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7he 1nterna1 5tructure 0f 5pacet1me 1n51de a 61ack h01e 151nve5t19ated 0n the a55umpt10n that 50me 11m1t1n9 curvature ex15t5. 1t 
15 5h0wn that the 5chwar25ch11d metr1c 1n51de a 61ack h01e can 6e attached t0 the de 51tter 0ne at 50me 5pace11ke junct10n 5urface 
wh1ch may repre5ent a 5h0rt tran51t10n 1ayer. 7he p055161e fate 0f the de 51tter 5pace wh1ch ar15e5 1n the 1nter10r 0f a 61ack h01e 1n 
th15 m0de115 d15cu55ed. 

0ne 0f the fundamenta1 pr061em5 1n c1a551ca1 9en- 
era1 re1at1v1ty 15 the pr061em 0f 51n9u1ar1t1e5 wh1ch 
1nev1ta61y ar15e 1n the the0ret1ca1 de5cr1pt10n 0f the 
c011ap5e 0fa ma551ve 60dy (0r the t0ta1 un1ver5e) (5ee 
e.9. ref5. [ 1,2] ). 1t 15 9enera11y 6e11eved that the ar15- 
1n9 0f the5e 51n9u1ar1t1e5 15 u5ua11y acc0mpan1ed 6y 
an un11m1ted 1ncrea5e 0f the 5pacet1me curvature. 
Under the5e c0nd1t10n5 the c1a551ca1 E1n5te1n e4ua- 
t10n5 are n0t app11ca61e and 0ne may h0pe that the 
pr0per acc0unt 0f4uantum effect5 may av01d the 51n- 
9u1ar1t1e5 and hence may cure the d15ea5e 0f the c1a5- 
51ca1 the0ry. 1t mean5 that 4uantum c0rrect10n5 0r 
0ther rea50n5 may dra5t1ca11y m0d1fy the pr0pert1e5 
0fthe 501ut10n5 1n the re910n where the curvature 6e- 
c0me5 1ar9e en0u9h and hence chan9e the 9106a1 
5tructure 0f 5pacet1me. 1t 15 natura1 t0 a55ume that 
the curvature f0r the 501ut10n5 0f the5e m0d1f1ed 
e4uat10n5 15 11m1ted 6y 50me un1ver5a1 va1ue ~ 1-2, 
where 1 p1ay5 the r01e 0f fundamenta11en9th. 1n what 
f0110w5 we 5upp05e that 1~1m= ( h 6 / C 3 )  1/2~ 10 -33 
Cm. 

Unf0rtunate1y we d0 n0t kn0w the exact m0d1f1ed 
e4uat10n5 yet and theref0re cann0t ver1fy th15 a5- 
5umpt10n. 8ut we can accept th15 a55umpt10n a5 a hy- 
p0the515 and 1nve5t19ate 1t5 p055161e c0n5e4uence5. 

5uch an appr0ach wa5 5u99e5ted 1n ref. [3] f0r 

Permanent addre55: 1n5t1tute f0r Nuc1ear Re5earch, 117312 
M05c0w, U55R. 

5tudy1n9 the c011ap5e 0f the h0m09ene0u5 150tr0p1c 
un1ver5e. 7he a1m 0fth15 paper 15 t0 5tudy the p0551- 
61e 5tructure 0f the 5pacet1me 1n51de a 61ack h01e 1n 
the framew0rk 0f the hyp0the515 a60ut the ex15tence 
0fa  11m1t1n9 curvature (5ee a150 ref. [4] ). 

We re5tr1ct 0ur5e1ve5 6y c0n51der1n9 5pher1ca11y 
5ymmetr1c 61ack h01e5.1t 151n5truct1ve t0 f1r5t d15cu55 
the ca5e 0fan eterna1 61ack h01e and 1ater t0 c0n51der 
the m0re rea115t1c 51tuat10n 0f a 61ack h01e ar151n9 a5 
a re5u1t 0f a 9rav1tat10na1 c011ap5e. We a55ume that 
the ma55 m 0fthe 61ack h01e 151ar9e [ m >> mp1 = (hc/ 
6 )  1/2~ 10 -5  9 ]  and that 1t 15 1nvar1a61e 1n t1me. 1n 
0rder t0 5uppre55 the chan9e 0f the ma55 due t0 the 
Hawk1n9 rad1at10n 0ne may a55ume that the 61ack 
h01e 15 5urr0unded 6y a therma1 6ath the temperature 
0fwh1ch c01nc1de5 w1th the 61ack-h01e temperature. 

