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Outline

Super-renormalizable Gravitational Theories.
e Unitarity (no ghosts).

e Renormalizability (Dimensional Regularization)

Finite Gravitational Theories :
¢ (Quantum Gravity in Odd Dimension.

e Local Terminating Potential in even dimension.

Exact solutions and spacetime singularities :
e Ricci flat, (A)dS, FRW spacetimes.

e Singularity theorem in nonlocal gravity.

Scattering amplitudes.

Conformal invariant quantum gravity.

Nonsingular spacetimes in Conformal gravity.




Multidimensional Renormalizable Gravity

Renormalizable = Super-renormalizable

D=4 Stelle Theory (Renormalizable & Asymptotically Free)

Ly=[R+aR,,R" +bR*] — L}"=R+ R, ad)R" +RHO)R.

Stelle Theory Krasnikov, Kuzmin, Tomboulis, Khoury, LM, Biswas, Gerwick, Koivisto, Mazumdar.

»CD—Ren — CL1R + CL2R2 + bQREW +

o axRY? 4 b, RX/? + exRY? +dxyROZ?R...

For X = D this theory is renormalizable but not unitary.

L.M. (2012).




D=4

N. V. Krasnikov (1988), A.T. Tomboulis (1997), L.M. (2011)
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The Lagrangian

Lg = —2/61_)2 vV — g (R + R’YQ(D)R + Ruy72(D)RMV + R,LW,OU'M(D)RLW/OJ + V(R))7

Yo(H) = —

V(R) =51 R>+ -+ 5, RT +---+5,RTVIIR2.

L.M., L. Rachwal




Nonlocal Gravity in Einstein (Ricci) Basis

L.M., L. Rachwal

Ly = —25°/|g] [R + Gy (—Ua)Ric + Rys (—UA)R + Vg} )

et . D=2 eff> — et
VG = V2 = N s VST = 272 Y0 = 4(D—1) ]

Unitarity: Anselmi, Piva.
F. Briscese, LM, S. Tsujikawa




Nonlocal Gravity in Weyl Basis

Y. D. Li, M., Rachwal.

Lo = —265" /]9l |[R+ Cro

Vo =

D—2 eH2 1

4(D — 3)

;s =

)C + Ras(L)R + V(C)|

D—2 eHo 1

4(D —1)

Unitarity: Anselmi, Piva.




Nonlocal Gravity in Bach Basis
L.M., L. Rachwal

Ls = —2k5°V]9] [R + Bayys(0)B* + Rys(O)R + V(B)} :

Bac — vbvdcfabcd — Rbdcabcd —

D—3 D—3 DD-3) ., D-3 , D-3 y
= ——[] ac R'ac Ra RC_—R Cac — acR R
D —g fac ~ grp —py e T p gy Helle — 5 bed ™ (D — )2 dactid
o RRac_ acDR acR — R Ca cd -
(D—1)(D -2y 2D—-1(D—2) %" T DD =22 bed




The Form Factor (explicit example)

Tomboulis, M., Rachwal.
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Propagator and Unitarity

F. Briscese, LM, S. Tsujikawa,

Juv — Nuv =+ /ih,ul/

. P(2) P0)
O (k) = k2eH2(—k%) (D — 2) k2eHo(k?) (1 + %) |
P2 p(0) p(0)

k2etl2 (D — 2)k2eto | (D — 2)efo(k2 +m?2)

A. koshelev, LM, L. Rachwal, A. Starobinsky
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Simplified Power Counting

Rigorous power counting: T. Tomboulis.

[ Propagator (UV)
1
G(k) ~ L2y +2N+4
. J

exp H(—

Interactions (UV)

A) R — hm (th) p(_ A) (th) -~ hm kQ’y—I—QN—I—ZL h2.

J

Loop Amplitudes )
1 ! v
A(L) ™~ /(de)L <k,2fy—|—2N—|—4> (k27+2N+4)
1 L—1
- / (dk)P* ( kMQNH) .
J
D p
W(G)even = Deven —2y(L—1), v > ;Ven .
W(G)odd = Doga — v+ 1)(L—-1), ~v> DOd; 1 .




