\/. Inﬂo.ﬁon

9.4. The het Big ‘Bcug anrd why we need Tnflation.
Bl(j 'BMO ‘hr\eory P«ed:‘cﬁ‘ma

Toitial stngolacity

We stort s’ruzl,amj twe ewoloton of clens{JrJ pacameters = Qi (o) = iLoO—W

H(a)?*
; 07 S]lurﬁnb w\"['h {fhe Value& o) the 'Paramei-ef\s Mmeasy red
0.100 R '}Oclog, Ne Can use the Fiedmanm egua%‘on 1o
= — Qn(a)
& 0.010 — Q@) S)L\;cl; its evolotion (propaﬁcch'rg backwords i 'bM\e),
0.001 s
B — Qoe(@) We observe +tWwal madibion dominated <a the
1 1077 10°  0.001 0.100

a Eady  Unierse.
Since we Know its density scales as  Pn(o) 0™, Then when a— o we hawe
Cr — oo : sigullaciky . And (Por the temperatoe: O o T4 = T (a=0) — o
Tnis ssalso redoted o the emission o) the CHB: it was Jomed when Hre densiyy of te
Universe was (low enough (}or photons o Feavel )’C&%

Structore (Po ronotion

Dtrocture CPNMOLHD/\ \/\mppe/\s &Jﬁ'l\; e mafiter domiaated
ero. (@s was predicted by the 82‘9 BQ/L\S Theor ). However,
this ‘tl/\eog does not JU&WD the seeds that creacted

’H/le Dacce Scede STroctoe Cwe Know when it J&Jdr/v@g/ ) I :
but net how). k bt L S i

Problams in the B9 Bagy thery (ond sobohan)

Horigon  problem

An  expanding qaiverse has particle horitons that 45, spatial regtans  beyond which cansal
communication cannst acoor. The horiton distance Coun be clﬁmed o the maximom

distance that light coudd  hove trovelled  sace Hhe onsin of the Uncverse:
9 AN

i + \
My = . % = QG)J@ —j—&; ~ WA (Y (Ml((j Cmrdf(\u\*)e\;)
Jn rodiatoos domincition, &.{_t) o -(:"’7-, S at date Himey:
DH = QOPH n é@i@_ )\—4 Mpc_

or
For tafarce, ot the beﬁ'mniné ‘2)? nocleospntinesis, the horivon distonce is a }ew %hf—-

Sewnds, bt grows lineacly with time , and by the ead op nucleos ynthesy iF L\ o few
Jr 7 ‘ 9 o



R\‘&M‘—mi/\ofes/ ie. o (Pa.d‘c)r loo %u, While “he Scale yﬁ-d'or haz a/\%j incressed o /odvr

o} 10 (duoi t, o x ' Tlno.jam\' ot Lhe cavsel horizon incresses )o@"ef‘ e

‘h/\e_ SCQD.Q (yad‘or impﬂ[ec that at OJ\& 9\'\,@/\ *l:I/V\e 'H/\Q U/\\‘ven,e contauing f‘QﬂL\Ol\b withn
4'\'59,03 twat, cu:corc\,w(\'j to twe 'Bfa 'Bm\o ‘t\/\eor;/ Were Never N Cansall contoct byc)fe.

Tas  As Pof‘}‘FcoQo\rJlj éhorp in the cose oj the observed
Our Hubble
(o3 microw ave bcu:k rownd Ccmg ) :Ir(\)ormﬁon Connet radius at
@ : decoupling Tyee = 0.3 €V

trowvel j@‘f‘er than  twe Speed o) Egkt L 5o the caswod
"e& jon at tl’\e L{N\Q Czy P»\O'\T)/\ C’QCDUPQL“/éi CDU-D.A. /Loi‘ be Univer-se
bacger bron dly (daee) ~ 36005 Uyt Yeors cicmes, or o100 |

To=3K
obout 4°. Howewer, We measue that regans HYrat are -
+ b 'E)Y\o_ -A° cl }\ _e obsgrvable
universe
Sepacared ) more n e(x)ree ove Tthe Some e

temperatwe Up to ~40"° K vociatrons, even 4f ﬂay are gt

SOFP:S@:I to be in cowsal contaet when {Me# were emitted .

Ths cnghdotes the s -called horizon problem.

