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Abstract: We suggest a framework for cosmology based on gravitational effective field theories with a negative fundamental cosmological constant,
which may exhibit accelerated expansion due to the positive potential energy of rolling scalar fields. The framework postulates an exact
time-reversal symmetry of the quantum state (with a time-symmetric big bang / big crunch background cosmology) and an analyticity property that
relates cosmological observables to observables in a Euclidean gravitational theory defined with a pair of asymptotically AdS planar boundaries.
The latter can be given a microscopic definition using holography, so the model is UV complete. Whileit is not yet clear whether the framework can
give reglistic predictions, it has the potential to resolve various natural ness puzzles without the need for inflation.

Zoom Link: https://pitp.zoom.us/j/950990043422pwd=0WZoanJIMHNzM X F4AS3VY M 2V xcklodz09

Pirsa: 22040128 Page 1/38



Pirsa: 22040128

C o5 MoLoGY FeoM THE VAcuum
Pe«m&e« Thehhde ) Apr loll

Ma{‘k Vﬂ\h ‘Raqw\ sclav\k (U«EC)

N

181010601 w Gepev, Rezali, Swingle , Wadlal) Wakeher -

Zooy.02259 | ?_102.05'05:}} S ?(,,ﬁ/,gs (WE iwin le
Lk 2im

Avr(‘mih{

Mark Van Raamsdon...

Page 2/38



O[Aa,vc{'um Sr‘a\v"—[?/ -F(om S"Ti\f\ﬁ d\’l«eo\r)/

\

6W~8k3€nce
Og’ Sf]?a C:e‘l'\‘m{
b 3Y‘avi-+z‘[’fo n
(/_\A S /CF'\'\

Pirsa: 22040128 Page 3/38



irsa: 22040128

O(Aaw{'um SFQV.\—{Y j\:--('om S'{'\(;\f\ﬂ —\’L\eov’)/

S S

H: ak aunersy
$CA$4'WE'§ \/

Llack ewmemence
\(\o ( es O% 9;701064{“‘\{
bSVavi—l-x"\‘on

(adsfcFT)

GKIOOMJ\'
Ces Mal°37 7

Page 4/38



POS Si\o]-e s wnceff{'\'ovx ]

Haurcl -‘}a Covae wF wl‘“»\ hov\-—loe«—l’\nr qu'l'\'-/e

AtZSc\r\F‘lﬁo\n o{‘ c.osmolo(j\/ \oecause. AAS/CF'T_
wor\cs —gor /\ < 0 and bwur wniverse has N> o

R

Pirsa: 22040128 Page 5/38



O\DSQ\(V& \on g -

A<t = - d4T+ alNd="

o) > o
a > O PWCSEW‘{' {\/

irsa: 22040128 Page 6/38



O b gervations:

d<t = - 4T+ alNd=T

o) > o
.O.L > O Pv’csew‘J( {y

E}v\ngQ'un'S QO[VLd_kOV\S'-
o 7 o s ’54F>+/o<o
Could be xan  © A > O

@ —[—',Me_ ala[: ‘SC‘al"-r with
/(&) > o

irsa: 22040128 Page 7/38



& \N\.OS+ 6@/\2«'&[ ba(k&vowv\i COWSK—I-GV} wi*l/\

5?/(/\/\.\"’\6"(_\(';&3 O‘Q CoSW\D\OSY ]/\A\S ’I'{M-Q—aﬂé?.

SC&L\&VS

& 'rF a,> o S alue_ _"'o V(‘D) -gb(‘ "%ﬁ'k«e—claf),
Qccx\ars, T V\d*W‘al to lave /\<O

\/ /’Ruy Poshive value

rp——

S— some hearby

exframne |

irsa: 22040128 Page 8/38



\,JIAZ{' does S‘[‘wvb 'Haeory Fre:gw?

irsa: 22040128 Page 9/38



irsa: 22040128

®]\>o & /(@ >o :A>°

N= o

Sy et

\/Jlflijl_ does S"['v'wb ’H«eory Frmcw?

