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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  :28.7m

Microstrips (80x180 pm) ~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

//\\\\\\\\\\ S

CRYSTAL
ELECTROMAGNETIC

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

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels
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Data Collected in 2016

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

Data included from 2016-04-22 22:48 to 2016-10-27 14:12 UTC
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At 13TeV collected 38.27 fb-! (2016) and 3.8 tb-' (2015).
Thanks to the amazing machine performance.
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SM W and Z production

CMS-PAS-SMP-15-004
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Measured inclusive Z/W cross sections and differential W+jets cross sections.
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SM Inclusive cross sections

CMS Preliminary
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HEH

i 7 TeV CMS measurement (L < 5.0 fb™)
i 8 TeV CMS measurement (L < 19.6 fb™)
i 13 TeV CMS measurement (L < 2.7 fb™)
- Theory prediction

4 CMS 95%CL limit
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All results at: http://cern.ch/go/pNj7
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A wealth of SM measurements in 7, 8 and 13 TeV.

I I I I I I 1
ty tW  ttZ ggH VB|_'T VH  ttH



SM Inclusive cross sections (2)

July 2016 CMS Preliminary
CMS measurements 7 TeV CMS measurement (stat,stat+sys) —+—o——
vs. NNLO (NnLo) theory 8 TeV CMS measurement (stat,stat+sys) +——+—e—+—
13 TeV CMS measurement (stat,stat+sys) —+—e—+—
Yy 1.06 £ 0.01+0.12 5.0fb"
Wy, (NLO th.) 1.16 £ 0.03 £ 0.13 5.0 fb™
Zy, (NLO th.) o 0.98 + 0.01+0.05 5.0fb
Zy, (NLO th.) — — 0.98 £ 0.01+0.05 19.5fb
WW+WZ - — 1.01£0.13+0.14 4.9 b
WW H—+——+—— 1.07 +0.04 £ 0.09 4.9 fb™
WwW o 1.00 £ 0.02 + 0.08 19.4 fb™
WW — . — 0.96 + 0.05 + 0.08 2.3 fb™
Wz o 1.08 + 0.07 + 0.06 4.9 fb™
Wz He—— 1.04 £ 0.03 £ 0.07 19.6 fb’
Wz — e 0.80 + 0.06 + 0.07 2.3 fb"
Y4 0.97 +0.13 £ 0.07 4.9 fb"
Y4 ———— 0.97 + 0.06 + 0.08 19.6 fb"
Y4 . 0.90 +0.11+0.04 2.6fb"
Allrestis at: 1 Production Cross Sel:'?ion Ratio: o../0 :
http://cern.ch/go/pNj7 ’ exp theo

Diboson SM production cross sections.
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Inclusive tf cross section [pb]

Top-pair production
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0 CMS ljeta7 TeV (L=23 "
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[~ 4 CMS hjets 8 TeV (L=19.6b"7) - q t
— ¢ CMSalljets8TeV (L=1841 ) -
~ A CMSeu13TeV(L=43pb", 50 ns) 7
~ o CMSep"13TeV(L=221b") — .
— % CMS ltjets” 13 TeV (L =42 pb”, 50 ns) - Effect of the beam energy . g t
A CMS ljets” 13 TeV (L=23 1" - uncertainty: 12 pb :
~ % CMSalljets” 13 TeV (L=253 b 1000F tnot inciuded in the Figure) 4 7
102 I — ~ "
o G(X)L.NM’DF&O .umrm_‘ -
n B NNLO+NNLL (pp) [ [Wlcris [Jaswmzr | g m t
E=—= NNLO+NNLL (pp) PO S S
10— Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 19 Ys[TeVl _|
E NNPDF3.0, mm =1725 GeV, a.(Mz) =0.118 £ 0.001 [ c(Mz)=0'1 13] - %
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Vs [TeV] g
« Top cross section: o~800pb , rate~10Hz. w* ok

* LHC is a top factory. b
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Top-pair production (2)
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ttH shows a mild excess wrt SM in both run1 and run2.



tt+W/Z production

CMS-PAS-TOP-16-017

CMS Preliminary 12.9 o (13 TeV) CMS Preliminary 12,9 b (13 TeV)
m : | | | : 5‘ : T T T | T T T I T T ¥ /« T T I T T T T T T I T T T I T T T | T T T |:
c 80 , -¢- Data 4 =2200 & 2-Dbestfit
q>) C SL’ 3 Jets |:| Z ] bk'N:"zooo :_ — 68% contour _:
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o(pp — tZ) = 0.707g15(stat.) T15(sys.) pb

« {tW: 2 same-sign leptons.

