[FIC

Geons in quadratic Palatini gravity

Gonzalo J. Olmo

Instituto de Fisica Corpuscular - CSIC (Valencia,Spain)
in collaboration with

F.S.N. Lobo & D. Rubiera-Garcia

Gonzalo J. Olmo



Motivations

= Quadratic gravity has been thoroughly studied in the literature:

7 R = R+13(aRP+bRyRY)
O Renormalizability ofQFT in curved spaca®quires such terms.
e T String theoriegpredict similar higher-order curvature corrections.

Spherically symmetric charged
solutions

The End

Gonzalo J. Olmo Paros, 26 Sep 2013 - p. 2/1




Motivations

= Quadratic gravity has been thoroughly studied in the literature:

7 R = R+13(aRP+bRyRY)
O Renormalizability ofQFT in curved spaca®quires such terms.
e T String theoriegpredict similar higher-order curvature corrections.

Spherically symmetric charged
solutions

= |t has been established that:
O The theory satisfie®urth-order equations
1 Massive spin-2 gravitons and a massive spij@stpropagate in vacuum.
0 Perturbative methodare generally required to explore deviations from Gl

The End

Gonzalo J. Olmo Paros, 26 Sep 2013 - p. 2/1




Motivations

= Quadratic gravity has been thoroughly studied in the literature:

7 R = R+13(aRP+bRyRY)
O Renormalizability ofQFT in curved spaca®quires such terms.
e T String theoriegpredict similar higher-order curvature corrections.

Spherically symmetric charged

solutions

= |t has been established that:
O The theory satisfie®urth-order equations
1 Massive spin-2 gravitons and a massive spij@stpropagate in vacuum.
0 Perturbative methodare generally required to explore deviations from Gl

The End

= HOWEVER, the version of the theory isompletely different
[ Second-ordefield equations govern the dynamies exact solutions
I Only massless spin-2 gravitons propagate in vaceti@R+/\ recovered.
0 New dynamicsvithout new dynamical d.a.f

Gonzalo J. Olmo Paros, 26 Sep 2013 - p. 2/1




Motivations

= Quadratic gravity has been thoroughly studied in the literature:

7 R = R+13(aRP+bRyRY)
O Renormalizability ofQFT in curved spaca®quires such terms.
e T String theoriegpredict similar higher-order curvature corrections.

Spherically symmetric charged
solutions

= |t has been established that:
O The theory satisfie®urth-order equations
1 Massive spin-2 gravitons and a massive spij@stpropagate in vacuum.
0 Perturbative methodare generally required to explore deviations from Gl

The End

= HOWEVER, the version of the theory isompletely different
[ Second-ordefield equations govern the dynamies exact solutions
I Only massless spin-2 gravitons propagate in vaceti@R+/\ recovered.
0 New dynamicsvithout new dynamical d.a.f

= We will see that in thejuadratic theory:
O Thecentral singularityof charged BHs iseplaced by a Wormhole
[ Reissner-Nordstrom solutions turn irgeons
0 Stable remnantarise in the lowest part of the mass and charge spectrun
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O Metric approach

The relation 87§ = % [0p8gpy + Cydes — Updgp,] implies

oL sra _ fop 8L g™ sl
ﬁérﬁy_{g B~ 2 6FEN}DA59W and leads to

oL L oL A oL
og = <6g_W - 7911\») + L) lgwa—rgg — Gpuow g T | = 81G Ty

= Metric and variations generally lead tifferent field equations
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= Consider the®alatini theory S[g,T, Um] = 5= [ d*x,/=gf(R, Q) + Sn[g, W)

with Q= RuwRY , rw = RPupy, andr®gy, =ourdy ~aurgy 1l —reyrig
Field equations (for vanishing torsiony:.= o

U gw = frRRw — 20 +2fQRuRE = KT,y

0y = O [vV—9(frg" +2fgRY)| =0

In these equations:
[ The connection seems to satisfy second-order differesdahtions.
[ Only first-order derivatives of the metric.