7he metr1c 0f a 5tat1c (w1th the K1111n9 vect0r 
{= {¢~0~ = 0,) 5pher1ca11y 5ymmetr1c 5pacet1me can 6e 
wr1tten a5 f0110w5: 

d r  2 
d 5 2 =  -- - -  +f(r)  d t 2 + r  2 d0) 2 

9(r) 

= E [ - - d ~ C 2 + F ( r )  d /2 ]  +r2(77)  d0) 2 , ( 1 )  

w h e r e  d 0 ) 2 = d 0  2 +51n20d{02 15 the 11ne e1ement 0n a 
un1t 5phere, 9(r) =- t 19(r) 1 = - Vr~Vr, f=~  2 and 

d r = - 1 9 ( r ) [  -•/2 dr, F ( r ) = f ( r ( r ) )  . (2) 
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(Here and 1ater we u5e the un1t5 1n wh1ch 6 = c  
= h =  1.) 0 n e  can ver1fy that the R1cc1 ten50r R~, f0r 
th15 metr1c 06ey5 the 1ne4ua11ty 

4R" " 2 , R , - R  >10. (3)  

7he  1eft-hand 51de 0f  e4. (3) van15he51f and 0n1y 1f 

R,~ = A 6 .  (4)  

F0r the part1cu1ar ca5e 0f  a 5pher1ca11y 5ymmetr1c 
5pacet1me 0ur ma1n hyp0the515 a60ut the ex15tence 0f  
a 11m1t1n9 curvature may 6e pre5ented 1n the f0rm 

j,82 =•• R,,>.,R ~";~ <~ 0~ / [ 4 , ( 5 ) 

where 1 15 the character15t1c (p1anCk1an) 1en9th and 
0~ 15 a d1men510n1e55 parameter 0f0rder  0ne. 0 n e  Can 
ver1fy that e4. (5) 1mp11e5 that the 0ther p055161e 1n- 
var1ant5 4uadrat1c 1n curvature, C:=C,~, ,~C c~:~, 
R , , R  "" and R 2, are a150 p051t1ve and 11m1ted. 

A5 a 5ec0nd hyp0the515 we a55ume that when the 
curvature reache51t5 max1mum va1ue the e4uat10n 0f  
5tate 6ec0me5 0 f the  vacuum-11ke type (4) 0r e4u1v- 
a1ent1y 2 , , R = 4 R , R , .  

Under  the5e tw0 hyp0the5e5 the metr1c (1) de- 
5cr161n9 the 5pacet1me 0fan  eterna1 61ack h01e a110w5 
the f0110w1n9 5pec1f1cat10n. 7he  5chwar25ch11d met- 
r1c (1.e. e4. ( 1 ) w1th 9 = f =  - 1 + 2 m / r )  can 6e u5ed 
t0 appr0x1mate the 9e0metry f0r r>  r °, where 

r0 = (12/c~)) /6(2m/1)J /31  (6) 

15 the va1ue 0f the  rad1u5 r at wh1ch the 1nvar1ant ~2 
f0r the 5chwar25ch11d metr1c reache51t511m1t1n9 va1ue 
c~/14. F0r 2m>>1 0ne ha5 1<<r0<<2m. 7h15 mean5 
that the 5urface 2 0 where r=r0 15 5pace11ke. 1t 11e5 1n- 
51de the event h0r120n and ha5 the t0p0109y 52× R ~, 
1.e. 1t 15 an 1nf1n1te (1n d1rect10n t) ••tu6e•• 0f  rad1u5 
r0.5tr1ct1y 5peak1n9 1n 0rder t0 de5cr16e the 9e0metry 
0f the 5pacet1me 0ut51de and 1n51de the event h0r120n 
(1nc1ud1n9 the re910n near 20) 0ne mu5t u5e a 
Kru5ka1-11ke ana1yt1ca1 c0nt1nuat10n 0f  the 
5chwar25ch11d metr1c. 8ut  1f we are 1ntere5ted 1n a 
de5cr1pt10n 0f  the metr1c 0n1y 1n the v1c1n1ty 0f 20 1t 
15 a150 p055161e (and much m0re c0nven1ent f0r 0ur 
purp05e) t0 u5e the 5chwar25ch11d-11ke e1ement ( 1 ) 
w1th 9 = f >  0 50 that r 15 a t1me11ke c00rd1nate. 1t 15 
w0rthwh11e n0t1n9 that f0r the ca5e 0f  a 61ack h01e 
1n51de a therma1 6ath the re1at10n 2m >> 11mp11e5 a150 
that the chan9e 0f  9e0metry due t0 the pre5ence 0f  
the therma1 rad1at10n at (m/1)21>> r>> r0 can 6e ne- 

