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Physics at the LHC

• Energy reach
– New particles
– Shorter distance scales

• High luminosity and excellent detectors
– Cover the phase space opened
– Study rare events

• Energy opens more phase space
– High multiplicities
– QCD & EW radiation in events with objects at the 

electroweak scale
– Boosted electroweak scale objects, rich perturbative

structure inside jets

• Surprises?
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Run 1 was good…
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• >400 papers submitted (still coming)
• Wide range of precision measurements 
• Extensive searches, with one of two interesting anomalies
• A new particle, confirmation of our understanding of mass



From Mike Lamont, 
LP2015

APRIL
JUNE

10th April: 6.5 TeV for the first time

Finish magnet training 3rd June: First Stable Beams

5th April
first beam

2015

July 14th: 476b (50 ns)

1.6x1033 cm-2s-1

25 ns
219 bunches
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The story so far…
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Detector Upgrades: Reminder
• Infrastructure:

– New beampipe, improvements to magnet & cryogenic 
system 

• Detector consolidation
– Muon chambers completion (|η|=1.1-1.3) and repairs, 

improved readout of various systems (L1 rate 100 kHz), 
repair of pixel modules and calorimeter electronics, new 
pixel services, new luminosity detectors, new MBTS 
detector

• 4th silicon pixel detector layer (IBL) 
– Innermost Pixel detector layer at R=3.3 cm from beam

• Trigger improvements
– New Topological L1 trigger, new central trigger processor, 

coincidence between Tile and muons,  restructuring of 
high-level trigger, new Fast TracK Trigger (FTK), improved
L1 calorimeter trigger

• Software
– Many improvements to simulation, reconstruction, grid

and analysis software
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From Beate
Heinemann, 
LP2015

IBL Insertion: May 2014



Total Cross Section
• Forward detectors (ATLAS/ALFA, CMS/TOTEM)
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arXiv:1408.5778



Total Cross Section

13 TeV

MBTS 

(inelastic, 

extrapolated)
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• Forward detectors (ATLAS/ALFA, CMS/TOTEM)

ATLAS-CONF-2015-038



Particle Production

• 13 TeV data, ‘minimum 
bias’
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arXiv:1602.01633



Particle Production

• 13 TeV data, ‘minimum 
bias’
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arXiv:1602.01633



Underlying Event

• Use an object (track, jet, Z…) to 
select events with a hard process, 
and to define regions: 
– e.g. leading track 
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• Extensive library of 
fully-corrected 
result in Rivet, used 
to tune MC 
generators

• This example, ATLAS 
13 TeV detector 
level, rapid check of 
modelling in a new 
energy regime

ATLAS-CONF-2015-028



W, Z and Proton Structure
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arXiv:1603.09222



Photons & Proton Structure
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ATL-PHYS-PUB-2013-018



Jet production

• Jets measured over a very wide kinematic 
range (20 GeV < pT < ~2 TeV)

• Strong coupling and PDF constraints
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13/04/2016 Aleksei Ezhilov (Today) 16



Higgs

• Couplings/decay rates
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arXiv:1412.8662
arXiv:1507.04548



Higgs

• Couplings/decay rates
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arXiv:1412.8662
arXiv:1507.04548



Higgs

• Mass
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arXiv:1503.07589



Higgs

• Differential and 
fiducial cross sections
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arXiv:1407.4222
arXiv:1408.3226
arXiv:1504.05833



Higgs

• Couplings/decay rates

• Mass

• Differential and 
fiducial cross sections

• Spin, CP, etc…

• Searches for more 
bosons

• Di-Higgs searches
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Higgs @ 13 TeV

13/04/2016 JMB, HiggsTools 22



Top
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ATLAS-CONF-2016-005



Top

• Many precision 
measurements. 

• Starting to include 
fiducial & differential 
results:

– Build cross sections 
out of final-state 
particles 

– Top-jet cross sections 
from ATLAS & CMS

13/04/2016 JMB, HiggsTools 24

ATLAS-CONF-2014-057



Top
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• Many precision 
measurements. 

• Starting to include 
fiducial & differential 
results:

– Build cross sections 
out of final-state 
particles 

– Top-jet cross sections 
from ATLAS & CMS

– Top + (b) jets
arXiv:1508.06868



Inside jets

• Understanding jet substructure is critical for 
physics above the electroweak symmetry 
breaking scale (examples – previous top 
results, resonance searches, boosted hadronic
W/Z)

• Fortunately QCD is up to the job, as are the 
experiments.

• See Boost 2015 for status… Measurements in 
dijets, W+jets, hadronic W, Z->bb…
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Inside jets… Searching

• Many 
searches 
for SUSY 
and other 
BSM 
signatures

• (slide from 
T.Nobe, La 
Thuile)
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Inside jets… Searching

• Many 
searches 
for SUSY 
and other 
BSM 
signatures
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Inside jets

• Example – fully 
hadronic, boosted 
WW/WZ/ZZ

• Hints also from CMS, 
but also some 
tension with (semi-
leptonic results)
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arXiv:1506.00962



Combination with leptons 

• Example – fully 
hadronic, boosted 
WW/WZ/ZZ

• Hints also from CMS, 
but also some 
tension with (semi-
leptonic results)

• New ATLAS 
combination with 
(semi)leptonic
channels
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ATLAS-CONF-2015-045



Combination with leptons 

• Example – fully 
hadronic, boosted 
WW/WZ/ZZ

• Hints also from CMS, 
but also some 
tension with (semi-
leptonic results)

• New ATLAS 
combination with 
(semi)leptonic
channels
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A provocative reminder… 
we are in unknown 
territory!

ATLAS-CONF-2015-045



13 TeV Dibosons (jj)

13/04/2016 JMB, HiggsTools 32

Not quite as exciting… but 
still pending more data



13 TeV Dibosons (lvj)
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Not quite as exciting… but 
still pending more data



13 TeV Dibosons: ZZ (4l)
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Correlations, Bulk Behaviour?

• Same-side ridge in high multiplicity events, 
seen by CMS early in Run 1
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arXiv:1009.4122



Correlations, Bulk Behaviour?

• Same-side ridge in high multiplicity events, 
seen by CMS early in Run 1

• Also seen by ATLAS now at 13 TeV…
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arXiv:1009.4122
ATLAS-CONF-2015-027



Diphotons
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Diphotons
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Diphotons
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Diphotons
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Now…
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Now…
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Summary

• Looking forward to the rest of this year…
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