LD/) - [
} 0 9 D fm/)ce chman/)/cg
2 uam[ul/w /C}é/é/ﬁ 2
[Dsmo/oﬁy

WCJ&DF éDrgem/«D
TAS /fzfanforj



Ot e
. Motivation : édf‘/y Universe cesmo/o(yj

o Keview +he /@a—oé/em 9/ IVl a/fl/eréemces

Deve /O /D Nélw S‘cjsvéemcz%'c /Q@r— ma //.S/%
- QLT in AS — [le space tinge
wh /'oﬁ; reSo/l/eS #he /orog/e%

o Afp/facﬂzl‘anﬁj g%em/fEQ%/DMS am0/
/Fu?Zad'é O/QI/@/O/O/MZW%S



ey /Q/a%fm /e Flhe earfiest- /oer/‘oa/ in the Ax’g%o/y
o4 Hhe wniverse Hhat we bawe access +o,
14 /s a /pamba/ %l %f@ﬁéﬁ%fé/(y /Qé‘/sf Ofccg/erm‘/'éé?

Q< ,Dcmg/on,



Inf/a‘ffoz/) ~ GR+ AN+ ¢
2) ‘Jr‘/l )
positive ¢.C. Veloele” ﬂt’@(&p

A< ‘
R e H= A
) Mo

de Si °
zﬁ‘ex—; H= 0 IM}A“/’/OI/); /':I"‘O

<SP 5Py H°

e /IN S7Lo‘* I 7Z
ucluré / V] AQ (///4/‘%4'% 7[
@r[gél z‘wao e <

—om
the \LC/Z(:Z}:)%UM‘ uetuations o
Gie A (/’Mﬂ/méon) 4 5P

o [
Y ex/aamgfom and
wd ~ late
got ampll ed g
}l +O  macros w/@; - ;chl//esc,/ ’ " Qj



Ohservationa! SI;MQ%CM’@E p/d Yy /Q/Q%/bm

N CHME 2le 13 Ceal
¥\0 Al av e C—Qé
e / J
w / / .~/ SHeucture
A \
) ¥ !
= [ o

|
< (6 1 LSS T
g‘ I Me;a Mafpev
W \ ‘
4 / & /
Simons 04s, &

SPHEREX
CHME-QY CHTME Euo[iﬂ(

PICD PUMA W/E/'FS+

UPCDW\:I/\ Q.xloeo';vmem/"(‘ﬁ M/;// /Dd‘ol/z’/e X endrmodou S
0 m ouwht @/L nel ﬂ/ﬂ/?lalj e.9. <3P > ~ Jwe forecast;

e Plancke  Puwma  SPHEREY — Mega Mapper
Fur 5 ~0,5  ~0.2 ~0,07 ...



PFDPev-‘ILfe S @}L Imﬂa%/'onqrg PeﬂLa k@cg%hs

. Presam[/y L we  lack %eaém?ges Fo Ao reliafle
ca/au/m‘/‘oes 5 5!7L /24574 Jb) Somé /‘M/@Zmé/w%ﬁy

models. A+ the same Hme, mang od e
searches gre %gmﬂ/zﬁ[é — 54364//:

- P@r+ @; %Le /QM & /@m /°S 7LL)@ /’Wﬁarea/ 0//1/@-(76@4@3
/Dhggeyné /p, Some CQqamLuW) )C/‘e,/é/ The/or/‘es (CMW/ @V‘ﬁu/héa)
" 7(444/ - AS Slaac&ﬁmé .



pouna{’aﬂ(f@nq/ /Dfog/emé 7 CDSMD/Djj

o Ly some moa&/ﬁ oﬂ m}lwf%w Semm/@sza@/
ch)ﬁ%re a/d Sp@ce#we Bregks dowy :
mw#w

‘__W 7/@ ;

s The “clocL“ 8reals aud myla)ﬁoh be comes @%{rm/’

s QM ;Dro'gagi//"léiés — S W easure /@a\og/em

o [+ /s an _L/Q péenomeha whoL W/peas o4 /szj
C&%?Lﬁmcés am/ %/W@Sc@/es



. Relateo TR issues Jead scome o 7aes%/’ow eley
/Jem%réan“lxe s%aé)‘/f’zf; @/d A8 space ;

