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LHC Schedule & Luminosity
LHC / HL-LHC PI

LS2 14 TeV LS3 14 TeV

energy

injector upgrade Sto 7 X
Tev splice consolidation Cryo RF P4 cryolimit HL-LHC nomlnall
7Tey B8Te button collimators P7 11 T dip. coll. inferaction i luminosity
R2E project Civil Eng. P1-P5 reg|ons installation
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ATLAS - CMS radiation
experiment upgrade phase 1 damage ATLAS - CMS
beam pipes - 2.5 x nominal luminosity upgrade phase 2
o 2 x nom. luminosity —]
75% ; o ALICE - LHCb 1
nominal ROV upgrade =
luminosity
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300 fb" iiegrates
¢ LHC delivered luminosities delivered (in
terms of proton-proton collisions) so far
< Run 1(2011-12) @Vs=7-8 TeV: ~ 30 fb!
** Run 2 @Vs=13 TeV: ~ 67 fb!
% 2015: ~4fb?

+»2016: ~ 40 fb! (updates are mostly
from this dataset)

% 2017: ~ 23 fb!
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CMS DETECTOR CMS DEteCtOr

STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes
Overall diameter :15.0 m
Overalllength ~ :28.7m
Magnetic field :3.8T

SILICON TRACKERS
Pixel (100x150 ym) ~16m* ~66M channels
Microstrips (80x180 pym) ~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

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

N
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Experimental Challenges in Run 2
“* Exceedingly well performance by the LHC also leads to

enhancement of mstantaneous luminosity

CMS Peak Luminosity Per Day, pp

Data included from 2010-03-30 11:22 to 2017-09-11 16:32 UTC

Tg‘ « 2010, 7 TeV, max. 203.8 Hz/ub
= e 2011, 7 TeV, max. 4.0 Hz/nb
= 20 « 2012, 8 TeV, max. 7.7 Hz/nb 20
; « 2015, 13 TeV, max. 5.1 Hz/ub
- 2016, 13 TeV, max. 15.3 Hz/nb .
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¢ In 2016 LHC peak luminosity already exceeded
1x103* cm~sec!

¢ Average number of interactions per bunch
crossing, <u>=27

¢ Detector occupancy/trigger rates enhance
rapidly; necessity to upgrade the detectors/trigger

system to preserve the physics sensitivity
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Pixel Upgrade (2016/17)

n=0 n=0.5 n=1.0 n=1.5
20'7.'. 1 Pixel detector up to 2016
Soale o Pixel detactor in 2017
Upgraded oo s
o 0.5
o
EOA
-
50.0 cm # 503
B
= 0.2
. 0.1
Fold :
: : -3 2 Bl 0 1
: : . . N
: o o o 1=2.0 : Radiation lengths in the 2016
n= n=0. n= :

and 2017 pixel detectors

* Baseline L = 2x103* cm2sec® with 25ns BX = 50 pileup (50PU) with very small efficiency loss

*More Robust tracking : 4 hit coverage; 3 layers/2 disks to 4 layers / 3 disks (can compensate point

losses in strips)

‘Better readout able to run up to 2-2.5x1034 cm2 s! with almost no inefficiency (from hit

loss) or dead time and radiation hard enough to survive Integrated Luminosity of 500 fb!
* Much less material in front of outer Tracker

Inner layer closer to beam = Better primary and secondary vertex resolution
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 Some of the performance metric

Pixel Upgrade (2016/17)

after the commissioning have
been tallied with 2016 detector

— Discriminators for b-quark
identification

— Track residuals in x and z

Vs=13TeV Vs=13TeV @
L CMS Barrel Pixel Layer 2 §50:_CMS Barrel Pixel Layer 2 2
" Preliminary 2017 “Triplet Residuals | EL oy 2017 « Triplet Residuals
- J Student-t function fit ;50 J Student-t function fit
- Track p_ > 12 GeV H ,=1.49:0.88 um E F Track p_ > 12 GeV J U=5.643.18 um
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Level 1 Trigger Upgrade (2016/17)
» Full upgrade of the CMS Level 1 Trigger system