91ected. A5 f0r the future ev01ut10n 0f  the 9e0metry 
f0r r >  70 ( r <  r0) we cann0t 5pec1fy the tw0 unkn0wn 
funct10n5 1n e4. (1) unt11 we kn0w the exact f1e1d 
e4uat10n5. Neverthe1e55 0ur 5ec0nd hyp0the515 9uar- 
antee5 that 6e91nn1n9 at 50me t1me m0ment  r~ > 70 
( r  1 < r 0 ) We can appr0x1mate the5e f1e1d e4uat10n5 6y 
e4. (4).  1n the ca5e 0 f a  5pher1ca11y 5ymmetr1c 5pace- 
t1me th15 mean5 that the 9e0metry 15 de5cr16ed 6y the 
de 51tter metr1c wh1ch can 6e wr1tten 1n the f0rm ( 1 ) 
w1th 9 = f =  (r/[) 2 -  1. Here 1= (~A) ~/2 and 1fwe a5- 
5ume that th15 1en9th parameter 1 c01nc1de5 w1th the 
parameter 11n ( 5 ) then we have c~ = 24. 

1n the 9enera1 ca5e the 9106a1 5tructure 0f the  5pace- 
t1me under c0n51derat10n may depend 0n the deta115 
0f the  tran51t10n re910n r0 < r <  r~. 8ut  1n the part1cu- 
1ar ca5e when the durat10n A r / r =  r~ - r0 0f  th15 tran- 
51t10n 15 5h0rt ( A r / 1 ~  1) 0n1y 50me 0f  1t5 1nte9ra1 
character15t1c5 6ec0me 1mp0rtant. 1n the 1atter ca5e 
0ne may c0n51der th15 1ayer a5 ••a th1n ma551ve 5he11•• 
and 5ew the 5chwar5ch11d metr1c ( r <  r0) w1th the de 
51tter 0ne ( r >  r~ ) u51n9 the appr0ach deve10ped 6y 
15rae1 [ 5 ]. Acc0rd1n9 t0 th15 appr0ach we 5upp05e that 
r0=r~ and c0n51der E 0 ( r=r0=r1)  a5 a junct10n 5ur- 
face wh1ch 5eparate5 the 5chwar25ch11d and de 51tter 
9e0metr1e5. 7he  junct10n c0nd1t10n5 at th15 5urface 
re4u1re the three-9e0metr1e5 1nduced 6y 60th 9e0m- 
etr1e5 t0 6e 1dent1ca1 wh11e f0r the jump5 0f the  exter- 
na1 curvature [K~,~ ] = (Kdc 51,cr);~- (K5ch . . . . . .  h11d)~,~ 
0ne ha5 (m, n =  1, 2, 3) 

[K~,~ ] -,~d~[ K~1 -~ - 8~r5;~ ~ , (7) 

where 
21 
/ i  

5,, = dr  7,, . (8) 
d 

70 

7he  ten50r 7~, 15 the effect1ve ener9y-m0mentum 
ten50r wh1ch 15 def1ned 1n the tran51t10n 1ayer a5 the 
r19ht-hand 51de 0f  the f1e1d e4uat10n5 wr1tten 1n a 
E1n5te1n-11ke f0rm. 

