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Ĵµ

R

R(ω, q) = −2 ImGret(ω, q)



Matthias Kaminski            Thermal spectral functions & diffusion from AdS/CFT                        Page

Motivation & Introduction

Gauge Theory Problem (strong): 
Find retarded two-point function of vector current        in QG-plasma.

Gravity problem (weak): 
Find retarded two-point function of vector field        in SUGRA.

2

Thermal spectral function       contains all information about 
diffusion and quasiparticle resonances in QG-plasma.
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Matthias Kaminski            Thermal spectral functions & diffusion from AdS/CFT                        Page 4

Gravity Solution & Translation

Effective action: Fµν = ∂[µAν]
SD7 =

∫

d8x

√

∣

∣

∣
det{[g + F ] + F̃}

∣

∣

∣ ,



Matthias Kaminski            Thermal spectral functions & diffusion from AdS/CFT                        Page 4

Gravity Solution & Translation

Effective action: Fµν = ∂[µAν]
SD7 =

∫

d8x

√

∣

∣

∣
det{[g + F ] + F̃}

∣

∣

∣

︸ ︷︷ ︸

G

,



Matthias Kaminski            Thermal spectral functions & diffusion from AdS/CFT                        Page

0 = Ã′′ +
∂ρ[

√

|det G|G22G44]
√

|det G|G22G44
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0 = Ã′′ +
∂ρ[

√

|det G|G22G44]
√

|det G|G22G44
Ã′ −

G00

G44
"H

2ω2Ã
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Ã(ρ)

)

AdS/CFT



Matthias Kaminski            Thermal spectral functions & diffusion from AdS/CFT                        Page 5

Gauge Results: Spectral Functions

0.0 0.5 1.0 1.5 2.0 2.5
!6

!4

!2

0

2

4

(
,0

)
−

0

d̃ = 0.25

χ0 = 0.1
χ0 = 0.5
χ0 = 0.7
χ0 = 0.8

Finite baryon density: χ0 = χ(ρ)
∣

∣

ρ→ρH
∼

mquark

T



Matthias Kaminski            Thermal spectral functions & diffusion from AdS/CFT                        Page 5

Gauge Results: Spectral Functions

0.0 0.5 1.0 1.5 2.0 2.5
!6

!4

!2

0

2

4

(
,0

)
−

0

d̃ = 0.25

χ0 = 0.1
χ0 = 0.5
χ0 = 0.7
χ0 = 0.8

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
!50

0

50

100

150

200

(
,0

)
−

0

d̃ = 0.25

χ0 = 0.8

χ0 = 0.94

χ0 = 0.962

Finite baryon density: χ0 = χ(ρ)
∣

∣

ρ→ρH
∼

mquark

T



Matthias Kaminski            Thermal spectral functions & diffusion from AdS/CFT                        Page 5

Gauge Results: Spectral Functions

0.0 0.5 1.0 1.5 2.0 2.5
!6

!4

!2

0

2

4

(
,0

)
−

0

d̃ = 0.25

χ0 = 0.1
χ0 = 0.5
χ0 = 0.7
χ0 = 0.8

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
!50

0

50

100

150

200

(
,0

)
−

0

d̃ = 0.25

χ0 = 0.8

χ0 = 0.94

χ0 = 0.962

0 5 10 15 20 25 30 35
0

20000

40000

60000

80000

100000

120000

140000

(
,0

)

d̃ = 0.25

χ0 = 0.999

n = 0 n = 1 n = 2 n = 3

Finite baryon density: χ0 = χ(ρ)
∣

∣

ρ→ρH
∼

mquark

T



Matthias Kaminski            Thermal spectral functions & diffusion from AdS/CFT                        Page 5

Gauge Results: Spectral Functions

0.0 0.5 1.0 1.5 2.0 2.5
!6

!4

!2

0

2

4

(
,0

)
−

0

d̃ = 0.25

χ0 = 0.1
χ0 = 0.5
χ0 = 0.7
χ0 = 0.8

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
!50

0

50

100

150

200

(
,0

)
−

0

d̃ = 0.25

χ0 = 0.8

χ0 = 0.94

χ0 = 0.962

0 5 10 15 20 25 30 35
0

20000

40000

60000

80000

100000

120000

140000

(
,0

)

d̃ = 0.25

χ0 = 0.999

n = 0 n = 1 n = 2 n = 3

0.2

0.2

0.2

0.2

0.4

0.4

0.4

0.4

0.6

0.6

0.6

0.6

0.8

0.8

0.8

0.8

1

1

1

1

µ
q
/m

q
µ

q
/m

q

T/M̄T/M̄

d̃ = 0
d̃ = 0.00315

d̃ = 4

d̃ = 0.25

Phase diagram:

Finite baryon density:

χ = χ(d̃ , ρ)

L(!) = ! χ(!)

