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The AS pp-wave

Aichelburg-SexI'70,'71:

@ take the Schwarzschild metric
@ boost it to the speed v
© take the limit v — 1 with m :pm
use the identity lime_,o 2 f (%) = &(z) (2 f(t)dt

gives
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The AS pp-wave

Aichelburg-SexI'70,'71:

@ take the Schwarzschild metric
@ boost it to the speed v
© take the limit v — 1 with m :pm
use the identity lime_,o 2 f (%) = &(z) (2 f(t)dt

gives

ds? = 2dudv + dz? + dy? — 4v2pIn(2? + y?)6(u)du?,
with Ty, o pd(z)d(y)o(u).




Ultrarelativistic boost of a black hole in the magnetic universe of Levi-Civita—Bertotti-Robinson

The AS pp-wave

e it's a pp-wave (0,)



Ultrarelativistic boost of a black hole in the magnetic universe of Levi-Civita—Bertotti-Robinson

The AS pp-wave

e it's a pp-wave (0,)

@ all curvature invariants vanish



Ultrarelativistic boost of a black hole in the magnetic universe of Levi-Civita—Bertotti-Robinson

The AS pp-wave

e it's a pp-wave (0,)
@ all curvature invariants vanish

@ immune to higher-order corrections L = L(Riem, VRiem,...)
[Amati-Klim&ik'89, Horowitz-Steif'90]
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The AS pp-wave

e it's a pp-wave (0,)

@ all curvature invariants vanish

@ immune to higher-order corrections L = L(Riem, VRiem,...)
[Amati-Klim&ik'89, Horowitz-Steif'90]

@ used as “incoming state”:
high-speed black hole encounters [Curtis'78, D'Eath'78,. . .]
semi-classical approaches to Planckian scattering and BH
production “in the lab” [t Hooft'87, Eardley-Giddings'02,...]
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Other constructions of impulsive waves:

@ Penrose’s “cut-and-paste” method

@ limits of sandwich waves.
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The AS pp-wave

Other constructions of impulsive waves:

@ Penrose’s “cut-and-paste” method

@ limits of sandwich waves.

Generalizations to various backgrounds ... (and dimensions)
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The AS pp-wave
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The Alekseev-Garcia solution

ds? = —e2¥ cosh? %dtz + €2V (d2? + dp?) + e 2¥b? sin? §d¢2, J

coordinates (¢, z, p, ¢), p € [0,7b], ¢ € [0,27]; 3 parameters m, b, [
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The Alekseev-Garcia solution

ds? = —e2¥ cosh? %dtz + €2V (d2? + dp?) + e 2¥b? sin? §d¢2, J

coordinates (¢, z, p, ¢), p € [0,7b], ¢ € [0,27]; 3 parameters m, b, [

2
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The Alekseev-Garcia solution

ds? = —e2¥ cosh? %dtz + €2V (d2? + dp?) + e 2¥b? sin? §d¢2, J

coordinates (¢, z, p, ¢), p € [0,7b], ¢ € [0,27]; 3 parameters m, b, [

2
20 _ (Ry + R_ —2mcost)
(R+ +R_)2 —4m2
2 (R4 + R— — 2mcos %)2 [R+ —bsinh  + (I +m) cosZ’r’

4R, R_ R_ —bsinh 7 + (I —m)cos ¥
2
R% = (l:l:m—bsinh%cos g) +b2005h2§sin2§,
Ry +R_+2m p
o (e
¢ Ry +R_—2mcos¥ Sy

Horizon at: p =0, [ —m < bsinh 7 <1+ m.
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The Alekseev-Garcia solution
Limits m = 0, b — 400

[m =0}
LCBR solution AdSy x So [Levi-Civita'l7, Bertotti'59, Robinson’59]

— cosh? %dt2 + dz? + dp? + b% sin? %dqbQ,

ds® =

—b (1 — cos %) .

1S
<
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The Alekseev-Garcia solution
Limits m = 0, b — 400

[m =0}

LCBR solution AdSy x So [Levi-Civita'l7, Bertotti'59, Robinson’59]

ds? = — cosh? %dt2 + dz? + dp? + b% sin? %dqﬁQ,

A¢:—b(1—cos§).

Same metric in the asymptotic region z — —oc.
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The Alekseev-Garcia solution

Limits m = 0, b — 400

=0

LCBR solution AdSy x So [Levi-Civita'l7, Bertotti'59, Robinson’59]

ds? = — cosh? %dt2 + dz? + dp? + b% sin? fdcb ,
— (1= cos?
Ay =-b (1 cos b) .