[ ] [ ]
» Calorimeter and Muon Triggers CMS DP-2017/024
_ CMS Prolimnay 221 pb™ (2016) + 63 pb” (2017) (13 TeV) - CMS Proliminary 221 PT',' (2016) + 53 pb" 2017) (13 TeV) CMS proiminay 951" (2016) + 267 pb”’ (2017) (13 TeV)
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<> Optimization of Electron/photon triggers at Level 1
<> Better energy resolution & sharper turn-on curves
<> 20% reduction in e/y trigger rate and 15% gain in trigger efficiency

<> Improvement in Level 1 muon track finding, Level 1 muon momentum
resolution & trigger efficiency

<> Lowest unprescaled muon threshold of 25 GeV in 2017 dataset
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CMS Operations in 2017

1 Overall data-taking efficiency
(till September, 2017) >85%

dSome inefficiencies
accumulated due to the
Upgraded Pixel
commissioning

d Peak luminosity already
reached 1.7x103% cm~2sec?

(] Steady operations already led
to >20 fb! dataset on tape

J Extensive physics analyses
with 2017 dataset are yet to
be started
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CMS Peak Luminosity Per Day, pp, 2017, vs = 13 TeV

Data included from 2017-05-23 14:32 to 2017-09-11 16:32 UTC
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CMS Operations in 2017 -II

L=3.9f" (Vs =13 TeV, 2017)

10
> 10 Trigger paths
8 .F CMS .
= 10 Preliminary B Jy | CMS DP-2017/029
N . '
£ 10°E %
) = X
> 7L Y I low mass double muon + track
LU 10 5? double muon inclusive
108 » Z
10°
10*E
10° ; SM dimuon resonances re-established in 2017 dataset
= selected through the muon triggers.
B | | | L1 1 I | | | | l L1 1 | | 1 | | 1 1 1 I
1 10 10°

utu invariant mass [GeV]
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Physics Highlights

<> Most of the Run 1 legacy results are already published

< Very few selected analyses/search results (most recent)
are shown here

<>Based on Run 1 (2012) or Run 2 (2016) datasets
<> Standard Model (SM) QCD & Electroweak results
<> Top quark Physics
<> Higgs Physics
<> Beyond the SM (BSM)/New Physics (NP) Searches
<>Search for Supersymmetry (SUSY)
<-Search for Exotic Resonances
<>Dark Matter Searches

LC2017@Mumbai, September 18-22, 2017 Prolay Kumar Mal

11



, O [pb]
o o o o
N w [ [$)]
_I'I'I'I'I'I'I'I'l ||||||'|'|'| ||||||'|'|'| ||||||'|'|'| |||||||'|'| ||||||'|'|'| |||||||'|'| ||||||'|'|'| |||||||'|'|_|'|'|'|l

Production Cross Section

—h
S <
w N

SM Measurements vs Predictions

August 2017

CMS Preliminary

Theory prediction
L L

EN'

—
o —_
L =2 o

—h

Electroweak @ | §$§ N
——— —

@ 7 TeV CMS measurement (L < 5.0 fb™)

@ 8 TeV CMS measurement (L < 19.6 fb™)

@ 13 TeV CMS measurement (L <35.9 fb™)

R : Z CMS 95%CL limits at 7, 8 and 13 TeV
Remarkably good agreement between theory and measurements

Yesterday s Slgnal process turns |nto ,a background for today S: NP search
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All results at: http://cern.ch/go/pN;j7
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QCD o, Measurement

* . (M,) extracted from the fit of ratio of cross-sections (3-jets over 2-jets events)

CMS JHEP 03 (2017) 156
@ 0.241— —— CMS Incl.Jet, Vs = 8TeV, ag(M) = o.1164*_g-ggjg
= Z —e— CMS Incl.Jet, Vs = 8TeV '
0.22— —=— CMSR,,, Vs =7TeV
— | —4— CMS Incl.Jet, Vs =7TeV
0.2— —»— CMStt, (s=7TeV
— CMS 3-Jet Mass , Vs = 7TeV
0.18— —o— DO Incl.Jet
[ DO Angular Correlation
0.16— H1
— —a— ZEUS
0.14 — World Avg ag(M) = 0.1185 = 0.0006
0.12—
0.1
0.08—
: | | 11 1 | | | | | | 1 1 1 | | | | | | 1 1 1 | |
678 10 20 30 40 100 200 30 1000 2000
Q (GeV)
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QCD jet production

* Azimuthal angular correlation in high
transverse momentum dijet events:
normalized cross-section measurement
vs azimuthal angles

