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e Amazing performance of the LHC since turn on!
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What has CMS seen in the pp Run 2 collisions at 13 TeV?
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* Many new or precision measurements enabled with large data sets
collected in 2016 (~36 fb-1)

— High expectations for 2017 (~40fb-1) (145 days running) and 2018 (~60fb-1)
* New precision measurements or limits with the Higgs:

— Differential cross sections

— Rare decays or not allowed in SM: LFV H->te/ue/tu

— Couplings to vector bosons, quarks and leptons and ttH (H->bb/tt/yy)

— HH resonance studies (bb + bb/yy/tT)

— Decays to non-SM particles: H-invisible or light pseudo- or scalar particles
H-aa

* Top

— New top mass measurement in Lepton+jets and tt+V(W,Z) cross section
e Electroweak production of gauge bosons in VBF

— WHW*2j, Z+2j, ZZ+2]
* Many of the results used full 2016 data sample of 35.9 fb!
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1,2 Results
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Run 2

CMS-PAS-HIG-016-043

35.9 fb™ (13 TeV)
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Significance for M, =125 GeV:
Observed: 4.9
Expected: 4.7

Signal Strength: p = 1.06%%-%°_ ,,
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No excess observed in Run 2 data

Br(H->et) < 0.61% at 95%CL
Best fit branching fractions: 0.30£0.18%
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P mass in Run 2

CMS-PAS-TOP-016-022
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CMS-PAS-TOP-017-005

Top couplings to W,Z and background to many searches g

d g f

ttW: Same sign
+ dilepton channels
d
u W+

CMIS Preliminary 36 fb" (13 TeV)
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Significance: ttW ttW* ttW- ttZ
Observed: 5.5 5.9 23 99
Expected: 4.6 43 24 95
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CMS-PAS-HIG-017-005

Unique channel to study the relative sign of couplings

H->WW?*,ZZ* tt — channels
K,/Ky top and V to Higgs coupling modifiers

-1.25 < K, /K, < 1.60 @95%CL

(tHg) multi-Z final state)

tH, ttH channels

CMS-PAS-HIG-017-004/003

Direct probe of Top Yukawa cplg At

H>WW* ZZ* vt — w/ 255 s or 3¢’s  Multilep.
H>TT — W/ 16+27,,255 €541, 3¢ s+T, T+ X
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tt at
MVA techniques to separate ¢ ------ H
ttV and tt+jets backgrounds td
g oo0000—=——{
Significance for ttH with M, =125 GeV:
Observed: 3.30 Expected: 2.50 [multi-Z]
Observed: 140 Expected: 1.8 0 [tT]
CMS pmnay ________Summary
H— +1.
HIG-16-020,L=1ZZZ‘ N 1.9 —1125
H— 4l | 0.0 :‘(‘)g
| S 15707
0.70¢
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. on: (Tev™®) (Tev™)
Significance: EWK Fiducial Selection: fso A (7.7, 77] 7.0, 7.2]
Observed: 5.50 fﬂ”ﬂ;%'g(s y i/'lepégt;z?/GeV fy /A [-21.6,21.8] [-19.9,20.2]
Expected: 5.7 0 g _ e 1>V Ge fpo /A [ -6.0, 5.9] [ -5.6, 5.5]

2jets: P,>30GeV |n|<5 fv1 /A [-8.7 ,9.1] [-7.9, 8.5]

_ _ - | fme /A [-11.9,11.8] [-11.1,11.0]

Fiducial WW VBS Cross section: fp7 /A [-13.3,12.9] [-12.4,11.8]

WW: 0,=3.83+0.66(stat) +0.35(sys)+0.12(lumi) fb ?o?ﬁ {-0.62,0.65} {-0.58,0.61%
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2jets channels

CMS-PAS-SMP-016-019 Z2Z+2j EWK production Z+2j EdVVK Qroducti?n CM?'PAS;SMS'MG'OB

