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The observables are used to investigate QGP’s properties.



Quark-gluon plasma (QGP)

MSU, The 21st Lomonosov Conference 2023 224.08.2023

*Agnes Mocsy(Pratt Inst. and Frankfurt U., FIAS), Paul Sorensen(Brookhaven) (Aug, 2010)

The observables are used to investigate QGP’s properties.

Azimuthal anisotropy



Collision geometry

324.08.2023

Participant-nucleons
Spectator-nucleons

Centrality:
a) Central collisions;
b) Peripheral collisions.
b – impact parameter.
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Reaction plane (RP):
φ – azimuthal angle of particle,
z – beam direction,
Ψ𝑅𝑃 – azimuth of the reaction plane.

b + z = RP
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Collision geometry

Centrality:
a) Central collisions;
b) Peripheral collisions.
b – impact parameter.

Participant-nucleons
Spectator-nucleons

Collision system:
а) Symmetric 
collisions;

b) Asymmetric
collisions.

Au+Au

Cu+Au



Azimuthal anisotropy
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Spatial anisotropy Momentum anisotropy

Elliptic flow (𝒗𝟐)

𝒗𝟐 =
𝒑𝒙

𝟐 − 𝒑𝒚
𝟐

𝒑𝒙
𝟐 + 𝒑𝒚

𝟐

𝒇 𝝋, 𝒑𝑻 ∝ 𝟏 + 𝟐 ෍

𝒏=𝟏

∞

𝒗𝒏 𝒑𝑻 𝐜𝐨𝐬 𝒏 𝝋 − 𝜳𝑹𝑷

𝒗𝟐 = 𝒄𝒐𝒔 𝟐 𝝋 − 𝜳𝑹𝑷
𝒗𝟐 > 𝟎 => the yields of emitted particles 

dominate along 𝒑𝒙 (in the direction 
transverse to the reaction plane)

𝑛 = 2

Pressure
gradient
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Measurement methods of 𝒗𝟐

The yields of 𝛾𝛾
( ሻ𝑑 Τ𝑁 ( 𝜑 − Ψ ) in 6 
ranges: 
0 < 𝜑 − ΨRP < 𝜋/2
 

𝑑 Τ𝑁 ( 𝜑 − Ψሻ = 𝑁 1 + 2𝑣2 cos 2 𝜑 − 𝛹

«Subtraction method»: «Invariant mass fit method»:

ቁ𝑣2
pair

Мinv = 𝑣2
signal Τ𝑁signal 𝑁pair (Мinvሻ +  𝑣2

BG(1 − 𝑅(Мinvሻ
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The 𝑣2/𝜀2𝑁𝑝𝑎𝑟𝑡
1/3

values 

are consistent within
the uncertainties in
Cu+Au and Au+Au 
collisions
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The elliptic flow values
are nonzero at
𝑝𝑇 > 5 𝐺𝑒𝑉/𝑐
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The elliptic flow values are nonzero at 𝑝𝑇 > 5 𝐺𝑒𝑉/𝑐



Conclusions
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✓ The 𝜋0 elliptic flow values in Cu+Au collision system at 200 GeV
were obtained;

✓ It was found that the 𝑣2/𝜀2𝑁𝑝𝑎𝑟𝑡
1/3

values for 𝜋0 are consistent

within the uncertainties in Cu+Au and Au+Au collisions and in
all centrality classes => the size and geometry of the collision

system does not seem to affect 𝐭𝐡𝐞 𝒗𝟐/𝜺𝟐𝑵𝒑𝒂𝒓𝒕
𝟏/𝟑

values for 𝝅𝟎;

✓ Obtained 𝑣2 values for 𝜋0 are nonzero at high transverse
momentum (𝑝𝑇 > 5 𝐺𝑒𝑉/𝑐). It could be explained in terms of
parton energy loss models.



Conclusions
✓ The 𝜋0 elliptic flow values in Cu+Au collision system at 200 GeV

were obtained;

✓ It was found that the 𝑣2/𝜀2𝑁𝑝𝑎𝑟𝑡
1/3

values for 𝜋0 are consistent

within the uncertainties in Cu+Au and Au+Au collisions and in
all centrality classes => the size and geometry of the collision

system does not seem to affect 𝐭𝐡𝐞 𝒗𝟐/𝜺𝟐𝑵𝒑𝒂𝒓𝒕
𝟏/𝟑

values for 𝝅𝟎;

✓ Obtained 𝑣2 values for 𝜋0 are nonzero at high transverse
momentum (𝑝𝑇 > 5 𝐺𝑒𝑉/𝑐). It could be explained in terms of
parton energy loss models.

824.08.2023 MSU, The 21st Lomonosov Conference 2023

Thank you for your attention!
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