Ths problem can be solued assuming & phase o) accelerated eypanszion (w —-4), whee

the scale (})u.cf“or 9r*ows C«‘x,gom/m'aﬂjly .

a[_&> ~ o H: (t‘tend)

ond the lf\orl‘}o/\ Iy (DH = @—M/ where A gy &nge& as the number CJJ Q—Jaﬂd&:

N = —fdum = JHdb

The horiton Pmb&ejn con be Soled dDmr N Coy.

Flatness PmeQVV\
IX Wwe consider the som af the densities “ﬂv_la; (Wi’chou‘)' COASHeﬁr\’j Curvod‘ufe); we 5€+’

Gorvatve < 4%

1-Qs = - Kfe* < 004
2)) 2
R° Ho |—’ Obsef‘m{-(‘om

Gons(deri/\& s evolotion with the Ns‘]‘ov OJ the Universe:

4—-.&2 = — ket 4_52[{)-_- Haz(d—-QuD
Ro*a(t)* H(H)? H2(£) a?(b)
ASSUMI/(\D matter dominetion : an 13
- 2 _ 2/,
_}j:_&r,o+-g@_>4_gL{):M :4—‘2°(_Jc_>5
- Qer0 "'.Qm.e a QOmo to

2
Ho* o4 a



Which i an Onstable solotion: it s an Ancreccsieg J’\mcﬁo/\ o(/j) time, & 4t reguices VBP& jf(\e-
Loned  dnihiad condibions do  obtain the valves that we obsere 'l;odag_

This Ccan be solred Cﬁain With {j%{jbl\:
H = Cms‘]’ s C)‘_wex,o(Ht)

Cf—(@ _—e” — N = H;(‘L‘g—ii)

a(ti) .
Then: i A et LA
1-Q) = P [4-0 ()] = e (-2x)|4-2 ()] T zlt‘j;jj__”"'

LT BT
B&*&rﬁf(\j with & \/eg corvecl Oniverse [A), it can be_come T B

as quJr as we want ufrer o Cerbain Number iﬁ) e-(}oﬁds [:D)
Mong pole Probllem

ToFoﬁog\‘c:a,Q d%oed‘& @fKe monopoles, cesmic stings,  domain Waﬂs,__.) Comitg /mm GUTs
(~ 10" Gov) ave created b%})cue «(:’\}-P,aﬁdn , jmdrc(\j ot Deast one per horizon (dishance).
Until Know, we hae not J)ow\d angthing Like Hw's [neitner (7mvi+a‘}'ioxma,0\ wavas, for Traces £
the CHB).

I{? there were any monopolles, accord»‘r‘zj o GUT bneodes ik confabubion should be dominagt:

QM/C\O) — M a o — '6\/\2 Universe woold mm::«pse m 'H"Say
BHo* Hp;L[D [,,)M] ®

AS&umh\é twat there wos 14 monopoﬂe /hom’?:o,x Cbg}ore iﬁ)ﬂuh‘on)/ Lhere woudd be diloYed
since the }\or.’i—d/\ ezpmc'ed Like ng ~ fo?
Orfgm O(Y aarée scde sfructue

This will be discussed  +n juri‘hef Doctores, bot i/j)ﬂaﬁ‘u/\ expleins Where did the Seeds O(j)
Qouﬁe scale stroctue  came jmm,

S.2. Scalar }-eﬂd models (and other curiosiFes).
Rasies o Inflation model - buitding

E;\a{'/ We Consider a pha.&o_ QJ) @Zpuaa/\ﬁ\aﬂ exponsion (de— S\"Her). To J)md which componen y) JC%e
Universe.  Could produce. that, We use the el Friedmann @?uox‘hO/\:

% =- 4_"',;_ (C(pt) + 3?[:,(]) = P=- éf' (condﬁ‘(‘o/\ J)or accele raled  evpansion )




w =0 Non relativistc malrer CP <P
;P:- e w = % Reﬂa.‘}iVIB"'(‘c malfer D = é—c)
W < - l:’; P —_3_? (Expansion) —— Ccamol)o‘jrcal canatant (w: -1)
The Gasmolpyeal  ovshn can produce the opnsinn we desice, bt dhee is no way do stop Dl
expunsion : ihe de- Siter frase fever ends, and dilotes e\e&fv\\‘/ﬁ. Ths yesuts in an en@

Universe, which would need o rehea%m) process (amce cgfer Lafatton we ae ot rodiaf
domination ero.

