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Motivations

B Geodesic completeness 1s a basic criterion to determine whether a space-time is

singular or not.
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The End
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B Incomplete geodesics and curvature divergences are two logically independent
concepts that typically appear together in black hole scenarios.
¢ This correlation has spreaded the view that theories with bounded curvature
invariants could lead to nonsingular space-times.
¢ Despite many efforts in different directions, singularities are still an

important open question in black hole physics.
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The End
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B Incomplete geodesics and curvature divergences are two logically independent
concepts that typically appear together in black hole scenarios.
¢ This correlation has spreaded the view that theories with bounded curvature
invariants could lead to nonsingular space-times.
¢ Despite many efforts in different directions, singularities are still an

important open question in black hole physics.

B |n this talk I will provide examples of geodesically complete, and hence

nonsingular, BH space-times which, nonetheless, exhibit curvature divergences.
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Our framework: metric-affine gravity
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The End

Sre = JL —q (assuming no coupling of I to the matter)
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B Metric approach:
The relation &Iy = ¢ [Vpdgpy+ VyOgpp — Vpdgp,] implies
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B Metric and Palatini variations generally lead to different field equations.
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Our model: Born-Infeld gravity
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Our model: Born-Infeld gravity

W Let S= 2 [d"x[\/—|gu +ERuw (D) —Ay/—g] + S with > = 8nG
¢ This 1s a Born-Infeld type extension of General Relativity.
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The space-time metric g,y and the auxiliary metric h,, are related by a

matter-induced deformation QY.
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Black Holes with charge in Bl gravity

® The equations using g,y take on a very familiar form:

Q722
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The End
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@ Our framework: metric-affine
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S Oimodl Bl vy B Coupling BI gravity to a static, spherically symmetric electric field one finds:
@ Wormbhole structure ‘ Deformation matrix:
@ Black Holes as Geons y 2
@ Geodesics in Born-Infeld Q (}\«‘i‘z (n 2)) n—2
5 Q. I 0 + = !
Conclusions Q — j— 2R ni<2 N Where < (}\‘_Z—Z(n—Z)) Z 5
The End 025n Q_Iyxn 0 — (7\, B Z_z(n_z)) n—2
\ _
¢ Line element: ds* = ( )dt2 t a0a; ) dx? +r*(x)dQ? -2)
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erq 0 }":VCZ
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Black Holes with charge in Bl gravity

® The equations using g,y take on a very familiar form:

Ly = 2L
u = 2
- Riv(q) = ygyl/z (Lpi18y+T*y) , where 1ot v @
@ Our framework: metric-affine |Q| 2 (Q ) A% — 7\'6/1 —K ET.U
gravity
S Oimodl Bl vy B Coupling BI gravity to a static, spherically symmetric electric field one finds:
o ol s ¢ Deformation matrix:
ac oles as ueons 2
@ Geodesics in Born-Infeld . ( Q (}\’_i_z (n 2) ) n—2
. A Q+i2><2 On><2 + = n—4
Conclusions Q — A A , WhGI'G < (}\‘_Z—Z(n—z)) n— ,
0, Q_1 =
The End XxXn nxn . o —2(n—2) n—?2
| Q= (7» Z )

¢ Line element: ds® = —‘g—?dtz + A0, ) dx* +r ( )sz n—2)

M, _ _d4-2( Q_ -1 1
’ 511\510 — < ( Q72 ) (7\‘+ Z2(d—2)>‘

¢ Other definitions:

" A(z) = [1 _ M) %

ré(d_3) = %, 12 = —e, r2d=2) = lgrczl(d_3) , FT=T1¢Z
= O = ("2‘]‘2% : . [See arXiv:1507.07763 [hep-th] for details!]

B When z> 1 (or r > r. ) the GR solutions are quickly recovered.
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Wormhole structure

. . 24/ XA 4Ard . ..
B The radial sector is given by r%(x) = = i ;4 % with a minimum at x = 0.

