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@ CMS has released almost 100 new results during this summer

# SM measurements: exploiting the improvement in the detectors and analysis
techniques and providing more precise results

# Searches for Supersymmetry and Exotica: exploring the new energy domain
@ Can't cover all new analyses ==> personal (and biased) selection
# Prioritized new 13 TeV results
# Tried to avoid overlap of the results to be shown during the week
# Apologies in advanced for the omissions
@ CMS results: http://cms-results.web.cern.ch/cms-results/public-results/publications/

@ | will focus on results not on methodology
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CMS Integrated Luminosity, pp

Data |ncluded from 2010-03-30 11:22 to 2016-09-09 22:19 UTC

— 2010 7TeV 45, Opb !
m— 2011, 7 TeV, 6.1 b !
— 2012, 8 TeV, 23.3 b !
— 2015, 13 TeV, 4.2 fb !
2016, 13 TeV, 31.3 b *
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@ Dataset used for Summer16
4 2015: ~3 fb™
a8 2016: ~13 fb™

& Without the high luminosity and outstanding performance of the accelerator
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& Superb performance, exceeding the most optimistic estimate

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

Data |ncluded from 2016-04-22 22:48 to 2016-09-09 22:19 UTC
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chain, the results shown here would just not be possible

September 19, 2016




CMS-PAS-SMP-15-012
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CMS-SMP-14-012

CMS-PAS-SMP-16-006

CMS-PAS-SMP-15-003
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Measurement of the differential cross sections for pairs of Z bosons produced in
association with jets in pp collisions at \/s — 8 TeV

Search for anomalous couplings in semileptonic WW and WZ decays at /s = 13 TeV

Measurement of the differential Drell-Yan cross section in proton-proton collisions at
V3 =13 TeV

Measurement of the differential cross section for the production of a W (— p1/) boson
in association with jets at /s = 13 TeV

Measurement of the production cross section for pp — Zy — vvyat /s = 13 TeV at
CMS

Measurement of associated Z + charm production in pp collisions at /s = 8 TeV

Combination of results from the ATLAS and CMS experiments on anomalous triple
gauge couplings from Z Z production in pp collisions at a center-of-mass energy of 7
TeV at the LHC

Measurements of ¢* differential cross sections for Drell-Yan events in pp collisions at
Vs =8TeV

Measurement of the transverse momentum spectra of weak vector bosons produced
in proton-proton collisions at /s = 8 TeV

Measurement of the W W™ cross section in pp collisions at /5 = 13 TeV

Measurement of jet charge observables in dijet events at /s — 8 TeV
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<71 pb' (13 TeV)

@ Double-differential cross-section for inclusive 10" s 6
G10'° = d5<y 100
: : — S —PH+P8 CUETM1 % 2=V = 10 01 o
jets with R=0.7 and 0.4 S gnE  Amwnmoa e 10IMI=Io000)
8 e B
. 0”& —=— 2.9<|y| <3.0 (X
& Compared to Powheg + Pythia8, NLOJet++ Sl e —a 32 <yl <47 (x10)
©
+ NP and LO MC TP o
103 '===;:e==e= e
@ Agreement with NLO is in general better than LO 10F %e  Teg, Yo
10” Ty %

& Slightly different behaviour observed between the 10° o b
wo iet radi 200 300 1000 2000
wo jet radii

o5 71 pb' (13 TeV) < 25 71pb'(13 T
= “rems —— Data 1 = fcwms —«— Data
5 - ASEAport s | O pam 7 NNEBRRE'
t 2[ANtKR=07 T MHT2014 1 i :IArI‘t::;tSR=0-4 e MMHT2014
= rlyl <0.5 Exp. uncert. N o CYl<U. Exp. uncert.
3 —__ Theo. uncert. - 215 —— Theo. uncert.
9 1.5 . 9 .
Z i =z
ST | s, Sl s oo T Moy i AP s " 2 e
PR - i siea A 5
S - ©
C 0.5 @ 0.5
200 300400 1000 2000 200 300 400 1000 . 2000
Jet P, (GeV) Jet P, (GeV)
Enrique Palencia (Oviedo) Latest Results from CMS — Top2016 September 19,2016 5/35




@ Reported as a function of #Jets, jet p_, jet n, and H_for different jet multiplicities

