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BLACK HOLES

IN

ASYMPTOTICALLY PLANE WAVE

SPACETIMES

V.H. + M. Kangaman:
« hep-th /0210234
. ,} eK . h '," N2 N r .
e hep-th /0211206
c. Gimon, A Hashimoto, V.H., U Lunin,+ M. Rangamani

hep-~th /030613
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ff);b__‘: - WaVve
= spacetime w/ covariantly - constant,
null Kz'[ll'rzg freldd

ds? = =2 du dv — Flux®) du® + dx®dx’

e all curvatyre inyariants vawnish

? C’.XQCf soln. to classical S‘?fr'in? f/?eorg

p lay 6. wave
A% o =2 dur oly — ft’g‘ @ xx du’ + oxolx®

» has extra planar sz#mmefrg

* arises as Pemose Limit :

| N
> /A

(zoom-in on null geod-)

= encodes 1-d slice of pareat” ST

11 i
BMN plane wave

:{Cd' = /-42 é.,‘ [maxfma!ha symmefrr‘c)

Matter content of plane waves

ds®= -2 dudy - ﬁ','(MM"x"du‘ v dx‘dx*

e,

P - waves: F(H,x':)
Ruu = _%sz F(q,x") = fr- f:d.(u) ~ T;q

o Jacuum plame waves Vd

trf; =0 > can't be spherically symmetric

. max:’ma//g sgmmefn'c plane waves f, :
fy =

4 = l?w,, :Gf-/f""() = can? be vacuum ..

In [0-D IR Su4RA :

J fam[ly of solutions w/ metric &,
‘Sup}oor‘fed bg combimation of KK 3 ferm ¢ RR S-form.

. gem.-ric member :  U(2) xU(2) J..S(J»f.gp.

. just RR S-form < fenrose limit of AdS; x s*

\50(({) % SO(‘r) ; mam'mq“a super'sammetn'c

+ Just KR 3- form <—-§—a Ofo w/ NS-NS [B-field
H(‘f) f.sum.ap.
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@1:

Q2.

Q3:

Q4

Overview :

Can pp-waves adwmit horizons ¢
— No:  cov. const null KE. => A horizon
(hep-ml0210234)

— cConfirmed by causal structure

has :'nferest:'ng properties (hepéh f2211195)

Can vacuum solu's vl null KF. adwmit horizons ?

- /\/0,' can solve cx,a.’.fc.fﬂg —» new Ssolu's

(hep-th/0211206)

lan non-vac. soln's w/ null K.F. admit horizons?

- YeS;

can construet from asymyp. flat

SUSY soln's w/ horizong

~ asymp.  Vac, plqne wave x flat

(hep*th/chr:zOé)
Can we obtain BHs w/ BMN asymyptotics ¢

_.//.
> YES
el asymp. (maxfmm'fa ram) p/ane wave black Sfrfugs

»

metr:’caﬂa BMN |, but Jdifferent matter support

nard to construct df'rtcﬂa

(hep-tuo306131)

Generalized defn. of a black hole

in asymp. Flat ST,

=> define

H = I [7]

BH =
mvisible to anggtotz'c observers

region of spacetime

BH = vegion of ST invisible to
observers who are "ar‘bi‘fr‘ar‘fl# }qr.

. generaHg mur‘kg
but makes sense m pP-waves

() a
trivial to get arb. far along null K.F (W)

2_?2( { non-existence of BH)

j horizon =

and arb. /arge

V po = (“o, Vo, X;’)

Vie , Xy

- 00
/

A causal curve 7 pra;o.ﬂ'(w,vn%fo;
]

(in fact, will show: u+g)
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Mo black holes in p/ane WaVeS

L

can't retaim horizon

i tafa'mg a Penrose limt
e.q.

