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20 Nov 200920 Nov 2009
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First physics paper from LHC collisionsFirst physics paper from LHC collisions

28 Nov 200928 Nov 2009

...just five days after the first collisions

First measurement of proton-proton 
collisions at the LHC
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CMS, √CMS, √s=2.36 TeVs=2.36 TeV
14 Dec 200914 Dec 2009
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2010: Collisions at 7 TeV2010: Collisions at 7 TeV

Big increase in flux of gluons 
and quarks compared to 

previous accelerator (Tevatron)

Mass of object to be produced

Addressing the dual requirements
● Higher collision energy (“√s”)
● Greater number of collisions 

(integrated luminosity)
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2010: nearly all data 
arrived at the end

Addressing the dual requirements
● Higher collision energy (“√s”)
● Greater number of collisions 

(integrated luminosity)

2010: Collisions at 7 TeV2010: Collisions at 7 TeV
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Re-establishing the known particlesRe-establishing the known particles

19771974

1983

1960’s
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Searching for new processesSearching for new processes

Particles or interactions which are too 
high mass, or too weakly coupled, to 
have been seen before

Every step in energy and luminosity 
gives us more reach

Broad types of search

● topological searches looking for 
new/anomalous event signatures

● model-driven searches (e.g. 
supersymmetry: SUSY)

● and many in-between (e.g. some dark 
matter searches)
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Two very high energy jets of 
hadrons in this event, plus a 

third lower energy jet

The two jets together have a 
mass of 3.1 TeV

No previous collider could 
get close to these energies
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A fraction of the model constraints from searches (2022)A fraction of the model constraints from searches (2022)

Today, around 800 different search papers 
from ATLAS and CMS

Aiming to leave no stone 
unturned...
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Observation of jet quenchingObservation of jet quenching

LHC also collides lead (Pb) nuclei
● Forms a region of hot dense matter – 

quark-gluon plasma

First LHC Pb+Pb collisions in 2010: saw 
immediately the new phenomenon of “jet 
quenching”

● High-energy quark or gluon travelling far 
through the hot dense matter loses energy

● “One-sided” jet events

While not “conventional” Beyond-the-Standard 
Model new physics, this was a new physical 
phenomenon
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2010 to 2012: Collisions at 7, 8 TeV2010 to 2012: Collisions at 7, 8 TeV

Addressing the dual requirements
● Higher collision energy (“√s”)
● Greater number of collisions 

(integrated luminosity)

2010: nearly all data 
arrived at the end
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End 2011: the first new particle of manyEnd 2011: the first new particle of many

A new excited particle state of bottomonium, the 
χb(3P), was found via a distinctive decay mode – 
an new hadron state
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End 2011: the first new particle of manyEnd 2011: the first new particle of many

Many more new hadrons 
discovered since then – 
a speciality particularly 
of LHCb

LHCb measures a vast 
range of properties of 
hadrons containing b 
and c quarks
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The big one: Higgs bosonThe big one: Higgs boson search search

The two key channels for discovery: H→γγ and H 4ℓ (→ ℓ=e/µ)
Both allow to reconstruct the mass of a putative object decaying to either state

γ

γ

µ

µ

e

e
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H search papers with 2011 dataH search papers with 2011 data
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December 2011 – "Intriguing hints"December 2011 – "Intriguing hints"
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December 2011 – "Intriguing hints"December 2011 – "Intriguing hints"

Minimum p-value at 125 GeV
Local significance 2.8σ
Global significance ~0.8-2.1σ

Minimum p-value at 126 GeV
Local significance 2.5σ
Estimated global significance ~0.5σ-1.6σ
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"Opening the box" in 2012"Opening the box" in 2012
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"Opening the box" in 2012"Opening the box" in 2012
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That was just a tiny taster of the wide scope of That was just a tiny taster of the wide scope of 
physics papers from the LHC physics papers from the LHC 

Next: some specific physics results Next: some specific physics results 
from the “analysts on the ground”from the “analysts on the ground”
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