Polyakov "07, '09, "12...
Giddings and Sloth 11
Burgess et al '10

o Tuttial conditions .2 M;’croscopfc /esam’pﬁ@mj 37‘(;\1'/407 #zepréj?
e We should not /dor'ﬁaf Ut cwa—en%/y the  universe

/s Qcce/erm‘/hj agmh.,,

R arge Ceale
g*\rud(u g




IR Dgnamz‘cs 2)} L;h?z 7@"@/&/5,
« let us /roqs on +he /ssue s TR a/fyergemceg

. C‘MS;&(QP a //gﬁnl* sm/ar- /@7@/0/ 9 V'/lg[[ﬁ/ ﬂ/s

2 2 2 -
j: (5@) - \/(LPB ds2 = - 0#7[ + &€ H-bﬂe)?
e—\%‘ \/(‘QS ~ M42~PZ+ >\qu /pr-p—vdo ) HZC»@&S?L

jfoaaé on ;1,.?<<H2‘3 N\ << | (@76?))

0 @CM— 99%/ /‘S 7LD Q&w/o%fﬁ CDV‘V‘@Z@%&(OM /Qaad/oas 9/@ KP

PEH DS (equal £ first)

a’/‘ /OV\g 061\3+Q/MCQS p al+ ) X;d' —> oo



¢ L@% Us +0";/ 7)‘0 C@mf%‘lée Carr&/QﬂZDd'S ,Det—qurga}%f"@(g )
as  we would Ao I Q- space. .

o @} course Here  are Va’\‘g’l Similar ﬂ&'ajrawmm{e‘c
%eoffmfé}weg (gohwimaar— lceldlgs,l/\ Qerma(fsm):

2 2
mo ¥ JxH
= 29> — ‘>\L€V-——M2&€2; v

>
Mo~ S Ay

~—

1
<edly)> = \_Jp + /= Mﬂ«
w2 o

(ﬂ-—:—of\, O‘Z> f“\’—r}“>>l ~
K>

> |

Y\/\?

® I} mass /s 5’1’144/// G%QQﬁ&S /Oef"fé{/‘gcl?(/‘oﬁ 714801/‘(7
th g&l[g 6&\(/@ [\g ZI/IﬂL ,/ Baumgart, Sundrum “19

. Tl’HS S;M/D/Q’ZQOZC-IOMg /orog/gm 0/19/ ﬁD?Z /)GZV@ q
Sdb/‘?vLemq%l‘c So/méiom



o quis r—ag ) Q. /S f'&/@l/a,VHL g,sr-'

— PH\MD\'WUC'(/ /Qéwﬂ\%ﬁous ﬂ kﬁ 'S q SV)%‘(YHLDF /0,)1,[0/
Q,g. (&haﬂa/DDu/OS Silverstersy 9) 9«90- thar’aﬂt@/ @H‘s

- P& ng@‘lta\g @re@L/ O&d\/wgq' MM

(/% P s am C{X/Om)
— el W(*H 9/@ 4< space
— Slow rolf Qferww/ mﬂ&ffhom [//fl P s an /(4/4@"{\0”)

Arlean; - Hono X ) Duéeuslcé e,nL,qﬁ‘
'‘0# '0%

¢ \A/Q OLQV@LOF@J a C@ﬂS%d'bt(JZ/'Vé “EFT—/Mg”
%.Qr'Mcg/t'SVl/) 7Lo 7Ll'eq,7l &F? /4 7%/3 ré}q@)me,

V6 | Sengtore 1911, 00022
(/'nsfp/'reof) 6;1 g"/ﬁrog/ms/cg ’574/)



e The constructon is q @£ CW‘"PIQX and [+

//MOceZﬂ/S /0 sel/er*dp/ S%ep_f ?
1, CQIC%(Q/‘HOVI D} 7"4@ walt ﬂuMC'/\LtO(/)
2. Sep@m{‘;@h @ﬂ M/@Mjl and ‘ot wodes