MVA to separate QCD bkg. from EW signal using
VBF kinematics

Excellent channel for validation of VBF modeling
e.g. jet multiplicity and to set aQGC (WWZZ)

Fiducial Selection:

In'|<2.4lep. P>5GeV M >4 GeV
Ini[<4.7  M,>400GeV An;>2.4
2jets: P,>30GeV

P,34>5GeV P,1>20GeV P,2>10GeV
m,,>60GeV m,,<120GeV

Z

QCD bkg. suppression with BDT based jet
gluon-quark likelihood and event kinematics
Excellent channel for validation of VBF modeling:
e.g. 3" jet P;and to set aTGC (WW?Z)

Fiducial Selection:

In'|<2.4 lep. P,/1>30GeV P,?>20GeV
Inj|<4.7  M;>200GeV An;>2.4
2jets: P>30GeV, P,>50GeV

75GeV < m,< 105GeV

EWK VBF ZZ+2j Cross section
o(eeee)fid = 0.40%0-21 | (stat.)*0-13  o(syst.) fb
O¢,, = 0.290.03 fb

EWK Z+2j Cross sections
o(848jj) = 552158 fb

Significance: Observed: 2.70
Expected: 160
22/5/17 Slawek Tkaczyk

Oy, = 54324 b

Significance: >>50
Planck 2017 14
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Inos In Run 2
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uction in Run 2

e What else is seen in 2016 Run 2 data ?

* A set of Universal Measurements serving many original
phenomenological analysis needs in a variety of models

* Examples of such measurements:
— Di-boson resonances in VV, Vy, VH, HH channels
— ttbar resonances
— Search for charged higgs H*/- (no update from Run2)

— 7', W’, excited quarks, resonance in di-jets

* Many improvements observed in existing Run 2 results
compared to Run 1

22/5/17 Slawek Tkaczyk Planck 2017 19
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CMS PAS EXO-17-005

Multiple types of searches performed:
Low mass: Leptonic search — Z(LL) y
High mass: boosted hadronic Z decay — Z(J)y w/ or w/out “J” b-tag — and using the jet substructure techniques

Leptonic and hadronic
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ronic Resonance

CMS PAS B2G-17-001

Models: Graviton, heavy spin-1 boson and excited quarks
Decay channels: WW, WZ, ZZ, (qW, gZ), with bosons reconstructed as 1 super-jet
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dronic Resonance

CMS PAS B2G-17-001

Models: Graviton, heavy spin-1 boson and excited quarks

Decay channels: WW, WZ, 7Z, (qW, gZ)
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CMS PAS B2G-17-002

Models: heavy spin-1 bosons in Heavy Vector Triplet L. s LI LA
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Models: low/high mass HH narrow spin-0,2 resonances
Decay channels: HH (HH->bbtt/bbWW)

CMS PAS HIG-17-002

95% C.L. limit on a(pp — X, spin 0 — hh)x BR(hh — bBVV — bblviv) (fb)
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sonance

CMS PAS B2G-16-026
Decay channels: HH (HH=>bbbb)
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esonances

CMS PAS EXO-16-015

Search for ttbar resonances in semi-leptonic and all-hadronic final states
using jet substructure
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Also, Limit on KK gluon G, in RS model: ~3.3 TeV at 95% CL
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Additional limits as a function of the width
for different Z’ masses




e Bosons W/, 7’

MS PAS EXO-15-006 CMS PAS EXO-16-031

Analyses based on techniques used Run 1

12.4 b (13 TeV, ee) + 13.0 b (13 TeV, uw)