T T T3

(21.,;); = flat ;  my retains sfngu/arz‘z’,-d)

[ ]

plane wave.

ds* = =2 dy oy — fL-‘- @) XX du® + olxolxt
is fnvariant under (const) rescaling

xt = A x*
v — Aty

= no speeial {x°, vy to support

“ I/lr) r‘.'.ZOVL .

Page 4

/L/g. 0 Kac./f: /ldes m f’)/ ane waves

L

can't petaim horizon

i taf«'ng a Penrose limuit

eg. +hrow (n shell later
2 at %
qrgwparerzf horizon :‘—,lf:

event horizon ..

(7':,]'; — flat ;  my retains sfngulam'dxd)
plane wave.

ds? = -2 olucy = £; () XXV du® + olxolxs
is favariant under [(const) resca/:'ng

xt — A x*
v — Aty

= no speeial {x°, vy to support

“a Iflr) F(-ZOVL .
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.A/ 'G‘ }’ or '!'Z ONS (n }"}/7 ~-waves

d.SZ = =2 dudv - F(«,r,ﬂ-) du® + dr? ¢ rdQE

PR
( causal 7 e “2uv =~ Fuls 24l 2 0 )

¢ can Show

;{harl'zcm bg constructfng expliert
curve from any p, to arb. Zarge VY & r
g Q=O 2
= ds*=0 |,
2? ':2 = o F
v ow (D) F « st jutegrate ¢ o large r._

* Mmore e(eaamf proaf (sim,olu'{/ed version ) :

F(u,r(ﬁ) 2 0
- then ds’ ¢ ds’

rre flat

= Suppose everywhere

= causal 7' n dsﬁit =) &?v Causal n 0/.5’:0

- flat ST sym. ~> start from Or:‘a{n:

for =0, Au=g ,  want -2gv prie O
) » r\l
. can pick arb. large 1 » let  y2 E

' 2 »
= h
> In L'[Spp ) reaching arb,

_:I cqusa[ g"
darae r eV from any ptL.

(RER)

/ ~ / L
/ .11/ ew Soiu %I ONnSs

. g/oba//g null KF

(+ rotational ngmefrg )

JSZZ}:’-(J——)— ~2dudyv+ Ff")duz] + G ,_drl"' rzdﬂzl.‘}

e can solve vacuum Einsten eg:

’ap-waves
P
™ asymp. {lal  new solution : (d>y)

_’2(&-32
d-4% o ) (4-2)

r
HE = e (o

6() = (_r-g_)_)—-

R'(r) - e

F(r)

I

€y + Cy In H("')

» [Properties of new soln. :

. oA~
. smgular as T "-»;;.:)

. /21 horizen

Weyl > — sa
g

. asymp. flat
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Garfinkle - Vachaspati construction

-

solution - 3enemt:'ng feclm/cgue
(ck. hepth /96122 48 )

(90, 8) ~ (3. &)

w/ same Curvature invty

1§ 3 vect. freld k™ st

© k. k” = O < aull

* Vi kyy = 0 <« Ku'fh'ng

¢ Vru ks K. VVJS - hgpersurﬁ orthog.

) ) 1
sealar #n,

. "ka % =1 O < a,oprop. SHM ﬁ)f };e[é{s ..
then E. eq. is linear in deformations

_ S L

\-/(lLT/ st k’“Vﬁ,?zo

v:VY=0

,45%)14/{]- //.‘?I{CH’ZE’- wave Vocuum solns:
0

o Can apply GV construction to new solu's

ds = =k -2 dudly + Frela'] + 661 [drr 2] +
r
+ l‘-l;%‘) ?{w,r‘,ﬂ) du®
w/ Vz?”- o /asymp. - flat ST hawmonie fn.

= fw asymp. (vac.) plane wave

Yoo Y ()

« Vacuum solu. w/ plane wave asymptotics

« breaks rotational Symmetq
e sStill ;g horizon
. 3 nakecd Sl'wﬂu."ar!’f&!