Model  condibions

Tossible  inakionary medels mash:

1 She “classicd” problems: (orizan, Motness, moopole, efe).

2. End  bobre fodiation epoch, and e Jollowed by reheaticy fo create particles.

2. St the dnitral  conditrons (})or @ur&e saalle  structore,

4 Moaxe Lnigue ond  testable predictions

5. Be mohvated (})rom ht‘gh—er\e@(j Physes  ((stardard model or guantum graviky)

SCaQa,(‘ j)fdd i/yaai‘\‘on
One cJ the (P(r&T apprmches 2 CLQAUD o Scalor (J)cQﬂA to the o&aﬁ(\a/\&l‘ao. Scodlar }'Qﬂdb
(besons  with spin 0) have allmcu%j been obsened, lirke tie Higss  oss0n. They ace
aﬂweo.d‘j vsed 4 Dark EneDj (wh(‘c\/\ As alse an aaderated phaae) and ther clynamms
ae \/e? wel) onderstood |

S't"&r‘i‘((t(j with the Q“ﬂ“‘@“‘” 3} (99/\801,0 v"eﬂalr:\fﬂ():

4 4
S = m} Cl X J—_g— Q.-}- Sm
we odd 4ne Qa‘gral}jl'an <o} the seadar (})ieﬂd’

8 :J\dqx @[;K12+I¢] -I-S'H

——. stoadaed moded
|—Kx‘(\e')~rc ‘l‘e,rm —r %ﬁn‘]‘?aj«—,

Ly =-4 90,4 006 — v(9)

From 4&ns éa.@(‘oj\&\‘qn one Can cedcolute the energy —momentum tensor (\mvutj Z wtn
respect to (jw-s) .

TV = - SUTI) - ganut - pul4gv fuymt s 4]



Eguah‘OA %3 S+Ck+@—
From +he ene@a—momenfum tensor %J) the Scalar J)reﬂds, ene can write on ik densfg
ond pressove

’Pq) ____é_T;w) =é‘432 _ VC‘P)

Equakon of g = P et-2v0e)
G =T ey T

In goinfessence (the model tnal we o iy for Lg) o w(2) Connsf cross ~4, Using tue
Conl“inu{\a equation:
G +3H(es*P) =0 e = ‘5% (e + Pi)
When W— -4, Pe)— -  f—o
Thos,  Dim d“c’ba)

Sim =0 [hl('jhef order deri\/akvea), = w(2) (7025 as(ympﬁﬁmﬂ(y Yo -4

Tis con be vsed to discriminate simple Scalac f(eﬂds J)rom mare  Complicated Mmodes (Wmc"i))rmﬁ‘m
Oy 9rav(‘rb, ete.).

Ec_;ua%cof\s (:)3 Motton

We can abso anuﬁase the egruakox\s (%? molion . US(A:S the Fredmann Q@{ua‘L(‘or\s:

R EL SN ORTN H = 8 6% e+ ) K= 8m6

As well as 4he KPein - Gordon eq,udﬁ‘ol\ AN o @(W./\dl‘(:j Univere, which CJ&SCrz'be& the %nam:‘% 0(}
the (y;dd, and the continuily  eguation.

b+ 3np+y, =0 _ U=y
O + SH(&) +P) =0

Some example mxdels ot will be discossed luter are:
I"’reev;fz(\j Models:

U =TT (n>0)
\($) = H*™ @™ exe (¢ /ne2)

Thawi/‘\j models -
. VC(P) = Vo +Nq-"dn (V)>c3)
= V(9) = Mo (d/p)

One can recnsfroct the pa]LeAJtL‘o.,Q yrom the Fredmann (:’qua+&‘on 4} E(z) = HC*'J/HO 45 Known:
H* = ‘Z‘Z[%qﬁ V(9) +€M] E(cicb)z 1 dbEw 30n {+2

= = === _ =2 17 20
2 4z +2  dz 2 £2(2)
: 7 KV _ _Adrdety 4 .

