L,a, ch Det//ct'ltl.ons In ﬂe Eqré/ L(m'ucl‘se,

Tim Cohen

LEKA//EPFL/L(Orcjon

with
Dam Ql‘eeﬂ
Al(lt:/ Fl‘ehké\w«r

Cens

(-



tit’lrﬂ/a‘/‘o'ﬂ F/b\c,'/u ations

P00 |
o Il
ﬁ ’

— @

- > .
4 @ @Pcl\qu'

(A @)clwtul > / A@) eis€

Swmeall 5? = l‘\";Ver$a.’ eud ')IO ;Vl‘/\/ﬂdlfﬁﬂ




E'lLﬁrVM, Iﬂ'l[’/q%;ov\

Ply,© |
& >, /

4 @ @PCI\EHL

(A@)c/w?u’ ~ / A@) oise

Cowe Pofchec never reheaf /



EFT of Lnflation

(csk/a)* é o ussiGn
ravi le
EFGT cutt?loff ------- A2l§ f72r/f1$&, A é d (/H
SSB freo 9 2
EFT of (A ¢>Cl "~ ¢/H - g///
Inflation
Freeze-out H? ( A ¢>0\ef}'¢ v H
de Sitter |H]|

0 E')’crm al Th//a/}on

CL(\AV\S) Crev»\fv\(_[l,‘/ F.’*?pq:}rfck/ l(e..p(a‘l/ Senadere =9 _F:’ Py H
arXiv: 6390,021%73




EFT 01[ Imp/a%iom

(csk/a)* ﬂ/o'l-gqnss‘?an Fails
! v Fom  PLT
e PPty
Freeze-o ut g H? (A Q) .’,q,-l v '7[;/2/”
i il Fternal Tnflatios,
: = DN

EV\crl,y Geale assoeiated with 4«il!
(¢)+9/ v H(A@)k/ ’V'Fn-



EFTO?CIn(,/a.%iOA: 7 <A
(cok/a)? % 2
M? ffll_m ‘Fyéf

(UN'C-“}' Conf‘lfa'.q;l;

fred
Tcutoff frmmm - == = === 2 ~ f2/¢eq es . 4
EF ff s A =~ f7/fNL f,;/ . . 2 g _2(7‘ 7
Inflation Q A « ‘(’ﬂ' o / /.u. J
On ,7 lIECJ -A 2 H

foc EFT Cons?cfcuc/

Evergy Scale agsoeiated with il Lon we nla‘«éﬁ
(0)101 v H(80)wi) £ DA ;io:.{::: ,ti,_,??



SfQFOE'.ﬂSh/Ij ,SfeCLaS)l;c Ir\{‘/a){/or]
Moassless  sealer Field in JS

wm

Aﬁﬂ’ Py
/

R4
= Folker - Plancl ezmﬁon

£ P[@/ i) = 33-/ DP[V[¢)H/¢’t>j




sfq robins lt/ S Sfeclaas Fre Lndf/otion
V{gp)’[ 4“'06522 e—qgfha;orc

M 4.«},45&),,-
Ba"""ﬁ‘*“ﬁ + Sundrinm

A{iﬂ’
/

> @
éanssiaq neise

Tree - Jeve) po tenfial

6)/5fe wq'fs‘c Correcf,'ong?



Lea.c(:'nj Ordler
Probability disteibukion PLg,¢)

2 Plp,¢) =%ﬁ’; 2 Flp e+ 5 5[V 0p) Po,e))

nesse d”"?"

He: Hubble ond UV'- 3,,—?'4
Fn'xe.c] Folm‘ S'o/uf’fon (9’7)¢=O)

Eg/u ex,o(" 87”//3”‘)‘)




VBe/ono’ Le,c.c]:,j Orc’cr
/4590\0\46 /41"1‘""'.“" , 'F/o\c{ka.*l'ons (;w Memot/)

9 ‘
2Pla,)=§ [Py ) Wlpip)

T
> - P(p,6) (plp) |
| = ¢
?’ /’]
N/@IP) s Fransifion rafe Q ed ?\\I



Be./ano’ Leadfy Or der
PBJ‘\[M‘M l(l"aﬂ\cl‘} /‘16):&/ /ocu/ E)cfan'sfon

?
ﬁPZ%t):ng n/ ’3? ﬂ" (¢) Plo,z)

o/ STulp)=(dop (- 2p)" Wlp+oplLp)



Beyond Lec‘o?'vy Order
sHPa D)= 2 a3 S0 Pl
J2. () Lasn polynomial expansion
J2.(p)= % =70 p"
LO Stochastic TLinflatfion




Be./ono' LCGJ;? OPO’C“'

