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Introduction

The collisions at LHC, RHIC create a matter, called quark-gluon plasma.

• An anticipated critical end point (CEP) at finite µB

• We want to investigate if the evolution of the QGP pass through the
critical region.
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Introduction

• Relativistic Hydrodynamics

• Ideal Hydro: Euler’s Equation

• Navier-Stokes acausal, unstable Hiscock,Ann.Phys151,466

• Israel-Stewart Hydrodynamics: causal, stable Israel, Stewart Ann.Phys.118,341(1979)

Tλµ = ϵuλuµ + P△λµ + qλuµ + qµuλ + τλµ , Nµ = nuµ + nµ

Conservation equations: ∂µT
µλ = 0, ∂µN

µ = 0

Π = −ζ[∂µu
µ + β0DΠ− α0∂µq

µ]

πλµ = −2η[∆λµαβ∂αuβ + β2Dπαβ − α1∂αqβ ]

qλ = χT∆λµ[− 1

T
∂µT − Duµ − β1Dqµ + α0∂µΠ+ α1∂νπ

ν
µ]
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Relativistic magneto-hydrodynamics

Non-central collisions ⇒ strong magnetic field, eB ≈ 1018 Gauss! Skokov,et.al. IJMPA 24,5925

For very large σ, the electric field will approach zero.
Constant magnetic field ⇒ modify energy-momentum tensor: Gedalin,PRE 51,4901(1995)

Tµν
em =

B2

2
(uµuν −∆µν − 2bµbν) , BµBµ = −B2, bµ =

Bµ

B

For ideal fluid, the total EMT:

Tµν
em (0) =

(
ϵ+

B2

2

)
uµuν −

(
P +

B2

2

)
∆µν − B2bµbν

In the presence of polarization (or non-zero magnetization):

Tµν
em (0) = (ϵ+ P −MB)uµuν − (P −MB +

1

2
B2)gµν + (MB − B2)bµbν

Total EMT:
Tµν

tot = Tµν
em (0) − Π∆µν + qµuν + qνuµ + πµν

Modified equations:
∂µT

µν
tot = 0 , ∂µN

µ = 0
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Linearised equations

0 =
∂δn

∂t
+ n0∇⃗.δv⃗ ,

0 = n0
∂δs

∂t
+

1

T0
∇⃗.δq⃗ − 1

n0 T0
(B2 −M B)

∂δn

∂t
,

0 = (h0 + B2 −M B)
∂δv

∂t
+∇(δP + δΠ) +

∂δq

∂t
+ ∇⃗.δπ⃗ ,

0 = δΠ+ ζ
[
∇⃗.δv⃗ + β0

∂δΠ

∂t
− α0∇⃗.δq⃗

]
,

0 = δπij − η
[
∂ iδv j + ∂ jδv i − 2

3
g ij∇⃗.δv⃗ − 2β2

∂δπij

∂t
− α1(∂

iδqj + ∂ jδqi − 2

3
g ij∇⃗.δq⃗)

]
,

0 = δq − κT0

[
− ∇δT

T0
− ∂δv

∂t
− β1

∂δq

∂t
+ α0∇δΠ+ α1∇⃗.δπ⃗

]
.

Correlation between Qi and Qj is 〈
δQi (k⃗, ω)δQj(k⃗, 0)

〉
The dynamic density factor:

Snn(k⃗, ω) =

〈
δn(k⃗, ω)δn(k⃗, 0)

〉
〈
δn(k⃗, 0)δn(k⃗, 0)

〉
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Dynamic density fluctuation: w/o magnetic field case
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Figure: Away from CEP
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Figure: Near CEP
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Dynamic density fluctuation: magnetic field case
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Figure: eB = m2
π

-5 0 5
0

200

400

600

800

1000

1200

1400

ω [fm-1]


nn
(k
,ω

)

Figure: eB = 3m2
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Figure: In Navier Stokes theory with finite B
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Dynamic density fluctuation: CEP and magnetic field
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Figure: Near CEP with
B = m2

π < Bth

(b)
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Figure: Near CEP with
B = 3m2

π ≥ Bth.
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Summary, Conclusions and Outlook

• Without B, the Snn(k⃗, ω) admits a Rayleigh peak and two Brillouin peaks.

• In B, two extra peaks appearing closer to the R-peak, identified as the B-peaks
due to the adiabatic transverse pressure fluctuation.

• The extra B-peaks (near side) exclusively appear beyond a threshold value of the
magnetic field.

• The away side and the near side B-peaks are caused by the pressure fluctuation in
longitudinal and transverse direction respectively due to pressure difference
P⊥ = P −MB and longitudinal, PL = P components.

• This inherent pressure anisotropy will subsequently influence the flow harmonics.

• The Snn(k⃗, ω) for Navier-Stokes reveals near side B-peaks are absent but away side
B peaks are present although their position and magnitude differs. It suggests that
near side B peaks appear due to coupling between B and the coupling and
relaxation coefficients of 2nd order theory.
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Thank You

Mahfuzur Rahaman (DGC) Density fluctuation in B 11 / 11


