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Recent astrophysical /cosmological cbsenvations
cuggest that we may live W a universe

well appmximaled la.] SPaCeHmE with small, but non-2240,
F;Giﬁue m&mnlﬂaical constant - |de Sitfer space

[Siving_theofy| is eupposed to be a complete
quantum heoly of gravity ; it is expected
1o revolutionize cosmology, just like it has

. hiﬂh—a::rgj phenomenology (la{]gr;e Eﬂ‘g i:emsmﬂj
and - mathematics artum geowmelvy, mitror symmetty,
( ?;n-m mﬁo aﬁvejﬁg:me:\g 3 K-theoty, )

But: Ae a part of this process of uncoverin
= new c:apfmp’rs insp\rgg sc‘f’iay_g Jrhec:g:r:g
we should at least undestand the old owes:

CEN
5. A poﬁeible. to deseribe the r:tﬁn’cwn mechanics

of de Sitter gpace (o1, generally, spaces with A>0D)

n stving theoty * (- exteny h acaclogy

wjﬁiﬁﬂﬂ' D ... if 0, lessens aba.t{':-u.‘._ﬂ_g breale.




Maximally - symmetric solution of Enslen's equations
with pesitwe A, in D spacetime dimensions.

d541

g- v ety ez = EEJ

ds* = ok %+

\ D overs half the hyperboloid
felevant for inflation 5 osmologjcal expareion
Arother coordingle system: — N

de? — —dt+ m"’—(ﬁg- a0 Eﬁ iggpe?-’uu spce




Buantum mechanics requives dosefvess.
(onsider e [inerhial dhserer; say, at e pole

: \ , 3 Pﬂf‘h’\ﬁ W
Thete is a naturd cordinale suslem, associaled with
s chseser; n which the metre appears  slatic

ds* = - (1- %’Ddil* (fi 7% Fr2ay -

This static patth oordinale system has an cohious
K'iuiﬂg '.J-a'.‘}mf’a @/at— s fimelite at 42 buwt null at n={:

horizen !

A useful picture to keep in mind:

Tenrese Aiagram :
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L is onstard in ime | |
;Fcl}*; bﬁ;ed ’/h,n?ts Ik darﬁ-#c
ton
iHErh:{ ovsefvey U?Cﬂﬁml“t | m aurfaces u’]
| me flows mofe slowly



According to the Bekenslen-Hawling foraula,
hotizon implies enfropy :

:&m (P2
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Efjranptxamra\,rmﬁ = 3}3

Gibbons § H‘MEE

—=

As st chown by Gibbons § Hawling, the cosndogical
|fu:'iznn implies came thefwod. effects as black hole horizens:
(FarJride creation in therwal bath at T; lawe of hefnd. hold.)

One approach to seeing his : Buclideanize .

Euclidean de Sifter (EAS): b it
a-. E:E‘J'mdbci,b Aeternines T
or s

- D
MW:SP\\EIEC’F codivension WO $%c S

Thesimodynamics of horizons ‘.Mriwdia@ brings issues :
. tat-mech inferpretation [
. holography
. Belenzlein bound %

String m;gshj& been insttumertal for (Some) black holes.



Quantum medhanics of de Sifler space

Successes of etving theory i black hde physics -
mofe often than not ted with supecymmetry.

de Sifter spacetime is believed o be incompatible
wih supersymmetry, in the following sense:
o de Sifter superalgebra does exist ;
. it does hot have highest-weight unitagy epS ;
. It can formally be vepresented by felds

Aesccribed B 2 IE?I ,-i;h! ?m:ﬂh m':bhﬂrhunm K=
(omments : instead 2 Y& -.i =H as in AS
= sk I

@ . satishes S 3Qi s} =0
gy R o Aoy
. muti-parhide Tock spxce dearly cmof exist
. te Laorangion has ghosts: { LR@# F+.)

I.-..'rmy_:, I‘E'Elht:-lt.

Comments to comments :

: O wdidle, b 480 b Rkt 1754
©* n ma.u.imalgwmpagm;ﬁc fmJSECEIZD!

. holoatanhu & telaled ideas imply that only finite, N of d.of
shou EF;ESC,; evefything =#'~I33"¢ ““Hﬁ‘gf‘ﬁgl’! Sial-e::f G

« he ghosts in Laomngian, as eell s 2 30,Q%=0,
(eminiscent of 'bp:.igqcal ‘ﬁ[ﬂn@ .. leduction of dof.




Various facts cuggest that we showld perhaps

fake the observer and the associaled horizon sercusly,
and 1y to male sense of the cn,.lan{'um mechanics

of the slatic patch — fwile cavily.