~> FICV\'(')/ oﬁ S‘qua{s Y e.‘F@Ec:"f\/c -ge—u -‘Leary
deSWI?’l_{OV\S *

—_— loeau«‘H‘F\wl M'\Q,V"o-sco‘lb.:¢ U‘-V\O(G.('S'J_G-V\CJ-LMS c;-(:
/\ < & FL\\/ 'S-\CS Ou"S;v:s l/\—luzf)fa.r\\\/

Page 10/38



O \>o ® VE >o __f//::;
™~ A<o
\,JIAEJ\_ does s"['wvb ’H«eory Fﬂ_’?&u’?

~> FI&V\'J')/ o* S‘quow’s Y e.‘?@tc:"fv‘c -gu--u -‘Leery
O{QSWI?’}_{OV\S

—_— loeat«‘H-le M'\Q.V'G‘SCOP-sg ULV\O(G.{'S‘J_O-V\CJ.(‘,'Aj O-F
/\ < O FL\Y 'S.\CS 0\.€;v:3 L\-l?jfa.f,\\\/

—%”{Vlhj /hA.va’)( A:SCus‘s‘Echs 0-6 C9$W\-0L-"J7/ "f'oCu‘segl o A>O

= /\<O wsMolozj)/ Seecns (1]50_ \od‘l’er‘i‘w@@.’l“!
*

irsa: 22040128 Page 11/38



MA‘M c\/«alebq with AQSC‘V:\@{V\S /\ <o coswo(og\/ - A
o l 03( ap Loeal l), . ad A

R
G CO‘S'V“OlOf))/ \/\as onmoﬁgv\eac«s—é (%D—(-valg{c W'\a_H—W

- AAS/CET describes spacetimes Ahat are

asymﬁo"\‘ Ca“)/ EMWV

irsa: 22040128 Page 12/38



Pi

IIIII

122040128

A +€W\a‘|'1\/e_ly’ /\ <O C.asmoloa ca\ épace—-l-{meg

aVve. ’('YF]CQ{ [5 100[\/\5 /brﬂ C,V_MV'\C',L\ 5@6@'}1‘1‘4 e Va";aa"“d""

L,\)I/“/\ o ﬂ%ymp_]—\?’{"\k@“\/ A-a(g F%{oms

€. 9, /\< o -+ (‘aa[la“r{ot/\ ‘GLG\ cosrol o.ay

d<& = -—A—PL + C CQS(HJCBOI‘Q-L

Page 13/38



irsa: 22040128

e'f)- /\< o + (‘acila,'\‘{ow ‘Gtaﬂ' CDSMO[oaV

A= M 3 Cws(it)ds
cvunch
BUT - +hig has asyb‘?%kCQIB/ AA% r‘eaiohs (1~
a,v\aly»l‘,(_ C.olxx“'\'b'\t/\a’{'\"ov\l’

dst = d=° + L_lcosL\CH-c) dx"

AdS p
< <
*

Page 14/38



Pirsa: 22040128

Emcl] Jem L.DL’GA‘_‘ELI.::« iy
Cosmeoe [\‘-‘-‘6}/ wormhole o ‘:‘:J.Ir""-l"ﬂ{‘e:, et

¢ |

ma b - v 2

dt= - QOAT AT TR i detrazObt
N T 2

k™

- Ano’n\e?" ana\)("ic COV\"I"\VLMRJF\.OM S]VQS a S"‘a“‘i(‘_
Laro_vfl'z,'aam Flamar [,.JDV'M)/\‘O('Q,,

- %—['a;v-—l' b?/ (,‘,uwle(‘s—‘l_amc{:\/\j L\.o{aa‘(?t?l’\(c AQQWZF‘]’-‘D"\ 5(
s,

Page 15/38



Z. aS/m?‘('or{\'ca”)/ 7 3D ’/‘0(03(
AAS V“Ozslolns o =l

R

CFTs mast
—fravergalole e ‘t.,;—[-eq-aA s:amejmt.;

Lpu.+ VLS{_ 10 ca“}/

Pirsa: 22040128 Page 16/38



Pirsa: 22040128

v aS/m?‘('or[\caH)/ 7 3D ’/‘0(03(
AAS Vgion s ) il

~Adsq / —
———— Tl Adsﬂ‘ L
3D CFT

'3DCF-T'

CFT S wmast
"‘{'ra\m\"ga‘ol-é' —_—> t.,;—[-eq-a.A Spmejf-q.)