— Needs improvement in NLO event

generator modeling

" 35.9 fo' (13TeV)
" 10 CMS
3 10" Preliminary
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0 600 < p™ <700 GeV (x10%
1012} 4 700<p]™ <800 GeV (x10%)
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CMS anti-k, R=0.4 —— PH-2J + PBCUETM1
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Electroweak Gauge Coupling

»* Diboson & W/Z+jets production processes are studied in detail

*¢* Vector boson scattering (VBS) is the ideal probe for studying the
Electroweak sector

*¢* First 5.50 observation

for WWijj

processes in same-sign charged
leptons+MET+jets signature

35.9 b (13 TeV)

n - T T

T --e-Data —fr, / A =042 TeV*

gD 150 [ Ewww .t /A -061 Tev 7]

[ wz
L . Non-prompt N\ Bkg. unc.
100 | Others CMS
W Preliminary
AN

200

CMS-PAS-SMP-17-004
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m, [GeV]

** First measurement of VBS for ZZjj
processes in fully 4 lepton final
state with a observed (expected)
S|gn|f|cance of 2.7(1.6) o

35.9 fb (13 TeV)

o[ CMS
18]
16/~
14}
121
10}

Events / 0.04

0.2 0.4

22 | I T T T

|
- Data —
W ZZj EW
WMoy > ZZ 4
qq —»> ZZ —
[ttZ, WWZ i
B Z+X

m; > 100 GeV

0.6 0.8 1

BDT output

arXiv:1708.02812 [hep-ex]
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Electroweak Measurements

May 2o|17 - (IJMS Fl’rellimilnafy
CMS EWK measurements vs. 7 TeV CMS measurement (stat,stat+sys)  +—+o—
Theory 8 TeV CMS measurement (stat,stat+sys)  +—+—e——i
13 TeV CMS measurement (stat,stat+sys) +—+—e——
qgW et 0.84 +0.08 +0.18 19.3fb™
qqZ — — 0.93+0.14£0.32 5.0fb"
q9Z b 0.84 +0.07 +0.19 19.7 fb™
qqZ e 1.02+0.03+0.10 3591b™
yy—=WW | : . 1.74+0.00 £0.74 19.7 b’
qgqWy — 0 — 1.77 +0.67 £ 0.56 19.7 fb™
ss WW +——e—— 0.69 £ 0.38 +0.18 19.4 fb
ss WW e 0.90 £ 0.16 £ 0.08 35.9 fb™
qqZy — 0 — 1.48 +0.65+0.48 19.7fb"
qqZZ — . — 1.38 +0.64 +0.38 359fb
Al resulfs at; . 1 Proéuction Cross3 Section Ratfo: O.p! O -
http://cern.ch/go/pNj7 exp theo
https://twiki.cern.ch/twiki/bin/view/CcMSPublic/PhysicsResultsCombined
LC2017@Mumbai, September 18-22, 2017 Prolay Kumar Mal 16



Electroweak Diboson Production

March 2017 CMS Preliminary
CMS measurements 7 TeV CMS measurement (stat,stat+sys) +——+—o——
vs. NNLO (NnLO) theory 8 TeV CMS measurement (stat,stat+sys) —+—e—+—i
13 TeV CMS measurement (stat,stat+sys) —+—e——
Y | o = 1.06 £+ 0.01+0.12 5.0 fb™
Wy, (NLO th.) i o = 1.16 £+ 0.03 +0.13 5.0 fb
Zy, (NLO th.) b 0.98 +0.01+0.05 5.0fb™
Zy, (NLO th.) — 0.98 +0.01+0.05 19.51fb™
WW+WZ — —5 — 1.01£0.13 £0.14 4.9fb
WW —_ — 1.07 £+ 0.04 + 0.09 4.9 b
WW ——te— 1.00 £ 0.02 + 0.08 19.4 fb™
WW — e — 0.96 = 0.05 = 0.08 2.3 fb™
Wz - 1.05 + 0.07 + 0.06 4.9 fb™
Wz ———— 1.02 £ 0.04 £ 0.07 19.6 fb™
Wz — e 0.80 =+ 0.06 + 0.07 2.3 fb™
77 o 0.97 +0.13 + 0.07 4.9 fb™
Y4 ———— 0.97 + 0.06 + 0.08 19.6 fb™
Y4 — . — 1.10 £ 0.04 + 0.05 35.9 fb’
Al resits at: 1 Production Cross Se1c'?ion Ratio: o../0 -
http://cern.ch/go/pNj7 : exp theo

