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Motivation

▶ Asymmetry in the source distribution at the initial state −→ hydrodynamic evolution of
the dense medium (QGP) −→ momentum anisotropy of the particles at the final state.
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Fig. 1: Asymmetric source in initial state leading to momentum anisotropy at final state.

▶ The azimuthal anisotropy in momentum space is characterized by the fourier expansion,

dN

dpdϕ
=

dN

2πdp

(
1 + 2

∞∑
n=1

Vn(p)einϕ

)

Fig. 2: Initial state fluctuation

▶ Harmonic flow vector,

Vn(p) = |Vn(p)|einΨn(p) ; |Vn(p)| → flow magnitude and Ψn(p) → flow angle

.

▶ Event-by-event fluctuation of initial state−→ event-by-event fluctuation of Vn’s−→ decor-
relations between the flow vectors in two momentum bins−→ includes both flow mag-
nitude and flow angle decorrelations.

▶ Could be studied in models and measured in experiments by constructing correlation coeffi-
cients between the squares of the flow, known as“factorization-breaking coefficients.”

Model

▶ Flow magnitude and flow angle decorrelation could not be measured in the 1st moment
−→ correlation in 2nd moment or between the squares of the flow.

▶ To ease the measurement difficulty, factorization-breaking coefficients could be constructed
between Vn(p) (momentum dependent flow) and Vn ( momentum averaged flow).

▶ The flow vector square and flow magnitude square factorization coefficients are
constructed as,

rn;2(p) =
⟨V 2

nV
∗
n (p)

2⟩√
⟨|Vn|4⟩ ⟨|Vn(p)|4⟩

and r
v2n
n (p) =

⟨|Vn|2|Vn(p)|2⟩√
⟨|Vn|4⟩ ⟨|Vn(p)|4⟩

▶ The flow angle decorrelation is obtained from the ratio of the flow vector and flow
magnitude factorization coefficients,

Fn(p) =
⟨V 2

nV
∗
n (p)

2⟩
⟨|Vn|2|Vn(p)|2⟩

=
⟨|Vn|2|Vn(p)|2 cos[2n(Ψn −Ψn(p))]⟩

⟨|Vn|2|Vn(p)|2⟩

≃
⟨|Vn|4 cos[2n(Ψn −Ψn(p))]⟩

⟨|Vn|4⟩

Summary and Outlook

▶ Flow fluctuations → flow decorrelation in transverse momentum (p).

▶ Extraction of flow angle decorrelation → need to measure 2nd moment of flow decor-
relation between the squares of the flow.

▶ One of the flows momentum dependent Vn(p) and other flow momentum averaged Vn −→
experimentally preferable.

▶ Flow-angle decorrelation =
(Flow vec)2−(Flow vec)2 factorization-breaking coefficients

(Flow mag)2−(Flow mag)2 factorization-breaking coefficients

▶ We measure the angle decorrelation :

⟨|Vn|4cos[2n(∆Ψ)]⟩
⟨|Vn|4⟩

̸= ⟨cos[2n(∆Ψ)]⟩

▶ Only the magnitude weighted flow angle decor-
rlation could be measured, the simple angle
correlation (green line) gives completely dif-
ferent results.
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Fig. 3: Correct description of flow angle decorrelation

▶ Similar correlations between mixed-flow −→ non-linear hydro-response of the
medium−→ put constraints on the models.

▶ Future study : momentum dependent correlations for the deformed nuclei collisions e.g.
U+U collision, isobar collisions etc. −→ effect of the deformed nuclear structure
on the correlation coefficients.

Results

Factorization-breaking coefficients
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Fig. 4: Flow vector square factorization coefficient
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Fig. 5: Flow magnitude square factorization

coefficient
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Fig. 6: Flow angle decorrelation

▶ For the central collision (0-5 %) our model results reproduce the data for the elliptic flow.

▶ The flow magnitude and the flow angle decorrelation both are approximately one half of the flow vector
decorrelation:

[1− r
v2n
n (p)] ≃ 1

2[1− rn;2(p)]

▶ For semi-peripheral collision (30-40 %) our model results do not really reproduce the data ; the data go slightly
above 1 at high p −→ may indicate a significant non-flow contribution.

■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
■ ■

■

▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲
▲

▲
▲

▲

●
● ● ● ● ●

■ Glauber + MUSIC

▲ TRENTO + MUSIC

● ALICE Preliminary

0.5 1.0 1.5 2.0 2.5 3.0
0.7

0.8

0.9

1.0

1.1

p [GeV]

r 2
;2
(p
)

Pb+Pb 5.02 TeV 30-40 %

Fig. 7: Flow vector square factorization coefficient
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Fig. 8: Flow magnitude square factorization

coefficient
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Fig. 9: Flow angle decorrelation

Mixed-flow correlations

▶ Similar momentum dependent correlation coefficients between the flow harmonics of different order e.g V 2
2 -V4(p)

and V2V3-V5(p) correlation:

⟨V 2
2 V

∗
4 (p)⟩√

⟨|V2|4⟩ ⟨|V4(p)|2⟩
and

⟨V2V3V ∗
5 (p)⟩√

⟨|V2|2|V3|2⟩ ⟨|V5(p)|2⟩
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Fig. 10: V 2
2 -V4(p) correlation
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Fig. 11: V2V3-V5(p) correlation
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Fig. 12: (Flow vector)4-(Flow vector)2

▶ The horizontal lines denote the corre-
sponding correlation between the mo-
mentum averaged flows e.g. V 2

2 − V4

−→ baseline of the plots.

▶ Such mixed-flow correlations provide
non-linear hydro-response of the
QGP medium.

▶ To measure the magnitude and angle
decorrelation −→ need to calculate 2nd
moments: V 4

2 -V4(p)
2 correlations.
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Fig. 13: (Flow magnitude)4-(Flow magnitude)2
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Fig. 14: V 4
2 -V4(p)

2 flow angle decorrelation
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