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e Possible manifestations of Extra Dimensions
e KK modes

‘ « Black Hole/Wormhole production

e Signs of strong quantum gravity
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Possible manifestations of Extra Dimensions.

BH production in particles collisions. HOOP conjecture

1+1 - BH

Modified Thorn's hoop conjecture:

BH forms if the impact parameter D< Rs(E, D),
E is the energy in c.m.

1 M
Rs(Mg,, D)=y (D Bt )(P)
s(Mg,,D)=7( )MD(MD)

Modified Thorn's hoop conjecture gives classical geometrical cross-section

c(1+1— BH )~ 7 RS




Modified Thorn's hoop conjecture:
e It Is not obvious that the hoop conjecture Is
applicable.

Trapped surface guarantees BH formation only for
asymptotical free spacetimes

It IS not obvious that trapped surface
arguments are applicable in the cases

of nonzero cosmological constant.
e Search for others approaches



Particles and Shock Waves
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Geodesics in the space-time with shock wave

ds® = —dUdV +dX"* + F(X")s(U) dU?,

X(r)=b-0(r)vr
V(7)) =71+ 6(r)vit — 260(7)F (b)
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Particle in Shock Wave

Shock Wave X ‘
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Capture or not capture
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Calculations show that just after collisions the relative velocity of m and M
particles is small and we can use the nonrelativistic hoop conjecture

2M
R,(M) >Ry (0) [F8] b2 -2MP o

Pl




Modified Thorn’s conjecture for charged particles

e Start from the Reissner-Nortstrom

« Boost
« Shock wave
 Apply the previous formula

ds? = —g(R)dt2 +g(R)"dR? + R°dQ?

2
s, Q , 872G,
g(R)=1- ( ) MEYICRS Q=520 3

ds® = —dUdV +dX"“ + F(X")S(U) dU?,

a, G b, G, p
F( X [)=2220P | "o ZoF
XX

D>4




Modified Thorn’s conjecture for charged particles

« Shock wave
 Apply the previous formula

ds® = —dUdV +dX"“ + F(X")S(U) dU?,

a, G b, G, p
F( X [)=2220P | "o ZoF
XX

RS(M) > Rmin(b) b*pQ(p’ pQ) =b (1+ f pé),

b <b,(p, py) f <0

Cross section decreases



Modified Thorn’s conjecture for charged dilaton
o Start from charged dilaton metric

e Boost
« Shock wave
 Apply the previous formula

ds® = —A’(R)dt* + A*(R)dR? + K°dQ;
ds* = —dUdV +dX" + F(X")s(U)dU?, o=

a
F(X[)=-8pIn| X |+—=
| X |
R—2(V )’ +e 2™F
3-4a°
%t = o0n—a?)

Cross section increases for alpha<0



Results

 Modified Thorn’s conjecture is confirmed for several
examples;

 Results of trapped surface calculations are confirmed

Catalysts:
A particular “dilaton” acts as a catalyst
« Lambda<0 acts as a catalyst



Technical detalls for (A)dS

« Shock waves;
« Geodesics in a spacetime with a shock wave



Technical details for (A)dS.
Shock waves from the Schwarzschild metric

ds’ = —g(R)dt* + g(R) "dR* + R*dQ]
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Technical details for (A)dS .
Shock waves from the Schwarzschild metric

ds® = ds® g5 +ds° . m=F m— 0, y — o, y — fixed
/4

Lemma For an integrable function f takes place the identity

v— 1

lim v f (v*(Yo +2Y1)?) = 6(¥p + Y1) / f(a®)dz

Proof

. / F (A (Yo + 0¥1)%) g(Yo)dY;



Technical details for (A)dS .
Shock waves from the Schwarzschild metric

F(Z)=2pa*~P
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Shock wave in dS

Figure 1: One shock wave in the de Sitter space presented as a hyperboloid is located on the
intersection of the hyperboloid and the plane Zy — Z; = 0.7 and Z5 are suppressed At fixed
" Zg-time” this cross section consists of two points (small red ball in the left picture)



Two Shock waves Iin dS

Figure 2: Two shock waves in the de Sitter space. A collision of two shock waves takes place
at Z; = 0 and corresponds to a collision of red and vellow balls.



Shock wave in dS (nonexpanding shock waves).
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Shock wave in AdS




Geodesics In dS with a shock wave

/ dr [dX (T) CJU\(X(’T)) oy | (T) — A (X*M (’T)Q;gNXN(“T) — (12)]

dr dr
Analogy with L.D.Faddeev, Dokl.Acad.Nauk
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Geodesics

dXM dXN y v .
S = / dr | dT(T)Gﬂ_M.T(X(r)) dT(T) — A (XM () gun X (1) — a?)]
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Geodesics
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Solutions

V(IU) = Vo+WVU+V0(U) + Vab(UU
X{U) = X+ XalU + Xuf(U)U
where
V, = %F
] 1 . 1 . 2 L -2
Vi = SEiXa+ 55(F = XoF)Vo+ 3 F + 52U — (X))
Xia = lF +L(F — XjoF ;) Xio
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F. isagiven functionof X,



Results (for the 3-d lecture)

 Modified Thorn’s conjecture is confirmed for several
examples;

 Results of trapped surface calculations are confirmed

Catalysts:
A particular “dilaton” acts as a catalyst
« Lambda<0 acts as a catalyst
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