https://twiki.cern.ch/twiki/bin/view/cMSPublic/PhysicsResultsCombined
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LHC: The Top Factory

o
v Tevatron combined 1.96 TeV (L < 8.8 fb" ) A 1
= | v CMS dilepton i+jets* 5,02 TeV (L=27.4pb") CMS Preliminary July 2017
c m CMSeu7TeV(L=5f")
[e) O CMS l+ets 7 TeV (L=2.3fb™)
=1 3 v CMSalljets 7 TeV (L = 3.54 fb" )
O 10°F o CMseusTev(L=1971"
(] E 4 CMSl+ets8 TeV (L=19.6fb"),
%] C ¢ CMSalljets8 TeV (L=18.4fb" )
(7)) T O CMSeui13TeV(L=43 pb 50 ns)
(7] m & CMSew13TeV(L=221b"
o % CMS l+jets* 13 TeV (L =42 pb 50 ns) 1000+ E
) A CMS l+jets 13 TeV (L=2.2fb" )
e ™ % CMSalljets* 13 TeV (L=2.53b™)
- * Preliminary L
(] 2
> 107 800r :
U) — T S RTOTY USON P
=) C I
(&) - l
£ L 600—. NNPDF3.0 .MMHT14—
L E=== NNLO+NNLL (pp) :.Cm [Jaswz
E=——— NNLO+NNLL (pp) P S e
1 0 | Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 13 VTS [TeV] —
- NNPDF3.0, m, =172.5 GeV, (M) =0.118 = 0.001 [* (M,)=0.113] J
C I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1

8 10

1 I 1
12

4
Vs [TeV]

R

R Rare processes like ttbar+X can be probed 3
«5  ttbar+W @5.50, tthar+Z @9.9¢ )
10°
CMS-PAS-TOP-17-005
@3 ttbar+bb and ttbar+bb/ttbar+jj processes _
arXiv:1705.10141[hep-ex]
3 ttbar+y production 1
arXiv:1706.08128[hep-ex]
3 tZq production @ 2.40 10°
JHEP 07 (2017), 003 0

&R Probing rare decays (FCNC/BSM)
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ttbar production at a rate of 50 Hz
(for instantaneous luminosity of
1034 cm2sec™)

©3 90% (gg) and 10% (qqbar) at
Vs=13 TeV pp collisions

P ' ' ' ] |
Single top-quark production

Inclusive cross sections H

tW (pp or pp) |

s-channel (pp)

s-channel (pp)

-

NLO+NNLL, PRD 82, 054018 (2010)

CMS, PRL 110, 022003 (2013)
CMS, PRL 112, 231802 (2014)

" NLO+NNLL, PRD 81, 054028 (2010)

NLO+NNLL, PRD 83, 091503 (2011) &

v Tevatron, arXiv:1503.05027 [hep-ex] L]
A CMS, JHEP 12, 035 (2012)

= CMS, JHEP 06, 090 (2014) v Tevatron, PRL 112, 231803 (2014)
® CMS, arXiv:1610.00678 [hep-ex] = CMS, JHEP 09 (2016) 027
| 1 1 1 1 | | 1 1 1 1 1
2 3 4 5 6 7 8 9 10 11 12 13 14
Vs [TeV]

18



I> 1 | Ol ©
& 107 % parton level —gg;[NHEG P8 i-lo  05F
bTuQ»— i + NNLO :
2”107 B
: 0.3}
10°F E 0.2
0.1F
104? » = 3

R T
14" Stat+syst

8|@ 1y AN 3T
=~ os EP os
06| IIIlllJlII]|||1|IIII|J|||l|||l|||l|||l||[ 06

Top Differential Cross-section

& Normalized cross-section measurement in dilepton channel

< Measurement as functions of kinematic properties of lepton, b-jet, top and
anti-top (both particle and parton level)

R Comparison with NNLO & NLO+NNLL calculations

21 fb (13TeV)

RN AR RN RN RN
. CMS

+ Data wnh stat+syst

0.6

0 50 100 150 200 250 300 350 400 450 50

Pl [GeV]
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arXiv:1706.07638[hep-ex]

2.1 fb (13Tev)

2.1 fo (13Tev)

||||||||||||||||||||||||

¢ Data W|th stat+syst

FT
- CMS

™
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© i tat
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CMS-PAS-TOP-16-022

Top quark Mass

CMS Preliminary

May 2017

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 fb’’

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

CMS 2012, dilepton
This analysis, 19.7 fb”'

CMS 2012, all-jets
This analysis, 18.2 fb”'

CMS 2012, lepton+jets
This analysis, 19.7 fb!

