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Higgs found, hooray!

» ’Last piece of Standard Model’ found at CERN in 2012
» Studies with 2013 run show no deviance from SM
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» ...but SM is far from being the whole picture!
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So what else could there be?
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So what else could there be?
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So what else culd there be?
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Accessible by dijet resonance search:

» Excited Quarks » Z Bosons » Color Octet Scalars
» Scalar Diquarks » W’ Bosons » Axigluons/Colorons
» String Resonances » RS Gravitons » (Dark Matter)
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The Compact Muon Solenoid Experiment

» 15x30m multipurpose experiment » 3.8T magnetic field
» Accurate muon chambers & ECAL » Particle Flow evt reco

CMS DETECTOR

MUON CHAMBERS
‘Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
ips: 468 C: i, 432 ci

PRESHOWER
Silicon strips ~16m” ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
............ lating PBWO, crystals

HADRON CALORIMETER (HCAL)

Brass + Plastic scintillator ~7,000 channels
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CERN

T ATLAS
Point 1

LHC - B
sPoint 8
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Jets in CMS

» Quarks confined -> hadronization

Seen as showers of hadrons that we call jets
Individual particles reco’d by Particle Flow
Tracks clustered to anti-kr R=0.4 jets
Elaborate energy calibration needed

In dijet search re-clustering to R=1.1 WideJets
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Parton level

\ Particle Jet Energy depositions
P in calorimeters
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Dijet Resonance Search
Look at collision events with dijet topology:

Resonance Signal

-
P

» Use back-to-back events to search for resonances

» Use R=1.1 Widedets to catch FSR
» Use dijets close to xy-plane to reduce QCD bkg (An<1.3)
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Analysis Strategy

1. Collect invariant mass values of dijet events to histogram
2. Determine where chosen jet trigger is 100% efficient

3. Fit data with QCD-inspired fit

4. Look for excess above the fit

/]

( . HELSINKI INSTITUTE OF PHYSICS ‘ A!
A
- UNIVERST SN0 S ce

cms, | | Spatind 2016 — Nordic Conference on Particle Physics
| (CERN Juska Pekkanen, juska@cern.ch
| \ /) January 3, 2016

1119




Motivation for Dijet Analysis

» Simple yet powerful
» Exceptional discovery potential

» Access to O(10 TeV) resonances! 9 o reiernce (ATLAS) 1
» Only 100 pb~" of data equals Runf

q* cross-section

— High-priority CMS Early Analysis
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Results

CMS-EXO-15-001

Search for narrow resonances decaying to dijets in
proton-proton collisions at /s = 13 TeV

5

1

The CMS Collaboration(]

Dec 20

”
5

Abstract

A search for narrow resonances in proton-proton collisions at \/s = 13TeV is pre-
sented. The invariant mass distribution of the two leading jets is measured with the
CMS detector using a data set corresponding to an integrated luminosity of 2.4 .
The highest observed dijet mass is 6.1TeV. The distribution is smooth and no evi-
dence for resonant particles is observed. Upper limits at 95% confidence Level are
seton the production cross section for narrow resonances with masses above 1.5 TeV.
When interpreted in the context of specific models, the limits exclude string reso-
nances with masses below 7.0 TeV, scalar diquarks below 6.0TeV, axigluons and col-
orons below 5.1TeV, excited quarks below 5.0 TV, color-octet scalars below 3.1 TeV,
and W' bosons below 2.6 TeV. These results significantly extend previously published
limits.

1512.01224v1 [hep-ex]

Submitted to Physical Review Letters

arXiv

d

World’s ist public new physics search result at 13 TeV
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Results

95% CL upper limits
—— Observed
Expected
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Results

5 241" (13 TeV)
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Results

Narrow Mass Limits (TeV)
Resonance CMS Run 1 (20 fb?) CMS Run 2 (2.4 fb)

Model Observed | Expected | Observed | Expected
String Resonance (S) 5.0 4.9 7.0 6.9
Scalar Diquark (D) 4.7 44 6.0 6.1
Axigluon (A) / Coloron (C) 3.7 3.9 il 5.1
Excited Quark (g*) 3.5 3.7 5.0 4.8
Color Octet Scalar (S8) 2.7 2.6 2l 3.3
Heavy W (W) 1.9, 2.0-2.2 2.2 2.6 2.3
Heavy Z (Z) 1.7 1.8 - -
RS Graviton (G) 1.6 1.3 - --

Giulia D'imperio
» Run 1 limits exceeded for 6 models
» Atlas Run 2 dijet result has similar limits
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6.4 TeV Dijet Event

Jet1,
pt=2.88TeV
eta =-0.364
phi=1.915

CMS Experiment at LHC, CERN

Data recorded: Mon Oct 12 2015 EEST,
Run/Event: 258749 / 549864773
Lumi section: 355

Dijet Mass: 6.14 TeV
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Conclusions

» Dijets a probe for various BSM phenomena in a
simple analysis

» First results show no indications of resonances

» Previous limits significantly exceeded in a world
premiere 13 TeV result

Outlook

» More data arriving by summer 2016

» Next data taking will show what’s at 1.8 TeV

» Investigations to the 750 GeV region underway

Dijet Mass = 6.14 TeV

Jet 1,
pt=2.88 TeV
eta =-0.364
phi=1.915

Jet 0,
pt=3.04 TeV
eta = 0.059
phi = -1.235
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