B H /)
CMS,
€ INFN
/ \ Istituto Nazional
s \ di Fisica Nucl
‘JJ \ | Sezione di Bologna

Latest CMS results (@ 13 TeV

Simranjit S. Chhibra (INFN - Bologna)
on behalf of the CMS Collaboration

(Aperitivo scientifico - Bologna, 8 April 2016)

https://agenda.infn.it/conferenceDisplay.py?confld=10726

simranjit.singh.chhibra@cern.ch


https://agenda.infn.it/conferenceDisplay.py?confId=10726

Outline >

* The CMS experiment
* Introduction to “particle physics” data analysis
* CMS 13 TeV results for
e diphoton resonance searches: excess @ 750-760 GeV
* heavy gauge boson searches
e dark matter searches
e Higgs boson precision measurements
 Summary/2016 physics plans
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The LHC @ CERN
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The CMS Experiment

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter : 15.0 m Pixel (100x150 pym) ~16m* ~66M channels
Overall length ~ :28.7m Microstrips (80x180 pym) ~200m? ~9.6M channels

A Magnetic field :38T

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
n = —Intan -

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

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels
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Particles’ signature in CMS
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The CMS Collaboration >
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Introduction to particle physics data analysis: real example |
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Introduction to particle physics data analysis: real example |
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e Data analysis is essentially an attempt to make sense of data events on the
true basis
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Introduction to particle physics data analysis: real example |
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e Data analysis is essentially an attempt to make sense of data events on the
true basis
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Physics problem

- Theoreticians

Experiment(s)
-
o W

EW singlet extension of SM Data vnts

Search for another particle
who shares the signal strength,
W, with 125GeV Higgs:

Data analysis:
Higgs 125 GeV properties
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CMS 13 TeV dataset

CMS Integrated Luminosity, pp, 2015, Vs = 13 TeV

Data included from 2015-06-03 08:41 to 2015-11-03 06:25 UTC
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Good for all: 2.2 fb!
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T T T T 1 4-5
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Increased reach @ 13 TeV

Cross section ratios: 14 (13) TeV / 8 TeV
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Search for high-mass diphoton resonances
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Introduction >

Motivated by several theories beyond the SM:

* spin-0 SM extensions, spin-2 Randall-Sundrum
(RS) model of extra-dimensions (graviton search)

* 100s of phenomenological papers in arXiv &)

Two high-pT photons:

* reconstructed as high energy deposits in EM

calorimeter Af’
* jsolated: no additional activities in the direction 7/
of the two photon candidates d '"

Backgrounds: irreducible yy and reducible yj and jj

Search for localised excess of events in the diphoton
invariant mass spectrum, from 500 GeV to 4.5 TeV

Three width scenarios: I‘/mw = 1.4e-4 (narrow),
1.4e-2 and 5.6e-2 (wider)
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Diphoton event

m,, = 745 GeV
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Diphoton 1invariant mass spectrum
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* Analysis is performed in two categories: barrel-barrel (EB-EB) and barrel-

endcap (EB-EE) to increase the sensitivity
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Upper limits

CMS Preliminary

3.3fb" (13 TeV)
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p-values

» Largest excess is observed for my = 760 GeV and for width = 1.4e-2

e Local significance: 2.80 for spin-0 and 2.9¢ for spin-2

* Global significance < 1o

CMS Preliminary
o N s
101
102 spin-0
- m=14x10%J=0 N~
10°E  — Combined
F e 0T 0.6 fb™
S 3.8T2.7fb"
10-4 1 5 ! 5 | 5 L 5
5x10 6x10 7x10 8x10
ms (GeV)
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p-values (13 TeV + 8 TeV) \@S

W <

D T

» Largest excess is observed for my = 750 GeV and for width = 1.4e-4)
e Local significance: 3.40 for spin-0 and spin-2
e Global significance = 1.60

331" (13 TeV) + 19.7 o™ (8 TeV) CMS Preliminary 3.3fb" (13 TeV) + 19.7 b (8 TeV)
AT A A & N\ 7 AL A
107 7L
102 spin-2
i r 4
N E— metaxioty2 § 30
10 = —— Combined v
. ---- 8TeV
- ~-e- 13TeV
104~ ; ' ' 104~ : > : :
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Aperitivo scientifico - Bologna, 8 April 2016 Latest CMS results @ 13 TeV 19



Search for heavy gauge bosons
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Heavy gauge boson, Z’, decaying to a pair of
leptons

* spin-0 sequential standard model (Z’,,)
and super-string inspired Z’¢ models

Clean signature of two same flavour lepton
candidates with very low background at high-
mass