CMS combination

I I I I
———
————
——
——
o
@

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) ro@e
arXiv:1407.2682 174.34 = 0.37 = 0.52 GeV
(value = stat + syst)
World combination 2014 il
ATLAS, CDF, CMS, DO 173.34 = 0.27 = 0.71 GeV
arXiv:1403.4427 (value = stat = syst)
| | | | | | | | | | | | | | | | | | |

Precision on ton mass <0.3%

b hadron lifetime
TOP-12-030 (2013)

Kinematic endpoints

EPJC 73 (2013) 2494 ®
b-jet energy peak o
TOP-15-002 (2015)

Lepton+J/¥ o
JHEP 12 (2016) 123

Lepton+SecVix ®
PRD 93 (2016) 092006

Dilepton kinematics o
TOP-16-002 (2016)

Single top enriched o
arXiv:1703.02530 (2017)

CMS tt+ shape, 8 TeV e .
TOP-13-006 (2016)

o(tt) 7+8 TeV ®
JHEP 08 (2016) 029

CMS 7+8 TeV (2015) @
PRD 93 072004 (2016)

World combination

ATLAS, CDF, CMS, DO S

arXiv:1403.4427 (2014)
| | | |

173.90 = 0.90 *170 , ./ Gev
172.29 + 1.17 = 2.66 GeV
173.50 = 3.00 = 0.90 GeV
173.68 = 0.20 +198 | .- GeV
171.70 = 1.10 *268 , ' GeV
172.60 = 0.77 *097 ) o0 GeV

169.90 = 1.10 *438 . o GeV

172.44 = 0.13 = 0.47 GeV

173.34 £ 0.27 = 0.71 GeV

m, [GeV]

!
160

170

180 190

m, [GeV]

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOPSummaryFigures
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Higgs Production (Discovery channels)

s New measurements at Vs=13 TeV using H>ZZ*->4l and H->yy

+* Small branching ratios -- 0.013% (41) and 0.23%(yy) ; ,CMS Pproiiminary 35.9fb"(18TeV)
; < -
+* But Higgs boson can be fully reconstructed. 18 5
. . . . [<2
«* Measurements are consistent with the SM predictiol 1s 8
CMS Preliminary 35.9 fb (13 TeV) 14
> L | L I LI I LI | T T 17T | L | LI I L 6
[} C Hoyy , ] 1o
(D14000— 2, ~ All categories - :
© CM=1254 GeV, =116 o pl e : | 4
2120007 ¢ Data
o C S4B fit CMS-PAS-HIG-16-040
10000
L C ] 2
Xo) . B component i 0.6
D 80001 N EaKe . 0.4
b= - ] .
-% 6000 [+20 - 04 06 08 1 12 14 16 18 X 0
240003— —f 5 M : e
+ C ] 8 100— + Data —
¢ 2000~ -0 ¥ [ [ H(125) ]
(7) L o §2] = ] qa—2z, zy* i
ol L1 L1 AN R A AN ENE BN RN AN A R CICJ 80 - 0922, Zy* —
: : : : L1>J B B z+x i
600;_ B component subtracted_i sol .
400 = B arXiv:1706.09936 [hep-ex]
200 = a0k ]
0 i ]
~200 SR - o0l N
100 110 120 130 140 150 _ 160 _ 170 _ 18 - 1
m,, (GeV) 0780 100 500 700 900
m,, (GeV
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Higgs mass & Production cross-section

+* Results from the Gloden channel H>2Z2*->4l
¢ Fiducial cross-section measurement as a function of Vs

“* Mass measurement using ggH, VBF & VH: m,=125.26+0.20 (stat)+0.08 (syst)
GeV, comparable with world average 125.09+0.21 (stat)+0.11 (syst) GeV

-2 AlnL

—— Combined
------ Combined (stat. only)

