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Phase transition of D-brane systems
In holography

[Frolov, 2000] [Mateos, Myers, Thomson, 2000]

[Erdmenger, Meyer, Shock, 2007/]
[Albash, Filev, Johnson, Kundu 2007]
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fluctuation of AU

fiel
probe D-brane meson field

At the critical embedding,
a power law appears
In meson energy spectrum of D3/D7.

(Turbulence meson condensation)
[Hashimoto, Kinoshita, Murata, Oka, 2014]
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Questions

1. Does the power law appear
iIn other D-brane systems?

2.Does the value of the power
change in other D-brane systems?

We analyze EOM of DBI action
on the gravitational background.



Our result

1. We find that the power law appears
in D3/D7 and D3/D5 at the critical embedding.
2. The power depends on the cone dimensions
of the probe D-branes.
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What is turbulence ?
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But, there 1s no clear definition
of turbulence.


https://www.oist.jp/photo/eddies-turbulent-pool-sketch-15th-century-leonardo-da-vinci

Definition of turbulence in this talk

. energy flow from low to high wavenumber
- power law

From large vortex
to small vortex

- /@
@\@

Kolmogorov's power law
for turbulence
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E(k)=Ce3k 3

energy spectrum wave
of vortex number



Our aim

Compute meson energy spectrum

by using holography
and find power law at the critical embedding.
(Turbulence meson condensation)
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D3/D7 brane system

background _|_ probe
D3-branes D7-brane
AdS: x S° metric DBI action
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Three solutions
AdSs x S° metric DBI action

2 2 | 2
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= 72 Ny dx! dx 1

R? _ S = /d8 —det(ggp|w| + QﬂlgFab
M [dp” + p?d; + dw” + dw”] (2)6 g2, 13 &V (Gab[w] )

ds
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Minkowski embedding Critical embedding Black hole embedding

V= det(gop[w] + 212F,,) > 0 v/ —det(gap[w] + 2mI2F ) =0 /— det(gap[w] + 2712 E,) = 0
at p=20 at p=20 at p >0



Analysis method

probe
: D-brane
(1) Calculate meson’s mass w,,
and eigenfunction ex(p)
without external fields.
probe
D-brane

(2) Solve EOM of w(p)numerically \/

with nonzero external fields.

(3) Expand the solution by the  p-2,,(,) _ , — i e (o)
eigenfunction and calculate n=0
meson’'s energy €. g, =



Shape of probe D-brane

D3/D7 with
electromagnetic effect

| critical
embedding




Meson energy spectrum of D3/D7

electromagnetic effect
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Result of D3/D5b5

electric effect finite temperature effect
(elgenmass of meson) 1o * (elgenmass of meson) 1og9_
T  rial T eritical
: & - : S, beddi
. 7 O(e(rgbeddmg 5 O(%gw edding

72 TS.9s 72) S 95

15 ~15
En En
log — log —
€0 €0
20 -20

(meson energy) (meson energy)




Cone dimension and power

D3/D7 D3/D5
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Conjecture

power=—(cone dimension—+ 1)




Summary

. We study meson energy spectrum of D-brane
systems by holography.

. We find that the power law appears
in D3/D7 and D3/D5 at the critical embedding.

. The power depends on the cone dimensions
of the probe D-branes.



