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» the well known conlca.l smgularlty in the class1cal solutlon of grav1tat10nal equatlons T PRI I S q: (‘A 3.; + l) ln 7(;3)

Therefore, we are faced w1th the problem of descrlblng the geometrlcal lnvarlants for" foo e A e
o llence for the Hawl\mg tcmperature we lm\c

f‘imanlfolds w1th conlcal s1ngular1t1es “ Fortunately, for th ‘cases under con31deratlon thls

- canbe PerfOfmed The extenswn of grawta"f' cBu ( 3()a+1)111/(»3 la i

R also be found in [10]

whcre ge,,(A)

krmatter ﬁclds Then fxom (6) we ol)tam

1 : - § . :
’ ‘In the strict sense, this metnc is no more the soluuon of. the Emstem equatlons Nevertheless it shll
gnes the mam contnbutlon o the functlonal mtegral (1) in the class of metrlcs w1th comcal smgu rity.

smgularlty




ds —-dp +(,5 )2 2dr

2 ;‘ “;,Thxs space can be con51dered asan Euclldean varlant of 2D Rmdler space-tlme Assummg

> that Tis perlodlcal w1th penod 27r,5, let us consxder the ne“ varlable df' ,B T whxch has

”l

ds —dp +ozzpzdc,‘>2 i

S where a = (p ) It is the standard cone w1th smgulauty at p = 0

the comcal smgularlty in- (15) dlsappears ‘

‘\fgm,( ) : R\/_dzzlog( )

g,m é—/RD‘lRfsz

g

(20) :



the effectlve actlon is really d1vergent in’ the low 11m1t of the lntegratlon over 3 Therefore f i

I

) SR .‘:f wh1ch doesn’t aﬂ'ect the classrcal equatlons of motron but contrrbutes to the effectrve
, we 1ntroduced the regularlzatwn the drstance € to the top of the cone In the llmlt é— 0 NN e

o actlon Ag,ﬁ = s(a = 1) and entropv Aq -'s The total entropy occurs to be ﬁnrte ‘

(26) is logarlthmrcally d1vergent Thus, the complete one-loop effectlve actron on the cone'

Sy :but undeﬁned All thrs proccdure secms to bc 1easonable The entropy is determlned ,

takes the form T o s
AR : .,‘Aup to an arbrtrary constant Tl)c alm\e cancellatxon of the dlvergency means only the

’renormalrzat1on of thls addltn'e constant \\lnch does not 1nﬂuence the physrcs and can . ’-:,"L

,not be determrned from the expcnment

: ,‘the system w 1ntroduc a grarn scale I o Tlns means that \ve deﬁne an elementary stat

ES

f lof the system characteuzed b} tlne 517@ 'f 'llle srtuatlon

| ‘ol\s srmllar to the one f

LV

that we have in the classxc\al statxstxcal ph\ 51cs [1()] Quasrclassrcall), one can deﬁne the

space (p q) as AF —»{—21;,]—)7,- ( s’ 1s number of

k umber of states in the rcglon of thc pha

‘(fz;rh;) i

: freedoms vof the system) where € a scale characterleng the elementary state '

of the sst "m «, Thc entropy ‘S ln AF 15 dwmgent wllen the Planck constant Tz — 0
(e—» 0) Thus the result ("9) can 1 e

ntexpxeted as an nldlcat n that there must exrst '

fundamental scale whrch plays the‘rol(‘ of ultranoktxegulator and naturally characterrzes -

vcase one must add' the followu1g term to‘the cla551cal actlo




Let the metrlcal functlon g(m) have zero of the ﬁlst order at the pomt .1: = .1:;, In the

T

o MlIlkO\VSl\l space thls pomt is event honzon Neal the honzon we have g(m) = g ],,h (.1: z:h) ST

Die to (3

"Across-t.erms llke 6(p)f(p) and G(p)f'(p) do not contnbute




o comcldes w1th the energy dens1ty of massless bosons W1th temperature T = éﬂﬂ”

It should be noted that the ch01ce of constant b m (40) means the chorce of the b

quantum state of the scaIar ﬁeld in the space—tlme of bIacI\ hole Therefore, the fac!;

ﬂ and becomes regular only if ﬂ "

ﬂH 1s7d1stmgulshed also 1n the s :

‘,On the‘ other hand ‘we obtaln‘ M»

‘entropy (53) can bc wrltte.n as :

we obtam




ﬁ To calculate the regula.r ﬁa.rt, )‘,,y, 1t is comement to ‘use metnc m the form (30) Then, e ‘

L we obta.m R,.,g = g for the cur\atule Consequently'for the regular term 1n (54) onegf\:" ‘