_D‘\Q Cond{h‘of\ (PO( (ECO/‘:S'}'(‘UC)TG/\ 45 %l;ll_ > Sﬂmfo) Hoz['ﬂ'l)z P¢ + rP¢ s O (weak ewe%

CondiHon )



Slow roll m)a'}roa

Jet us siocllj how o geere r,:ommlz Sa{fs(s})fes adl tre previovs conglraiing.
This is related do the “sSlow nwll” idec dnfreduced @ dind ebad, = /
J;P the Poi'ean‘q,O s Jﬁcd, the model behaves like oo CbSMoﬂ?jl‘caJ ) ) \\
constant  (the Kinetic term will be 0). ' —\/

Now We can work with Ye cguations c(vj the moded. Malter has not been created (yeh So we

V(o)

o
5
©-

can Cross all the terms associated 4o it C/) Since it 45 SQOWQJ mﬂ,ﬂ?j, we. Qo
/f;nore "IZ)/\Q derivatives Cg c;y:

= 2042+ v 6] NPy
o - - 2‘1("’.”%}%) — -2 =(Pre)=¢’

. . _—9_\-/
X+ 3Hp +Vy = O Me = 7 3¢

Slow ol Parametes  ond zfg)ﬂahw\ predichins .
We con dexcribe an iﬁbﬂa‘m moded in ferms o‘)) its slow mll pocameters. There are varcious

&@3(/\(%‘1‘0/\5 olepe/\éifp on JC%Q p/‘_fef atore. Notz
f.oo derivatives quaAf‘F})
2 XN T}
& = - ﬁ; ~ EJ _"_4’) = 8 the “slope” of Juncttors
H v
d (&) V. 44 ( \M) z NoraTioN)
& = 22 22 o[ ) = _ 0y 4 Y,
dona Vv \" de) - SV/9¢
or
£= 2,( H'() V2 o A (v'cw * g «d v.009 A
NI 2% v/ T
Sziwgi_\f'_‘@_4(v'z¢) 252_5\,«4  0.006 -
B® Hw) B ) 280 ) J <

Havmg o sef oj ?o\ramef-ers, one can Compare them o 0.003 - ’

absenvatons 1o 8o,f constraing on tneir valuey . For example

0.000 T

My and Ey Were ymeagued osiag the anisolopies 1 the 002 000 002
CHp. This IS possitle becavse e scolur (};‘q)?,d seeds 'V

Scolar metre Perfol‘ba‘}‘(‘cwsz

Fa (W .
<O}CR,T( Ru' }O> = " (2‘”—)2 8"’[“_ E') <+— Spectrom oy per‘}'wba,{n‘o/ts
X - b-1
B (k) = i " 2 {L)’S > = A2 K ’ where As 43 the amplitude 03 the po,ri-urleo.}ro/\&.
¢ T 2¢e (an aH S \aH

2y = 4+&-8 + 4, 2 wave number
1-€ z




The spectrad wndex ns ds o Pwech‘ch\o/s 03 i/DDQa.HOA.
d 0n B ()
Ty

_ &£-2¢
= - 9,5, :Q(J-E)ﬁ,QQV—Gé‘V, Ng-4 ~0

Since V(4) 45 not Cfﬁfﬂ‘, the ‘Drimordt‘c& power gpec‘rum ﬂm(‘jh‘f have ot“runnm(j”/ e, %k‘jlner‘ order,

\Oredvch'o N
di’t - ﬁ% =-1 9‘—’?(2$ F8ET_J0e®) 2 28, + 24g? - 6y, &
n

The salor chdd olse seeds tensor metrie PerJrur bations ([ whioh il be discossed dn jurtker

lectues).
. B, () . _
2 Lol b3 s o> = T2 e (R-7) = 2 m & (R- )

- (8)' (&) = A (5"

dn B (%) Py
W-\' :W :%—2/*= I “—-’-"2£V<O

Primordial power specteom Opor tensors ,'m‘&ht odso have O‘“{‘U"""’\\j N

Jﬂ—r ___JnT = — ﬂqz_ﬁ& 2852-46

Smk  dmg ¢ (4 - 4e8) Vi -l

In s(rgﬂe }re)lol slow- rold m:adeﬂ&, Nng~ —7/8, where r= CR’/@

d 2 2

b B = b Bli +4 jﬁ (k/k)* * 2 —JTQZ% b (K6, ) 5. AT
b B lg= bilehAd + e b ( e ) - . Constraing ba.;ee\ on CHB