Search for localised excess in dilepton invariant
mass spectrum, up to 5TeV

Highest mass events:
e Muon - 2.4 TeV
e Electron-2.9 TeV

p-value to observe at least one event in the
range m(ee) > 2.8 TeV is 3.6% (> 20)

Events / GeV

Events / GeV

5 2.8fb" (13 TeV)
10 T I T T T T T T T T | T T
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102 ] Jets
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1
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1078
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10°° : T
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108 2.6 (13 TeV)
04 o ! " CMS
1 03 \il Y/;ti oo Preliminary
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1
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10—6 1 1 1 | 1 1 1 1 1 1 I
70 100 200 300 1000 2000
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Dimuon event

CMS Experiment at the LHC, CERN
Data recorded: 2015-Oct-30 19:23:54.631552 GMT
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Upper limits >

* Three width scenarios: 0%, 0.6%(Z’,,) and 3%(Z’¢)
Z'ss\ Of mass below 3.15 TeV and Z’,, of mass below 2.6 TeV are excluded

26" (13 TeV ee) + 2.8 b (13 TeV, up)
LRI L L L L L L L L L L
—— obs, width = 0%
——— obs, width = 0.6%
—— obs, width = 3%
------ median, width = 0%
------ median, width = 0.6%
------ median, width = 3%
Z'sgy (LOX1.3)
Z'og (LOX1.3)

104 e
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~
e
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I IIIIII|
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W’ -> uv, or eve
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Dijet search

TS X T8

Q.9

Motivated by string resonances, spin-0 diquarks, axigluons and
colorons, excited quarks, color-octet scalar and W’s models

Signature of two high-pT (leading) jet candidates with very low
background at high-mass: ZjetPT(jet) > 800 GeV (or a jet with p, >

500 GeV)

Backgrounds: irreducible dijet, reducible lepton + jets

Search for localised excess in dijet invariant mass spectrum, from

1.5to 7TeV

Highest mass events: 6.14 TeV
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Latest CMS results @ 13 TeV
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Q.9 Q.9

Dijet search

do /dm, [pb/TeV]
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Diyjet event @ 13 TeV

CMS Experiment at the LHG, CERN
Data recorded: 2015-Oct-12 00:26:27.312886 GMT
Run/ Event /LS: 258749 /549864773 / 355

highest mjj = 6.14 TeV
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Search for dark matter
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Introduction

» Cosmological observations prove that around 85% of
matter component of Universe is composed of dark

matter (DM)

e Currently the most popular candidate is a weakly
interacting massive particle (WIMP), i.e. a particle with
weak interactions and masses roughly above the

proton mass

e Dark matter detection at colliders: produce DM
particles by colliding SM particles at high energy
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jet(s) + large missing Etevent

y ERN CMS Experiment at LHC, CERN
520:41:32 2012 C l Data recorded: Fri Oct 520:41:32 2012 CEST
Run/Event: 204553 / 26729384
Lumi section: 31
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Higgs boson precision measurements
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Higgs -> 77" -> 41

CMS Preliminary
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* Local significance for m, = 125.09 GeV:
* observed: 2.50 (6.50 for Runl @ 125GeV)
o expected: 3.40 (6.30 for Runl @ 125GeV)
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Higgs > yy >

* Local significance for m, = 125.09 GeV:
* observed: 1.70 (5.60 for Runl @ 125GeV)
o expected: 2.70 (5.30 for Runl @ 125GeV)
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Higgs properties measurements .
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Summary/2016 physics plans

A large number of interesting results have been produced by CMS @ 13
TeV, and a few of them have been presented today

An excess has been observed in diphoton resonance searches, around
750-760 GeV

Dijet resonance search is being performed using the data collected by
“data-scouting” algorithm@ 13 TeV

It is an exiting possibility at CMS to investigate this excess further, using
new data that will be collected in 2016

Other possible decay channels such as Zy, ZZ etc. will also join this
marathon

No any excess has been observed in any of the other BSM high-mass
resonance searches, and exclusion limits have been set

* Searches will continue using 2016 data
Exclusion limits has been set on the dark matter masses
* Search will continue using 2016 data

Higgs boson precision measurements have been performed and results
are found in agreement with SM

* Measurements will continue using 2016 data
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Upper limits for diphoton search @ 8TeV =
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Diphoton upper limits for different widths (B = 3.8T + 0T)
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Diphoton upper limits (B = 3.8T)

* RS graviton of mass below 1.3, 3.1 and 3.8 TeV are excluded for I‘/mw =1.4e-4,
1.4e-2 and 5.6e-2 respectively
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Zy invariant mass spectrum >
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Upper limits for Zy
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Statistical analysis >
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