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Our goal

•  Holographic diagnostic of the black hole  creation

• Explicit model for thermalization 

  (non-equilibrium correlators that in the

   some limit approach to thermal correlators)

This is related with the problem of quark-gluon 
plasma formation.        I.A.Phys.Usp., 2014        
   



References

• This is a long term project.

• I.A.,  A. Bagrov, “Holographic dual of a 
conical defect”, Theor. Math. Phys., 182 
(2015), 1–22

• Work in progress 



In 3-dim

• An "explicit" model of BH creation in  AdS3



Two main points

• Thermal Green functions in the 
holographic approach correspond to bulk 
with  a black hole (or black brane)

• Thermalization holographically means a 
black hole creation
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Figure18: Theartistic picture of an double intertwining. The starting point is ”b” (around tb = 0, φb =
3/ 2⇡), then the geodesics goes to O, where it crossing the 1-st wedge and comes out in the point O⇤1 .
Then it goesin thelivingareatill it meet thesecondwedgeat thepoint O0andcomesout at thepoint O

0⇤2.
Finally, thegeodesics reaches thepoint a, that in fact is nothing but c = a!#2#1!. Up to renormalization
the geodesics length is equal to ldouble in ter tw in ing = lbO + lO⇤1O0 + lO0⇤2a. Since we have lbO = lb⇤1O⇤1 and
lO 0a = lOa#2 weget ldouble in ter tw in ing = lb⇤1a#2 . Note that c = a#2#1.

Cb⇤1 = 2tan2(✏) +1 sin(tb) − 2tan(✏) sec(✏) sin(✏− φb)
2
+cos2(tb) (322)

Ca#1 = 2tan2(✏) +1 sin(ta) − 2tan(✏) sec(✏) sin(✏+φa)
2
+cos2(ta)] (323)
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Figure 19: The artistic picture of two double intertwinings. The starting point is ”b” (around tb =
0, φb = 3/ 2⇡) and end in the point ”a”. The geodesics can go to the left (as previous picture, the
magenta line) as well to the right (the turquoise line). The turquoise geodesics goes from b to F, where
it crossing the 1-st wedge and comes out in the point F⇤2 . Then it goes in the living area till it meet
the second wedge at the point F 0 and comes out at the point F

0⇤1. Finally, the geodesics reaches the
point a, that in fact is nothing but d = a#1#2. Up to renormalization the geodesics length is equal
to ldouble in ter tw in in g r igh t = lbF + lF ⇤2F 0 + lF 0⇤1a . Since we have lbF = lb⇤2F ⇤2 and lF 0d⇤2 = lF ⇤1a we get
ldouble in ter tw in in g r igh t = lb⇤2a#1 . Note that d = a#1#2. The yellow geodesics show the direct way without
winding.

Nowwetry to find an alternativepath. .
Seean artistic view of several intertwining in Fig.23.
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5.5 Change of character of the interval under the isometric transformation

Weare interesting on the following questions.

• Supposethat theinterval ab isaspace-like. Can thesepointsa and bberelatedby thequasi-geodesics
crossing thewedge. Or in other word, can be for thegiven a and b thepoints a# , b be time-like.

• Suppose that the interval ab is a time-like. Can these points a and b be related by the quasi-
geodesics/ geodesics crossing the wedge. Or in other word, can be for the given a and b the points
a# , b be time-like/ space-like.

Now we take tb = 0, φb = 0 and compare the signumeof the di↵erence ta# − φa# with the signumeof
the (ta − φa), seeFig.11

- 1 0 1 2 3 4

0

1

2

3

4

5

6

A - 1 0 1 2 3 4

0

1

2

3

4

5

6

B - 1.5 - 1.0 - 0.5 0.0 0.5 1.0 1.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

C - 1.5 - 1.0 - 0.5 0.0 0.5 1.0 1.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

D

- 1.5 - 1.0 - 0.5 0.0 0.5 1.0 1.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

E - 1.5 - 1.0 - 0.5 0.0 0.5 1.0 1.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

F

- 1.5 - 1.0 - 0.5 0.0 0.5 1.0 1.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

G - 1.5 - 1.0 - 0.5 0.0 0.5 1.0 1.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

K - 1.5 - 1.0 - 0.5 0.0 0.5 1.0 1.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

J - 1.5 - 1.0 - 0.5 0.0 0.5 1.0 1.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

H

Figure 8: A. Density plot for cos(φa# ) − cos(ta# ), ✏= 0, −⇡/ 2 < ta < 3⇡/ 2, 0 < φa < 2⇡. B. Contour
plot for S ignum [cos(φa# ) − cos(ta# )], ✏= 0, −⇡/ 2< ta < 3⇡/ 2, 0< φa < 2⇡. W e omit signum in what
follows. C. Density plot for cos(φa# ) − cos(ta# ), ✏=0, −⇡/ 2< ta < ⇡/ 2, 0< φa < ⇡. D.Contour plot for
cos(φa# )− cos(ta# ), ✏= 0, −⇡/ 2< ta < ⇡/ 2, 0< φa < ⇡. E. Density plot for cos(φa# − φb)− cos(ta# − tb),
✏=0, −⇡/ 2< ta < ⇡/ 2, 0< φa < ⇡, φb = −⇡/ 2, tb =0. F. Contour plot for cos(φa# − φb)− cos(ta# − tb),
✏=0, −⇡/ 2< ta < ⇡/ 2, 0< φa < ⇡, φb = −⇡/ 2, tb =0. G. Contour plot for cos(φa# − φb)− cos(ta# − tb),
✏= 0, −⇡/ 2< ta < ⇡/ 2, 0< φa < ⇡, φb = ⇡/ 2, tb = ⇡/ 2. K. Density plot for the sameparameters as G.
J . Contour plot for cos(φa# − φb) − cos(ta# − tb), ✏= 0, −⇡/ 2< ta < ⇡/ 2, 0< φa < ⇡, φb = ⇡/ 4, tb = 0.
H. Thedensity plot for sameas J
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Figure 8: A. Density plot for cos(φa# ) − cos(ta# ), ✏= 0, −⇡/ 2 < ta < 3⇡/ 2, 0 < φa < 2⇡. B. Contour
plot for S ignum [cos(φa# ) − cos(ta# )], ✏= 0, −⇡/ 2< ta < 3⇡/ 2, 0< φa < 2⇡. W e omit signum in what
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Figure9: A and B: Density and contour plot for cos(φa# − φb) − cos(ta# − tb), ✏= ⇡/ 6, tb =0, φb =0. C
and D: Density and contour plots for cos(φa# − φb) − cos(ta# − tb), ✏= ⇡/ 6, tb = ⇡/ 2, φb = ⇡/ 2. E and F:
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Two wedges, epsilon =pi/4
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