1n the ca5e under c0n51derat10n 0ne ha5 

). ~c+,~, 
5 ; -  5 ° -~ - -  47c~ °=~5~:=  8rc • 

t¢~ [ K t r ] =  1 [ X 2 ( X 2 1 ) ~ 1 / 2 + 1 y ( y ~ 1 ) ~ 1 / 2 ]  , 

r0 
(9) 
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1 [ (y~  1 ) , / :~  (x2~ 1), / ,  ] 
~ -  [K~] = - r 0  

(9 c0nt•d) 

where x =  r0/1 and y =  2m/r0. F0r 2m >> 1 the5e re1a- 
t10n5 read 

1 1 
K~ ~ ( /~+2),  ;0-~-  7 ( / ~ - 1 ) .  (10) 

1t 15 w0rth-wh11e n0t1n9 the ••1ar9e parameter•• 2m/1 
d0e5 n0t enter the5e re1at10n5 and hence there 15 n0 
c0ntrad1ct10n w1th 0ur a55umpt10n that the t1me 1n- 
terva1 0f  the tran51t10n Ar 15 5h0rt. 1ndeed 1f we 5up- 
p05e that 1n the tran51t10n 1ayer 7~ reache5 the 

/t 2 ) p1anck1an va1ue ( 7,, ~ 1 then the pr0per t1me du- 
rat10n Ar 0f  th15 1ayer e5t1mated a5 Ar~5•,1•/7•,1• 15 
c0mpara61e w1th the p1anck1an t1me 1. 

7he  c0nf0rma1 Penr05e d1a9ram f0r the 5pacet1me 
under c0n51derat10n 15 pre5ented 1n f19. 1. F0r c0n- 
ven1ence we u5e the freed0m 1n ch01ce 0f the  Kru5ka1 
c00rd1nate5 1n 0rder t0 9uarantee the 5ame ••c00rd1- 
nate f0rm•• 0f20 a51t ha51n the de 51tter c00rd1nate5. 
7he  5pacet1me 1n the re910n 1y1n9 1n the future w1th 
re5pect t0 any Cauchy 5urface 2 1n the Kru5ka1 re910n 
15 re9u1ar and c0mp1ete. 1t 5h0u1d 6e n0ted that 2 15 
n0t a 9106a1 Cauchy 5urface. 51nce H~5 are Cauchy 
h0r120n5 5uch a 9106a1 Cauchy 5urface d0e5 n0t ex15t 
at a11.7he an150tr0p1c (Ka5ner-11ke) c0ntract10n 0f  

u 

41• • + ~+ 
~ ~=~m 14 14 r=2r~ . . . .  % 5 0  

4 ~0 

F19. 1. C0nf0rma1 Penr05e d1a9ram f0r the 5pacet1me 0fa 5pher- 
1ca11y 5ymmetr1c eterna1 61ack h01e w1th a de 51tter 5pace 1n 1t5 
1nter10r. Y0 15 a junct10n 5urface wh1ch repre5ent5 the th1n tran- 
51t10n 1ayer. H" are the event h0r120n5 0f the 61ack h01e wh11e 
H1;5 are 1he Cauchy h0r120n5. 

5pace 1n the 1nter10r 0fthe 61ack h01e chan9e51nt0 the 
de 51tter def1at10n wh1ch 1n 1t5 turn (at the 5urface 
2~ ) chan9e51nt0 the 1nf1at10nary de 51tter expan510n. 
7he  5urface E1 ha5 t0p0109y 53 and 1n th15 5en5e the 
d1a9ram pre5ented 1n f19. 1 de5cr16e5 the c105ed w0r1d 
f0rmat10n 1n51de the 61ack h01e. 

