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Quark gluon plasma

e High energy, high density state of
matter made of quarks and gluons.

e Can be created in ultra relativistic
heavy ion collisions.
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Flow in the quark gluon plasma
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Initial geometry causes pressure gradients inside
the QGP.

Particles are emitted anisotropically.

Modulation can be described by Fourier series:
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Low specific viscosity n/s obtained from flow
measurements is close to theoretical limit.
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The ATLAS detector at the LHC

We can measure the QGP with — il R
a particle detector like ATLAS " '
at the Large Hadron Collider
(LtH¢. T
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Some baSic deﬁnitions e Spherical coordinates (r,¢,0)

y (towards earth’s surface) defined in terms of (x,y,z).
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What iS ce ntra lity? Number of events per unit

energy vs. FCal energy
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e Centrality correlates with Barrel energy vs. FCal energy
the impact parameter of
the colliding nuclei.
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Jets as probes of the QGP

Proton collisions Jet1 Heavy ion collisions Jet 1

Parton 1

Parton 2

Jet 2

e Additional interactions within the QGP cause the hard scattered partons to lose
energy, which leads to jet quenching.

e Jets can be used to study the QGP.




Jet 1

Jets in the ATLAS detector
Jet

Proton collisions

Tile barrel Tile extended barrel
Zooming in
femtoscopically )
Parton 2
LAr hadronic
end-cap (HEC)
- Jet 2
LAr eleciromagnetic
end-cap (EMEC)
~ e Jets are proxies for
Colliding beams of partons.

protons or ions
LAr eleciromagnetic

barrel

e Jets are defined with the
anti-kT algorithm, where
particles are clustered

within a radius R.
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Nuclear modification factor
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Distribution of jets Njet per unit of jet
momentum p7and rapidity y

> QGP

Cross section of jets Oy, Per unit of
jet momentum p7 and rapidity y

-> Vacuum
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Nuclear modification factor of uncolored probes
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Nuclear modification factor of colored probes

Colored

Ratio of jet yields in lead collisions to di
proton collisions e Jets are more suppressed in

Xiv:1805.05635 . .
S collisions where there is a QGP.
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Jet azimuthal anisotropies _
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2D fragmentation function
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2D fragmentation function
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Lower momenta particles are emitted at larger
angles with respect to jet axis.
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Dijet momentum balance

Jet 1 (higher momentum)

Tile barrel Tile extended barrel

P12
PT,1

XJ

LAr hadronic
end-cap (HEC)

LAr electromagnetic
end-cap (EMEC)

pT1 = momentum of jet 1

, r leading jet
_ Colliding ( g Jjet)
beams _
| , pT2 = momentum of jet 2
bLAc:rtraellechomagneﬂc i ‘ Ry y LAr forward (FCal) (SUbleadlng j et)
arXiv:1806.09156 pT1 > P12

Jet 2 (lower momentum)


https://arxiv.org/abs/1806.09156

Dijet momentum balance

One of the jets in the dijet loses
more energy than the other.

Dijets are more suppressed in
more central collisions.
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Jet radius dependent dijet analysis

We know that the QGP causes:

e Jets to lose high momentum particles and gain low momentum particles,
with the lower momentum particles being emitted at larger angles.

e Dijets to become more imbalanced and suppressed towards more central
collisions.

How are these two effects connected?

—>A jet radius dependent dijet analysis will be sensitive to both effects.
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Jet radius dependent dijet analysis
e Measured R=0.2, 0.3, 0.4, 0.5 and 0.6 dijets in Pb+Pb and pp collisions.

e Focused on these observables:
o Absolutely normalized X distribution.
o ], distributions: PbPb to pp ratios of absolutely normalized X distributions.
o Leading and subleading R, ,P*" distributions.
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Centrality dependence of x,
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Jet radius dependence of x,

e Larger jets have more peaked x, distributions whereas smaller jets have
flatter distributions.
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Jet radius dependence of J,, T B
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e |, defined as the PbPb to pp ratio of dijet yields. L,p dxj

e Comparing PbPb to pp collisions, dijet yields are suppressed for balanced
dijets and enhanced for imbalanced dijets.
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Jet radius dependence of J,,

e PDbPb to pp ratios of dijet yields are generally larger for larger jets, more
noticeable for more imbalanced dijets.
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Jet radius dependence of J,,

e PDbPb to pp ratios of dijet yields are generally larger for larger jets, more
noticeable for more imbalanced dijets.
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Leading and subleading R, ,”*"

e Subleading jets are more suppressed than leading jets, for both large and
small jets.
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Jet radius dependence of R, ,P*"

e No significant jet radius dependence observed on the R, P2 at high p..
e Expect more jet radius dependence at lower p..
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Summary

e Jet quenchingis the energy loss of jets when traversing the QGP.

e The QGP can be studied through measurements of jet quenching with

observables such as:
o Nuclear modification factor.
o Jet azimuthal anisotropies.
o Dijet momentum balance.
o Fragmentation functions.

e Ajetradius dependent analysis is sensitive to both the momentum

balance of dijets and the radius dependence of jet fragmentation.
o Larger dijets are more balanced in p..
o Imbalanced dijets show more dependence on the jet radius than balanced dijets.

o The R, P?" shows no significant dependence on the jet radius at high p..
26
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