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Plan of the talk:

1. Linearized ghost-free gravity;

2. Static field of a point mass;

3. Penrose limit;

4. Spherical collapse of a small mass;

5. BH formation in the collision of UR particles;
6. Time-dependent source

7. Brief summary




Linearized ghost-free gravity
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There are no extra poles (ghosts) if a and ¢ are
entire functions ~ exp(P(o)).

Special cases: Ghost free gravity GF,

a=c=exp(q(=/x’)")



Static solutions of a point mass
Stress-energy tensor: 7, = p(F)5,6,, &'z, =0.
ds’ = —(1+ 2¢)dt* + (1 -2y + 2¢)d ¢°.
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Biswas, Gerwick, Koivisto, Mazumdar (2012); V.F.andZelnikov (2015);

Stelle (1978); Modesto, Netto, Shapiro (2014)
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Static solutions of linearized GF gravity

Wy =—i,mDy(r),
exp(_(A//uz)N ) A Dd (Xa X,) = _5d (X o X’),

Large distance, ru>1 y, (r)|,_.,~ —k;m

r—o0

Short distance, ru <1:
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r(4-17%)
47Z_d/2rd—2
v(n, X) Is the lower incomplete gamma function.

GF 1y (r) = —x,m

erf (ruw/2
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GF, :a(A) =exp(A®/ 1),

r21u2

s g IS the generalized hypergeometric function
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GF,, : explicit form of y, In terms of
generalized hypergeometric functions.
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Penrose limit

E=ym=const, y »>

ds® = —dudv+dp® +F, (p) 5(u)du?,
Fy (p) =2K4,E Dy, (p),

exp(—(A/ %)) AD, (%,X) = =5° (X~ X),



Spherical collapse of small mass

Thin null shell collapse Thick null shell collapse
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1.1f GM 1 < 1thenthereisnoapparenthorizon.
Thismeans that thereismap gap for mini-black

hole creationin the gravitationalcollapse.

2. Denote x™* =A. Then R ~GM /(T A%).
ForT>1 = R<GM u1™>.
fGMu<«<1=R«R

neglect all higher in curvature corrections
(weak field regime!)

= A7%. Then one can

crit



BH formation in the collision
of UR particles

Head-on collision of
ultra-relativistic particles






Main results:

1. Mass-gap for BH creation in the gravitational
collapse and particle collision;

2. Existence of the inner branch of the apparent
horizon for particle collision.



Time-dependent source

a(o)op =qe™5(X), a(o)=expl(o/ x*)"]
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Plots of h(€2,r)in GF, (left) and GF, (right) theory as functions of r for
different valuesof QQ/ 11: 0(solidline),1(dashedline), 2 (dottedline).
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Plot of h(€),r)in GF, theory as functions of r for
differentvaluesof Q/ 1: O(solidline)and 2 (dashedline).
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h(Q,r) ~ exp(Q* / 1*)



Brief Summary

1. Gravitational field from a point source in linearized GF gravity
is regular for any N.

2. Expression for the metric of an ultra-relativistic source.

3. Spherical collapse for null spherical thick shell is regular.

4. No-horizon for GM u < 1.

5. Mass gap for mini-black hole production for UR particle collision.

6. Instability of odd-N GF theories for time-dependent source.