& Compared with predictions that include multileg LO and NLO matrix element

do/dN,,;. [pb]

i

MG_aMC/Data

MG/Data

calculations interfaced with parton showers and a NNLO calculation for W+1 jet
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@ Selection: 4 OS leptons (e'ee’e,
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@ 14% precision, statistically limited

@ Consistent with NNLO prediction: 15.Uig:g +0.2pb
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23107 (13 TeV)
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& Dominated by systematic uncertainties

@ Consistent with NNLO prediction: SU.UJ_F%:%, (scale) pb
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& Constrain additional operators that would lead

to anomalous WWy or WWZ couplings

& Events with one W boson decaying leptonically

and one W or Z boson decaying hadronically 20

& Use pruned mass (merged jet) for bkg

evaluation and WV mass for aQGC
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& Limits in agreement with SM expectations

observed limit
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EFT

[8.73,870]  [9.46,9.42]
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[-549,53.3]  [-56.1,55.4]
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& Final precise 8TeV diboson cross sections, differential cross sections

@ New 13 TeV cross section, starting to go differential

@ Measurements consistent with NNLO

July 2016_ | | | | | | CMS Preliminary
CMS measurements 7 TeV CMS measurement (stat,stat+sys) +——+—o—+—
vs. NNLO (N o) theory 8 TeV CMS measurement (stat,stat+sys) +———eo—+—

13 TeV CMS measurement (stat,stat+sys) ——e—+—
Y 1.06 +0.01+0.12 5.0fb"
WY, (NLO th.) 1.16+0.03+0.13 5.0 fb"
Zy, (NLO th.) — 0.98+0.01+0.05 5.0fb"
Zy, (NLO th) e 0.98 +0.01+0.05 19.5 fb
WW+WZ =3 1.01+0.13+0.14 491fb"
WWwW —_ — 1.07£0.04+0.09 4.9fb"
WWwW e 1.00+0.02+0.08 19.4fb
WWwW — e 0.96+0.05+0.08 2.3fb"
Wz o 1.08 £0.07 £ 0.06 4.9 fb™
Wz — o 1.04 £0.083+0.07 19.6fb™
Wz ——e—— 0.80+0.06 + 0.07 2.3 b
ZZ 0.97+0.13+0.07 4.91b"
Y4 ——e——i 0.97 +0.06 £ 0.08 19.6 fb
Y4 e 0.90+0.11+£0.04 26 b
| | | L L L L
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0.5
All results at:

http://cern.ch/go/pN;j7
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1.5
Production Cross Section Ratio: o,/
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CMS-PAS-TOP-16-017

CMS-PAS-TOP-16-016

CMS-PAS-TOP-12-039

CMS-PAS-TOP-16-007

CMS-PAS-TOP-15-008

CMS-PAS-TOP-14-013

CMS-PAS-TOP-16-010

CMS-PAS-TOP-16-006

CMS-PAS-TOP-15-006

CMS-TOP-12-042

CMS-PAS-TOP-16-015

CMS-PAS-TOP-16-013

Enrique Palencia (Oviedo)

Measurement of the top pair-production in association with a W or Z boson in pp collisions at 13 TeV
Search for standard model production of four top quarks in proton-proton collisions at 13 TeV

Search for associated production of a Z boson with a single top quark and for tZ flavour-changing interactions in pp collisions at V’E =
8 TeV

Measurement of particle level differential tt cross sections in the dilepton channel at \/E =13 TeV
Measurement of the top-quark mass in the dileptonic tt decay channel using the M,,;, Mt3, and M, observables
Measurement of double differential cross sections for top quark pair production in pp collisions at 4,,/._9 =8TeV

Measurement of the cross section ratio o

\Tbh "Ia—tEjj using dilepton final states in pp collisions at /s — 13 TeV

A measurement of the inclusive tt production cross section in proton-proton collisions at ﬁ = 13 TeV using events with one isolated
charged lepton and at least one jet

Measurement of the differential production cross section for top-quark pairs as a function of jet multiplicity in the lepton+jets final state
at /s = 8 TeV with the CMS detector

Measurement of the differential cross sections for top quark pair production as a function of kinematic event variables in pp collisions
at /s =7and8 TeV