0
. ;\g\?i\%:*\
4\&\_ -
se88”

8 CMS 35.9 fb-1 (1 3 Tev) N TTTT I T |5|'1| |‘I:|b_|1 |(|7 |-|:e|\|/)|’ |1|9|.|7|f|b|_1| (|8| -lrleY|) ,l |3|5.|9| .|fb|_: $1|3| I-rlel\{)l
[ T 17T T T1TT LI UL T 1T | T T EI T E I 1T T ] Q — —
: . £ 6 cMms E
7 b-g E ¢ Data (stat. ® sys. unc.) E
6 N | 5 N Systematic uncertainty ]
- : i &\\\% Standard model i
5 '; | . 4 - LHC HXSWG YR4, m =125.09 GeV B
C ] - < ]
74 Y e WS SO A 3 S~
3F — 2e2u — ol ]
L —— 4e ] B . ]
2r : — - S .
N ] 1 _|

/ ] pp > (H—-4l)+X
E il il VAV OT...|.H||....|....|Hulm.|....|....1111,1,..T
120 121 122 123 124 125 126 127 6 7 8 9 10 1112 13 14
my, (GeV) arXiv:1706.09936 [hep-ex] s (TeV)
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H—>Ttt & H —>WW [cusrrsnicieon

arXiv:1708.00373 [hep-ex]

35.9 fb' (13 TeV) CMS Preliminary L =15.2/fb (13 TeV)
U)107||||I|||lllllllllllllllllllllg jﬂ :'l"""l"'l"'l'
< — . . S 6000 ' Non-prompt
O CMS 1 g = —¢— (Obs. - bkg.)/bkg. LG>J - ww
Lﬁ 10 19F — (H11)/bkg. - - VVV T VZiytly

1 Bkg. unc./bkg. Q 5000 Higgs —+— Data
10° gg < - Systematics
+L._‘_._|-.—-—F 03 ‘T 4000
. — N T . = C
10 -1 5 m C
Iog10(S/(S+B)) a 3000 —
1 3 —
0 2000—

—
o
n

t
povonnd vl vved v vl vl vl vl e

3 E
EE -+— Observed "W I - : 1000 _i
10:E H L B oaag _E
E e — Hot (u=1.09) ‘ g 12 =
e g1 e . * ¢ g
= Bkg. unc. s 08 E 3
- S 06 F ‘ , , .4

10—1_3 L1 1 1_21.5l 11 l_I2 11 1 1_1I.5l L1 | _|1 11 _0.5 0 20 40 60 80 100
log, (S/(S+B)) mice

- Tau semi-hadronic & leptonic decay - H-WW—evuv
channels

- dilepton channel

+ Excellent CMS tau tagging - ggH, VH, VBF production channels

- 4 final states (eu, et , ur, TT )
- 3 categories (0 jet, \/hBF, Boos{bed)

- 4,90 (4.70 expected) Run 1,2 combined: - 4.30 (4.10 expected)
10992756 X o5y 5.90 (5.90 exp) - 1.05+£0.26 x ogy,
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Strong Evidence

for H->bb

<> Maximum BR but highly suppressed by QCD multijet background

<> Vector boson associated production considered for QCD

108

Entries

10° &=

104

103

10?2

10

—~1.5

Data/MC(B

LC2017@Mumbai, September 18-22, 2017

""""" [
= CMS + Data

Preliminary
is = 13TeV, L = 35.9 b’ -VZ(bB)

—— VZ(bb)

Bkg. uncert.

PY Background »

ZH(bb)
L= 09%05
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n= +0.7

o
)
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-
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.o
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III| IIIIIIIII L 111 | IIIIIIII| IIIIIIIl| IIIIIIII| IIIIIIII|
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3
Best fit u

T

CMS-PAS-HIG-16-044
<> VH signal: 2 b-tagged jets +
0, 1 and 2 leptons + MET
respectively to target
Z(vv)H(bb), W(lv)H(bb) and
Z(I1)H(bb) processes

For m,;=125 GeV, Run 1+
Run 2 combined local
significance

<>3.8 0 (3.8 o expected)

f<> Measured Signal strength

0.5L

< U=0/0g=1.06"731 4 5

4 35 3 25 2 15 -

05 _ 0
Iogm(S/B)
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Search for SUSY (Strong Production)