In the Palatini version ofGR:
I The connection can keolved by algebraic means
O The dynamics boils down teecond-order equatiofar the metric.

In general f(R,Q) Palatini theories we find that:
I The connection can keolved by algebraic means
[ The dynamics boils down teecond-order equatiomfsr the metric.
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= hy satisfies arcinstein-like set of pde’s
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7 The square root of this equation yiel P = P(T) .
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0 Solutions:R, andQy are constant- de Sitter space-time: Q, = R3/4
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Metric field equations

= From the definition 0 BY =R4g® and ¥ = (frda’ +2foPy") , we have:
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[]
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Step 1Metric variation= frR\’ — 58, + 2foR*Py" = KT,

Step 3: rewriting?,”Zq" asRgh®V vdetz, we get

f
RY(h) = —Ls (58, + 2Ty )

= hy satisfies arcinstein-like set of pde’s

. 2 2 A
= From Step 1= 2fQ<P+%%I> :K2T+%<f+%%)l .

~

7 The square root of this equation yiel P = P(T) .

= Invacuum: B, = AR, Q) = R/ =4A(R,,Qy) , Qu=4A%(R,,Qy) .

[
[]
[]
[

Solutions:R, andQy are constant de Sitter space-time: Q, = RS /4
In vacuum the theory boils down to GRY, with gy = constani hy.

No massive spin-2 gravitonslo ghost-like instabilities
Matter-induced nonlinearitigaastead of new d.o.f.
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Electrovacuum geometry

= In GR, the RN solution is characterized b rs=2My and rg = 2Gcf )

Qer= RyRY

4
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8’

2 2 4
o= R R — 2 2438 32

r

r’ r8
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Smooth wormhole geometries

= When 9, = 0; awormholearisesar=r; < z=1

: z=2[X]
3.
Ng=7NC -
Ot -
Ng=5N¢ T
Okt 1
Ng=3N¢ |
I I | L ‘ | | X
=2 Ou 2 4
Ng=N¢ T Ng=1 Ot
—1

= d$? = gudt? — ;= dX¥ +r3(x)dQ? .
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Palatini Geons

= Electric charge ofleons (=self-gravitating electromagnetic entitijes
I The lines of force of the electric field enter through one efwormhole
mouths and exit through the other creatingithesion of anegatively
charged objeabn one side and a positively charged object on the other.

U The locally measuredlectric charge is defined by the flux
® = [gxF =4mg through any 2-surfaceS enclosing a wormhole mouth.
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= Electric charge ofleons (=self-gravitating electromagnetic entitijes
I The lines of force of the electric field enter through one efwormhole
mouths and exit through the other creatingithesion of anegatively
charged objeabn one side and a positively charged object on the other.

O The locally measuredlectric charge is defined by the

flux

® = [sxF =4mg through any 2-surfaceS enclosing a wormhole mouth.

= Evaluating the action on the solutions we find:

SI' = %uadGrav, ‘I‘%m = ZMQCZ% fdt . ([ﬂ = [Energ)} X [t|me])

0 For & =9; = MoC? = e.m. + grav. binding enerdjy .

[ Coincides with the action of a point-like particle at ré§2??

(geonic solitol: Sy =me [dty/1-v2/c?
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I The locally measuredlectric charge is defined by the flux
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= Evaluating the action on the solutions we find:

ST = %uadGrav, ‘I'%m = ZMQCZ% fdt . ([3 = [Energ)} X [t|me])

0 For & =9; = MoC? = e.m. + grav. binding enerdjy .
[ Coincides with the action of a point-like particle at ré§2??

(geonic solitol: Sy =me [dty/1-v2/c?