Same metric in the asymptotic region z — —oc.

b — +oo | (exterior) Schwarzschild in Weyl coordinates

ds® = —e2¥dt? + €27(dz? + dp?) + e ¥ p?d¢?, J

621/) _ R+ + R, —2m 627 _ (R+ + R, + 2m)2
R+ + R, + 2m’ 4R+R7 ’
RL=(tm—-27°+p* (E=z-1).
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Ultrarelativistic limit of the AG solution

Idea: decompose

dSiG = (d8124d52 + dS252) + A (A = ...
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Ultrarelativistic limit of the AG solution

Idea: decompose
dshg = (dshgs, +dsg,) + A (A=..)
in embedding coordinates

ds’ys, = 2dUAV —dZy2,  —2UV + Zo° = b*



Ultrarelativistic boost of a black hole in the magnetic universe of Levi-Civita—Bertotti—Robinson
Ultrarelativistic limit of the AG solution
Impulsive metric

Ultrarelativistic limit of the AG solution

Idea: decompose
dSiG = (d8124d52 + dS252) + A (A = .. )
in embedding coordinates
dsyg, = 2dUAV —dZy?,  —2UV + Zy* = b*
the AS boost is:
U e U, V€V,

m — ep.



Ultrarelativistic boost of a black hole in the magnetic universe of Levi-Civita—Bertotti—Robinson
Ultrarelativistic limit of the AG solution
Impulsive metric

Ultrarelativistic limit of the AG solution

Idea: decompose
dSiG = (d8124d52 + dS252) + A (A = .. )
in embedding coordinates
dsyg, = 2dUAV —dZy?,  —2UV + Zy* = b*
the AS boost is:
U e U, V€V,

m — ep.

Study lime,0 A ... (the rest is invariant).
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Ultrarelativistic limit of the AG solution

Idea: decompose
dSiG = (d8124d52 + dS252) + A (A = .. )
in embedding coordinates
dsyg, = 2dUAV —dZy?,  —2UV + Zy* = b*
the AS boost is:
U e U, V€V,

m — ep.

Study lime,0 A ... (the rest is invariant).

(Note U =0 = Zy = £b.)
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Impulsive metric

Eventually:

2dudv + 2H§(u)du?

A¢:—b(1—cos§),

ds?

+ dp? + b? sin? §d¢2,
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Ultrarelativistic limit of the AG solution

Impulsive metric

Eventually:

2dudv + 2H§(u)du?
02

A¢:—b(1—cos§),

ds® =

+ dp? + b? sin? §d¢2,

1 b2 1+ cos?
O=1—-p2 H =12 1 b
a7 U \fpb2+l2 nl—cos%’

with Ty o< pd (14 cos £) 6 (1 —cos 7) d(u) .
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Ultrarelativistic limit of the AG solution

Impulsive metric

Eventually:

2dudv + 2H§ 2
ds? = 224 +QQ (Wdu” | 52 + 52 sin? gdq§2,

A¢:—b(1—cos§),

1 b2 1+ cos?
a7 U \fpr i po %’

+12
with Ty o< pd (14 cos £) 6 (1 —cos 7) d(u) .

LCBR coordinates given by:
z t U—v zZ u+twv
bcosh - cos — = ———, bsinh - = ———,
b b 20 b V20
t

2
bcosh%sing = ()b <Q - 1> .
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Geometry

Z;

Z
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Geometry
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Ultrarelativistic limit of the AG solution
Kundt form

Kundt form: under o = &, ¢ = V/2be'® tan 47

2d¢dC

ds? = 2dudd + | b2 + 2H (u, ,0) | du®> + ———~
[ ( )} (1+ 1b-2¢0)?

H=- — =2
\/ipb2 lzé(u) In 252
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Ultrarelativistic limit of the AG solution
Kundt form

Kundt form: under o = &, ¢ = V/2be'® tan 47

2d¢dC

ds? = 2dudd + | b2 + 2H (u, ,0) | du®> + ———~
[ ( )} (1+ 1b-2¢0)?

- b? ¢

o (degenerate) Kundt, recurrent 0

e CSI [Coley-Hervik-Pelavas'10]
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Ultrarelativistic limit of the AG solution
Kundt form

Kundt form: under o = &, ¢ = V/2be'® tan 47

2d¢dC

ds? = 2dudd + | b2 + 2H (u, ,0) | du®> + ———~
[ ( )} (1+ 1b-2¢0)?

7 b? ¢¢
o (degenerate) Kundt, recurrent 0
e CSI [Coley-Hervik-Pelavas'10]
@ general family H= f(u7 C) + f(u, E) [Garcia D.-Alvarez C.'84]

@ Petrov type N, non-null Maxwell field
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Ultrarelativistic limit of the AG solution
Kundt form

Kundt form: under o = &, ¢ = V/2be'® tan 47

2d¢dC

ds? = 2dudd + | b2 + 2H (u, ,0) | du®> + ———~
[ ( )} (1+ 1b-2¢0)?

2 b? ¢¢
(degenerate) Kundt, recurrent 05
CSI [Coley-Hervik-Pelavas'10]
general family H= flu, ) + f(u, E) [Garcia D.-Alvarez C.'84]
Petrov type N, non-null Maxwell field

pp-wave for b — oo.
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