Renormalization

&
Asymptotic Freedom

LM, L. Rachwal



2 H(=Ux) _q
L= —2R — 2 G,uye - RHY C§3)R3 S §N+2)RN_|_2
KD K7L
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+ Z [(an — )R (—0A)" R+ (bp, — bp) Ry (04" RW}
n=0

Vertexes

setl: R, R?* R ROR,...,RNT2 ROR
—  KW"™(0%h), K™ (0%Rh)?, K™ (O*h)3, ... K" (0*h)N T2,

exp H(—DA)
L]

p(—=0a)

t2: R
se =

R =— h™(0%h) (02h) ~ (VZrH2N+d pmt2)

»Cren =L + Ect
= L+2(Zy — Dr PR+ (Zs - DA+ (Z0 - DeVR 4 4 (2,00 — 1)\ RN+2

+ E_:O ((Za, = Daw R(=0W)" R+ (Zy, — by Rary (~0a)" RMY))

1
Ect:_
€

?

N
BmR + 55\ + Z (ﬁanR (_DA)n R+ 6bn RMN (—DA)n RMN) + 5051) R3 + -+ ﬁcgN) RN+2
n=0

a; € {k5°, )\, an,bn,c§1)7 . ,cgN)} = {kp55, A\, Gn}.  Beta functions : ﬁﬁ,ﬁ;\,ﬁan,ﬂbn,ﬁcgl), . ’ﬂcgN) )
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Yang-Mills & Gravity

Asymptotic Freedom

1
Lym = 27 (0) TrF? ~ dAdA + g(t)A*dA + g*(t)A*,
g

g(t)_Q = 90_2 + Ogt

—1
R“”) ~ Oh e =B 9h + kp hOh Oh + O(K2),

All the beta-functions do not depend on the gauge fixing condition.




Beyond Renormalizability

| < o



Could we make quantum gravity finite?

S. Giaccari, L.M., L. Rachwal

/6047;50

e Multidimensional Finite Quantum Gravity;

e Terminating Potential V(R) .




Multidimensional Gravity




No counter terms in Odd dimension

Finite Quantum Gravity in Odd dimension

1 — Loop

Gi =0

1
”div — —
€

Ai(A) /

One loop effective action:

lcp Ap(A) +cp2Ap_2(A)+cp_as Ap_4(A) + -+ co Ag(A)] =0,

d"zR!/}

uvpo*

Ba, = B, =B =0, i€1,...,(number of invariants of order N), n=1,...,N.

_ /de (p?)* _ic%—w—k) T(n—k—D/2)L(k+ D/2)
o P+C)"  (4n)% [(D/2)T(n) ’
1
In‘ﬂl:/depz_N =0 for N < D/2.




1l. Scale Invariant Quantum Gravity




Theoryin D =4

L.M. , Leslaw Rachwal

eI (=Ur) _q

]

L, =—2K5°vV—g (R + G R"™ + 51RO *R* + sy R, RM DVQR,X,RPU> |

VRO R sy Ry RM 2 Ryp 7,

Wo = —2 w1 = GVE/Z/A27+2.

a1 1

Fdiv — = 6}%2,/ RMVRHV + 6}%2 R2 )
€ 12

e e, o — —(3w1 + WQ)(4061W1 + 10cowq + 14ciwo — ngg)
bRz = a1S1 + a282 + €1 = 0 L= 48(20w1 + Two) !
L o o _3 3
5]:3%“/ . — bQS ---- —|— Co = 0 5y = Cows (3w + wz).
2(20&)1 -+ 7&)2)




Scattering Amplitudes

P. Dona, S. Giaccary, L.M., L. Rachwal, Yiwei-Zhu.

Ly = 2652 VIR + R10(D)R+ Ruya(D)R™ + Ryuwpo 1a(D)RMP).

74(1) = 0,
9t(s+t) 9 9
As(++4,+4) = —g3 ( - )+3—2v2(s> (5" + (s +20)°) + 25%%0(s),
3 2 2 | 43 2

g (s® —5s?t —st? +t3) (s + t)

A : =—=
t(++, +4) = —3 n
1 (0 (284 — 1083t — s2t2 + 4st3 + t4) (s +1)? N 1 (0 t2(s +t)*
16 /2t 84 870 84 )
3 2 2 | .3 2

g (s* = 5s*u — su® + u?) (s + u)

Au ) - 35
(++++) = = m
1 u?(s + u)?
+§'YO(U) s% ’
4, 3 3 _ 44
§* + s°t — 2st° — 1 9 9
Acontact (++, ++) = —% 3 + —3—272(3) (32 + (s + 2t)2)—§3270(s)
1 (25 — 10s°t — %t + 4st® +t*) (s +¢)* 1 t2(s+ 1)
16720 " —§70(t)8—4
1 u?(s + u)*
—g%(u) e .