* ttZ:3or4 leptons. 7(pp — ttW) = 0.98 “0B(stat.) 0% (sys.) pb
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Single top production
L 7 g ¢ CMS-PAS-TOP-16-003
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e CMS13TeV(L=231f")
CMS-TOP-16-003, preliminary

NLO+NNLL QCD + (scale @ PDF)
Kidonakis, Phys. Rev. D 83 (2011) 091503
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Vs [TeV]
Good agreement with NLO+NNLL QCD predictions. 1
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CMS Preliminary

H->vy production at 13TeV

12.9 b (13 TeV)
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m,=126.0 GeV, 1=0.95

All categories
S/(S+B) weighted

¢ Data
— S+B fit
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Higgs rediscovery in run2.
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Local p-value

CMS Preliminary

12.9 b (13TeV)
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— Observed

----- Expected

Expected
""" m,, = 125.09 GeV

e
-

-------

118 120 122 124 126 128 130

132

I1 34I
m, (GeV)

MVA photon ID & vertex selection.
Fit signal + bkg in 8 categories.
Observed (exp) sig: 5.60 (6.20).
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Events / 4 GeV

H->ZZ->4l production at 13TeV

CMS-PAS-HIG-16-033

CMS Preliminary 12.9fo™ (13 TeV) CMS Preliminary 12.9 0" (13 TeV)
45 1I TT I TTTT | T TTT I TTTT TTTT T TTT I TTTT | TTTT | TTTT | T T I£ q) 1 T T T T | T T T T T T J T T T T T I
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: 2o 1 8
30 1 =
25 3
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10 = 1o —— Observed 4p -

- N 10 —— Observed 2e2u

5F 1 —— Observed combined
- E 1074 - Expected
llllll | | | | | | | | | | | | | | | | | | | | | | |
C}O 80 90 100 110 120 130 140 150 160 170 118 120 122 124 126 128 130
m,, (GeV) m,, (GeV)

Narrow peak with high S/B. e = 124 50+0.48 GeV
2D fit of m4l & matrix element discriminant. H — ~-0.46

Observed (expected) significance = 6.20 (6.50).
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Properties: H>vyy,4l at 13TeV

CMS PreI/m/nary 12 9fb’ (1 3 TeV CMS Prellmlnary 12.9 fb '(13 TeV)

T T T I T T T T T T T T L IIIIIKIIIIII l'll
H%’Y’Y - Comb|ned + 1(5 % 15— * Data (stat.®sys. unc.) % gg—H (POWHEG+JHUGen)+XH§
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ttH production: multi-lepton final state

8-Dec-2016
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Figure 1: Possible Feynman diagrams for ttH production at pp colliders, where the Higgs boson
decays to WW*, ZZ*, and 77 (from left to right). Subsequent W, Z, and t decays are shown rep-
resenting examples of final states with four leptons, three leptons, and two same-sign leptons,
respectively.

Direct probe of top Yukawa coupling.

Modes measured: H->WW/ZZ/x.

Irreducible background from ttV.

Reducible background from tt+jets.

Categories: 2 same sign leptons or = 3 leptons.

Signal strength of 2*.5 x 0,, 2015+2016 data.
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ttH production: multileptons

CMS-PAS-HIG-16-022

Events

Data/Pred.

CMS Preliminary 12.9fb" (13 TeV) CMS Preliminary 2.3+12.9 fb™" (13 TeV)
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- -¢-Data m
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2.0 . . . . . : dilepton
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1.5 . = 1= 1 9 +0.9

1.0 s . — 08

0.5F B

OE . . . ) | E IIII|IIII|II I|IIII|IIII|IIII

950 05 115 2 25 005115225 3 35 4 45
ee/ep/up Best fit u = o/ Cg,,
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di-Higgs production
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23-1291b™" (13 TeV)

CMS

Unpublished
Assumes SM Higgs BR

bbivly (CMS-PAS-HIG-16-011, 2.3 fb™)
bbtt (CMS-PAS-HIG-16-029, 12.9 fb™)
bbbb (CMS-PAS-HIG-16-002, 2.3 fb')

bbyy (CMS-PAS-HIG-16-032, 2.7 fb™)

— Observed
.-« Expected

| lI[IIlII | lIIIIlll | lIIlIIll | Illlllll L1l

1200
myP"? (GeV)

 Sensitivity to SM HH is low, but production enhanced by BSM.
* bbbb: high statistics; best sensitivity at high mass.
* bbyy: low statistics, cleaner FS with yy; best sensitivity at low mass.
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SUSY: strong production

CMS preliminary 12.9 fb" (13 TeV)
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10

10+

10

95% CL upper limit on cross section [pb]

CMS-PAS-SUS-16-015

Variety of CMS SUSY searches.
R-parity conserving:

« Squark & gluino.