2, Derivatiou o0 @afua"fu'oms Qor- PFD@Q—QI‘(;-‘;
dis¥ei Butiou s

1. Solution of Hhese esuations allows
‘I‘O C’_a,/coz(@fQ Carre,ZQf/z(OM }AAMC‘/L(Ouﬁ



gQS;L %Ozfl\S Q/éO(L‘IL &/g Sfdéé (Qx/Dcu/mZ/‘mg PQ,HVL>

¢ 2 A H =
A= —db v aw 2t = e E L ay =t T
H=h H r>
{——r; Hoh-f%DV) a/él-) A T
Penrese: ¥ Copdoon ]
1 N4
O ;_) Qlt) ~><
Horzon ccale ?;:

o Long modes; @) ax >v b7 &> k<< aWH

- For  ox << @H>—l boles lilee Minkowsl! spece



7%6 Waye Function 9/4 AFT v IS

« We will ﬂ;’rg% a@m}obﬁe correlators jn a /DQML/'(M/@(' 3%@%@)
an am[og o} the  Bunch- Davies $7LQ'7L€3 and later show
that at late Hwmes *Js au  attractor

S [NV
\\\ <
L )

—>—o 0-'3'/\$+_

k= o

o %D Adoes not- Suf/er From IR vael\gemces. \

For +hose ﬁ/h//fw witly, AdS feFT, i+ may appear k>
natural due 4o the relation J

Jor coch.
Heo [0 = 254/5 [¢,2] |

2;::*’)
LAA$: ”—/S

. ILL cay also be Seey /d&; q J/c/—ecﬂt ﬂ/_g cce/au/q%tbh,



/ajzﬁ[aﬂpg;: 'TP)((\/M)JF V(e)+ )+%f‘/z&k€+..,

o [hxdy PR <0, > + N Pl tle) 60 <0 .

A —]

log 2o rr

o We can o&+ain a mecwfnj }a/ /Oea—%w—gcz?‘/‘ye expansios
P << 3\‘% H

. Tnitial couditions  are /d?,keo/ 551 demandin 4

%D [LPJ D_j;{)“;“kb&] ¢.9. | Guthand Pi'ss

Anninos, Anous, Freedman,
Konstantinidis 14

Qor- %D, assurw/'vg

. 0} coyrse | we cannot quf‘ cam/oo#e eorrelators  Qrou &

<P(x) P (xn)> = /DL{ (7I/(7P D) - P 1s st
“—(/\P TR aft‘verfc’-n‘/‘






‘ Ing%ecm/) Jot us 9,0//7L e ZKPQ—F\PS
Al

)
3 Y
To = Jdke Yy, N = fad)H = z<<
0
e A grows wiH, Hme ~5 more modes Lo come /om\aj

o /VQ‘IL g’c,trvar;r.sl‘nglgj lOl/zJ WDJQS wf// g/l/e 5/@/14/144,14%
couTri & tsoy !

tp‘e 4 ﬂ_ S \€s ~ H (~/\@ be OLL(LO[LZ&P /méd‘:

~ H
Jwa XM

e £ 12 Similar 4o RG scale [éy Polchipsl: \S’V)) H owill
cquee | }ZNDM/; all /ijs/acz/ s&se g Bles !

e We will chose ~L

g Pe< gz X

o € aqud A will & our ma/y e,x/Dth/om /DQMMe*ehS.



