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CANON(CAL GR ON NULL HYPERSURFACES
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WHAT 1S 1T 2

Usvelly canonmical GR -Formulcd;.;l in terms of initial
dota. on o spacelike hypersurface
« here we cengider dato. on o precewise nvll hqug_r.gu,{.n_u_
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U,V = null 3-surfaces swept ovt by nvll rags cmuﬁ:‘"ﬂ noowmally
$rom twe sides of &
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— initic) data specifies moximal Cavchy development

= waelric on domain of dependence




WHY STUDY THIS 2

Q) T achmical sumpiiffc.c:hbn |
1962 Penrote, Sachs, Bondi, Van der Burgn, Davteourt
ydentily free iaitic) data (ne constraints )

@ Obsesvables for mosHy vacwum universe — like ovrs (%)

Ellir et al. 1985 — gymilar doda. on \ish'}caq.;_, = resuHs a{
rdealized actrenomical obsecvetions

@ avesi-local formulation of GR similas to algebraic freld 4

— any exdation of ﬂfni-"'ai*bm:l Held cavtes null roys in
W,V o ereosis (‘H‘f""“ CMIf'tf) = W,V wwit b finde
— dynamic of GR cacoded = reladionr o i
ﬁq N ] .,f v
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b¢-+lﬂtth Aaj'u. -{-or h:j perrurfaces e th % /'/
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@ Entropy bounds --ka'iosra.phr':- Pr;nr_'lplb

— possibilily of & preof from ficet principlas
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WHY STUDY THIS 2 ©)
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Ell et al. 1985 — gsymilar dade. On 113h+c5q¢_, = retutts o{
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— oany exiation of Srné-‘faj.e.m;] field cavtes null roy: i

W,V do crosg (Form cavtfiee) = W,V wwet b finde

— d:jﬂﬂ-'ﬂ.;u dé GR cacoded n f"-'iﬂjlﬁ'hr s Ty

between ddfa for hyperrurfaces with
wulnﬂ}nj domeins of d:pu‘ldhc.r..
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BECKENSTEIN BOUND

Object inside sphere of area A "
stationary O..SSNP'EO‘{:I.CQ.“j flat .SPﬁ?-CL'..-'h-mc_,

Clawn : Entcopy S < enfropy of black hole of area A
= % (Planck uvmifs)

ﬁrguncrﬁ : Can collapse = sphchha) shell of matfer eround

object so it becomet o black hole of area A without
-.'nc,rtu-..h'n‘j entropy of rest of umiverse,
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BOUSS©O BOUND — wore 3mcrg}.

_ ol hypersorface U swepl out by nll rays emerging normally

Jrom 2-surtace O of area A

- null rays neq —diverging ot o (& not CD'I'NEJE)

— (L Yroncated before rays cross

Clasm : “Entropy on U7 <€ %

i
flux of enfropy current — defined for wmafrer n

[ecal e,i.:'rl'ﬂ-: Frop

Flanagan ef. ol. proved Bousso boond a.s-:un.'mj t'nc.r{uoji-h_.'
betwcen T and entropy ament sadisfied by wewn malter models

- Not {"-’“dmm‘l"ﬂj low

RuT
S = logq dm H° R subspace ot Hilbest space ¥

< 'm.% dvm X Compatible with wacfoscopre chate
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C,on'!c.:.i-w'c.: dim A < e

—bot what it Hilbert space of states on W2

i by iteelf has no domorn of dependence /




HOW COULD THIS CONJIECTURE BE TRwe l

Vacovm GR — infinify o-g Fourier modes of data on (L

= quﬂ_ni-“io.’rian of |mearized H‘Itpcn hag

dmH =

Bot if you include back reaction ..

— remember guantum for each mode has finife eneray

-H'ljh \

\ stulf more
q.uuh. through W

— aull cimud'or: focus more

= Samt number of q.uani'a... rtﬁl-ﬂ'ﬂ'd on (L

Con one wmake o ?W'o{' t
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NULL CANONICAL GR
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hypersurfoce noll = metcic of form [—:—!l—g—.-c_'l
ol 9§

Sachs data: 1. e.;3=.i%< on W and V
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2. Some deta on o

They are free and caomplebe so 'H-c,hc are good coordinates
on phare space (set of Caudhy developments )
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PelERLS BRACKET

A, B- diffeo nvanag fuactionals of mebric such Hhat
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SOME QUALITATIVE FEATURES OF The BRACKET

- {A,B)} mnon-—Fo only 1t A,B 4onchion of metric in

caveally related re.siah <

—_— {:f:.‘d-l‘ o S?G.C.Lll.:'r.c. ELPGFQ'!'!& POl.‘n'l"J' Covwamute

- on W only poinlr on samec nuil 3u\crq§'or ase cavgelly

reloted

— 1. variables on WU dwmost all Poirfon cowmute wrth thege

on V

-i—p Hilbert space b =}iu3}h,

= 4, 'I{' Am Hu {-!'ﬁ'!f‘t. then |¢1 dim ..Hu.. o A




A PRELIMINARY RESULT

Brackef between €G3

— change varijebles

ds* = g dytdyd = A (de+pdi)(d3 +Rda)
4 U=1xl

E.=‘ji+ t:-'ﬂx h'—lc{d‘s

P it o € valued field thot encodes e
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=D A defines a COM?\ILX i:ola.rlirﬂléh

can Ceprecent T.mn"l'um states b:j hq'&oherp\nfc fonctions
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