A+, +4) = As(++, ++) + A (++, +4) + Au(++, ++) + Acontact (++, ++) = A(++, ++)En

Stelle, Weyl gravity, etc.
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Theorem. All the n-point functions in any gravitational theory

(in particular super-renormalizable or finite) with an action
Lo = =265 V=9[R + Ry (0)R + Ricvy(0)Ric + V(R, Ric, Riem, V)],
give the same on-shell tree-level amplitudes as the Einstein-Hilbert theory,

LEHa = —2/152 v—g R, provided that the potential V is at least quadratic in Ric and/or R.

In particular for any theory in which we can recast the potential in the following form
V = Ric- V- Ric = R,,[V(R, Ric,Riem, V)|**° R,
the theorem is valid.

Proof. Based on thel Anselmi’s field redefinition theorem.

S(g") = Sen(9’) = Sen(g) + Ruw (9)F* 7 (g)Rps(9) = S'(g) = Se(g).




Non-perturbative Spectrum

Calcagni, Montobbio, Nardelli, Phys. Lett. B662 (2008)

Under investigation : G. Calcagni, LM, G. Nardelli.

Localization of the theory : 3 fields, only second order EOM.

Available online at www.sciencedirect.com
“25%c . .
*»” ScienceDirect

Physics Letters B 662 (2008) 285-289
www.elsevier.com/locate/physletb

Localization of nonlocal theories

Gianluca Calcagni **, Michele Montobbio °, Giuseppe Nardelli ¢
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Exact Solutions,

Spacetime Singularities,

Conformal Invariance

L.M., L. Rachwal (2014)




Singularity Theorem in non-local gravity
L.M. , Leslaw Rachwal

Given the EOM : E =8nGyNT,

the following implication turns out to be true,

e R,=0 & T,,=0 = E, =0;

e R, =8rGNT) & T)/=0 = E, =81GNT,. .
Therefore,

e all Ricci flat spacetimes are exact solutions;

e all the FRW spacetime sourced by conformally coupled matter are exact solutions.

The theorem works for any potential at least quadratic in the Bach tensor.




EOM

5 [\/H (R+ Rys(O)R + Bagys(Q)B* + V(B))}

E'uy — — 87TGNTILLV7
Vv 1glogh
1 1 5
G = 59 (BYs(O)R) = S (Bagys (D) B*”)
OR 0Bag 5 B
2— (~vg(O a [1)B*P B,
25w (s(OR) + 520 (1) BY) + 50 (98 (0) Bog)
00" (~s5(0') —~s(07) 00" (ys(0) —8(07) 5 1 6V(B)
B,sB® — T
5 gn < oo ) T S o BB ) Tl age Ot

Proof.

e Ricci flat spacetimes :

rR, =0 & 17,,=0 =—B, =0 =— FE, =0.

Schwarzschild, Kerr, Kasner, etc. are EXACT SOLUTIONS.




EOM

1 1

G = 59u (Bs(O)R) = 59 (Bapys(0)B*)
6" (~s(OY) — 4s(07) o0 (ys(d") —ys(0") 1 oV(B)
Ba Ba'g — T 1%
+5g’” ( SR Il dgHv O =0 ’ i Vgl 09 SrGn L

e F'RW spacetimes :

1 OR oL]" ¥S |:|l — S 1"
FRW = G~ 30 (RosOR) + 200 (s @R) + 2 (B = g g,

trT=0 — R=0 — G =8rGyT — |Big Bang Singularity |.

FRW for Radiation is an EXACT SOLUTION.




Conformal Invariant Gravity

(¢ KJD)D 2g,u1/7 g/u/_>Q2( )guya

Einstein conformal gravity

= —2k;2/|g|R(g9) = —12¢ (—D + éR) .

Nonlocal conformal gravity

D —2

o= —2/7 |6*R(@) + 22 ”gwamayqs] - =V R(9) 0(DR(g) + Rie(s) 1oV Rie(s) + V(g)]| .




Quantum nonlocal conformal gravity
(Fradkin, Tsytlin, Percacci.)