N A/ax‘(') Jaﬂ}na n—]:a}»rﬁ distriLutions @52 /Ohj Mmodos

Poleits 53 4) = D) 1 8(0- () WAV L 4
g‘lxgp{ coord/'m’fe 0“5{‘6(1/)&& KDM% LDV\j N@&eé_s

b PV‘\S ganerqfe Car\"e[q;(%bs a;Z Ppoe
<\€€(¥l>... Q@e (Km)> = fol%,a()“pw ‘P)—» "tpw P;q /‘pl.-.%) SZS‘)-{—)

o We still cannst C:au.t];wl‘e +hon, J/'rech/ﬁ) &t we can
dbeive  an QyMCWL/'DV) U/A/c[) fufa/eﬁ their 4ime e volution.

a‘[; Pl/\ (/Q‘LPV\;}E)_',> — ‘D(‘Bﬂ'{"‘(' DZ/Q/L(SI‘OM( 70 :Aj)(;)Zk Q;ch%p_’
l | s k

D" > (0 - ¢, 67{))



e ot us s%uﬂ/o i some deta/ Fhe Dm/% +erun %or'
7%8 gne—/ooxmL p//fﬁ‘/g[»{%/Oh

Sp $¢¥ =] 02_3 > (‘# o ) tee (aon"//‘mhéy an)

022 W= [7{}@5‘/;0 , Dlex) = Vew)+ VY 4 O(x, £)

7 I 7
~N We use /(Vlow/eafﬁe gmdiem+s
The /GM /’Q@dﬂL_ @51 the WPE quV;rQSSeJ @y s
(/”DVV{'P; utes . /
/&g 77?:0 ?fﬂ\x(\/(@%r \/[e>+ +7) P A 70>
o We 8&‘/‘:

D = fbxp S (9 - @g(x\ [”7/@) %‘7”] bk(?l <ﬂ(“ﬁ “»)}G(‘R/‘@;
P, vaa/ue, W:'H/a /Q?xgo/ Lp'



V= Yot s
/?

<ﬂ€(“P)3X>(P ~ < ?‘LPZ(XJ% =+ <(>\2 L—pim)% =

> —
= 27 AR - P+ < e A S lamd >+
— | [ |

— '

' = =
~ XY 2 log & 2 52
2 log *mg N /gg g

-

b <¢:>&€’ ~ logQ'HZ-I— 1932 ALP;Z+,,,\-> 9\\/2[@32 =< | —s g=»e "
l

O, ~x iy cc Py Vv
o  [hree /omé mowments  Can moke Sher‘f'x ve need 1o Projecf,

< sz 9»%30@) .ﬂ,\(xz—xJ}p P,(@mé) =
Llpq\o(jeo{\og—q QM/: <A 64—) — /)jtaz GPXZ Jz/\ (XI‘L\ ’ PZ (‘P.)CPZ; Xlz)‘{;>

. Cr‘uc/q//y) we never need Fo  dale  non- el patl
fnvL&qu/é ove /DM7 modes,



R 1 ISR R PR PN

T'o cummarize we et
m Z 3 g ~_

/
vake

2y > (Lemg) = 32% [()\LP‘?+ ;2%51 Y, logZ)P, [@)—F) +

‘\'/0?‘92 OQX JZ/\(X\-PZ(P,)LPZ; X )fi}_‘_ D(X) £> +“Z>,"/d/u%r0w:]

Desivation 9% Fae D%@s/w " ern /oroceeJS s/'wuZ@f-/_cj J
59 caire /&z//j 7‘a~aq74"wj 5 /80; ) /S:é;éxﬂ/k )

e /4/50 cmq/aﬁgus S7Le/DS /60(0/ us ﬁéo 7L/2e Qf({@,%fofd
ﬂ@r all F s,

o Instead of 7074 into Quther  dodails | let us present
the /Qfm/ e.fum(/'om( ] whiely, bdemine ar/ Q/ﬂ%/—ﬁhfe
/&%j—/noa/éé correlafors



Ciucial éuj/a//"mgq Llocls are one- and %wo-};e/a/
OPZ%L, operuftor2 [ qud q

2

> D !
= T s T \/(‘ei + N.E
i 20 ¥ )+ O, \,3 |1 |
‘\D.}}Mgiom“ﬂ ~ u‘bm‘ﬂ/{‘ l
v . SR —\\
[?. — L9 2C(><16 + @ZA)£> /\I_.| UAUA_«—Z,
d 2Q><7d B‘f’,)fd'* R
o0 Pyle,4) =P, + DaPot. Duner ~ [d,, B, —