7he  c0nf0rma1 d1a9ram 5h0wn 1n f19. 1 re5em61e5 
t0 50me extent the max1ma1 ana1yt1ca1 c0nt1nuat10n 
0f  e1ther Re155ner-N0rd5tr~5m 0r Kerr metr1c 1n 1t5 
5tructure. 0 n e  0f  the ma1n d1fference5 15 that 1n 0ur 
ca5e 0ne may expect the 5ta6111ty 0f the  Cauchy h0r1- 
20n5 H~5 wh11e the Cauchy h0r120n5 1n Re155ner- 
N0rd5tr6m 0r Kerr 5pacet1me were 5h0wn t0 6e un- 
5ta61e [6] (5ee a150 ref. [7] ). 7h15 1n5ta6111ty 15 re- 
1ated t0 an 1nf1n1te 61ue-5h1ft 0f  519na15 5ent 1nt0 the 
61ack h01e fr0m externa1 5pace and re915tered 6y an 
065erver cr0551n9 the Cauchy h0r120n. 7h15 effect 
c0m61ned w1th the c1a551ca1 0r 4uantum rad1at10n 
fa111n9 1nt0 a 61ack h01e w111 re5u1t 1n the d1ver9ence 
0f  7~ near the Cauchy h0r120n and 1t5 1n5ta6111ty. 1n 
0ur ca5e 1f 0n1y the hyp0the515 a60ut the 11m1t1n9 cur- 
vature 15 va11d, the 6ackreact10n 0f  matter d0e5 n0t 
a110w ,~2 and hence 7~ t0 9r0w w1th0ut 11m1t and 
after the curvature reache5 1t5 11m1t we w0u1d have 
the de 51tter 5pace. Hence we may expect that 1n 0ur 
ca5e there 15 n0 5uch 1n5ta6111ty. (A d15cu5510n 0f the  
5tructure 0f the 61ack-h01e 1nter10r and the pr0pert1e5 
0fthe Cauchy h0r120n5 can 6e a150 f0und 1n ref. [ 8 ]. ) 

N0w we turn t0 a m0re rea115t1c ca5e 1n wh1ch the 
61ack h01e ar15e5 a5 a re5u1t 0f a 9rav1tat10na1 c01- 
1ap5e. F0r 51mp11c1ty we 5upp05e that the c011ap51n9 
matter d0e5 n0t p055e55 pre55ure 50 that the metr1c 
1n51de 1t can 6e wr1tten 1n the f0rm 

d52= --d72-Fa2(•r) (d22+51n22 d(0 2 ) , ( 1 1 ) 

Where 

a ( r )  =a0(1  --C05 r/), ~=a0(r/--51n 4) , (12) 

and 0~<2~,20< •n. 7h15 metr1C Can 6e U5ed t0 ap- 
pr0x1mate the 9e0metry 0f  a c0ntract1n9 du5t c10ud 
unt11 the m0ment  ~= r0 when 

a - a =  (60/0~)1/6(a0/1)1/31. (13) 

At th15 m0ment  the 5pacet1me curvature 1n51de the 
c10ud ,#2= 60a0 / a 2 reache51t511m1t 0~ / [ 4. Acc0rd1n9 
t0 0ur hyp0the5e5 50me t1me 1ater after the tran51t10n 
1ayer the 9e0metry 1n the re910n 0ccup1ed 6y matter 
w0u1d a150 6ec0me de 51tter-11ke. A m0re deta11ed 
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ana1y515 0f  the junct10n c0nd1t10n5 at the 5urface 
wh1ch 5eparate the matter ,  the vacuum 0ut51de the 
mat te r  and the de 51tter pha5e a110w5 0ne t0 de5cr16e 
the c0mp1ete 5tructure 0f  the 5pacet1me. 7he  c0rre- 
5p0nd1n9 c0nf0rma1 Penr05e d1a9ram 15 5h0wn 1n f19. 
2.1t 5h0w5 that  the 9rav1tat10na1 c011ap5e pr0duce5 a 
de 51tter-11ke un1ver5e 1n51de the 61ack h01e wh1ch 
after the 5ta9e 0f  def1at10n 6ec0me5 1nf1at10nary 50 
that the 51tuat10n 15 4uant1tat1ve1y the 5ame a5 1n the 
ca5e 0 f an  eterna1 61ack h01e. 

Let u5 d15cu55 n0w what happen5 when the ma55 m 
0f the  Mack h01e decrea5e5 due t0 the pr0ce55 0fevap-  
0rat10n. 7he  rad1at10n 0f  ener9y t0 1nf1n1ty 1n th15 
pr0ce55 15 acc0mpan1ed 6y a ne9at1ve ener9y f1ux 
thr0u9h the h0r120n 1n51de the 61ack h01e. 1n 0rder  t0 
1n1t1ate th15 51tuat10n we u5e 1he Va1dya metr1c [9] 
wh1ch we wr1te 1n the f0rm 

d 5  2 = f d v :  + 2 d1• d r +  r 2 d ~  2 , 

f=- - V r • V r = 2 m ( v ) / r -  1 . (14)  

7h15 metr1c 15 the 501ut10n 0f  the E1n5te1n e4uat10n5 
f0r the ene r9y -m0men tum ten50r 

1 dm 
7~,,,,-- 47rp.2 dt~ 2.•,.,,V• .... (15)  

Wh1Ch de5Cr16e5 the rad1at10n f1UX 1nt0 the 61aCk h01e. 

