —SUS-16-085, >2-lep (SS) .

OL + 2-6 jets |, L+ ts +Jets 2SS/3L+ ]

I 9 9 SUS'1 6'041 5 23"6 s
/‘>//“4 \ " 1200 p ". :
*"Yf’j 1000 =
800 -

® a3nd kinematical variable - .

link ) gj : i
P 0l B ARl Ul Tt s e OB L | R |‘ L B T
® No SUSY particles detected 7800 1000 1200 1400 1600 1800 2000 2200
mg [GeV]

Run 2’16 at 13 TeV: Limits on gluino mass up to ~2 TeV
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS#Summer_Conferences_2017_36_fb_1

cms—sus-u-o%‘

Electroweak SUSY

" Electroweak SUSY production and decays of chargino and neutralino

®m  Statistical combination of several searches
" Improvement of 40 GeV on the limit mass p

" Optimized analysis with 2- and 3-leptons

A8

pp — XX

P

;‘ 450 __I T T T | T I | | | T T T T | T I T I | I T T T I T :
3 - CMS Freiiminary 35.9 fb! (13 TeV)
IE;_ 400:_ —SUS'16'039, 2l SS + 23' (WH) ---Expected _: GMSPIEHWHHF}" 35_9 fb—1 (1 3 TEV)
= - —SUS-16-043, 11 (WH) —Observed 15 ool : g
350F — SUS-16-045, H—yy (WH) T %
- —SUS-16-034, 2| OS (W2) 10, g
300~ = This result, 31 (WZ) i S ¥3 -
- —SUS-16-048, soft 2-lep (WZ) JE g
250 e - 200 s
2001~ S et = :
- s y I
- Y | o
150 £ = 100 =
(o] R T R o -
50 -
0 L L : 7. | | | | | | | | | | -1 | |§ | | | | | I I: 200 400 BDD
100 200 300 400 500 600 m. = m [GeV]

My, = My, [GeV]
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-17-004/index.html

NEW /

SUSY R-parity violation S
NN

" R-parity can be not conserved!

= Minimal flavour violation, A,, , & > tt = tbs

B Signature: single lepton, large jet multiplicity, and large g-quark jet multiplicity,
NO requirement on MET

® Signal extraction through shape fit to N, in bins of N._. and M,

jet
o 10° CMS Preliminary | 359 fo” (13TeV) _ 1+ CMS Preliminary 35.9 b (13 TeV)
§ b MNep=1 -+ D_ata ] = —s— Observed 95% CL limit
L | o B
m 10" = N =8 B tt E ¢ ?’ - Expected 95% CL limit
10° :? M, > 1000 GeV |:| QCD ?: Q e I Expected + 1o
E - W+lets E © |:| Expected *+ 2¢
10° & ] Other = MO (pp — §)
10 EE 107
1 -
107 i
10 5
i 15 -
0] 15 B
‘(E E 3 B
o 05;_ _; i l ! ! I
1 2 3 >4 1000 1500 2000
N, m. [GeV]

Gluino mass > 1610 GeV (95% C.L.)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-16-040/index.html

arXiv:1707.06193,

Gauge Mediated SUSY

.v-. Search for BSM with at least 1 photon, large MET, and large H,

" Sig: strongly produced GMSB
with N1—= y G

" Complementary searches:

® New limits dependingm__ . &BR: :
P & Mheutraine " vV, vy, y+tlepton, multi-lepton
My, UP 10 1.5-2.0 TeV " Provide weaker limits
M, UP 10 1.3-1.65 TeV

I S BEI R |35|.9|fb\ (|13|T$V_) CMS Supplementary . 359fb (13l TqV)l
8 10t WS ikl O 3 3000 pp — 5, § — G, %1 — 1 :
. Pongenuin py- it B o [—— SUS-16-047:high H. ~ —Observed |
= 10 c = ztt _§ é>< :_ SUS-16-046: high SY Expected :
S _— v : —— 5US-16-023: hlghSY23fb‘ - |
W 10° e e = B

— T5Wg 1600 100
........ T6gg 1750 1650

7

10; 7% Total uncertainty - 3 i
F 5§ Wl = o -
1? E’; . ! bi 73 i
Bic : =
107 £ - - [
- Z : Validation > 1
g 150 ) .
£8 ! _
8505 " |
© ¢ 0 1 O I ¢Liinal I I ] ! ! I I
el ) 200 400 600 800 1500 2000 2500

sts (GeV) m; (GeV)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-16-047/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-16-047/index.html

Long-lived particles

i o R
-~ any charge W quark
LLPs are foreseen by B prton
many BSM mOdeIS disappearing displaced
track lepton
. > (A A
" Small coupling, small mass "
splitting, hidden sector 1 L~
" Signature depends on i ; 22X | odton
lifetime v AN
di:s :f:: P i c?cliei;(;?odn sto,;geﬁgi;:ﬁg;es
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CMS-EXO-17-004

LLP: stopped particles

" LLP (gluino or |Q|=2¢) is stopped inside the detector and decay to muons
from rest after unknown time (sensitivity to lifetimes between 0.1 us and 106 s)
" Events recorded out-of-time with collisions with the custom trigger