Measurements
An  adddioncd Pomme{‘ef 4s the nomber ?J’ e—j’oﬂds , Which tell us how ma/tJ times  does the
Unvese |has (7rown @cponenh‘a,% ( onkil the end 3}) 4,‘jﬂah‘on ) When ¢ reaches the end o(f the
“ ¢ V(d) 7
NCE =—| doag =— | H(E) &t zj dé
( j"" 5 9 4 V.e(4)

'Re,thLJriﬂj
Adter inJakon, Universe &3 emply and cobd, it s
necessary to ceheat & Ths cun be done by (yrl‘ch\on

Torm in Iein - Gordon Ql}ua,{‘l‘a/\'.

G+3H¢+ Vs =0 ol
bvrr/:j the oscillubtons, the Scalur ){d& releases
energy in the Universe ond converts enersg (})mm

inflation fo  SM particles.

ring inflation —P =Cp =V
Vi) Do e B
A Yo

)

4

C:Sd Uations

dOMB Pend reheating
B ——

Ag




Example  cabasutrons OOQ slow roll pacometers
et vy nsider o Simple exponential l:oa mode) :

qu’) =\ e
We can coleolute tne slow roll parameters as

z\H"¢7-

£ = L /vwy _ o2y ¢2

2K? Vi)
Q:é;(l’l_:@;z = 2x(2rn*ap*+14)
)
The end cj’ i/\()’flah‘on happen\s When €=4, thos:
Pepa = \F{KA (Keep’/(\j the pesitive droach )
2
_n:]eﬂ_, %»\Q ﬂumb@,{‘ 0; e*}()‘zdé A
b 2205
bog (2(He0Y o 2
)\)4' = ) H ! JCP = = N) = —_——-
’:, Pend (2600 24\ CP( Ja »’a

Now N wil be ou variable. We Can write the Slow rolf) Para/neﬁsrs as o JUNJ‘I’K‘J/\ ?f He omber
fj) G;}Oj)_ds;
4)}\).-,}
g = C
Z Q(A v e 4»\:;,*)

From these Pomme{-ers Ye Ccan dJorve the 4'270&1{1‘0/\ P/e&cch‘o/\«s:
Ns = Q“GE +4 = 4 - 284)“6’ +4 j

\

lfALJ'} Cosmological model  Parameter  Planck TT,TE,EE
" ACDM+r +lowEB+lensing
~ = & = le Ll
T <0.10
n, 0.9659 + 0.0041

Fom the valves obhained [Prom Plonck observations, e |Gow Lot Vs~ 0.96. From hee,
We can éef’ the number Ci\f e-Jolds as o ())Unc:h‘o/\ y N Addibtonad  consteang on the Paramefers
can be cbluined ))rom the valwe g’r, Tws helpr us Yo accept or rode oot medels

Specific modells
Chashc «iﬂjut\m

V@) =& Proposed by Lirden et all. in ~iafo.
The potentral goes ax-

Aldowed  pumeters e Shown 01 the risht |




It s oot @)&a.ct‘ﬂ{? Sows ro()!lrr\a : wwile 9oy down The potental ther iy some J)rr‘c*h‘on, Which
will vesolt tn the loSs ﬁ’ @\erga‘ and So a Jt’,l/\ec&iﬂg-
The Pocameters OJ) dhe model ove given by:

nx n
g = - o 2(n+2)
214¢* N+ 4Nap s = 4 N+ 2N
_ (w 4)0 _ 21 _ den
Z' N+A4Ne) T n +4N )
/ _ H1¢z n
M‘g J dd) & " on 49
PQ[L{_EOAL mOé@J.B
K Proposed by Sfewot et al in 1905
| Jp— The  poteatral goes as-

“ / \/[Cl)) = /\q[i - exp (— a'mp)]z

’ (Flat ond SQOW% &ecug& o the szcuum)_
The slow ol and chservables (jiver

N« oy = N N

Hilfop medels

Proposed by Boubekeor eb ol (2008)
The potentral goes as:

V() = N[ 4-(8)"]"

The scolac )}“el:l storts  at the Jro\o c(>)> the hill, J)QU& to one czj the sides and Cuaportes thoe.
The revont ?,uomﬁ'h‘e& ave : ]
-2

P
Kve $ Y2-p 20p-1) 320% [ (p-2)
\Q“i—(—’) — p {2000 ra —— | PP 2-p
2p(P-2) \V s (p-2) N K*v* e

N atorad Uj Ladron

V(¢) = cos(¢) + 1

Proposed by Freme et al. (1qa3)

The potentral goes as-

V() = N[44+ cen (3]

The scalar Jiad Padls ond stacks cscillatiag .