First measurement of the top quark pair production cross section in proton-proton collisions at \/E = 5.02 TeV

Measurement of the tt production cross section at 13 TeV in the all-jets final state

& Dedicated talks during the week ==> Not shown here

Latest Results from CMS — Top2016 September 19,2016 11/35



CMS-PAS-HIG-16-026

CMS-PAS-HIG-16-030

CMS-PAS HIG-16-032

CMS-PAS HIG-16-024

CMS-PAS HIG-16-022

CMS-PAS-HIG-16-020

CMS-PAS-HIG-16-023

CMS-PAS-HIG-16-029

CMS-PAS HIG-16-028

CMS-PAS HIG-16-025

CMS-PAS-HIG-16-033

CMS-PAS HIG-16-019

CMS-PAS-HIG-16-027

CMS-PAS HIG-16-016

CMS-PAS-HIG-15-003

CMS-PAS-HIG-16-006

CMS-PAS HIG-16-003

CMS-PAS-HIG-16-005
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Search for non-resonant pair preduction of Higgs bosons in the bbbb final state with 13 TeV CMS data

Search for H' — cbin lepton+jets channel using top quark pair events

Search for H(hl_))HI:ﬂ) decays at 4/5 = 13 TeV

Search for Higgs boson pair production in the bbfufw final state at V3 =13TeV
Search for associated production of Higgs bosons and top quarks in multilepton final states at /s = 13 TeV
Updated measurements of Higgs boson production in the diphoton decay channel at /s = 13 TeV in pp collisions at CMS.
Search for high mass Higgs to WW with fully leptonic decays using 2015 data
Search for resonant Higgs boson pair production in the bbr 7 final state using 2016 data
Search for non-resonant Higgs boson pair production in the bbr*r final state using 2016 data
Search for a narrow heavy resonance decaying to bottom quark-antiquark pairs at /5 = 13 TeV
Measurements of properties of the Higgs boson and search for an additional resonance in the four-lepton final state at /5 = 13 TeV
Search for H —+ bb in association with a single top quark as a test of Higgs boson couplings at /5 = 13 TeV
Search for charged Higgs bosons in WZ decays at 13 TeV

Searches for invisible Higgs boson decays with the CMS detector

First results on Higgs to WW at /5 = 13 TeV

Search for a neutral MSSM Higgs boson decaying into 77 at 13 TeV

Search for the standard model Higgs boson produced through vector boson fusion and decaying to bb with proton-proton collisions at /5 = 13 TeV

Search for lepton flavour violating decays of the Higgs boson in the p-7 final state at 13 TeV

Latest Results from CMS — Top2016 September 19,2016 12/35




@ H 77 et

CMS Preliminary 129 b (13 TeV)

CMS rreliminary 12.9 fo (13 TeV)
>5000—'|'_|"|'"'|""|'"'|""|""|""|""_— > 45
[ —H— .

O] [ oA ~ All categories ] @
© - <1260 GeV, =095 o g weighted 1 0]
# - = a0
c 400013 ¢ Data ] =
L‘I‘>J’ - —— S+B it ] =
o5 3000 e B component - g 35
g - I +io ] L %0

B +2 i

% 2000 — I:] © ]
E C i 25
@ 4000 .
+ - _
n - ’ 20
o r -

15

" B component subtracted

10

5

0 %

100 110 120 130 140 150 160 170 1

5
[
)
<
~ ool

Signal clear already by

0 80 90

eyelll

o Data

] H(125)

] aq—ZZ, Zy~
W 99—ZZ, Zy*
B Z+X

100 110 120 130 140 150 160 170
m,, (GeV)

Well beyond 5 sigma each channel!
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CMS Preliminary 129" (13 TeV)

@ No tension in signal strength
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@ Differential cross sections as a function of the Higgs p.. and #jets are provided

CMS Preliminary 12.9fb" (13 TeV)
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& With more luminosity, these distributions will become more and more important

Enrique Palencia (Oviedo)
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& Small excess observed before is not confirmed
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CMS Preliminary 12.91b" (13 TeV)

CMS Preliminary 12,916 (13 TeV)
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& Opposite sign dilepton events: very clean signature CMS-PAS-EXO-16-031
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& Search in imbalance transverse momentum of mono-object (, V, jet, photon, Z, H,..)