éemcm‘(_ sftructure

> &)

P,
.é'zP(pxt): = n|' 2" gm-fzn(mf Py, 7

nz=2

4 3IH a; [1/’[9:) P{qb,f)]



gc"[‘f (Je— S:HCF E‘l[ll::cl/”C ﬂeoo‘/

MV NoJeS
/4
= > /"/




Scf'{' cl? g,

(cs k/ a)2
) 2
Gravity Mg,
EFT cutoff === == = = === A~ 2/t
SSB P g
EFT of
Inflation
Freeze-out

de Sitter

(cs

EFT cutoff

E flective TA@O"/

k/a)?
A
M},
ffor g
----------- A 218
EFT of
Inflation
H2
|H]|




SGISET er,/o/S
TDO -—F’Z cjejraes of 1[}%0/0»*1

é& row ::‘) “ mede ¢+ f;”;:l,l:i::;.
, Deco./}/:j " mode ¢__
o/ s - H[(“”)m@»t t (“‘H)%CP-)

I;M@ dePendemce 7p1a7L0ro°ZeS ”

(g




=T
De[’mivj SJS/:

oDOF ¢+ cuwnd @_

g~ H ) Ny el
-Power Cccm{’ltj

/-lull

(’) ”Sfﬁce' 'I-iwc +.°ﬂ ,
> wwah;e} (Z) "Fefal‘qmef(}ca )
© 2y

T ""l.&' CQﬂJ:.'I'('OﬂS
* L.owns

FI
a ko "’/ H?w/ Querlc E
* Very cloge an 3y



L'JL* g(‘.ﬂ/‘lfs ' OIS
COMFOS;'ILE O'OPF&'/'OFS

@; = QD:/V (L(/QH)A“—> ﬁ(l)
RG i ing expected
Con"'MC‘?[ any fuwe /QJS

(0. ) 2¢O ( Zn) Cz—: f (:’; /::""7




A

‘ S
L'JLf §Cq/fo ' O/

d

¢ (s stalefess an
3 3-

g(zﬂ?

< -0
2« d:uerjes .S

/Q*e (AV d}\/e/‘jewce
IS@ P - +EIR

P2y () G5

aH
-E.m



D}'"*W’cml IZQ <:> S‘focqu‘,‘c Inf/«?‘"m7
Kesuw\ '{';Me cle)oendenf [o S .

o " "
5'5' (0‘,‘...>: -.B—g En 0;" 0:‘ >

M2 m!
n(n—')
) ()

I$ CZ&JV&/QV\?’ '/c) o F,L(l(er-. qunclc eg
for plge) w/ (p7y=(dp P(9,8) "




§+OCLQS{-;C Iﬂ‘{\/a%l.onn 'I[’Or In-,[’/qf,’oﬂ
[/JOV‘L( w'fA S[alar IME'/I‘{'C ‘F/aC%cm)lfa.q

= Hé B ?/;"z>

l’{q§ NBn ~ /ine&l‘/)/ fec iZCc:( §141£lf S‘/ﬁme//}v

0\

P(C,e)= & (1) B2 P2,2)

'r' )t !

DE'I;CFM;(AeIUTm by Covaro\'l‘;u) OFoz»(a.)tcr h;X,'A)
T (7YY= 2N (Y)(E)



/UW\ B C,aussf% éorrec/‘lsows
¥, (7= fap CHRIUR) Y= 20, 1y 2

4; (20 §3(&-27) Ik
. 2 ~ C d3%, J*&,c( %a
Yo (7%)=\ = L( Flle,) 7t %

Tw ® Cav\fr’ b‘\?‘foqs

N
T3+ A’ (("c:)(”“% 53 ENINT



/l/o"\ Qaussfan &FFCC/‘;OAS
57 P(7¢) ’:‘g‘l P, €) =B 2 p(7,6)

AQSD\N;RD P IS /ltM‘I/ quassiqnf

v 'f2 — v
¢~ s = 2 "f 0]
e ~1f:
5 AL 12 e
.H—q?- 73’)2-? e A‘ v 'iz(
0?/\/ 4‘,} { C; T At C(
Nzfqls



G oSS on D.'s 7Lr;' hutioa

olve e R(5,6)= L X p iy e

L)/'hn (oouqc‘or/ COMJ;'HOA
P, (5,5,60)=5G%) «d P(@(37)<0
> Py (pI57<0,7:;¢)
! (3-3)%. 2, ~Y3hgr -CE+E) Y 2
= g [ (o) W,

Z_ :A;
o— = 27, o




Onset of Eterns( Tn €l tion
Pr‘obab,'/{-ft/ of fC[«eqfl'Mj af ]Lime £

Prg (4) 7~ 57 ,C,f“" Fo(pie) ~ & 7=

VOIame OJ: re AEo.)Liu) §ur14ce .
(V)g = L>£ Jt e P, g (1) = L?J; Bl O Vie?