2SS/ 3L + jets

OL + 2-6 jets , 1L+ jetg

q

Squark/gluino production with final
state signature: jets+ MET + n leptons

Experimental searches categorized
based on final state and the kinematic
variables sensitive to SUSY

A\

No evidence in 2016 dataset

\ 7

Limits on gluino mass >2 TeV at 95% CL
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSusS
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Search for SUSY (Electroweak Production)

CMS-PAS-SUS-17-004

Electroweak chargino & neutralino production

Statistical combination of multiple analyses
- multi-lepton, low p dileptons, OS&SF dilepton,

WH, Razor H—=~~, H+MET
Optimized >3l search for m(x,?) - m(x,') = m(Z)

Model of x*, - x°, production

Events

Data / pred.

LC2017@Mumbai, September 18-22, 2017

different x°, decay scenarios

CMS Preliminary 35.9 b (13 TeV)
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Summary of SUSY Searches

Selected CMS SUSY Results* - SMS Interpretation ICHEP '16 - Moriond '17
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Search for Exotic Resonances
JHEP 02 (2017) 048

Ooses BG,,, — Z2) [pb]

2.2 fb" (13 TeV)
a L R DL B B L L .
g2 'cMS o » Most generic search strategy -- look for an
~~ 10:— _— serve = . . o .
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Summary of Exotic Resonances, Extra-Dimension
B 13Tev [_]8TeV
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https://twiki.cern.ch/twiki/pub/CcMSPublic/PhysicsResultsCombined/exo-1imits_ICHEP_2016.001.png
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q

Indirect searches

Axial-vector interactions

Mediator

(5

Dark Matter Searches

b

o]
Mediator <
d

direct searches

Vector and scalar interactions = spin-independent (SI) DM-nucleon interactions
— spin-dependent (SD) DM-nucleon interactions

https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsEX0O/DM-summary-plots-Jull?7.pdf

Various final states with and w/o DM with mediators (vector, axial-vector, scalar pseudo-scalar)

CMS Preliminary LHCP 2017
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CMS Publication Profile

Showall | Total = Exotica | Standard Model | Supersymmetry = Higgs | Top Physics

Heavy lon B Physics \ Forward Physics Beyond 2 Generations ‘

650 collider data papers submitted as of 2017-09-03

110 1
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Summary & Conclusions

<>The 2016 dataset have mostly been explored leading
to numerous quality publications from CMS

<> With the onset of LHC Run 2, the precision on SM
measurements have reached to a new era

<>Very crucial for probing SM predictions as well as
for background estimation in New Physics searches

<>The observed Higgs boson is very SM-like

<>Observation of H->tt and strong evidence for H->bb

<>No evidence for BSM physics!

<~More stringent Exclusion limits are set

http://cms-results.web.cern.ch/cms-results/public-results/publications/
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LHC Outlook (Run Il & beyond)

LHC / HL-LHC Pla pljSvan

LHC o HL-LHC

LSt 14 TeV 14 TeV

13 Tev —————— ©TCTQY
splice consolidation injector upgrade limit g(;?n;él
cryolimi . ninal,
7Tey 8TeV button collimators i L ‘F;i'; o interaction Sl luminosity
R2E project Civil Eng. P1-P5 regions installation
g. P1-P5 _\
2 | 202 | 2013 | 201 | eot6 | 2016 | 2017 | 2018 | 2018 | aoe0 | 2021 | 2022 | 20m | 202 mmlllllllw
ATLAS - CMS radiation
experiment upgrade phase 1 damage ATLAS - CMS
beam pipes o 2.5 x nominal luminosity upgrade phase 2
o 2 N t —
75% nominal luminosty 2o Wminosty, - ALICE - LHCb -
nominal upgrade

luminosity
: [ 30 1 | 150 o | 300 fb" 3000 fb" [l

<> LHC Run Il at Vs=13 TeV began in 2015; It is the beginning of a long journey
<> CMS has very robust upgrade plans for different phases of LHC luminosity
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LHC Outlook (Run Il & beyond)

Lumi (fo™")
A
3000 -

Courtesy: G. Dissertori

300 -
30

Now LHC Run IlI HL-LHC

<> LHC Run Il at Vs=13 TeV began in 2015; It is the beginning of a long journey
<> CMS has very robust upgrade plans for different phases of LHC luminosity
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