¢ Guv
/_/H/__/%

Juv — (¢‘|’90)2 (guu+huu)a

2 (G0 = 35 = | DO A () 3(x(9)" ~ £) AT (6) S((6) = )’

guu:¢2guu

[0

(9)Cap(9)x” (9) det(M3 (g)) det(p + ) 6(p — £)e59|

:/ Do D, det(Cop(g))zezX %

Z (Gu = 0*guw) = / D [éw(—g)ﬂ det(Cop()) % det(MIH (g)) e/15(9)+ 5 (9)

g,uV:q_52§;u/

— /D [QW(_Q)—%} det(Cop(g))? det(Mdlff( ) oi18(9)+Ses(9)]

guuzggzg;u/

—_— (/ 6_%64(0)fd4m10g\/—_gphuy det(Caﬁ(g))% det(Mgiﬁff(g)) ei[s(g)+sgf(g)]

guyzguu"_h,uV) B — =
guV:¢29w/

(/ Dy det(Cap(g))? det (M (g)) ¢19(0)+ S (o)

gMV:gMV+hMV) _ Tox
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Counterterms

VIglR?, VlglRL, o VIglR, Vigl=VI1ale",  gu = ¢°Ki G

. all conformal invariant.

In DIMREG :

M| =

1
E¢_€Oi(¢2§; €) = —(1 — elog®) O;(¢°g;€) = = Oi(¢%4) + Oi(¢

conf. inv.

gl = 6P=/T51 = ¢° VTl = = VIgl 6~




Gauge Fixing or Spontaneous Symmetry Breaking

2—D

Lé,ul/_>Q2(x)§/ﬂ/7 ¢_>Q 2 ($)¢

Juv = ¢2 X Guv Or Juv = ¢2 X Guv

2w(x) A

Splitting : g, ==e¢ Juv -




U(1) Toy Analog Model

1
L=7FA) Do, 2 (A)+1 (o)
F,=0,A4 -0A4,, D,=0,—1igA,, ¢x)= %’U el (v = const. and [v] = 1),
¢ (z) = 9@ p(z) or 0(z)=0(z)+bvalz) and, A, =A,+ 0ua(x),
1 . ie(vx) i
D¢ = —ﬁzgve <Au Ug(%@(@) .
Bu=A,—00(x)g = L= FB) - B 3 (4)+0(e)

Or imposing 6#(x) = const.,

1 1 1
1D, ¢|* = 5921}214”14“ — L==-F(A)" — =¢?v?A?.




Spacetime Singularities and Conformal Invariance
Narlikar, Kembhavi (1977).

2—D

If (guv,@) is a solution = (g,,,¢") is a solution, where g, = G, =07

&

FRW :  ds*2 = S(t)ds®, ds? = a?(t)(—dt® + d7?);
S(t)~ =a%(t).

Belinski, Khalatnikov, Lifshitz
BKL : ds® = —dt* + ay (t)dx] + ax(t)dxs + as(t)dzs

3 3
D pi=) pi=1;
) 7

a(L2+2)" 8(r24e?)t | 4(r2+4¢?)"
w>tu+l  (u24ut1)? T (u2tutl)s

(L2 + t2)°

+3L* (L* + 4L*t? + 8t4))

il
f{iem2(g;,/) —

p— t2

ds*? = S(t)ds —dt” + a1 (t)dxi + a2(t)dz3 + as(t)dzs] .




Schwarzschid Singularity

S 4 * A % A % N %
gwc/h — (¢ /{D)D_2 prv — (Qb KJD)D_Q 9uv < 9y = 0? Juv s gb — ()2

N

2—D




Schwarzschild Singularity = one element of the gauge orbit

4 2—D

QE,C/h = (¢Kkp)D2 Juv = (¢" kp) P2 §:y — Q:V =’ Juv s ¢ =077 ¢.
1 (L4,

S(T):T—2<r—2—|—fr>,

1 [/ L* 2 1 [/ L* dr? L4
ds?2 = —— (= 102) (1 ) a2+ = (2 442 (2 4r2)a0®

r2 \ r? r r2 \ r? — =0 r?

K = i i T [1672(L'°(39m* — 20mr + 3r?) + 2L"2r* (66m* — 32mr + 3r°)

+LPr%(342m* — 284mr + 63r?) + 12L*m*r'? + 3m?r'%)).
: 1
Hawking Temperature: Ty =—— V S(r).
8Tm

r = 0 Singularity in Conformal Gravity r = 2m Singularity in GR |.




(Geodesic Completion

Oy _

25/




Metric Superspace .

BIG
CRUNCH $Ac—

I Ty, .

\

\/ .\ Conformal Gauge Orbits
BIG —_

BANG




V. Frolov, C. Bambi, D. Malafarina, LM




Quantum Gravity in Cut-Off Regularization Scheme

Stefano Giaccari, LM, Lestaw Rachwal, Yiwei Zhu.