~—~10
’x\ | LI LI | T LI | ‘l‘ T LI | LI T | T LI | LI LI | T LI | LI LI ] e
oy CMS —— Observed 95% CL limit 1 = .
>/|\< Preliminary “\ """ Expected 95% CL limit, median RQ 10
-5 X ]
ﬁ 10 *. - Expected 95% CL limit, 1 s.d. g 10*
g_ .. [ Expected 95% CLlimit, 2 5.d.
% “‘.’ — Z'ly (LOX1 3) - 1 03
= B . --- 7', (LOX1.3)
Fio0 - 10°
1l - -
< E ] 10
—N — ’0" -
Lo I
B107 -
E| | | | | | | [ ] 1o”
500 1000 1500 2000 2500 3000 3500 4000 4500
M [GeV]
Limit on SSM Z’: ~4-4.5 TeV
22/5/17 Slawek Tkaczyk Planck 2017

2.3fb" (13 TeV)

=|'|'|'|T|'| IIIIII|T| IIIIII|T| T

E T T | T T T T T T T T T T T T | T T T T | T T g
- CMS o SSM W' NNLO 3
miss 95% CL limit =

E\ eu+E E
C T - - = = Median expected limit
g_ IIII +1s.d. _§
- +2s.d. .
E E|
=

|
5000

I1000

M,,(GeV)
Limit on SSM W’: ~4 TeV

26



CMS Preliminary 35.9fb" (13 TeV)
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S in di-jets

CMS PAS EXO-16-056
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* Many more new and interesting results from Run 2 which | had
no time to discuss :

In particular:

* Mono-jet, mono-Higgs, mono-V, DM searches, and heavy
fermions, RPV, Vector-Like-Quarks, etc.

e More information on CMS twiki with
CMS Preliminary Public Results
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 Many precise and important measurements from Run2
already available:

— Higgs boson, Top quark and gauge boson measurements

* No signs of physics beyond standard model yet, but
Run2 continues; improved limits on new particles
produced directly can be used to further constrain the
model building |

 The well known open questions still remain!
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S in Semileptonic
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Exotic Particles
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CMS Exotica Physics Group Summary — LHCP, 2016
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*model-Independent

No new physics found at the LHC run 1/run 2 probing the TeV scale
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CMS Preliminary 27 fb' & 36 fb™ (13 TeV

[ —

S in di-jets

DM interpretation for Dirac DM
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ction of VLQ

S PAS B2G-16-019 CMS PAS B2G-17-007

Vector-Like-Quark in many models
T5 /3 pair production, with T->tW decays (Same Sign leptons)
T, 3 single production, with T->Zt decay (Z->ll, t->hadrons) processes with Wb, Zb, Zt possible

35.9 fb-1 (201 6, 13 TeV) T Right Handed X, CMS Preliminary, 35.9 fb™ (13 TeV)
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Limits placed on T2/3 quark mass:

Limits placed on T5/3 quark mass:
Exclusion up to 1.35 — 1.45 TeV depending on the width for left-handed T(b) . . .
Exclusion up to 0.85 —0.95 TeV depending on the width for right-handed T(t) 1.16 TeV (for right handed chirality) with 1.2 TeV expected

For Z->Tt , Exclusion of Z'(T) mass range 1.5-2.5 (0.7-1.5) TeV 1.10 TeV (for leftt handed chirality) with 1.15 TeV expected
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ction of VLQ

S PAS B2G-17-003 CMS PAS B2G-17-007

Vector-Like-Quark in many models
T, 3 pair production, with T->tW decays (semi-leptonic)
T, 3 single production, with T->Zt decay (Z->ll, t->hadrons) processes with Wb, Zb, Zt possible

35.9 b’ (2016, 13 TeV)

35.6(¢), 35.8 () fo' (13 TeV)

g CMS —— Observed —— width/mass = 10% = 1F
2 L . _ sho - .. = QObserved limit (95% C.L.
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Limits placed on T2/3 quark mass:

Exclusion up to 1.35 — 1.45 TeV depending on the width for left-handed T(b)
Exclusion up to 0.85 —0.95 TeV depending on the width for right-handed T(t)
For Z’->Tt, Exclusion of Z'(T) mass range 1.5-2.5 (0.7-1.5) TeV

Limits placed on T2/3 quark mass:
1.30 TeV with 1.28 TeV expected
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