: more TH but possesses some correctrons Thrs can be consrdered as a.n mdxcatron of tha.t - -_' S

g
the ba.ckrea.ctron must be ta.ken mto a.ccount Indeed the classlca.l bla.ck hole solutron

does not grve the extremum of the semrcla.ssrca.l sta.trstrcal sum (7) The configura.tron,

j thls quantum corrected conﬁguratron ma.y essentra.lly drffer from the cla.ssrcal one [22«24]

In any ca.se, such thermodyna.mrca.l qua.ntrtres ‘as temperature ﬂy, mass M a.nd entropy

must be re—calculated Unfortunately, in general the qua,ntum corrected ﬁeld equa.trons

are not erlca.ctly solva.ble Recently [25 27], thrs ha.s benn consrdered for the RST model

,;" where the exa.ct solutron is: known It should be noted however, tha.t the ba.ckrea.ctron

B ma.y cha.nge only the ﬁnrte part of the entropy whlle 1ts drvergent pa.rt vas 1t follows from.

Ty

\

whrch is the mmrmum of the one—loop eﬂ'ectrve a.ctlon g, ! f, must be consrdered Genera.lly, :

‘metrrc (32), (35) Rbgularxzmg the comcal slnﬂulauty at p = O as before we obta.ln that

the complete R)emann tensor 1s a sum of the 1egular part (whlch 1s non sxngula.r in the
Cannd \ e

/




- where ‘A,. = f d:cdy is the area of the Rmdler horlzon, V is the volume of the space (69) o i
s ',1f ,3 ,BH As one can see, B4 1s quadratlc in curvature For ﬁmte a 1t glves the la.st term

; "‘lm the effectlve actlon (76) w1th the functlon T(a cv) havmg the form

i,last term in (76) is! proportlonal to (a = 1) and does not contrlbute to the energy (4) or“'.

,where the ultravrolet d1stance €= L' ‘was 1ntroduced

‘The result (78) is exactly the one obtalned for the geometrlcal entropy [1 3] One an’

g "glve th1s the followrng mterpretatlon Though we start from the ﬂat space tlme, cons1der-'

1n the effectlve 4D

’ng system at the ﬁmte temperature ,B, we obtam the statlstlcal syste

‘Euchdean space w1th the comcal smgularlty Therefore the 1nduced grav1tatlonal effects

"”"Vof the curvatl re play the role leadlng to the non tr1v1al effectlve actlon (74) and entropy”

e

Notlce that only the COIItI‘ll)llthl’l comlng from the scalar curvature R(4) in’ the firs

- N

power in effectlve actlon (74) leads to the quantum c rectlon to the entropy of the Rxndler

vspace “This term takes the same form as the classlcal ( bare ) grav1tat10nal actlon (68

'

o but w1th the L2 d1vergent coefﬁcrent The two—‘l _ens10nal example learns us that an'

i.”extra ultrav1olet d1vergenc1es (m the llmlt € - 0) can. come from the ”ﬁnlte” non—localrf

: f'_l,terms in. the complete effectrve actlon wh1ch are om1tted in- (74) These terms are not‘f

o ‘exactly known m four d1mens1ons By means of methods dlfferent from ours, there recentlyf

1 g i
appeared results on the heat kernel asymptot' fexpanswn on the curved cone [29] They,

allows one to obtam aII dlvergencles due to the cone smgularlty '\whlch could come both,,

Cew

. the ﬁmte part is! proportlonal to (a= 1

o constant [30]

;_yan add1t10nal (to the ultravrolet) d1vergency when we tal\e llmlt s 0 Fortunately, the_‘ e
- ] !

B _‘ from the lnﬁmte and ﬁnlte parts of the complete effectlve actlon Comparlng our result ‘
: «',for the Rmdler space (76) wrth that of [29] we observe that dlvergency comlng from
)"’L2 Renormallzmg the 1nﬁmt1es of (74), (76) we

x

1

: "._1ntroduce the same counter-terms as for the mamfolds w1thout conlcal smgularltles Thus, i : FESe

' to renormallze the L2 dlvergency of (74) (76) 1t is enough to renormahze the grav1tatlona1 § '

l




’ _1 where the ultravrolet dlstance € L e W asvmtrodured The entropy (86) 1s proportlonal(‘,‘:;‘ .

PN

L to the horlzon area. as before Howe\er, m companson \\’lth the Rmdler case we observe :

P LY skt

addltlonal logarlthmlcally dnergcnt term in (86) w h1ch lS dependent on the ma.ss of the )




: "‘;wrth the logarlthm of approprlately counted number of such strmg states, However thlsf -

! I am very grateful to Dlma Fursaev for numerous remarks and cr1t1crsm I also w0u1d, o
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