> (U > o0 wvhen 0"‘2'-'-/A1 _,___ E fetna |
( )Q 2’72 >€ -> ;b\\[/q/fﬁ'

/lf‘komi-HemEC]} DubausZ&’]’//Uico}fs/ F’\J“‘V\CZ\U‘{""'/ Villadere  cret.15/%



/{/Ov\ Caussmv\ D 'ILI‘; ILIO*I
Celye "‘ (5(7/{') (é’ )2__.7??;3>P (3, t)

I 532
Bouu Cluf ('emdrl['OVlS- A/C [}/ 7} ; 6507 = S(F - fc)
Pos (9. (57)=0

go/u’/\'wf EIIQ :67‘/( 73;6 ))>FG +1M~)e}




unsgiq«. Ousef of = ferna [ L wflatiou
’FNLQ 1‘7 O\l\ FPLCG M) a7t %{Aeé

fe, PR ex,:[ f[-—- - 04)]

Vo/ome of J‘el«e:of"w) Surface:
(UDJ/L = L>; di 53% Pe, ws (7)

(o4

= |

/UZM o> toleq 20_2-2;%_0_’__2<3
( ] ¢ 34

> Lo B 0 (s v 2L



I: ferpre‘/' /‘lon
L(/t,»/)(‘”?e)v‘cg)( 'ZIZ{

[
L_Z,(C’SA

é““”“" non - Geussian
(csk/a)? (csk/a)?
4 A
Gravity Mgl M§1
EFT cutoff fp === = = = = = = = A%~ f2/f
SSB fr~g fred
EFTcutoff === e mmmmm = A2 ~ f12r / f;&

EFT of
Inflation Cc’\ ‘\c é , ;D "

1 1S ouf
ﬂ ]| of ('ou#./
x 4

A << fr




hurbefive

ef
1000 F L e = = ipuw N{}t
500
o J
500} {&— Planck
— f PR Comstranis
~1500 / é,—\ C{}:cr?:‘
: . P SRR iwflafion
BT 10-! 1 277



L

/00 is tTuere
a 5«,00"9-' “
breskdewn of EFT OC

Do TIAZSC Mac{.e/&'
rea N/ Pre_dfc il
c ’.C an' rn f\/q{vbﬂ??







L Rcmclowt Ua//ts ama K&
107 v/\o\oJe(j 07[ 'l[’/uc]to\a%'vp )[:'c/o./_s

I'\Je/)endev\‘f and }den)ti'c.q///
disteibuted Mandom Uariable x

I) laussian %(x)frz"?,— “F("XVZ)
2) Fixed step P (=7 §(ixI-1)

(xD)=0 and (D~ x> = |



Total displacement ———

Same CoarSe Gra}neJ Preén‘t.fions

-

Time ——



COMFqu Dis‘olo\aew\en‘}
Hou 'FM‘ docs Walher NnoVe n /Vs/'eps?

_ X / Vs
X= 25 9 P(X)= § T oy pl) §(% £x)
J ~“k -X-" ¢
'#e ( £x:)
-ckX rw P
>px)=(dke T dx; pix) e

(C [‘fx)ll/



Larﬂz Sfcp LIN)/-

_ L2
’> Gamfs on (C‘kx%: e “

> BlL) = (210) <xp (X3 p)

Z> Fixed Step ! E;( )

o

= f,c(X)"—i exp(—x/z,u—z:'%z'v”'")

g auss ans .,



Ce'l’lf“\l Limi} neorem
/4590\%{; EYFGV\SWV\ 103 (C'l‘x> ZC“") (X">

U/ <X 74 = (X) (X">q : (x¥)- (x) N Connecfcd

HE) o e it Ly

J_ﬁ)[ ;A‘,'CJF«, 5uffor7L (JOm;mq‘)'Co’ é)/ gcxks;fqv)j

le £ ,/V/T/a;



Cevnll‘q[ L,‘M,‘} 77\'30(‘?4»\

Gowwrns suppoct: ke € Yo
()

. w0
P(X)- —;—‘;‘; e’té‘zew[/zf.z_/o 3,/63%
Kescale (cosrse geain)! ke g ) F3MZ
> F(z) "*./,(,,- f o exp ¢k (o -X)*;’h’a’%aﬁ))
T exp (-X -VIKD) Yo 05




Ceq-)ll‘q’ L;M;}' neorer\ 1S 26
Uy nsensitive
Th V>0 [imf:
(X)f {‘e,(e;/amf'
o7 - V"\qr'7fvxal
(x"‘% wl NO2 0 lerelevant



