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If particle multiplicity is sufficiently high, could new 
dynamics occur?
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COLLECTIVITY & QCD 
There are correlations between particles in dense 

environments

CMS 1305.0609

Badea et al 1906.00489
PbPb vs. ee
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Particles close to each other 
because of local reasons 

(Same jet, boosted decay, etc.)
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Badea et al 1906.00489
PbPb vs. ee

Collectivity vs. no collectivity 
(Evidence of flow?)
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COLLECTIVITY & QCD 
There are correlations between particles in dense 

environments

CMS 1305.0609
CMS 1210.5482

CMS 1510.03068

Do QGP arise even in small systems?
How small is too small?
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COLLECTIVITY & QCD 
There are correlations between particles in dense 

environments
In sufficiently energetic & high multiplicity pp 

collisions, can QGP form?

CMS 1510.03068High multiplicity Low multiplicity
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COLLECTIVITY & QCD 

Bernhard

Consider how collectivity arises
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COLLECTIVITY & QCD 

QGP expands anisotropically like a fluid with pressure 
Consider how collectivity arises

Can be modeled with hydrodynamical simulations
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COLLECTIVITY & QCD 
Characterize with flow coefficients or harmonics

vn = ⟨cos [n(ϕ − Ψn)]⟩

v2 = ⟨cos [2(ϕ − Ψ2)]⟩
Elliptic flow

ϕ = 0

dN
dϕ

∝ 1 + 2∑ vn cos (n(ϕ − Ψn))

Average over particles in event and centrality bin
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COLLECTIVITY & JETS 
Using these observables, can we see flow in jets?

CMS 2312.17103

Instead of almond-shape initial 
size, what about a jet?
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Pipeline for studying hydrodynamics in jets

(Work in progress)

Pythia 8
Simulate CMS 

jet samples

Trajectum
Apply 

hydrodynamics to jet 
constituents

Compute 
Event Shapes
See if with hydro we 

can better match 
data
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Pythia 8
Simulate CMS 

jet samples

Trajectum
Apply 

hydrodynamics to jet 
constituents

Compute 
Event Shapes
See if with hydro we 

can better match 
data

Compare  to ring EMD? 
(See ATLAS 2305.16930)

v2Could reveal more about the 
nature of QCD!