CMS Preliminary Dark Matter Summary - ICHEP 2016
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Vector-like quark pair production

13 TeV
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Resonances to heavy quarks

new physics

searches with
heavy SM particles
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Search for new physics in the compressed mass spectra scenario using events with two soft opposite-sign leptons and missing
transverse momentum at 13 TeV

Search for direct top squark pair preduction in the single lepton final state at /s = 13 TeV

Search for new physics in final states with two opposite-sign, same-flavor leptons, jets, and missing transverse momentum in
pp collisions at /s = 13 TeV

Search for direct top squark pair production in the fully hadronic final state in proton-proton collisions at /5 = 13 TeV
corresponding to an integrated luminosity of 12.9 fb !

Search for electroweak production of charginos and neutralinos in the WH final state at 13 TeV
Search for electroweak SUSY production in multilepton final states in 12.9 fb ! of pp collision data at V5 =13TeV
Search for supersymmetry with multileptons in 13 TeV data

An inclusive search for new phenomena in final states with one or more jets and missing transverse momentum at /s = 13
TeV with the a variable

Search for new physics in the all-hadronic final state with the My variable
Search for supersymmetry in events with jets and missing transverse momentum in proton-proton collisions at 13 TeV/
Search for supersymmetry in events with a Higgs decaying to two photons using the razor variables
Search for R-parity-violating SUSY in final states with zero or one lepton and large multiplicity of jets and b-tagged jets
Search for supersymmetry in events with one lepton and multiple jets in proton-proton collisions at /s = 13 TeV in 2016

Search for supersymmetry in the all-hadronic final state using top quark tagging in pp collisions at /s = 13 TeV
Search for SUSY in same-sign dilepton events with 12.9 fb ! of pp collision data at 13 TeV
Search for supersymmetry in final states with at least one photon and ET""‘” in pp collisions at /s = 13 TeV
Search for new physics in the one soft lepton final state using 2015 data at /5 = 13 TeV

Search for R-parity violating supersymmetry with displaced vertices
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@ Gluinos: highest SUSY production

cross section, give access to other

sparticles via decay chains

binned in #jets, #b-jets, H;

Events

Cntres

Dala/EsL

123 f5 113 TeV,

T:ﬁ L L L L L L L L L T
Pre-fil background H, [575, 1000] GeV/ & Can
e 23{0b ; 23j1b ; 232k | 463§ 48{1b ; 4626 ; = ; =7 0 Mukip-
1ot H H | i i i Oh ' AL M Loe- bopien
Wz

7 | 28 | a7
b |

(Obs.-Exp.)

Enrique Palencia (Oviedo)

80

Exp.

70

60

(]
N o
i

12.9fb" (13 TeV)

+ Data . Z5VW |:| Qcb

— §oti g (m_ = 1500 GeV, m , = 100 GeV)
11

- gty (m_=1200 GeV, m , = 800 GeV)
x!

CMS Preliminary

Hadronic
7 lepton

Lost
lepton

N, >2, H:“” > 500 GeV, H_ > 500 GeV

b-jet

o

(=T \V}

:\\-\ N NN \\-\\\-3\\*\\%\\\\\\\\&\\\\\\\\\_

ol b by b by by 1 d
6 7 8 9 10 11 12
N, (. > 30 GeV)

1400
1200
1000
800
600
400

200

Latest Results from CMS — Top2016

q

I|III|III|III|\II|III|III|I

q
- X!
- X
q
q pp =00, §—=tIX°  cHEP 2016
f—clMS Prleliminarl/ | | '||3 TeV l_—

—SUS-16-014, 0-lep (HF™), 12.9 fb"!
SUS-16-015, 0-lep (My,), 12.9 fb!
—SUS-16-016, 0-lep (o7), 12.9 fb"!
—SUS-16-019, 1-lep (A¢), 12.9 fbt
—SUS-16-020, =2-lep (SS), 12.9 fb
—SUS-16-022, =3-lep, 12.9 fb™
—SUS-16-030, 0-lep (top tag), 12.9 fb™!
—SUS-15-002, 0-lep (HT™), 2.3 fb™!