1~.:;:.; 1+ 
C 011ap5;.n~ 
du5~. c1~,ud -- 

r-- 0 

F19. 2. C0nf6rma1 Penr05e d1a9ram f0r the 5pacct1me 0fa 5pher- 
1ca11y 5ymmetry 61ack h01e wh1ch ar15e5 a5 a re5u1• 0f the 9rav1- 
tat10na1 c011ap5e 0f a du5t c10ud. Y~ 15 a junc110n 5urface wh1ch 
repre5ent5 the th1n tran51t10n 1ayer. After th15 1ayer 11c5 the de 
51tter 5pace at the 5ta9e 0fdef1at10n. H + 15 the even1 h0r120n and 
H~5 at the Cauchy h0r120n5. 

F0r dm/d~  ,< the ener9y den51ty 0f  th15 rad1at10n 15 
ne9at1ve. 

0 n e  can ea511y 5h0w that  the curvature  1nvar1ant 
,~2 f0r the metr1c (14)  read5 ~ 2 = 4 8 m 2 ( v ) / r 6  and 
hence the e4uat10n 0f  the junct10n 5urface 20 15 
r =  r0(2,) = (12/c~) 1/6 [2m (v) /1]  1/31. 7h15 5urface 11e5 

1n51de the apparent  h0r120n ( f = 0 )  unt11 the ad- 
vanced t1me reache5 the va1ue v, def1ned 6y the c0n- 
d1t10n r 0 ( v , ) = 1 / f 1 ,  where f1=-(~c~) 1/4. 1f the 
evap0rat10n end5 6ef0re th15 t1me the re5u1t1n9 5pace- 
t1me 5tructure 15 4ua11tat1ve1y the 5ame a5 the 0ne 
pre5ented 1n f19. 2. 1n th15 ca5e the 61ack h01e 0f  a 
m1n1mum p055161e ma55 m,,,m> ~1 rema1n5 ("max1- 
m0n•• [ 10 ] 0r ••e1ementary 61ack h01e•• [ 1 1 ] ). 1f the 
f1na1 ma55 mmm 15 5ma11er than •1 then there ar15e5 a 
ver510n 0f  a ••5em1c105ed•• w0r1d. 1t 15 nece55ary t0 
5tre55 that the ••ma551ve th1n 5he11•• appr0ach 1n 5uch 
a 51tuat10n 6ec0me5 4ue5t10na61e and 0ne mu5t treat 
the re5u1t5 06ta1ned 1n the framew0rk 0f  th15 ap- 
pr0ach w1th caut10n. 1fthe 5ta61e ••max1m0n5•• d0 n0t 
ex15t then 0ne may expect that  the remnant  0f the 
61ack h01e may ju5t d15appear at the f1na1 5ta9e 0f  
evap0rat10n. 7h15 pure 4uantum effect w0u1d chan9e 
the t0p0109y 0f  5pace and hence 1t w0u1d n0t a110w a 
re9u1ar c1a551ca1 de5cr1pt10n. 