¢

TVE observables  ope:

1 -
) ~ —2n Qn[&-ﬂ [%)] > fe~ A- H%J; W(m\;z )+ - )j,vz D?ZZH%_)_gi
orls) -




Power law pflation (2ucchin, 1955)

V(4) = New [-2k4)
Observablas  are {adgperdent J>¢om N :
Ng = 4-) r= §A?

Dince i wilk oﬂwaﬁg shv in CL}Q&T an’feau, it 4s Jrv»porfam‘- Y make sue thed
Elaa; don ' 3ofr to dominate +the Univese. Paramelers most ke well Luned  fo make it
erkher evaporode or deccy indo {re Btondard model .

K - essence {4})&{1‘0/\

K- essonce medels can hove scalar (J)f@,@:ts with Jereric kinetic berms (X, Xt .. ).

X= —21 (vp)* — S=fd"x -3 P(4.X) — S =54“>< WBR v k()X +2p) x>+ ]

We can calelate ‘l;w ond the e?uq_‘h\d/\ oof state as b?oe:

(o — ’Dqs =P
J Y R Co= 2XPx —P
L‘Ub = & = ’P— < Can cross Ww=-1 : @en wmore &g(jres.sive ecpcmsl‘on (eess N)
Es 2X Dy -P

Hodi{fiecl gravf ’r)

Lotead o) explainig inflation with 0n scalloc Jebd, which s an edra padicle it
Nobedy  Knaws where it Came /mm, one @ say that thee o5 a medification ia grurly,
Some  more (jeneml ‘b«eor& ot Selvesy fhe Fmbﬁems wetnh GR.

The simplest ﬂAVU that can bo added to GR (on 2M3) 5 R — PCR). Tus 45 just
Scadar deﬁme o Jreedom that hos be vsed in Dork Eher&? models . 'Dy/\oum‘cs are well
Understead , and 4t oy been shown tned iF hos o very reach phemme/\oﬁcw. This medel s
tnspired o I'n(‘jh ersigy  Physics.

-1 - 4
Sei—lw g RS, S= i [am 750 +sn
The simplest exomple o(/) (PCR) s NCDM -

JR) = Prr) + §(Ro) Rsoe
N

'f:TTG jel’*x V-9 Jr) +8m —= S = / f:l”x /-9 (R-24) + S

16 v



Hiﬁh Crergg physics motivate this *l:heog berovse New Terms appeac When 0 tries Yo rensemalize
GR. at one-Lleop order: [Biccel £ Doyis, 129¢]

oy A ws N[ ) 252
R = Tl+o<[m Runrs R T m R - ('s";) DR*E('Z"F) Q*"]

The mest Jenerad (pure) Modfyt‘e& {9mvr+(_7 is Q‘y -Huajorm:
R =9, R™
Pz RauR™
R=P(RPQ,0%6 9 Q= Rupss R™
O = 3/“* % <« D'Alembertean in curved spuce

G = Q- 4IP -+ Rz < Gcwss—%mér ferm (-}oPanau‘ca.Q invaliont 4n QD)

JCR} medels
We con get tre J’C&J equations 0j mation by vosing ihe ashion with respect o tre ymetrc [F=f’(k))
i ,SI“)\”' = %{l'\“1T,,(§_f/l,,,+v,,«§q,,“ Tu’;ﬂuw'
S = d¥x ‘)._9 (})CR) +S,, SRY,, = V0¥, — VaoT%,
346 SR, = %( O0guw + VaViudgy +VaV,égi — V. V.,0g5)
9/‘”-’ = (’9)”—‘ ¥ g3/““'*—‘ 4’_- §M = (j\/“a _S&ﬂb 6yV/—g = *%\f_ﬂ!luwﬁl"l'
0R = 4(¢"Ru) = 09" Ryy + 9, 06g" — V,,V, 00"