L-Gl‘je Dew'c\‘il:‘on PP;ﬂCl'f/e

Cons}Jer Probaé;/;fy o'/‘ )[:'no/.‘/\j randowm
wcx“(el‘ d:sf-cace beyowd/ﬂ c.f‘fer‘/ S'fep_g:

P(x>w)=7¢
Expec+ M[/ Je,oeno'ence.‘

Fixed Sf'e,o walker: -B‘ (X 20) =0
Ganssian  walker ! L (Z ) f0



Larje Deuic\'/:‘on PP;ﬂCI.'DIC
(am'ou{‘e (69X> ‘l»’/ 8 >0

WMaively expect (c”%—e@f’(ﬁ)
Buf (69Z>: <69’<>/U: C’Vaz/z
[CA'/‘N’ [imft Theorem -'(:"./S.,



Lc\rje Deuia’lé:‘on Pr}nci,a/e

R

Total
displacement

time —— time ——>

CLT L DP



Larje Dewcnl on PP nc/'o/e
De Ine 5qu)le mean ..Z/4/

A distribution satisFies The (LDF/F
P(X) = exp (- M L(£))
where T(X) 15 The “rate funchion”
(Z) X%z
Ty (ZZ)" —[(1-2) In(1- K-)"'(”K)’w(/*?)]



Cow )
paring Tails

late
Fu M-)lc.oh_s




/ ]
(ramér's Theorem

Disteibution of X sakishes LDP uf

L(X)=5:P[0% -a(e)]) o/  Mo)=ln (e
Proof: Assume LDP lolds P(¥)x e TX2
Tlen {e8F 5= (CM9§'> -"—’fc/f ) v(6X-1(£8)

TSN -~ ~
Saddle v e'vsé'f [o% IZZ)]
point



;o
él‘ancr‘s T heorem

S50 we have (%D e”?’fgz‘ﬂfﬂ

Also (F’ng> 2 (C9x>d/: EA/A(o)
> (o) - €§Pf¢92_'~1(f)7

[_cjev\dre ‘/‘ra.ms foewm | I(ﬁ'): 49“\F[(9§" A(G')]
LDP ) New sadd/e !



From (DP = CLT

I_/: I(f) IS Conleyxy and L\Q.S
425\0,2 D/obo.., T AL A .Z.—o

5> P(E)x exp(- 1T (L) (% -2))

C!ooé G)Dpl‘o?(;w«}fo-/\ for Sma /f de v atong
@[ﬁﬂ)“\/ Z_;Ml.f ﬂeorcm



Et
erwal
I\A )l‘/q)cl‘ﬁ’)
awnd ﬂe
LPD

> e ] IACLl ‘;J {
. / X ( ; /Q&nss:ﬁ.n ﬁ'QQ
% ; p 'F/a 70\Q,LI.O f > ‘}
n ?’b
7 C é'

E e
J rl\ql v\{ QJ ™ j .; é
| / ‘
nq C 6
/



E}'erﬂal vaf‘/q)(l‘on and Tie LPD
E7L€_rv'\ql I~V\€/°l7[l.0)‘\ C(OV"\:qufed 6/ ?’V‘L‘
éeneral 50,147":.0“ ']‘o F’P €6~I

P: exP(aa?":\) F9

Weite P = §d ™" 500

of pl1)s Cexp(2F s £ B0
= (exp(ik5))



E}'erwo\l IV\)D/Q)LI‘CM and ﬂe LPD

lhen $=&€ for some Comstant X
as t s Steepest desceats 2
Pz exp (- ¢ I[o())
w) T(%)= (-t hey() - k3 (x) &
g (c'k,.m)"%)

n>2
CPramer's

and (c' 5([%/"))4 D:‘“) ~l, 0% = (x Thm !

y')




Etecnsl Tnflafion s UV Seas; five

P Lose trans ton, To eternal tufVs tron
probes fle tail of the A5 For buAon

§ens()‘}ve Fo wnew saddle of 7e
Po\n fm?ltj"‘l}

BQqA(Jowq 07[ EFTQF IA?Z\/Q}['.OA
K7(;72>A2



Out/ooh

F/HC'}MGJL;Ot'\ﬁ 07[ ?[;‘Q/JS In O,.S jauerned
b/ EQ m SJdSET

T)IP?ch f/uc%ug_#fong jOV(’N\Qc[ b/
coaf Se 3r«.‘ueal RG @ CLT

R‘L‘\C 1[,/1«67(&«7[;‘0.4: jal/err\QJ b}/ LDP
3 WV seas/five