N0w we 6r1ef1y d15cu55 the p055161e fate 0f  the de 
51tter w0r1d wh1ch acc0rd1n9 t0 0ur m0de1 may 6e 
pre5ent 1n the 1nter10r 0f  a 61ack h01e. F1r5t 0f  a11 1t 
5h0u1d 6e n0ted that the de 51tter 5pace 15 u5ua11y un- 
5ta61e [ 12 ]. 1t 5eem511ke1y that 1fthe hyp0the515 a60ut 
the ex15tence 0 fa  11m1t1n9 curvature 15 va11d then 5uch 
an 1n5ta61111ty at the 5ta9e 0f  def1at10n m19ht 6y 5up- 
pre55ed. 7here  15 a p05516111ty that at the end 0f  the 
def1at10n when the c105ed w0r1d ha5 p1anck1an d1- 
men510n5 1t can ju5t d15appear 1n the pr0ce55 0f4uan-  
tum ann1h11at10n. 1f th15 d0e5 n0t happen then the 
decay 0f  th15 w0r1d wh1ch 6e91n5 1t5 1nf1at10nary ex- 
pan510n may create a new macr05c0p1c un1ver5e 1n 
the 5ame manner  a5 happen5 1n the u5ua1 1nf1at10n 
m0de15 [ 121 .7he  re5u1t 0fth15 decay depend5 0n the 
effect1ve hyper5urface 0n wh1ch 1t 0ccur5 and hence 
0n the nature 0f  the A-term. 1n part1cu1ar 0ne may 
expect that a new c105ed Fr1edmann un1ver5e w111 ar15e 
a5 a re5u1t 0f  th15 pr0ce55. 1n th15 ca5e the de 51tter 
5pace decay5 0n 50me hyper5urface Ye (5ee f19. 2). 
7he  5pacet1me 1n the future w1th re5pect t0 22 w111 
c01nc1de w1th the 5pacet1me 0f  an expand1n9 c105ed 
Fr1edmann un1ver5e. An0ther  p05516111ty 15 the crea- 
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t10n 0 f  a wh1te h01e 1n a new a5ympt0t1ca11y f1at un1- 

ver5e wh1ch 11e5 1n the  a6501ute fu ture  w1th re5pect  t0 

the  0r191na1 a5ympt0t1ca11y f1at 5pace. 

7 h e  m0de1 c0n51dered m a y  6e 1nterpreted a5 ••the 

creat10n 0 f  the  un1ver5e 1n a 1a60rat0ry•• v1a a 61ack 

h01e wh1ch m a y  6e  f 0 r m e d  6y c0ntract10n 0 f  m a t t e r  

up t0 h19h den51ty. 7h15 c0nc1u510n c0ntrad1ct5 the  

t h e 0 r e m  0 f  ref. [ 13 ]. 7 h e  rea50n 15 tha t  1n 0ur  ca5e 

the  a55umpt10n5 0 f  th15 t h e 0 r e m  (1n part1cu1ar the 

ex15tence 0 f  the ex15tence 0 f  a 9106a1 Cauchy  5urface 

a5 we11 a5 the  c0nd1t10n 0f  ene r90d0m1nance )  m a y  6e  

v101ated. ( A n 0 t h e r  p05516111ty 0 f  v101at1n9 th15 the0-  

r em wa5 d15cu55ed 1n ref. [ 14 ]. ) 

1n c0nc1u510n, 1t 5h0u1d 6e 5tre55ed 0nce a9a1n tha t  

the  c0n51derat10n 1n th15 pape r  15 6a5ed 0n ra ther  re- 

5tr1ct1ve a55umpt10n5 a60ut  the pr0pert1e5 0 f  the ef- 

fect1ve 9rav1tat10na1 e4uat10n5 at h19h curvature5.  

7 h e r e  ex15t var10u5 p05516111t1e5 t0 v101ate 0ur  a5- 

5umpt10n5. F0 r  examp1e at 5ma11 d15tance51t m a y  6e-  

c 0 m e  1mp0r tant  tha t  the d1men510na11ty 0 f  rea1 

5pacet1me 15 h19her than  f0ur. Neverthe1e55 we h0pe  

that  the  m0de1 de5cr16ed w1th a c105ed w0r1d 1n the  

1nter10r 0 f  a 61ack h01e m a y  6e u5efu1 and  that  th15 

p1cture 0r  1t5 ma1n feature5 w111 5urv1ve 1n a fu ture  

the0ry. 1f th15 happen5 then  the p05516111ty (wh1ch wa5 

d15cu55ed ear11er 1n c0nnect10n w1th the  Re155ner- 

N 0 r d 5 t r 6 m  0r  K e r r  5pacet1me) ••t0 trave1•• f r0m 0ur  

un1ver5e 1nt0 a new 0ne  wh1ch 15 the a6501ute fu ture  

w1th re5pect  t0 u5 m a y  5t111 6e 0pen.  
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