E.eg. + null KF

+ spher. sym
[or sph/sﬁq st asympx plane waw)

S, Vace.
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Gl* deformeed SUSY  solns

nko - —> plane wav
~ Start w/ SUSY soln = globally null K.F, Minkowski ptan €

~ apply GV to generale plane wave asymptopics : | - by Garfinkle - Vachaspat :
G-V - ds* = =2 dudv + dxtdx*

(near - korizon)

éfvrg. "9/40(55.’(5? - VY, x IR add o term . Flux) du

AN L. .
(” el (10-d vac. plane wave) ’ harmonic = yacuum pp-wave /%

. by Nall Melvin Twist”.

As* = = dt* + dyt + drtertdQ’

AdS,#8"  — Y, <R
- 45 ~> ds? = - (1+4) dt® - 248% dt dy
L AdSe xSt = Y A R | F(1-ae) dyt v dete el

(10-dl) ( change vars: )
= ~Qoudv - A rdut + drtsrig’

P}o sing.  -— Vu-p « R™ = mwu'ma//g symmetric plane wave P,

(10-ol)
p<é, +3 w/ NS-NS - field:

. : . - Arl
- singularity / near-horizon stracture preserved. B= 5 (dt+dy)nc
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Wull Melvin Twist

. Start w/ SUGRA soln. w/ transl. sym.
2. boost along y by 7
3 T-dualize along y
4 twist rotation of S along y by «
5. T- dualize along y
6. boost alomg y by -7
7 take double-scaling Limit
C:Z } w/ ﬂ?%«em fixed

P3
oY

for Schw, R

Al - (1-) det e (1= 8 et ) ¢ clyg’ (D)

Str

~ black string w/ momentum

PP

= M sinh p coshp

»

~ JIA soln. w/ fund. string charge Qe = A, J

+ [~form 07 : dﬂ: - dﬂ;+0<0"dg+o(zdyz

~ ITBR b.s. w/ mom. P,J (® origin of Melvin universe)

5  cancels net momentum ...
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Twist
0 = G +2« d(a

. . 7
g- is d sHmmefr:c [~ form on S

PR
¢? 8
o N ‘$N
from 5' s g S

Jor (,,/_Q?Z =X+ chosz;( dﬂ: + —!;.s'r'nz;( d0Q;
“/ gL - dete dY e dt + 2 cost dY AP

= coss X (cose d¥ +de) + sin' X (cos & d¥ + dF)

O{Qj — 0 X T dy + " dly®

M ore genera(ly:
st — Rf I X, ier,e,8)
(x, +<X;) = e‘.“v‘y (x, +¢ Xy )

(X, +EX,) — etV (x3+£x.,)
: (f.h'.)

2
r ZG; =V, (X, d)(z - X dxr) t (a X3 dx“ = Xy dxd) f
+ ...

-

“ Plane wave black string "

start w/  Schw, x R'

2 2 z 2
ds,,. = - ) At + 5;(—':—) +rtdS; o+ d‘dz

$=0, B=0

;OErform /VM([ Mﬁfwh TWI.SIL;

o

0(52 = - M dtz - a4t ()
st k(r) k()

T 2

23
R(r)

- 2 dr?
+ (l ) dy + £

&(r) 4

2 x4
v ortd, — 2° (1-§6) g

2dt d

(}S | _ ﬁf‘l
© e B= G (fodtrdg) A
M 2
wioogle) = 1=, R(F)= ;+hrij_
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/Dr”operl‘t'es of PWBS :

[,r'm/':fs:
e A=0 = k=] = black string
e M=0 = f-k=l = plane wave ¢,
for general M>0, 850 :
r-sov = fk-] = plane wave o

. as

o=

- 4 a regu{qr‘ horizon at

{(n transverse dr'rections)

= aSljm,o?fole'ca//H
P plane wave black string

Ly but net BHN mater...

- 3 curvature 5/':43:4[@:*/':.‘%; ut  r=0

( causally : spacelrke )

PWBS spacetime s stably causal
( non- compact (d)

L

¢ Causal structure ...