Lpu.—\— VLS{_ lo Ca '}/

- prrle T EEls L:y smal| [\( qb cF T

Page 17/38



%‘l‘\/ :hj "H'\enry Mo‘{'\' V'a‘l‘\‘on-.
'DQ{:QC{—S i 10("0"/\05 % Aua‘ 3mvi4‘y .

l/ a{eswl»‘sﬁ‘on

CleoSe. o[-E‘CG’C‘{'S ‘l‘b Coev e S-"F’DV\J —{'b lame.-aw—lilorahe_

TDa.‘n/.

afa llel lo(“av\es c,,,ng—]:,JDZ@_ b aomlaecft

uP |~ lou”<

irsa: 22040128 Page 18/38



Pirsa: 22040128

%‘Jr\ftv:j 'Haeov'?/ Mo_('\‘va-'l'!‘olf\'-
'DQ‘Q"QC['S = lo(‘almgs LN Aua[ gmv:‘}y

o{eswlFfHom

C,AooSe. Aeﬁequ —l‘o Covee S"Poma{ —l'b lomue-meiL:mQ

T.)d.‘t(.

aa “el brane s (,«.n,s‘l}lble 5 C.om.hqc't

U-P A loulk

k we want V\«os'Jrl)/ all gra»dh‘y)so

he lasrafalxtc Ae'f’cc{/é:eav\&ary

»{’keb\rle.s Cotn l.eA bod e kglem]‘ic
o e 5P

Page 19/38



Pirsa: 22040128

Fie_lcl -‘H«eory cle.scv‘q:—kon o—@ bvaue—awl'ﬂo?ame PL)(SECS'.

Aap sckT

=l | o veutz- iV\l/a.vlaw‘}'
D ¢cFT & F'T—— W‘-H’\
uu%nﬁmam‘{’ LN

I'Z — S)/mwe'l\’\/

e T e N——

ovientation

\oreal(mz
GG — G

Page 20/38



Eucl: Jem L—"%’:&Liau P :

warmln.ole_ F Ltf!rnlto{.ej Wl

- 1 ] ; ’

. T T ’ | i .

~ . ~ [ Niayesh Afshordi ﬂ\; ol
- . ha f
] : i L '
' ' * ;
1

det= - 2OAT AT T i detrazObt

R
I'Kq ]KZ"

- /)(no’Hf\eV' W\a\y"ic Con’l'.\hv\ﬂ"l'\.bh S‘.Ves a S‘l‘a“'i(‘_
Loro_vi'{'z,'tam Flama\f‘ [,Jo\(‘m)n‘o(-e.,

. %’[_ﬁ\f'-l— lo?/ (A,uwlers‘l‘amcif\f\j L\.o{oﬁ\(‘a\:]ﬂic AQ%W;F‘]—;DV\ 5(
Ahis

Pirsa: 22040128 Page 21/38



] o 2 -
:| A S - A_C -} CZ; ('1'34?‘ 4 Mark Van Raamsdon...
]

Lorentzian

warmluol'c.

ds z dTH aZ) %™

Pirsa: 22040128 Page 22/38



0(51= o{'c'l—l- aé(r\i?‘ . r

LO(€ n'h‘_“ an

w ormhole

A<tz AT+ aol) =™

E te ‘fﬂlenm

WorngLe

Stebe § Loreteing thecy defined by sficy

ncliaean pa ‘wteayel : o
2 i d F‘PL\ 'ﬁ‘}'ﬂ lf}i&]:g[&ﬂe/ 2

Pirsa: 22040128 Page 23/38



%—l‘rl-e —(:br CQSM'::I 71 ale-g:meci L>7/ sl C.llf\:) Ew; Jegu\

3() b
d&) e

?Jb\ "l'Qé("a " ‘PQV"P o‘ f'QC'I"olz\ s { -) f

Pirsa: 22040128 Page 24/38



irsa: 22040128

d’abYB):d’o

";“2,; T YAUE S@mum e =

3D
X a o 4D C.FT
ComPl-eX L\\DL-QM »/‘O\/ gl"d'{-é _g < 3eMerqu)/
o~ holaga phic

Hol05rarlﬁc Cage: c;[uq[ —t L!QCJ( hole M:Ofo‘i»’{'a:'{'e)

f

C«"SWD"’S\/ 1S Le,L»:\AO{ hov-izon !