This is reminiscent of a wormhole geometry.
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M If there is a hole at the center, where are the sources???
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Black Holes as Geons

M If there is a hole at the center, where are the sources???

B The lines of force of the electric field enter through one of the wormhole

mouths and exit through the other creating the illusion of a negatively charged

object on one side and a positively charged object on the other.

B The locally measured electric charge is defined by the flux ® = [(*F = 4mng

through any hypersurface S enclosing a wormhole mouth.

B There is no need for sources in this scenario of self-gravitating fields.

B Wheeler (1955) coined the term geon for regular, self-gravitating fields.
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Geodesic completeness in Born-Infeld

B The equation that governs the evolution of geodesics in this space-time is:

2
(9 = E? 1 — L*\ A(r
Q2 (d_)TC) =E°—Verr with Verr = (K—I— r_2) Q(—j

@ Motivations

® Our frameworks metric-affne ¢ Where k = 0 for null geodesics and ¥ = 1 for time-like geodesics.

gravity

Son e ¢ 12 and E? are the angular momentum and energy per unit mass.

@ BHs in BI gravity

@ Wormbhole structure
@ Black Holes as Geons

@ Geodesics in Born-Infeld

Conclusions

The End
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Geodesic completeness in Born-Infeld

B The equation that governs the evolution of geodesics in this space-time is:

2
1 (dx\" _ g2 - _ L Alr)
Q_%r (d—fé) =F —Veff , with Veff = (K‘|‘ r_2) o
¢ Where k = 0 for null geodesics and k¥ = 1 for time-like geodesics.

¢ [? and E? are the angular momentum and energy per unit mass.

® For null radial geodesics V,rr =0

Et

(81—04)

[x]

® Null and time-like geodesics with L # 0: Ve zr o<

¢ When 9; > 9, geodesics bounce before reaching the wormhole.

¢ When 0; <, the wormhole is reached and crossed: WH case:

(t(x) —Tp) o< x ]x]d_% . This guarantees that T(x) €] — oo, +oo].

GR21, 10-15 Juyl 2016 - p. 8/11




@ Motivations
@ Our framework: metric-affine

gravity

@ Our model: BI gravity

@ BHs in BI gravity

® Wormbhole structure

@ Black Holes as Geons

® Geodesics in Born-Infeld

Conclusions

@ Summary and Conclusions

The End

Gonzalo J. Olmo

Summary and Conclusions

GR21, 10-15 Juyl 2016 - p.9/11




Summary and Conclusions

B Black holes in GR represent singular space-times:
¢ Geodesic incompleteness of time-like and/or null geodesics.

o ¢ Curvature pathologies appear as a “reason” for the incompleteness.
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8 vormhle e ¢ Central singularity of charged black holes replaced by a wormhole.
® Geodesies in Born-Infeld ¢ These wormholes have been discovered, not designed.

Conclusions

¢ The WH guarantees the extendibility of geodesics.
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@ Summary and Conclusions

The End

B In general, curvature divergences arise at the wormhole throat.
¢ This puts forward that geodesic incompleteness and curvature divergences
are logically independent concepts.
¢ The impact of curvature divergences on physical observers has been

investigated recently: a safe passage through them 1is possible.
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ravit

g:gHymgllgBIgtyty B [n metric-affine extensions of GR:

8 vormhle e ¢ Central singularity of charged black holes replaced by a wormhole.
® Geodesies in Born-Infeld ¢ These wormholes have been discovered, not designed.

Conclusions ¢ The WH guarantees the extendibility of geodesics.

@ Summary and Conclusions

The End B In general, curvature divergences arise at the wormhole throat.
¢ This puts forward that geodesic incompleteness and curvature divergences
are logically independent concepts.
¢ The impact of curvature divergences on physical observers has been

investigated recently: a safe passage through them 1is possible.

B Conclusion:

The avoidance of singularities can be achieved with
simple models in classical geometric scenarios

with independent metric and affine structures.
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