« Entropy :

(vsa)

PWRS Thermodgnamics

S~ A = preserved under Null Melvin Twist
A [ - . of 73
o= M _Q? > ndep. o

L
’ Temloer‘cffure : (normalization ambig.)
s C] -lt q

Kie -4 (vg0) (5,

Msfng
~1
1, = 3:3_7} M % —>  ndep. of 3
~7 Ertgrgqg:
M ~ "mass of black string in asymp.

plane wave geometrg‘..

PW analog of ADM ?

= PWRS thermodgnamfcs is indep. of 3|

/s the PW black sfw’ng Gregorg" Laflamme

Puzzle :
/r

_,L:;?
af—._.-—’é

3

unstable ?
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Generalizations
| | | Rotating PWBS :
o Slart w/ different tramsl. inv. black sz‘rmg.s ;
. N,
Null Melvin Twist gerzerafes plane wave asymp. | * start w/ r‘al‘aimg BH K v IB susrA -
but preserves nature of soln.. ds,i: PP “_f(r,)(d“gr)l . Gfg” f%) . rzcm:
- r‘otqu'mg PWRS
. perform Null Melvin Twist:
— Char*gec( PWBRS
- PwBS w/ general twists ds.. = - He) + 4 b dt* - M-Zdtd
J s A(r) k() d
~ f3“pammef6r fqmz‘/g of solutions . ( | = A r*h(r) > d‘jl
w/ horizons + & asymptopia Al h(r
M 28\ ¢ Mz
bor d_Q RO (/3 r‘,) P s o ot
- genemfe asymp. 03 black sl‘rr'ngs
ofa ! = ”‘)d#Ar +E’fdtm{,

* compactify y — Godel black holes

. fop()/og/'ca//(éf nontrivial soln’s ...

w/ fle)= - % k() =1+ 45,
+ hir) = f"ﬂ"‘t’—‘gz
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PWBS in other dimensions SUMMARY
Aﬂp’%} Null Melyin Twist to black o - brane . covarf‘ahf/g const. null l(r'[[f'ng freld (p}O'WMﬁ)

= efffdff'vefa d=1il-p -cdim. black .St‘r;'ng
2 jo-d
U{S.»:r = —f,‘(‘”) C/fz + d{r‘) + rtdﬂ-:-a * Z dZaz
d"' A=
' M
'J‘// i;‘(l”) = I - Fj_h
NMT ~~ e asgmptopf‘q :
ds? = - &) (1+4') R
{ R (r) R fr) = f
s 2 drt
! (! kd(r)) d%f ! £,07)
t rZOI-Q-Zr-:, - %—————PQKJL“_UF)) % + Eigda.z
R(r) * &

w/ 42
}?d(r) = 1+ rf—s

= d=6 : special ... (not quite 0‘2 asbmptoﬁ'cs)

= 3 horizons
) Aj[oba//g wull KE  + vacuum 4R
¢

=D ﬂ horizons

. g(aba//g null KFE + matter (SUSY)

= 4 horizons [extremal BH;)

Garfinkle - Vachaspali —~> Vd x R"

{ascamp. vacuum p[cme wave )

. break null ngmefra

> 3 horizons
Null Melvin Twist ~— £, "PwBS"

/?u
(maxfmaiig SIJMMefrfC plane wave)

- but not guite BMN qunaptchs
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F U ?,LMY”EL c;//'r‘ecff'(;:rzs

+ Find plane wave black sér:hgs
wl/  genuine BMN  asymptotics
L Le. ‘erp/yorfcol bctj Eq)

o Find plane wave blatk holes

» Proceed wr bm’(ah’ng BMN dicl‘ionarg...

— translate iato gauge thg. side

- use to unravel Qb6 --.

o Understand causal structure

of PWBS solutions

! . .
~2 vrole of causal structure in strrng fheorg