2016: 36.2 fb (13 TeV) 2016: 36.2 fb™ (13 TeV)
u). " | T T T T | T T T T ‘ B m 4 | T T T T ‘ T T T T |
Cosmics S 10°E" cMs Preliminary S 19°" cMS Preliminary
o d |e
= -+ Data § | -+ Data
e ] Cosmlc Slmulatlon . [ Cosmic Slmulatlon
5] 5]
c —§ - ad, Ty = WA, ] |c — G - W,
S iitfiio
B-l 5 (M =2000 GeV, M =1250 GeV, M =500 GeV) 5 (M =2000 GeV, M =1250 GeV, M =500 GeV)
IS 3 ®
upper IC mchamp — ppt (|Q| 2e,M = 600 GeV) IC e mchamp — ppt (|Q\ 2e,M = 600 GeV)

“Iower

-1
+B lower
5
m Upper DSA Track B’ Lower DSA Track B’
NO eventS Observed 1 2015 + 2016: 39.0 fo' (13 TeV) 2015 +2016: 39.0 fo (13 TeV)
. gm M ;rid/—og;sl‘;irt\:‘e'i_:is,:10us—10005 g 2 ‘M" sE% oL Limis: | 1°
1 d f t d f . c S Expected, 10 us - 1000 s % 10 c e — Observed
3 Or erS O magnl U e O Ij 3 Preliminary. Exgeczed’ﬂ; 10 ps - 1000 s xf Preliminary B Expected £16
= 10 Expected +2¢, 10-ps = 1000 ;
1 - i1 —— LO Prediction =L ---Expected +26{ 102
the lifetime tested Pk
reg ]
. . 2100 @
" Excluded gluinos withmass ¢ 2
[ o
0| e g
between 400 and 970 GeV, L ————— c «fi iy
X
. o 12} Rl S (m_=1G00 GeV)
assuming 100% BF to muons 7 o e (g 100
o Q
010"2 % A—e 5 : 44 JJJJJJ 3 . 45 6105
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M. Kazana CMS Overview ICNFN2017 Crete 21.08.2017 36


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-17-004/index.html

CMS-EXO-16-056

Heavy resonance searches

® Many BSM models predict narrow di-X resonances
® X -—many object in the final state analysed

H Dl'] etS (from Axigluons, colorons, W’/Z’ bosons, color octet scalars, string resonances, RS, etc)
5 CMS Preliminary 27 fo' & 36 fb' (13 TeV)

36 b (13 TeV)

— >
% 10 CMS Preliminary ¢ Data lq_J O 1 0 LI L O L L L B B | L B B E
= . — Fit ~ o 4F Low:High ~ ----- String =
T IR\ FOR B S 99 (2.0 TeV) . 10 é — . - Excited quark =
2 ' < 2 Axiguon/coloron 3
E R e qg (4.0 TeV) 9 3 . :
c X110 .. —— — Scalar diquark =
o -+-qq (6.0 TeV) % _ . ———— Color-octet scalar (k¥ =1/2) 3
B - 10| . S W =
© 4 X & A 3
........ 8 " .. —m 2 3
e - 108 ... ---DMmedator -2
o -- RS graviton E
107 o 1 =
¥?/ndf=389/39=1.0 -~ ) =
107 Wide PF-jets sq_) -1 d
m. > 1.25 TeV — 10 |
107 ml <25, janj < 1.3 ! k9 , . 3
T 5 10 S
LIS 2f c _aF 95% CL limits 2
fof= 8 > 10 gluon-gluon
© F =
alg _21_ E 10-4 —_— quart-gluorll
1D -2r 3 Tt = —e— quark-quar N =
-3 i i : -E 1 I NN RN FE RN N |\|~ w10l |\1.\ B
> JrE T @ 0"y~ 2 3 4 5 6 7 8
Dijet mass [TeV] T
v Resonance mass [TeV]
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-16-056/index.html

Dark Matter

q X q q
:> Mediator [l: > Mediator <
I I = = I I = =
q X o| X q q
Indirect searches direct searches
Vector and scalar interactions = spin-independent (SI) DM-nucleon interactions
Axial-vector interactions — spin-dependent (SD) DM-nucleon interactions
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CMS-EXO-16-056

Dijet searches
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35.9fb" (13 TeV)
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Mono-object searches for DM

® Searching for excess on MET with ,:?

35.9fb" (13 TeV)
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Bkg. evaluated with combined fit to the data in control samples
No significant excess of events is observed with respect to the SM backgrounds
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CMS-EXO-1 6-%
Mono-object search results

" Limits* for simplified models in which DM production is mediated by
spin-1 (vector or vec-axial) or spin-0 (scalar, pseudo-scalar) particles
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Dark Matter searches

= Dljet angular correlation search

probes interactions between quarks ¢

and DM particles
® Also constrains models of

m quark contactinter. (scale'™*  =13.1-17.4 TeV)
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CMS Highlights summary

" Excellent performance of LHC and the CMS detector
resulting in publications with the 13 TeV data of Run 2’16

" Precise measurement of Higgs and Standard Model
starting with the increase of luminosity

® Higgs is very SM-like
the observation of decays to taus and an evidence for decays to b-quarks

® New Physics can be discovered if it exists at the TeV scale
® -3 times more data (150/fb) till end of 2018 than now (>50/fb)
® and ~3 orders of magnitude (3000/fb) more for HL-LHC

References:

" Next CMS presentations during the conference
Details and much more about the CMS physics , its performance, and the future

" All CMS public results: https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
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M. Kazana

Higgs

19.7 b (8 TeV) + 5.1 fb' (7 TeV)
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2017 highest di-muon
mass candidate
with mass = 2.4 TeV
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