χ0 = χ(ρ)
∣

∣

ρ→ρH
∼

mquark

T



Matthias Kaminski            Thermal spectral functions & diffusion from AdS/CFT                        Page 5

Gauge Results: Spectral Functions

0.0 0.5 1.0 1.5 2.0 2.5
!6

!4

!2

0

2

4

(
,0

)
−

0

d̃ = 0.25

χ0 = 0.1
χ0 = 0.5
χ0 = 0.7
χ0 = 0.8

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
!50

0

50

100

150

200

(
,0

)
−

0

d̃ = 0.25

χ0 = 0.8

χ0 = 0.94

χ0 = 0.962

0 5 10 15 20 25 30 35
0

20000

40000

60000

80000

100000

120000

140000

(
,0

)

d̃ = 0.25

χ0 = 0.999

n = 0 n = 1 n = 2 n = 3

0.2

0.2

0.2

0.2

0.4

0.4

0.4

0.4

0.6

0.6

0.6

0.6

0.8

0.8

0.8

0.8

1

1

1

1

µ
q
/m

q
µ

q
/m

q

T/M̄T/M̄

d̃ = 0
d̃ = 0.00315

d̃ = 4

d̃ = 0.25

Phase diagram:

Finite baryon density: χ0 = χ(ρ)
∣

∣

ρ→ρH
∼

mquark

T



Matthias Kaminski            Thermal spectral functions & diffusion from AdS/CFT                        Page 5

Gauge Results: Spectral Functions

0.0 0.5 1.0 1.5 2.0 2.5
!6

!4

!2

0

2

4

(
,0

)
−

0

d̃ = 0.25

χ0 = 0.1
χ0 = 0.5
χ0 = 0.7
χ0 = 0.8

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
!50

0

50

100

150

200

(
,0

)
−

0

d̃ = 0.25

χ0 = 0.8

χ0 = 0.94

χ0 = 0.962

0 5 10 15 20 25 30 35
0

20000

40000

60000

80000

100000

120000

140000

(
,0

)

d̃ = 0.25

χ0 = 0.999

n = 0 n = 1 n = 2 n = 3

0

2 4 6 8 10

1000

2000

3000

4000

XY

XY

Y X

Y X

E3E3

E3E3
n = 0n = 0n = 0

n = 1n = 1n = 1

− 0

0.2

0.2

0.2

0.2

0.4

0.4

0.4

0.4

0.6

0.6

0.6

0.6

0.8

0.8

0.8

0.8

1

1

1

1

µ
q
/m

q
µ

q
/m

q

T/M̄T/M̄

d̃ = 0
d̃ = 0.00315

d̃ = 4

d̃ = 0.25

Finite isospin density:Phase diagram:

Finite baryon density: χ0 = χ(ρ)
∣

∣

ρ→ρH
∼

mquark

T



Matthias Kaminski            Thermal spectral functions & diffusion from AdS/CFT                        Page 6

Gauge Results: Quark diffusion



Matthias Kaminski            Thermal spectral functions & diffusion from AdS/CFT                        Page 6

Gauge Results: Quark diffusion

ΞD = lim
ω→0

1

2ω
R(ω,q → 0)Diffusion:



Matthias Kaminski            Thermal spectral functions & diffusion from AdS/CFT                        Page 6

Gauge Results: Quark diffusion

ΞD = lim
ω→0

1

2ω
R(ω,q → 0)

Ξ =
∂d(µ)

∂µ

∣

∣

∣

µ→0

Diffusion:

Susceptibility:



Matthias Kaminski            Thermal spectral functions & diffusion from AdS/CFT                        Page 6

Gauge Results: Quark diffusion

!0

0.025

0.05

0.075

0.1

0.125

0.15

0.5 1 1.5 2 2.5 3

D
T

T M̄

ΞD = lim
ω→0

1

2ω
R(ω,q → 0)

Ξ =
∂d(µ)

∂µ

∣

∣

∣

µ→0

Diffusion:

Susceptibility:



Matthias Kaminski            Thermal spectral functions & diffusion from AdS/CFT                        Page 6

Gauge Results: Quark diffusion

0.76 0.765 0.77 0.775!
0.01

0.02

0.03

0.04

0.05

D
T

T M̄!0

0.025

0.05

0.075

0.1

0.125

0.15

0.5 1 1.5 2 2.5 3

D
T

T M̄

ΞD = lim
ω→0

1

2ω
R(ω,q → 0)

Ξ =
∂d(µ)

∂µ

∣

∣

∣

µ→0

Diffusion:

Susceptibility:



Matthias Kaminski            Thermal spectral functions & diffusion from AdS/CFT                        Page 7

Conclusion

 spectral functions in strongly coupled YM-plasma
 sharp resonances signal stable vector mesons (a.d.)
 resonances follow SUSY mass formula for small T
 diffusion coefficient shows “softened” phase transition

 explain resonance peak turning
 spectral functions at finite baryon and isospin density
 compute quasi-normal modes directly (resonances)
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APPENDIX

The mass parameter      depending on the parameter       .m χ0

m = lim
ρ→ρbdy

ρ χ(ρ) =
2mquark
√

λT

χ0 = χ(ρ)
∣

∣

ρ→ρH

χ(ρ) =
m

ρ
+

c

ρ3
+ . . .

A0 = µ −

1

ρ2

d̃

2πα′
+ . . .

Near-boundary expansions:

L(!) = ! χ(!)

Other relations:

ρ =

"

"H

,
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