--=Expected
= Observed

IIIIIIIIII|III|IlIIlIlllIIIIlIIIIlllII

L
|

1 | I

800 1000 1200 1400 1600 1800 2000
m; [GeV]
September 19,2016 27/35




& Same sign dilepton search

' I (
s Small SM backgrounds (multi- @ Single lepton search ‘
boson, fake leptons) s 1 lepton, jets, no b-jets
s Binned in p_(I), m_, MET, H_, #jets s H, MET, Wp_, Ap(W,lepton)
_ 1800, CMS Preliminary 12907 (13 Tev) CMS rreiiminary 12.9 fb (13 TeV)
= pp — 99, 3= qgW%.  NLO+NLL exclusion g S 1800 — 0 e}
8 1600 ’ 1 41 = o) PP = 99,9 —>qq W % NLO+NLL exclusion| = | ] o
e Observed + 16y, . _§ O, 1600 —=pserved + 1 Ciheory 1 &
€ 1400 i Expected +1and 2 6, imen 1 3 EC%XFMOO =z:Expected £ 16,00 imen 1%
[ My = Mo +20 GeV : 3 - m_. = 0.5(m_+m_o) _ it
1200 8 1200F . 17 2
L — 1070 E 1 410" ©
1000~ 16 1000 131 5
800 ] E aoof— — - E
- 1 © - 11 5
= Q C i @
600 1028 600f - e
4001 0 400 ==
- 1 R - i O
200f- | & 200 - 2
oI |, ) ’t‘\.'Tx.]‘xl'}”‘-..|...|i10—3 8‘.1.|...|...|...|..'. P 10° 2
600 800 1000 1200 1400 1600 1800 2000 00 800 1000 1200 1400 1600 1800 2000
m; (GeV) m; [GeV]
Enrique Palencia (Oviedo) Latest Results from CMS — Top2016 September 19,2016 28/35




& Low-mass top squarks required for natural models

& Favored decay via t(*) and LSP: final states classified according to W decay mode
[2

s Event topology: WoWb+MET (OI, 11, 21, 1)

#a Approaches SM tt signature for Am=m(t) and low LSP massR

o Hadronic search

a Optimizations for low and high Am

s High Am: using #jets, #b-jets, m_
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@ Direct production of “electroweakino” pairs
# Decays via sleptons/sneutrinos
# Using benchmarks to illustrate different scenarios
(depend on mixings and nature of lightest slepton)
& Multilepton searches

4 3 (or 4) leptons (includes combinations with 1 or 2 hadronically decaying T1s)

s SRs binned in flavour&charge combination, MET, m(ll)/p_(ll)

o CMS Praiminary 129 o' (13 TeV) CMS rreiiminary 12.9 b (13 TeV)
m 1 T T T =1 1 T T T_ | T | T coomarie | T — 900
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@ Very successful operation of the LHC and the CMS experiment in 2016

@ Exploration of the new energy regime of 13 TeV has started

# And CMS was able to cope with PU levels close to twice the design

@ CMS has a very comprehensive physics program: released almost 100 new
results during this Summer with great coverage over the full spectrum
# New 13 TeV SM measurements confirm 8 TeV results with impressive precision
# New era in Higgs precision physics, Higgs re-discovered, ttH, H->bb
# Broad scan of different scenarios for physics BSM model have been performed,
e.g. in SUSY: limits up to ~1.9 TeV (gluinos) and ~900 GeV (top squarks)

@ So far, no significant deviation with respect to the SM has been observed

@ The performance of the Accelerator complex makes us confident that it will be
possible to exploit the full physics reach of the LHC
a So we will keep testing the SM in all its corners!
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Thank you

for your

attention!

http://cms-results.web.cern.ch/cms-results/public-results/publications/
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@ Dimuon invariant mass range from 15 to 3000 GeV

2.8b ' (13 TeV)
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s Obs (exp) significance for m = 125.09

Local p-value

GeV is 5.60 (6.20)
s Max obs. sign. of 6.10 for m ;=126.0 GeV
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T T

CMS Preliminary

@H-ZZ - e
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—
Q
B

Enrique Palencia (Oviedo)
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& Well beyond 5 sigma each channel

Latest Results from CMS — Top2016

a Obs (exp) significance for m =

125.09 GeV is 6.20 (6.50)
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