2 (R- 20+ G

) 1
L]

R™ 4+ s, R2O2R? + soRic? " 2Ric? + s, R DV_lR).

611:07 6R2:Oa ﬂRiczzoa

Bae. 7 0.




Finite Entanglement Entropy (replica trick)

Sent = (€ 0y — )W (a)|a=1

E,=>xC,,

Y. : two dimensional surface,
C. : cone with deficit angle § = 27(1 — ) .

1
W(a) = §logdet(ng(gW,AZ,<I>,\I!)) x By k*+ By k*+ By log

ACC R R2 RIC

(only from the classical EH operator).

()




Finite Yang-Mills Gauge theory

L.M. , M. Piva, L. Rachwal.

Lein, gauge = —%tr {FeH(D?\)F + SQFQ(D?\)’Y_QFQ}




Summary and Conclusions

Super-renormalizable Gravitational Theories.
e Unitarity (no ghosts).

e Renormalizability (Dimensional Regularization)

Finite Gravitational Theories :
¢ (Quantum Gravity in Odd Dimension.

e Local Terminating Potential in even dimension.

Exact solutions and spacetime singularities :
e Ricci flat, (A)dS, FRW spacetimes.

e Singularity theorem in nonlocal gravity.

Scattering amplitudes.

Conformal invariant quantum gravity.

Nonsingular spacetimes in Conformal gravity.




We have Finite Quantum Gravity !!!

eH(=Ur) 1

,Cg — —2/4)1_)2\/ —( <R—|—G’u1/ 0

R" + s1R°[°R* + sy R, R™ DVZRP(,RP"> .



NONLOCAL GAUGE THEORIES

N. V. Krasnikov

—

Nonlocal Quantum Gravity

All theories of gravitation based on the use of local Lagrangians are noni

le. In this section, we construct a superrenormalizable nonlocal Lagrangian

rely gravitational field. The generalization to the supersymmetric case is ¢

We choose the nonlocal Lagrangian for the gravitational field in the form

L=[—*/{R+Rf,(0°°) R+R,fo(0°) Ry—"/sRf, (0" ) R 1V —g

re, U ig the covariant generalization ol the operator U=0,0,.

g A o : Tet ot
avit UCLA/97/TEP/2
hep-th/9702146
ere Superrenormalizable Gauge and Gravitational '
Theories!
0,0
can ops
ntai e,
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@) Department of Physics
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| ( Department of Physics & Center for Field Theory and Particle Physics, Fudan University, 200433 Shanghai, China
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Finite nonlocal gravity

Yu.V. Kuz'min

Institute of Nuclear Physics, Moscow State University

(Submitted 23 March 1939)

Yad. Fiz. 50, 1630-1635 (December 1939)

A version of a nonlocal, superrenormalizable theory «
certain values of the Lagrangian parameters the ulira

Itis well known that the quantization of general relativ-
ity using the background-field formalism leads to a non-
renormalizable theory.! The addition to the Lagrangian of
terms proportional to the square of the curvature tensor
makes the theory renormalizable, but leads to a loss of uni
tarity at the tree level.” Here we abandon the locality of the
Lagrangian in order to reconcile the properties of unitarity

and renormalizability.
We write the Lagrangian as

:_vg[%ﬂmﬂn( i‘; )R

Ve 2 ]

RLOAC

(1)

Here [, is the D’ Alembertian constructed from covar
1ant Ja‘rivativeg aﬂfl T I W alasalasdatald —rith oA r';mp“q:nn P

PHYSICAL REVIEW D 86, 044005 (2012)
Super-renormalizable quantum gravity

Leonardo Modesto

itute for Theoretical Physics, 31 Caroline Street, Waterloo, Ontario N2L 2Y5, Canada
March 2012; revised manuscript received 27 May 2012; published 3 August 2012)

we study perturbatively an extension of the Stelle higher derivative gravity involving an

of derivative terms. We know that the usual quadratic action is renormalizable but suffers
ity problem because of the presence of a ghost (state of negative norm) in the theory. In this
nsider the theory first introduced by Tomboulis in 1997, but we expand and extensively
h the classical and quantum level. This theory is ghost-free, since the introduction of (in
entire functions in the model with the property does not introduce new poles in the
e local high derivative theory is recovered expanding the entire functions to the lowest
fass scale of the theory. Any truncation of the entire functions gives rise to the unitarity
if we keep all the infinite series, we do not fall into these troubles. The theory is
\;t one loop and finite from two loops on. Since only one-loop Feynman diagrams are
‘he theory is super-renormalizable. We analyze the fractal properties of the theory at high

~ .1 e g . L a o 4 —



Universal Gauge & Gravitational Theories

1
—— | d*2trF? in D=4
2g°

like | —

— [ d’z/|g|R in D=2

2

Ko

Lyv = a2 {tl“ FGH(_D-’Q\)F + VyMm

€

H(-Ua) _1q

(GAUGE — THEORY).

