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Questions

ATLAS was designed to answer
several key questions:

What is the mechanism behind
electroweak symmetry breaking?

What lies beyond the
Standard Model?
What is dark matter?
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Questions

ATLAS was designed to answer
several key questions:

What is the mechanism behind
electroweak symmetry breaking?

What lies beyond the
Standard Model?
What is dark matter?

How can 3000 physicists collaborate
together effectively to find answers
to questions no one has asked?
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Mural by Josef Kristofoletti
(painted 2009–10; 1/3 scale)
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Electrons & Photons
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Tracks
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Muons
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Taus
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Taus
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Jets
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What is a Jet?

The output of an algorithm that clusters together objects.

Before
many particles

complicated event

After
few jets

simpler structure
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Event Display
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Event Display
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Jet Algorithms

There is no unique or correct way to group particles.
Choose the appropriate jet algorithm according to:

analysis requirements
resource limitations
physics goals

Practical
fast
independent of environment
easy to calibrate

Important

boost invariant
universal application
(partons, particles, tracks,
calorimeter cells)

Theoretical (avoid)
infrared divergences
(prob. to emit soft radiation → ∞)
collinear divergences
(prob. to emit collinear radiation → ∞)
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Jet Algorithms

Cone
Energy flow in a fixed-sized cone
(geometrical)
top-down approach
Examples:

JetClu (CDF)

Mid-Point Cone (DZero, CDF)

SISCone

Clustering
Successive merging of pairs of
(proto)-jets
bottom-up approach
Examples:

kT

anti-kT

Cambridge–Aachen
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Calorimeters

Calorimeters do not identify individual particles
finite energy and position resolution
respond differently to different incident particles

Dead material scatters & absorbs particles

Electronic noise
Gaps between detector elements and for services and supports

Extra energy from other pp interactions
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Calibration
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Separating Real From Fake Jets
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Calorimeter Response
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Calorimeter Response
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Jet Energy Scale Uncertainty
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Measurements
& Searches
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QCD Hard Scatter

High-pT processes originate in hard scatters between partons

allow precision tests of perturbative QCD
sensitive to presence of new physical phenomena

σ =
∑

i ,j

σ̂ij
(

αs(Q2)
)

αs strength of strong
force coupling

Q2 momentum transferred
in hard scatter

Hard Scatter

σ̂

glu
on

quark
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QCD Hard Scatter

High-pT processes originate in hard scatters between partons

allow precision tests of perturbative QCD
sensitive to presence of new physical phenomena
constrain parton distribution functions

x
-410 -310 -210 -110 1

)2
xf

(x
,Q

0

0.2

0.4

0.6

0.8

1

1.2

g/10

d

d

u

u
ss,

cc,

2 = 10 GeV2Q

x
-410 -310 -210 -110 1

)2
xf

(x
,Q

0

0.2

0.4

0.6

0.8

1

1.2

σ =
∑

i ,j

∫ 1

0
dx1dx2 Fi(x1, Q2) Gj(x2, Q2) σ̂ij

(

x1, x2,αs(Q2)
)

αs strength of strong
force coupling

Q2 momentum transferred
in hard scatter

x fraction of proton’s
longitudinal momentum
carried by parton

short range

long range Hard Scatter

σ̂

Parton Density

F (x1, Q2)

G(x2, Q2)
glu

on
quark

Michael Begel BNL Colloquium April 26, 2011 28



QCD Hard Scatter

High-pT processes originate in hard scatters between partons

allow precision tests of perturbative QCD
sensitive to presence of new physical phenomena
constrain parton distribution functions
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Jet Shapes
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Inclusive Jet Cross Section
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Inclusive Jet Cross Section
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Inclusive Jet Cross Section
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Dijet Cross Section

ATLAS-CONF-2011-047
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Dijet Resonances
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Dijet Resonances
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Dijet Angular Correlations
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Dijet Angular Correlations
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Dijet Angular Correlations
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Dijet Azimuthal Decorrelations
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Dijet Azimuthal Decorrelations
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Dijet Azimuthal Decorrelations

 160 GeV≤max
T

p<110

ATLAS =7 TeVs
-1=36 pbdtL∫

 310 GeV≤max
T

p<260

/2π /3π2 /6π5 π
 600 GeV≤max

T
p<500

 210 GeV≤max
T

p<160

)4
sαO(NLO pQCD 

scale unc.
 unc.sαPDF & 

 400 GeV≤max
T

p<310

/3π2 /6π5 π
 800 GeV≤max

T
p<600

 260 GeV≤max
T

p<210

 jets R=0.6tanti-k
|<0.8y>100 GeV |

T
p

 500 GeV≤max
T

p<400

 [radians]φ∆
/3π2 /6π5 π

 800 GeV>max
T

p

ra
tio

 to
 N

LO
 p

Q
C

D
 φ∆

/dσ
 dσ

1/

2.0

1.0

0.5

2.0

1.0

0.5

2.0

1.0

0.5

scale uncertainty large where
NLO pQCD dominated by real
O(α4

s ) diagrams

comparison excluded where
NLO pQCD diverges (∆φ → π)

arXiv:1102.2696 [hep-ex]
(accepted by PRL)

Michael Begel BNL Colloquium April 26, 2011 41



Multijet Cross Section
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Multijet Cross Section
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Multijet Cross Section
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Supersymmetry
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Supersymmetry
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Supersymmetry
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Summary
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Summary

The LHC performed very well in 2010...

...and ATLAS has profited
O(30) papers
O(175) public results

Jets are an invaluable tool:
precision measurements of QCD
probe for new physical phenomena

The ongoing 2011–2013 run will bring
further exciting opportunities in jet physics
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Backup
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Hadronic Showers
Visible EM: O(50%)
Visible non-EM: O(25%)
Invisible: O(25%)
Escaped: O(2%)
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Jet Energy Calibration
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Jet Energy Calibration
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Jet Energy Calibration

 [GeV]jet

T
p

30 40 50 60 70 210 210×2

F
ra

ct
io

na
l J

E
S

 s
ys

te
m

at
ic

 u
nc

er
ta

in
ty

0

0.05

0.1

0.15

0.2

0.25

ATLAS Preliminary

 | < 4.5, Data 2010 + Monte Carlo QCD jetsη | ≤=0.6, EM+JES, 3.6 R tAnti-k

ALPGEN + Herwig + Jimmy Noise Thresholds
JES calibration non-closure PYTHIA Perugia2010
Single particle (calorimeter) Additional dead material
Intercalibration Total JES uncertainty

ATLAS-CONF-2011-047

Michael Begel BNL Colloquium April 26, 2011 54



Jet Energy Calibration
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Jet Energy Calibration
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Jet Energy Calibration
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Inclusive Jet Cross Section
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Dijet Resonances
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Dijet Resonances
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Supersymmetry
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Supersymmetry
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Jet Mass
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H → γγ
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