= Density of lines of force crossing the wormhole throat:

. ® _ q _ c/
£_4nr§_r§_ 2(hG)?2 =

0 Sincez isindependent off andM =- geon structure even whe d; # 07 .
' WH (topologica) structure even if there aré¢al) curvature divergences.
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Stability and quantum properties

= Theevent horizoris expected tdorce the decaynto o, # 0; states:

1-01/0; 1 o _ r3
0 g = (462—1 z/Tll) -3 (1— 6—;) +0(vz—1) Recall:d; = 51/

0 The sign of(1— 8} /d,) determines if there is an event horizon.

Z=7[X]

Ott
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at 1-6:/0;) 1 > rs
e Motivations 0] — ( 1/91) 1 O . . — 1 q
Ot = 45 /71 2 (1 62) +O(v/z—1) Recall:3; s\ T
Field Equations
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Ng=3N§ " ! 0.2 o
=2 0 ;c 2 x
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1

= For 91 =9; we find:

3/2
[ Mass spectrum M = 1.23605(%) / mp , whereNg =./2/0em=~ 16.55
q

1 The absence of an event horizon iy < 16.55 yields
guantum mechanically stable objedi$O Hawking decay

0 Thetopological nature of their chargmeakes them stable against arbitrary
classical perturbations that preserve the topology.
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Hawking estimates and BH remnants

Mon. Not. R. astr. Soc. (1971) 152, 75—78.

GRAVITATIONALLY COLLAPSED OBJECTS OF VERY
LOW MASS

Stephen Hawking
(Communicated by M. J. Rees)

(Received 1970 November g)

SUMMARY

It 1s suggested that there may be a large number of gravitationally collapsed
objects of mass 1079 g upwards which were formed as a result of fluctuations in
the early Universe. They could carry an electric charge of up to =+ 30 electron
units. Such objects would produce distinctive tracks in bubble chambers and
could form atoms with orbiting electrons or protons. A mass of 1017 g of such
objects could have accumulated at the centre of a star like the Sun. If such a
star later became a neutron star there would be a steady accretion of matter by
a central collapsed object which could eventually swallow up the whole star in
about ten million years.
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Hawking estimates and BH remnants

= Hawking's estimatgdased entirely on the process of classical collapse,
are inexcellentguantitative agreement with our results

7 According to Hawking, a large number of objectsw M ~ mp and

Ng < 30 could have been formed in the early universe.
0 A fraction of them could reach the stability conditions fdumere
O They may also arise from the evaporation of more massivectshje
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e Summary and Conclusions

The existence oftable solutiong the lowest part of the mass and
charge spectrum which can bentinuously connected with black
hole statessupports the view that these objects can be natunally
identified aslack hole remnants

The End

[ Stable remnants implies a maximum temperature in the eafiporprocess.
0 The lack of observations supporting black hole explosisrempatible
with this result.
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Summary and Conclusions

= For a givenf (R Q) Lagrangian, the field eqs in metric afd! atini differ:
0 Metric formalism higher-order derivatives due to integration by parts.
0 Palatini formalism second-order equations and algebraic relations.
0 Lovelock theorieare an exception: metric and Palatini coincide !!!
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= Geondn Quadratic Palatini gravity:

O The existence ofompletely regular (non-perturbative) solutions with WH
structureput forward thegeonic naturef such solutions.

0 Universal propertiesf the electric flux at = r¢: 4;,% = —2(;;;)2

= the geonic structure persists even when curvature diveegeexist.

All the spherically symmetric electrovacuum solutions geens
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= For a givenf (R Q) Lagrangian, the field eqs in metric aRelatini differ:
0 Metric formalism higher-order derivatives due to integration by parts.

5 Meizfes 0 Palatini formalism second-order equations and algebraic relations.
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e = Geondn Quadratic Palatini gravity:

e Smooth WH geometries

e ropertes 0 The existence ofompletely regular (non-perturbative) solutions with WH
e Hawking estimates . .

structureput forward thegeonic naturef such solutions.

The Enc 0 Universal propertiesf the electric flux at = re; -2, = /=<2

amr 2(hG)2
= the geonic structure persists even when curvature diveegeexist.

All the spherically symmetric electrovacuum solutions geens

= The existence aftable solutione the lowest part of the mass and charge
spectrum which can beontinuously connected with black hole sta®gpports
the view that these objects can be naturally identifiedlask hole remnants

= Nontrivial implications fordark matterand theinformation loss problem
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