Loy = _2"31_)2 9] [R + Gy

[]

R™ + vgr] (GRAVITY).




Finite Yang-Mills Gauge theory

L.M. , M. Piva, L. Rachwal.

Ltin. pauge = —%tr [FeH PP 4 39F2(D/2\)7_2F2}

Killer Operators

a v Y—2 ;b pa
1) 4921?“,,17“ 0% “F., Ff
2) L F (DX) TP E o, FLT

492 pv




Q v a 1 1% a
Lovi= =7 (Za = V) F), = —Law = ——Ba FIVF,.

(5 + 3 + 12v?)
0) B =——5m —C(G), v=2.
Sg 89A4
]‘) 6((34 )_ 27'('2(4}7
. s A
2) 6&9) — 45_‘_2w(1+NG)

(5 + 3y + 12+?)
96 A4

Léin, gauge = _% [FSVQH(D/Q\)FO;LW T

Co(G)F, FiY (DR) ™ Foe I |




Asymptotic Freedom, Finiteness, and Landau Pole

(< w (5+3976T\411272) C5(G), Landau pole,

T finiteness,

*
g 9

(54+3v+1272) CQ(G)

| > W —ggxa asymptotic freedom.

Dressed Propagator

o—H(k?)

k2 (14 Bo e HE) log(k2/pd))




Black Supernovae



Classical Solution

Bambi, Malafarina, Marciano, Modesto

Guv = M + Kl
ds® = g dx*ds” = dt* — a(t)® 6;;dx'dx’
a2(t) =1-— lih(t) ,

Guv(t =1;) = N

h,u,/(t) = h(t) dlag((), 523) = h(t) I,u,/ )

Py = hy — %mw WA = h(t) diag(0, —261;) = —2h(H) Ty, "B = 0.
Radiation : a(t)* = 2 275(E 9
| to| h(E) = mo(E) + Pl (radiation)
K Kl
. 21 (F AT (%
Voo e =B (5) (dust) .

+ :
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The Calculation

C. Bambi, D. Malafarina, L.M.
G. Calcagni, L. M., P. Nicolini.

Oh),, = 8GNT

MO = 8GNT -

h 4

~

TN =k, = Kok =e "R (k) = #~YE)=eTFIRE).

Asymptotic Freedom

eH(_DA) _

[]

1
R,lj,l/) ~ Oh GH(_DA) Oh + Kp hoh Oh + O(K%) )




Gravitational Collapse & /or Cosmology
C. Bambi, D. Malafarina, L.M. G. Calcagni, L. M., P. Nicolini.
V (k)
2

From the propagator & asymptotic freedom : D(k) ~
n=1 = V(-0Oy)=e /A,

Radiation :  a2(#) e~ 1A% (t—t0)” N (—t-|—to)erf(A(—g+to))
° a f—
A/t fo

a(t) for radiation (#p=5 and A=1)
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The Solution
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Eftective Theory

8nG 87G N
H? .= 7T—,Oeﬁ::WT R where ,0:'0—2.
Per a

8w 1 a33? ) 8 1 at
H(t) and —Q(t)= 1 - ) for rad. (=8 and A=1) H'(®) and ——Qegp(t)="————(1 - ——) forrad. (=8 and A=1)
3 4 t20 at 0 @332 (t) 3 4t°9a” (1) a” (1)
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8 7 py(1)
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The interior from the exterior

see Torres.




The interior from the exterior

see Torres.
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2

3.

Universal Properties

. Gravitational potential ®(r) — const. < 0,
. Graviton propagator G(z) — const. > 0,

Spherically sym. sol. (black holes) deSitter metric near r ~ 0,

v eH(=Ua)

The beta functions for the Tomboulis form factor

depend only on 1, 2, or 3 parameters.

Terminating black holes (no black hole formation).
Black Supernova.