9_}_ Pz(pu)th')yll)"‘) :éR+Pz+ﬁ2>P2+ Dzng Tl

() ~

O By 63 x1,8) =(Z R+ S ) Pat Dy Puace o

— NN+
l#(} :

4 We also nee&/ ;n/'%z/a/ @DM//’?(/DMS;

PQ[‘Q:,‘&/ ) / — Pl (@,) . 5(“?/ - L@z) , andd s;ww‘(cu’tg ;qu— all Pm s



o M the /ec@/,-ﬁj order P, ouly aépewés oL

Fe , N<lk —~> we 914/9 need Uinfte num &er of POEL,

° LQ,‘IZ‘ us JIQSWSS Lpow Ono cqu solve +he Q«go(/e waﬁaﬂs.
F/.PSVL, we /1629/ 7Lo }L’lxza/ gfjehlma/qes %J E;jeh/@wcﬂ’ons

@fl : .
pCP,,\ = ?‘zq)m*'s‘?(v(?bj =-X. P,

>0

€.9. v = s’ mp ., Unkss +he mass derm /Wm/es)
/% A&S to Le doune numem'c,q//y J &t Hars
s 5@9‘# 4 1d pro Blew . For éouwagaoﬂ pPe 716474/‘@/5

2=O) %P0 enq g A~ IR

w9 N, ~ m%/),2



« Dne ngh% AistriBe Aoy s A e —2°M/€/>ené/€m7é:

_ Vi)
Ple,) =R =c

. /o }z”mo/ %wasp@h# distrlEution we npeed 4o colye
9% pz {%; ‘p’a)’ X/?_,%) — (f), + PZ + Dz > Pz ("el,pz)- X/z/—lL)

This can Le bone %, sy euddes” ;Jew%au—@@#@w
ﬂnéody for Do, A+ /ozxg distance  oue Qinds;

LX) PS> ~oxa) 7 deesys :”‘Njffﬁ; ﬂ/ff;ces

o Hi;he«t— /Dome /d%a%hs M/@ h@m/@&rmq/),ﬂ?rm,’

C P ) L) € (x2)D ~ s

2

Ciz = jOQ“P C§D. sz



o Let us cumwarige Lhe "%ecm/az/“/wm‘:

— We derived au "EFRT - lilke" a/esar/fﬂ‘zbm ;lm—
lomda, modesS

— J+ s gjvaw n ferms 0} a /)femi—a/?;ca//fj
structure of gys%e,m g PDE's

— Ex/somsfom 7S @r—gamz'%ef/"w tHie num ber og
S)>Q¢&—‘HM€ PDZI/L‘/‘S in WLl/t(/L) we ke 7%6 /@e/&/

— Lach +erm [n the PDE's cay be derived
Jron ped«'/urgq%/on %Aaory) LLQI'M; the Wwave

/@MM/H@V), ano/ w /Dv-/mu'/z/@ 7o C’Mj 8v-0/2¢’ / 3\, Z .

{—4\ e "oune - ‘F‘”—HJQ

1

bl X2 X3

S‘(‘W Mg\;a Coup

&%MM?C’S 3

~‘\)73’ S]/vD(‘+ Pe\‘?a@Q 89 :WLQ-‘\QC'\L’SDM ‘{"L”\o“‘qk‘
! —> P. D) .

Iy s Q
7
Pole\ Prlee) Dl S



= W Za
a‘f‘pi - I?P) +>D121D2#“‘ l?d ~ &\Q 5 O

O, P, =P+ +1 )P+ NDys P+,
geverau‘ moté_ c‘_ammérmLfo‘

o A/on_%m/ 71/'144@ wrr@[@%ofﬁ cany ge CDM/QLJLQC/ /(M
4 siwmilar waé,‘

e All corvelafore are ﬂ/g—i’wamfam% aud /ecag 2t

/c’wfg e s apewcalfﬁmg ,

e This shows Huwt at late dimes corie latore are
§M+€~fw€eloenc/en7‘ (Jor states created @y Jnsert'ous

of local eperators)i  jy N o orleS

<(7P0 /CFCK.M-»@(\(W\/‘?%» T Clx,) Clen) O O'(h) > sl

— L) Pl >



» /, a c[z'hg an. agreés w. Q%ng}nskéj w§’7L‘oaLLQs7LI‘(. ! Of/N\DQOL) .
o WV o\/ﬁ)) mg /S U‘QCL// Y ! S%@LLQS'A/'C e
e There is also no classical saddle  That  domina fos )

ngD};c/d‘rL %@d‘m %ﬁ Sué/éaﬂ//%j Corre,c%/éWS:

~ H3 82 ) N -
N = [_87@+W0(¢)+W1(¢')} P (@) = (An +0An) n(e) ,
. 27‘(‘2/\2¢/6 )\¢/2
OWR) ~| Wo(¢) = 9OH>  2H°
|~ AT antamlet 5A%¢ m?
O O*) Wi(¢) = 2T HT T 9H5  18H3 6H\

\\4
pl«ge:wl mass

o (prrections 4o /:_/'jem/@/aes cqu 6e comﬁ@%eo/
as Iy v‘/"me~/'w/epew/wf QM perturbation ﬂzeofgg.



TL‘U’WZI P“D]D@r’/‘f@S D/d dS cerreh‘fot&’

11— H'Dh'f 20N

\

Restricted +o a s:’m%(e stetic /antc,Q
correletors  setiefy fhe  KMS coudition;

<<z3(a?1, t1)$(Ta, ta + ilﬂ)> = <q£(fl, t1)B(Zs, 152)>Jr ‘

\s/z =27 H"



Afp/fcﬁl%/oohs.- Sfor\f&ﬂeaus Symeﬁg gd’ea/c/‘%?

. 7—%&1’& IS hO 5755 /OV) &/SJ QMD/ /OM W%/‘CQZQF no
@o/d’S'lLDM\Q éoS’DnS,

o What Aa/feqs 4 we /O(,ﬂL an oxion [y dSE
V= '/\Qe,we,o)z—vf@;?:

Even /'} we ‘take ﬂ‘, > H
Sgwumavl‘d\g gdj Xgmawc,a”j

h&g‘l‘ave, 0/ .

| = (%er 8% (5%; (e, &))

L2

g —oo ;LGNS = (ax,) RS




Qenm b ALY : Gravita tronal [Raclreaction )

° Hou/ mucL\ af@es 7%@ S’ﬁorj aé&ﬁgé wﬁem wé
fur'm on gmufzéj?

. Bur ﬂormligm st @/9/9/2@5, /,owgt-wm/e/e 4,
metelC  perturébatiohs Cau howe ﬁ/’ﬁé aup Fude
bt aarrg [ite energy.

e This s e.xaclL/é( the sttuation when ewr %ww/z‘sm
Wor 5 (aw/ /De,/-%ur‘g@zé/bh v%éarg Bregles z/owﬁ).

¢ \/\/(/; ZXFQC/YL /@/‘gé 9@56/’V45/@{/ a;l/dec%s /@ér'z I/er;

shallo w 70@7‘@@7%/: 2ee H I o<c £,
Mpéz / MGDQ

(Wm—k z /Dr‘ogr\zss w g@mgﬁorg



CDV)(L/M S/'DM

o Prog/em @/d I/Q &//ol/er ences S /dh57zrame/47é4/ /49/’

Ou una/ersvlcma//nj @/4 697% /%%/47(/'0/749
//Derﬁzr bations and  Fhe ;/oéf,/ /@%e @/Q

oS mD /OVQ /'c@/ Q/pug vé/’w VS

o We &msﬁ‘uc%ao/ a S¢S 716ﬂ407éfc, ﬂmmewwé

cuited 7o adress 4bi< /Droé/em /Q@/’ QF7’
on Ao §77‘7L€r Space

° 77L1€, ﬁﬂ" MQ/&QSVM /S g@/ch Q’f)f//yeﬁ/ 7o ﬁz&é«&/g g/\eu/né;
and  He )nﬂ(af@h }L/a/ .