Fé;‘w B Z_LC?CT\) _RF)(%'—’ +(9/“" 0- ;;,LVQ)F= H—):“—o L) <— Eq'uafl‘on ‘ZJ motion

N 0 w = Ly u/:‘.ﬁvﬂ w Vt‘.l\ v V)""\ L
The condervation (‘?i_}um.‘l?(cl/\ S (9i\18/3 b& 9, VY v + (ViV)gr, + ( )G

= V.V, + V.,
d % Fi

§S = jd"‘x \I;[g’&;m
:Id"x J?S/m 942 U S =0

58 = /11’.1‘\"‘——5][(‘;,V,,)S‘"'+H},V“).S"”':

‘i—] gg'ub = = - / ‘lz'r\“_—"/‘ v [VuS*'V S ] =
8 .

Aswmg tnhe Robertson - Wallker metric, one can yma_ the MoG versron op the Fried mam equatfor:
RER® = G + Croa +2i (Fa-p) - 3nF

- 2FH = o + 2 G +F - HF

Properdy chosig F oad F can give asceloition.

Sine P(R) modifies Newton's constant, We need to talk abod Gef ( pertorbations)
P = JrRe) + (R JR -

S. 22— jcl"x WJ[P\) v 4 [aux F[()’Crab) r §'(Re) R] d_———ju"’x 9 [R-2A]

La G% ~ G“/JO?A)



:Doi/t& o Ccm[})ormaﬂ +f‘q/1.s(})ormaJrio!\ ( Jorday — Linslein )f‘a.me), one jgﬁs that fCR) L Jus)‘ o Scabhc
(~

Jredd.

9}4» :—(2-2 (9/1,1,_, —— 021'—_ Jzz({é + SEIUJ - 6\5”(9//‘ (UQ_U UJ) w= Qnﬂ
S?—fc]"x f—’g':_[g% FQ™ (ii +6Dew - Gé”‘”a/,waﬂw)—ﬂ“‘Uj 1—'} dix Z,, (.Q‘z&“lw, ) Q2=F U= F;j
'Rec‘ej.'nizv e )fd&f R ()) = |’3/2_ bnF Note

This 45 o madematical
trick, it does net have

~ . a real physied memin
S :f&"x [ |25 R- 250000 - V()] + S50 (F @) Guo B1)  bocaane t0s Erste ‘

7 (frwhe S net a physicd
Quinlesseace —/ Rteakr o (yra.me‘ ¢
U F—R_J) Non- minimal
VC‘P) = -Ez = e Coume;

Stero bins k; A"f\() Dation

Starobinsky Pno()o&ecl e simple )CR) model . The R* term covted accelerafion 4n the
Universe, beho_vf/l\j like b}})aa{‘t‘ow\.

z - 2 effective potential
(?CR) = R+ ’Rz/[gﬂz) —_ v£¢) - /\ (4__ © W’Z@/ﬁﬂ) i P

—
The 80,0\»— ol Powame’r@r‘s ?} the V)’\OQLQ,Q we .

nﬁi-——z—- r‘ﬁj_z_
S N} W

It behaves like the ooQai‘eo.u mdells .
Mocli(j)\'ed cc}m\rifj and 3)1057‘5_

M
U reheating
P

Aj{-ef ll/\frodud‘D tne oorections ?‘(y‘/\o +v renormalize 9(‘0.\/1{'29, one fif\ck Lﬁ(‘atD\'am ?j thne

}OM\ ‘

q FGu = 5o ([ = R F) — (g0~ V,V,)F
S = f d'x J-g (R P. Q) 2 (fpR%Ray + f Rubeu R

P= Rab ROb abed —.(/,,,,V(,V;,(.,",)H"") i D(./‘.I’H/”')

Q= Romy R +29.9, (fp B84, + 200 BY.))