Some cupporting  apguments
«Finile cavily aurounded by fintte<ice
_{;T horizonj natural exiensions o}
Belenstein bound suggest
finvte ¥ of d.of, in accord with
our previous Comments Rani;

herizon o the Killing vector %t alows one
(P2 o deﬁnegk"tili ng enengy; sonewhat
Surplisangl), ohe can a (perturb)
positive -enemy mmp‘?c; ifm
sesuming one stays inside the horizon
— all vidlakions Gome from modes fhat naively
live belund the Morinon [hnkgl%,&mﬂﬂﬂh‘@

. the Killing evemy is consened, and could in principle
be used ko define a @M. hamilionian — affer all
we do believe cya\hm mechanies, !

How to accompligh i &
25 Pfesen'l#ﬂ unknown. |
H'meE'.'- ﬂﬁiﬂg <o(D,1) o a smaller Su.'sﬂhl.p (sgum's of nbﬁnru@?:
« consider Oonly modes with same Pl as degerver




"(ompactifying" on AdS dawn to Euclidean de Srtfer

We would ke to isolale the degrees of freedom in ASSEET
fhat only excide the sphere, but not AdS.

Trst of dl, these modes should be in treir graund state
on the (space-like slice of ) AdS -

A_| _—— nommalizable zero made

(

of {b:ﬁh.-ﬁgn) AdS

Now, we still have the Lorente-signature tfime direction in AdS ..

v
The superymvity modes project down fo the AdS with dosed

(‘ﬁ’eq,umcias. are cd‘respondargg\ﬁ q/uan"h'aedb Time-lilce [""Fs"

we il only consider one selecded
“inertial pbeesser "in AdS 3
aHernatively, Cut off Mspai- smallest

r (easonable wolune . RP-1

o 1. 1 Impase sgymmetry -breaking perioctics
perioditily ~ . o nf*'?i‘i Y pen



According to the propeal , dhe number of such dof:
dhoud  count [daa Gittee en

(onsider AdSs x EdSs
EdSs is S°, the horizon is » lome S

Euclidean Time tanslahions = ot ations
" of sphere.
(cf gard' ﬂlﬂfﬁma {')

the. horizon

The area of the horizon, In units measitred by e
effctive five-dimensional Newton constant Gg, showld

= A

Now, A~ R? but what is Gys
Tespile the fact that we have "compackified” on
5 non-Gampact, Lorenyz-signature sace, Gys will
be fwte

~ G Gn
RR R®
Thus, for the enfropy we obtain S ~

Gns

In defims of fne poramelers of AdSICFT, |
R ~(0'2gsNY*, Gy~geodt:  [S~




Consider ofher canonial examples:

. Ed4s 4 X MS? - (2,[}) "'ﬂ‘lEDH

of N M5-branes
Fvopy of EdSs *.
g =5 ~ &
AGng > Gna R
R
S~ Gn

AdS/CFT duality mpies R~ LpN L
in tose variabes, we get

[suN:" |

[S~ N %.J

. Ed,eg, KMSEKULL
= B
S 46ys Gy~ %




In all the canonical cases, the Gibbons-Hawking entropy
of the EAS Tacor cales exactly like the number of
degrees of freedom of the corresponding CFT on e
bourdary of the associnled AdS space , truncated o
the zem modes — 2 malvix model pichec ‘forEd'S:‘:

il

L]Eg. matrix model : dua\ CFT, at fwide T~J§ ;

oncated [0 & point—OtLdm QM S

suggestve of a topolegical
theoty on boundary ¢f AdS...

this wil need fudher testing .-

On the ADS side, e reduce fo zero modes.
What is the picturc on the EAS side %

Giant gravitors on the sphere ...
expand into & codimension-Two sphere, and at the max
anguar momertun given by the exclusion principle
$hey il ouk e Fudidean do Siter horzon.



Lore“k'%ﬁnafuf& de Griter ¢

We a\rea@_ﬂ have a Lorerﬂ?ian-ﬁﬂhaturf time in the fheory,
on the AAS Tactor

Options: (@) leep it; select a new Hime. coordinale,
such that the Kling vector is a um

of Bfatﬁﬁ and 3}3,;1, , e EAS time.

This is interesting for sever) reasons::
+ afoup Theory e
SO(6)x 0(4)D) » S SExsA2)

Truncake
$02),,,, =0iag (S ﬂ%)W_‘
; ‘wepred Iy § E‘%T' . 0106, TWISTING '*
('r\u..nl.‘.i i AdS nﬂ)

. oeems to provide fepulwe bownda,fy

conditione &t fne edge of the Twite cauity...

Lh) Widk-rotale i\t is “double-Wide-roration” of AdSxS
has been tried before ad never worked .

©) leep the Lorentian- signature  AS time, Wick - wstate
he EAS fime, and interpret the result as
a tompactification of M theoly with Mﬁ"‘m@r IBS )

(d) do rothing, interpret caledations n Buclidesn de Sifer,
" and whale to lorent signature aftervards



