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A parable

This is the main
motivation

for this talk
here
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In virtually every QFT

S = 1@

Classical action Effectivve action

Observable predictign?
Want

Q o k@ meaningful!
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Scale dependence

In Gravity (truncated)

1
I'lg,.. k]l = Jd3x1 Ll [E <R e 2Ak>+§fM]
k

Selfconsistent backgrounds must solve

G, + 8, = K‘kTM Ar,,

-v,v,)G;!

k=0 (Scale
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Solve: G tg N=xT, A

0 1 0 [ A\

R -2 ok =0
ok \ G, ok \ G,
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Unknown: A, G, (if answer,
| depends on whom you ask)

g,,(X),k(x)  Gap equations
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G + g,m/Ak — KkTM At

0 1 0 [ A\
R -2 ok =0
ok \ G, ok \ G,

(if answer,

depends on whom you ask)

(x),k(x)  Gap equations

Highly symmetric systems simple approach
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Black holes

Line element (e.g. 2+1 dim):

ds® = — f(r)dt* + g(r)dr? + r? |

Unknown: A, G, f(r),g)

Assume: |[r2 ( 1 >—2 : (Ak) .ok=0 solved for k(r)

ok \ G, ok \ G,




Black holes

Line element (e.g. 2+1 dim):

ds® = — f(r)dt* + g(r)dr? + r? |

%Unknown: A(r), G(r), f(r),g()

Remaining equations:




Black holes

Line element (e.g. 2+1 dim):

= — f(rdt* + g(rdr® + r? _

%Unknown: A(r), G(r), f(r),g()

%Remaining equations:
G + gﬂI/Ak e KkTM At

Can be solved
with only one additional condition/ Ansatz!

18
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Black holes

Line element: (Schwarzschild Ansatz)

— _ (DA + f()1dr? + r2|dgp

%Unknown: A(r), G(r), f(r)

Remaining equations:
G + g,ul/Ak - KkTM At

The solution is: ....

14



Black holes

%Solution (no charge no rotation)
| -

G(r) = !
Gy + er(1 + GyMy)

L Gy
1) = fir) +2MGo o5 = 1

—G(r)? G £ G : 2 (.G 3
EA(r) = v [1+4< : —1>+ SM Gt 3 - —1> + 6M,G, 0( - —1>
ALES G(r) r2 G(r) 2 \ G(r)

) 2
+2z\40c;0”ﬂ0 <0 <3< S —1>+1>< S —1> SEn ]
r2 G(r) G(r) G(r) Gy

2

§with fo(r) = = GoM,, + % classical solution
0
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Black holes

%Constants of integration:

oMo )

gEncodes scale dependence:

lim G(r) = G,
e—0 i

lim (r) = — Gy - ;% = fo(r)

lim A(r) =
e—0 () fg

16




Black holes

gLine element:




Black holes

%Line element:
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Black holes

%Asymptotics: g U

b o M, i 1
: R = — AMoe(1 + GoM,) - — — o - 1()?(1 + GoMy)“€e” ) + O(r’)
r 0 0

Singularity

%Asymptotics: r — o0
: ]/'2 | @ 1
102 72 (r’)

Asymptotically AdS
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Horizon:
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- Horizon:

p




Black holes

Horizon:

Fh |€:o TR, V- GoM,y?
c=0

; G
" |G(r)/GO<<1 &MGy>1 ™ 3

g e

€

) 2 M,G3t?
h 'G(n/Gykl1 3 (1 +M()G())€

—. My

numerical € > 0
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gTemperature:
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Temperature:




Black holes

Temperature:

a\ mMO

N

numerical € > 0




Black holes

:Entropv: (e _<Jg JdP-1
i s

4

2y,  2an, _1 CHy +GOMO)€rh_

§ =
4G(rh) 4GO GO




Black holes
e vh

E t : s
F . e

A
2y,  2an, i (1+ GOMO)erh_

§ =
4G(rh) 4GO GO

%Mass: dM = TdS

M‘MO>>1 ~ My

244
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Many more solutions:

+ 2+1 dim.& charge
+ 2+1 dim. & angular

+ Null energy condi e
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+ Power Maxwell
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Black holes

Many more solutions:

+ 2+1 dim.& charge
+ 2+1 dim. & angular

+ Null energy COIldl
+ 3+1 dim.

+ 3+1 dim & char
+ Power Maxwell

+ Regular black hole
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Black holes

Gie
S

3+1 dim.
3+1 dim & ch.

Power Maxwe..
Regular black hol.




Concluding
Comments

o Scale dependence and setting: variational

e Many BH solutions with simple assumption

» Maybe interesting in AdS/CFT?




Thank You!
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