b?g, cvunch

ol s'L = -ch'f al G} 0‘?22

Page 25/38



N b (8)= o S
‘ = "' NAUE X@mum o

‘ﬂ:——_
3D

\ Q o 4D C,FT
COMFI-QX L\\DL-QM fo\/ S'l"d‘{-é _g < aeMerqu)/
o~ holaga phic

Holo‘ﬁrﬁaﬂlﬂ'l(. Cage: G{ua[ "l’b Llﬂ(’( ]«o[e_ M:WOT’[?L"{'Q)

C«"Swt?l"éy 1S LeL»:\AO{ hov-izon !

\pi'g_, cvunch

o[ s'L = -A‘fq'f al Gﬁ 0!?22

irsa: 22040128 Page 26/38



Pirsa: 22040128

N ¢ (8) = =
T e T ¥ 16.)- &mmm o

e ————
D

3
Lah - @lnev Eﬂ,‘[“ 0{ 4D C-FT
CD MFL&% . DL 3)’ y L S ﬁemerqlz)/
mu——holas\qﬂdc

Holographic esse: dual = Llack hole mioreshet<)

Cpswolo:)\/ s Ll ek Bapimens:!

‘925 cvunch

oy = @

G‘Qn@fa[ CasSée: on [ CogenLd lob {A‘S S ‘_Lr“.,c_o..[ JQS'C/:FL:
. v g
encoded in A‘“F’%/UZ rhysies'st QRET stute.

Page 27/38



Pirsa: 22040128

N b (8) = b -
T e T N &@mwm o

e ————
3D

¥ - 2lna s A_{" o 4D C.FT
CD ~F = & DL\ o 34\ ) ‘g — Syeme rq[[)/
Wow — ho(asv—afk ¢

Holographic csse: dual = Llack hole mioreshet<’

Cpswolo:)\/ s Labitid havimon:

big cvunch
Tt olfd BlE °

G‘enafa.[ Case: aw[ Cognrd l.;. {AAS &M&_Lr:m[ t2: . :w)
SRESAED) iR ‘1“1’&‘2 Fkﬁ"c?o-? GFT shate. ¢

Page 28/38



wWormMmHole
|

Pirsa: 22040128 Page 29/38



Mark Van Raamsdon...

k’ oORM l-lluz

I
Wea k[)/ Qfm/a:( S EFT Va“cl QIQ,I!’)MLS(EI_

Pirsa: 22040128 Page 30/38



irsa: 22040128

(P\fcdfc'é\‘ous G'F '{7'\15 g"f‘w'—oork'-
& L\omoq@maoug)‘g;\'\fppicf‘gﬁF r.osmo[%)/
(F° ofmchy beokan oaly in indivdocd

c[agg',('a_ \QY'th Cl'\€3)

L-—> o L-ofi%W\/'qu'{"v\eQ’s Pf‘ouefm

N . .
L ‘/

. i Y

Niayesh Afshardi m

& C,or(e,(a‘[“ims a{?’{" m“ SCﬂLﬁ’-S (5'mce equitfalm'}'
‘l‘\o vac unauwm csrr'elaTFWS e D\JQV"ML\Q({>

—> Olco'«"}' ek ':vx‘&a‘h’onﬂ o e,xfa’m‘un facs

X lemmcL\il/L\j +:W\Q’S>/WLV\4Q"L\/‘:C lOC..CkLCj(—ob\.V\J

Page 31/38



Pvealfc-(\‘ous A s S amaerle
« L\OMOQaAAQOL«\.S)"ga’&'V‘QP}C!'Qa_‘; c,osvu'o[%)/
(ﬁ 57»«-«»4,4\// L:r‘oLév\ o./\{7/ o ',,\‘,{;\,:ima,f

" R C‘a.[ bY‘ah C,L\L?S)

