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Azimuthal correlations
Why dowewantto measure(two-particle)azimuthalcorrelationsin
non-centralcollisions?

Resonanceflow

Azimuthally sensitive interferometry

Correlationsbetweenhigh- � particles

Differentphysicalphenomenainvestigated...
...differentmethodsof analysis

A singleobservable?
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Anisotropic flow

Non-centralcollision:
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Theparticlesourceis anisotropic
(andaroundit thereis only vacuum)

thepressuregradientalongthe
impactparameterdirection
is strongerthanthegradient
perpendicularto thereaction
plane

anisotropicparticleemission:FLOW

in momentum space

Particlesmainlyemittedin-plane ( �)
ratherthanout-of-plane ( � �

).
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Anisotropic flow

Anisotropy quantifiedby aFourierexpansion:

� � � � � �

Measuringanisotropicflow is acomplicatedissue:

� �

lab. frame notmeasured!

Many methodsof analysisareavailable(evenunbiasedones!)

... at least,for directlydetectedparticles( , , )

Improvementsstill possiblefor theflow of “ ”

particlesthatdecaybeforereachingthedetector: , , ...

studiedthroughtheirdecayproducts
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Azimuthally sensitive
interfer ometry

Initial state:

b

Pressuregradients

in-planeflow

Final state?

In-plane

Circular

Out-of-plane

The final space-timeconfigurationcanbe
determinedby two-particleinterferometry

oscillationof theHBT radii ,
perpendicularto

along

Example:out-of-planeconfiguration

small( large)

large( small)
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Azimuthally sensitive
interfer ometry

Final state?

In-plane

Circular

Out-of-plane

The final space-timeconfigurationcanbe
determinedby two-particleinterferometry

oscillationof theHBT radii � �� �, �� �

perpendicularto ��� � ���

along ��� � ���

Example:out-of-planeconfiguration

� �

� �� � small( ��  large)

�

� �� � large( ��  small)
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Azimuthal correlationsof
high particles

Particleswith highmomentum(jets) loseenergy
while traversingthedensemediumcreated

For a pair of jets createdcloseto the edge,
only onejet emerges(= detectedwith high !),
while thebackjet is quenched(= “notdetected”)
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Central 0-5% Au+Au

flow: v2 = 7.4%

pp data + flow
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Azimuthal correlationsof
high particles

Particleswith highmomentum(jets) loseenergy
while traversingthedensemediumcreated

For a pair of jets createdcloseto the edge,
only onejet emerges(= detectedwith high #),
while thebackjet is quenched(= “notdetected”)

Amountof quenchingdependson the lengthof
thejet pathin-medium

In non-centralcollisions,suppression
patterndependson the azimuthsof
the high # particleswith respectto
thereactionplane:

lessquenchingin-plane( $),
moreout-of-plane
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Two-particle correlations

Two particlescharacterizedby %& , %' , & , ' , & , '

Ratherthan

& (

' ( , use

& ' pair azimuth

' & relative angle

Two-particledistribution: ' ( insteadof )* +, - .0/ 1 , * . / 2

Fix : ' ( is thepair-angle azimuthaldistribution,which
quantifiestheanisotropy in (

... reminiscentof 3 4

IntroduceaFourierexpansion!
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Two-particle correlations

Two particlescharacterizedby 56 , 57 , 6 , 7 , 6 , 7

Ratherthan

6 8

7 8 , use

6 7 pair azimuth

7 6 relative angle

Two-particledistribution: 7 8 insteadof 9: ;< = >0? @ < : > ? A

Fix : 7 8 is thepair-angle azimuthaldistribution,which
quantifiestheanisotropy in 8

IntroduceaFourierexpansion!
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“Pair anisotropic flow”

J K

LM N
OP QIRL
Q L ST T U V OP QIRL

Q L ST T U V

cannotbereplacedby cos!

∆φ

∆φ

Reaction

plane

φ −Φ2 R

Φ−ΦR

φ −Φ1 R

−(Φ−Φ )R

Transforming K K with
constantis not asymmetry!

O P QRL is complex

( “single-particle”anisotropicflow L)

with , real
cf. “new”

Many methodsalreadyavailablefor measuring !

all methodsof flow analysis

... caneasilybemodifiedto measure (or directly )
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“Pair anisotropic flow”

W X

YZ [
\] ^I_Y
^ Y `a a b c \] ^I_Y

^ Y `a a b c

Y d
\ ] ^_egf Y X \] ^_h f Y X

with

\] ^_egf Y X \ ] ^_h f Y X , real
cf. ikj Z lmn ` Y `o a b c c “new”

Many methodsalreadyavailablefor measuring

\] ^I_egf Y !

all methodsof flow analysis

... caneasilybemodifiedto measure

\] ^_h f Y (or directly

pq rtsvu )
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“Pair anisotropic flow”:
jet quenching

∆φ

φ −Φ1 R

φ −Φ2 R

2−(φ −Φ )R

Reaction

plane

∆φ

w (triggerparticle)

In - , numberof associatedparticles x

pertriggerparticledependson only.

If the deficit in high- y particlesis dueto
in-medium energy loss, then for a given

thenumberof pairspertriggerparticle
dependson thelengthof thepathfollowed
by theassociatedparticleonly

symmetry x z x z

...

{| }I~�g� x {| }I~�� x � ~ }I�x
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Azimuthally sensitive
two-particle correlations

Azimuthaldependenceof 2-particlecorrelations= pairanisotropicflow

characterizedby pair-flow coefficients
�� �I��g� � ,
�� �I�� � �

model-independent!

samemethodsof analysisasfor single-particleanisotropicflow
cumulants,Lee–Yangzeroes:
no needto estimate �!

omittedissue:relate
�� �I��� � ,
�� � �� � � to modelsof thecorrelations:

model-dependentpredictions
differentrecipesfor eachspecificapplication(resonanceflow,
HBT, high- � particlecorrelations)
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