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1. Infroduction

It is well known that horizon radius of the black hole usually
degreases by the Hawking radiation.

Black hole evoporation [ Hawking (1974) ]

However, the black hole radius can increases by the quantum
correction for the Nariai black hole in GR.

[ Ngjiri and Odintsov (2013) ]

[ Hossan and Rosen (2012)]

2. Antl-evaporation

We consider the Schwarzschild-de Sitter (SAS) solution.

[0 Does the anti-evaporation occur in massive gravity & bigravity?

[ de Rham, Gabadadze and Tolley (2011) ]
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2 A
ds? = —V(r)dt2 + V(r) '+ 72402, V(r)=1-F _ 7’
r
O A is positive cosmological constant and u is mass

parameter.
O The limit u = 0 corresponds to the de Sitter solution
and A — 0 corresponds to the Schwarzschild solution.
O The topology of the spacelike sections is St x S2.

\_

For 0 < u < :A~/%,V has two positive roots 1, and 1y,
corresponding to the cosmological and black hole horizons.

O In the limit 4 — 2A~1/2, the size of the black hole horizon
approaches that of cosmological horizon. — Narial solufion

[0 We consider the perturbbations for the Nariai spacetime in GR.

Spherically symmetric ansatz.
ds® = *P"7) (—dt? 4 da®) + e 2?7 dQ?
We consider N massless scalar fields as radiation.
Then, the effective action with quantum effects is given by

S=— [ d®zy/=g [(e—% + g(z + qu)) R

—E(VZ)2 + 242 2%(Vo)? — 26_2¢A]
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where k = % Z 18 auxiliary fields and w Is arbitrary constant.

Now, we consider the metric perturbation. e*? = Ay[1 + 2e0(t) cos x

Slack hole anfl-evoporation [ Bousso and Hawking (1997) |

[0 The anti-evaporation occurs in modified gravity (i.e. F(R) gravity).

s

INn classical case, k = 0,

No evaporation takes place and horizon size remains.

In quantum case, k > 0, there are two types of perturtbations,
~ one type Is stable at least initidlly and he BH size increases.,

\

3. Massive gravity & Bigravity

as modified gravity theory.

[0 Massive gravity describes interacting a massive graviton.
* Dynamical metric g,,,, and fixed (reference) metric f,,

* Background dependence because of f,,,

a )

S=M92/ d*zv/—gR(g) — 2mg MQQ/ d4a:\/?gi]6nen (\/g—lf)

[ de Rham, Gabadadze and Tolley (2011) ]
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* Two dynamical metrics g,,, and f,,,
» Background independence (general coordinate trans. inv.)

a )

S=M92/ d%\/fgﬁ(g)JrM?/ d'z\/~[R(f)
4
—om2 M2, f 'ov=9 Buen (Vo F)

n=0 [ Hossan and Rosen (2012)]
& _J

Planck mass scales: M, My,

Free parameters: f,,, Mass of massive spin-2 field (massive graviton): m,

eo(X) =1, e(X)=[X], exAX)=

ea(X) = 21—4 (IX]* = 6[XJ*[X?] + 3[X7]* + 8[X][X7] — 6[X"]) = det(X), [X] =X/,

((X]* = [X7]) . es(X) = < ([X] - 3[X][X7] + 2[X7])
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We consider the anti-evaporation in massive gravity and bigravity

[ Bigravity describes interacting massive and massless gravitons.

In collaboration with Shin‘ichi Najiri and Sergel.D.Odintsov

4. SAS solutions In Bigravity

In order to discuss the anti-evaporation, we need 1o confirm
that asymptotically de-Sitter solufions are realized.
At first, we discuss the existence of the SAS solution Iin bigravity.

We consider a particular class of solutions:  f,, = C? 9uv
INn this assumption, the equations of motion are given by

1 mOMeff
0= R,uv(g) — §R(g)g,uu + ( M
g
moMeff 2 1
M; ) C2|C
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) [Bo + 3|C|B1 + 3C% B2 + C?|C|B5] g, COSTIOLCCA
constants
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0= R;W(f) - _R(f)f,uu + (

5 By + 3|C|B2 + 3C2B5 + C?|C|B4] fu

And we consider 2-para. family of bigravity

Bo=6—4asg+as, [1=-3+3a3—ay
6221—2053——054, 63:053—054, 64:(]54.} Mf:Mg

J

We find that albove models of bigravity has solution € = 1,
when the cosmological constants vanish for arbitrary (as, ay).

Now, we classify two parameters when we obtain non-trivial
solution with € # 1 and non-vanishing cosmological constants.
We obtain folowing results.

Regarding cosmological constant:

* The sign depends on a3, a, and
corresponding C.
* [or instance, the model with

N (a3, a4) = (1,-1),(=11),(~1,-1)

7| Nor-trar ] have asymptotically de Sitter solution.

Only trivial
‘| solution pf ]

[ TK (2013) ] — Narial solutions exist.

B. Stabillity of Nariai spacetime

Next, we evdluate the stability of the Nariai spacetime in Biravity.

At first, we investigate the classical stability
because the anti-evaporation occurs without quantum effects

N F(R) ngViTg. [ Nojiri and Odintsov (2013) |

In the same way as the case of GR,
we consider the spherically symmetric ansatz for g,,, and f,,,.

~ )

g’wdg;ﬂdxv — 6291(t,m) (_dtQ L d:IIQ) L 6—2@01(t,:1:)dQ2
f,uudm#d$y — 62’02(t’m) (—dt2 + d$2) —+ e_2¢2(taﬂ?)dﬂ2

.

We dlso assume f,,, = C*g,, and M; = M,
because we can obtain the Nariai solution with these conditions.

0 When we consider perturbbations for the Nariai spacetime in
bigravity, 'wo sets of the perfurbations for g, and f,,, are

required because two metric tensors are independent.

Finally, we obtain the equations for the perturtbations in the
following forms.

( )

0G 1 (9) + 61, (Vg f)gux + I, (V g~ £)dgun = 0
0G L (f) + 51):;(\/ f_lg)f;u)\ + I_}L( f_lg)‘sf,u% =0
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where G,,,s are the Einstein fensors,
[* s and 61%,s are the interaction terms and their perturbations.

[0 Moreover, the perturbbations should satisfy the Bianchi identities.
— |'m trying to calculate... (in progress)

B. Discussion and Future directions

[0 We need to evaluate the stability with/without guantum
corrections.

[ If we find that the anti-evaporation doesn’t occur classically,
we need to take the quantum effects intfo account.

B Can we andlyze the stabllity without specifying the parameters
IN massive/bi-gravity”? We can classify the parameter regions
where the perturtbations are stable/unstable.

B Can we evaluate the BH entropy?

B Can we estimate the number of primordial BH? This estimation
also dllows us to limit the parameter regions.

Thank you for your attention!