T /£ lq+K‘M S probleim

cl

& corre(a‘l'ims ot all seales (5'mce @quivabat
"l“o VAaC GSV'FE[EFM’S (N worﬁlqo(e>
-3 A@k."]' Lr\eco( -f\/\'%[q,—{'\-otn ‘(‘b @X?JA[‘V\ fa( s

&£ C VU\V\C[/\Hi\j "l—: nwAQ -~ Sy MVV\Q:’L/‘: ' )Oc‘gc,ka("-ou\.y\cl
£ wg,—&e‘}eadmjf Aa.fk &4@({9}[ 1S GENERIC 5 3«,>O Possﬂok,

irsa: 22040128 Page 32/38



T){P"-cal &%Cl'i\fﬁ Fals
Ab\al JI'O CFT lf\o\S Ma%'kVanRaamsdon."
\’e,-la:leJ "\'o llok\' Sé‘ﬂlay-
o?era%rs m CFT.

SCalQY' S o?eracl-or-
masS d imension

M ove aeneric go[u“{'l‘ovxg
of EFT have spatally
Va “"6 sca,larS‘-

we ll-Yoe haved seoluhon s
Covve sFomaL —l'o fe(-l'u(low{fom

b)/ velevant opera-&ws i
2 I

Pirsa: 22040128 Page 33/38



irsa: 22040128

TyPlc_al Gren—l'ml
-for scjlar %ali
C,OV(CS'PonJ(iV\S—I-o

re lQVam'l_ oF-e.fa"{'o\r.

—TY \ca\ e.Vol(...‘kM of
e

G/\'ha\l T~ wof‘ml&o(e

'Fl ctuve .

'T—YP"QQ\ evolu‘I\‘om o‘f
Po—l'eh‘{"]&l i

Co SMO{OS)/_

Page 34/38



Pirsa: 22040128

7

TYP Cca QVO[M’[\M O-E
Po—l‘eh‘lﬁ l g

>C/(Mo'/\ C-OSW\o[OS)/

%am@

b
Mn‘l"'ﬁ\fé a AEa‘(‘\.on akmim‘keq

|

a(Ce [wa‘lfo\ eKFans 10V

|

alece, (erxl\‘otx 4 C.o“aPse_

Page 35/38



- M&k'n:\ Progress on uvxle\fg“‘av\Aihj M N OSCOPIC
MDAQ > 0'( 505M0\03y usihg S""rit/gg fH«eory
Shgaaests OCtASihﬁ on N<O k

- Cow\ O\GZSCV';LDQ /\ ol MOG(Q.[S !AS.GV\‘:) S"l_aMcJaVGl
_\—OO{S o"€ Cos nO IO&)/

- Thase‘lé'nve spacla\ stae ‘R:Or Coswo\osy -+
“c:luql CleSC\flf’*’Om o‘g' COSMOIOS}CG:\
observables in Ferms of Vacuwom physics
on wormhole 3@6M+Vy

~ Models can have a phase of
a cce ler G\ G'XPGIV‘SVQV\ ~t {KLQ —P\h«e,s -
w\a?/ alleviate wneed for inflation.

irsa: 22040128 Page 36/38



Mark Van Raamsdon...

Pirsa: 22040128 Page 37/38



Pirsa: 22040128

N b8 = do -
[q T I §4.)- &@mwm o

e ——
3D

% - ainay. A_‘- o 4D C.FT
CD ~F < i DL o 34\ ) -g L. Syeme f'a..“)/
Wow — l«o(aﬁraﬂni ¢

Holoﬂvﬂrkc Cage.: Glua.[ "+b lgla.ck LLol-e_ M:WDT%‘{—Q)

CﬂSwolOéy S L;e,L\-:\ACL hovizon !

‘925 cvunch

5 IR 4o T i
™ r:..aSwolc:’)/ AS - ‘-A-{. EA- G‘LB AK
bib
lomto

G'ena/a.[ Case: on [ Cogewnd lob (/l‘S &Me—_Lf-:Cﬂ,[ JQS'C//:FL‘
) ) g
encod & AQEF >:/]:E T='L75‘ICS O'ﬁ" QrFT <;'f‘d‘{'€

Page 38/38