« 3rd generation squark.

» Electroweak gaugino.

« Compressed spectra.
R-parity violating sparticle decays
Gauge-mediated SUSY breaking
Typically highest cross-section for
gluino/squark pairs with decays to
jets + MET.
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SUSY: strong production
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SUSY: multileptons

With strong production limits
saturating, searches extending
to more challenging scenarios.

Clean signature: based on jet
activity can be sensitive to
strong or electroweak SUSY
production.

pp — X3 X;

ICHEP 2016

CMS Preliminary
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Highest m;
event (7.7TeV)

Jet 2,

pt = 3.38 TeV
eta =-0.56
phi =-2.49

CMS Experiment at LHC, CERN

Data recorded: Thu May 12 00:40:47 2016 EEST
Run/Event: 273158 / 238962455

Lumi section: 150

Dijet Mass: 7.7 TeV

8-Dec-2016

Jet 1,

pt = 3.61 TeV
eta =0.32

phi = 0.64
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Dijet resonances: new limits
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Dilepton resonances
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tau-tau resonances gVS:Exo-16-008
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Diphoton Resonances

CMS PAS EXO-16-027

13TeV vs 8TeV 2015 vs 2016
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2015 + 2016 + 8 TeV data give <20 significance at 750GeV.
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Dark Matter searches

CMS Preliminary Dark Matter Summary* - June 2016
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Summary of Dark Matter searches using 13TeV data.
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Invisible Higgs decays

TOOOO0000000) v

Observed (expected) upper |

limit on invisible BR: f'

0.24 (0.23) at 95% C.L.

000000000000 H
2.3 (13 TeV B
>104§' rpr T T UL L L L |(| T T |§) ({151039 \ T T TTT T T T T 11 T T T T 1 |||§
()] E 3 3
Q[ CMS e . ] O \ CMS -
= V(i) [ zZ(svv)tets = qp0 1 » —
g Vi B Wty )iets - \ 4.9 o™ (7 TeV) + 19.7 i (8 TeV) 3
- [ Top quark | ©10" NG { B(H — inv) < 0.20 3
v(—>f)+jets D .
1 (] QCD multijet ] » 1042 L _
—— H,B(H - inv)=100% @ - 5
10 S N 90% CL limits _
i i C S R . =
10—2 ‘ % 8 - ., ., 3
I =10%"E =
-3 _ (&) E =
10 E E A N o ./ S T =
10~ 3 L 10 = P—
5 . . = = e :
T 1 0 wl n
o NN 107°° —mnem 7 —=
E = e e 4 \f F .o 3
(DU 05_ AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA —1 | Ll | A L1 | A A ( R I_
300 400 500 600 700 800 | 900 1000 1 10 102 10°

ET"™® [GeV] DM mass [GeV]

8-Dec-2016 29



Summary

We presented new results from CMS including 2016 data.
CMS has performed a host of analyses, ranging from SM
measurements, to a variety of BSM searches.

* No significant deviations from the SM observed.

Looking forward to results with full > 35/fb of 13 TeV data,
luminosity available thanks to the exceptional performance of LHC.

Talk focused on a small subset of CMS results; full set of CMS
results can be accessed at:

http://cms-results.web.cern.ch/cmsresults/public-results/publications/
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Run 1 combination JHEP 08 (2016) 045

Production process Measured significance (0-) Expected significance (o)

VBF 4.6
WH 2.4 2.7
ZH 2.3 2.9
VH 3.5 4.2
ttH 2.0
Decay channel

H— 17 @ 5.0
H — bb 2.6 3.7

* Combination of ATLAS and CMS measurements leads to a higher
than 5 sigma observation of the VBF production process and the
H->tt decay channel.
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Higgs Decay Channels | Strengths/Couplings

Decay mode Branching fraction [%] Signal Strengths

H — bb 575 +1.9

H—> WW 21.6 £0.9 for a specific process i = H — f
H — gg 8.56 +0.86 o B/
H— 171 6.30 +0.36 U =— and p' = f

H — cc 2.90 +0.35 (9)su ("),
H—>Z7ZZ 2.67 +£0.11 ‘ul,f=‘ui-‘uf

H — yy 0.228 +£0.011

H— Zy 0.155 +0.014

H — uu 0.022 £0.001

Coupling Modifiers

H->gg, cc, Zy not included in the o
measurement but their contribution is K? = Gj/UfM or K? = FJ/FgM
included in the total width.
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SM Higgs branching ratios
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SM Higgs production modes

The main Higgs production mechanisms depend on V-H or top-H couplings

/ f
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