These @Lﬁmﬁme result in eguations czj’ motion with 4® order derivatives, which might give
9h®8¥$. ll'neam’%(r\é ond (]Dmd(!\.‘) the p"df)az?a.)or GCK):
Jpeo

= + h k™ b = :
?,ua _ M2 ( K% + ) l’5/""2’ =0 — é(k) X ;?4’—2 - Kz + mi;
S R P Miegina = il
s P Ty Do Q/m B¢ _ Massless Fhost
8 hp = Ms d:_ males
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Other MNoG medels

There cure also moddls with extre. dimensions: the Kalura- Kisin models, Assoming  an eda
dimension, y, which s cDmp:«.d'i(frea with Cgﬂ:‘ndr?cvﬁ ebow\do\ra conditions, Twen the
metnr gw sa}rs)\‘ey

XCx,g) =())(><,(91-2w) — s

LY
EXPCU\JC(:? ﬂ'\e 5D meh‘c in E)orrsr Mmodes:

n iny/p 0 e/ +¢>A As A
I (X) = 2 Gy (0™ — 9P = ¢ ( o %")

=0 S{m l'aa(' +o @) Ei) S&Y"’“B"”;

per(?ormiz\j o c)Cme/\So/\.u& /\gdodw‘d\ one obfaint: /-—’ 4D GR + Maxwell +Scalar )"913

! S

- J% g RG) _ - IR

S mnc,fj xdy g% R = cnj g R+dg P F +4 9%9,47
— G- G»“’

20r

Addl'/\& a. Scaluc (})ieﬂd:
%é :fd"x dﬁ ‘/__9@) (9)4:\)&0) D é):

= (2nr) %Jd”x m[gﬂ*’ (8,1 = A/u) G (9,_, p 2 Au) $, - @,,‘]

/ La Nn?- In)/r{F

()
G = En60"In {_g_ Qo My Problom
r [0}

53. CHB constrains and inyaah‘on Predichons

Constrains bo inflation models.

On 4he cesmic microwave ‘Q%kﬁrou/\d we amn see the inprat (o} x’/j)[&cfb/\, Snce {‘6) bation s
the Seed (3)) the (}Qucjrudt‘oxxs. Thos, by measuring the (MB we cn obtain consleaing 00
D;anﬁon b() analysing it power spectom [t will be discussed in )urfher Loctores ).
For 4he simplest model one can create needs 4he Movurxxd & porimekry. Two of trem
defend on  irMlatvon (ns , niA), two o()’ tem depend on the Kinematies oj Ye unives
and two of them are related to e matier contert

TT+owE TE+lowk EE+lowkE TT.TEEE+lowk TTTEEE«lowE+lensing  TT.TEEE+lowE+lensing+BAO Rem('/ldgr
Parameter 68% limits 68% limits 68% limits 68% limits 68% limits 68% limits

'S . 002212+ 0.00022 0.02249 £ 0.00025 0.0240 + 0.0012 0.02237 = 0.00015 0.02242 + 0.00014 AS - PQI{‘(D’ 9)) \H/@
(v & 0.1206 + 0.0021 0.1177 0.1158 + 0.0046 0.12( 0.1200 £+ 0.0012 0.11933 £ 0.00091 Pec‘l\)(bqjtm
1006wmc 1.04077 = 0.00047 1.04139 00049 1.03999 £ 0.00089 1.04( 1.04092 = 0.00031 1.04101 £ 0.00029

0.0522 + 0.0080 0.0406 + 0.0085 0.0527 + 0.0090 0.0544 £ 00073 0.0561 £ 0.0071 ns = SFEC-’QSKJ -U\dQX
In(10" A,) 3.040 £ 0.016 1|w|:~': L 3.052+£0.022 3.045 £ 0,016 3044 £ 0014 347 £ 0014

0.9626 + 0.0057 0.967 £ 0.011 0.980 + 0.015 0.9649 + 0.0044 0.964 ).004. ). 066 0.0
Hglkms™' Mpc'] 66.88 + 0,92 68.44 £ 091 699227 67.27 £ 0.60 6736 + 054 67.66 = 0.42

0.679 + 0,013 0.699 + 0.012 0711+ }:‘,‘ 0.6834 + 0.0084 0.6847 + 0.0073 0.68%89 + 0.0056



The plot shows eomporations with the &tyemnf wmodels.  THcon be seen thal Some

meddds ore ruled oo b) observations,
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4 Produckion o grovitubional wenes (6ws)

2. Production of primudial  black holes (PBH: )

3. Irylaﬁ"on probes hr&h-ene% physres (Gut+), not in readn of experimen’s
4. In))?,ah‘a/\ can be used to test Jor BSM physres

S. B-medes oj Chg  prowe 4‘n}[a{-ran,



