Title: Gravity waves, large-field inflation, and string theory
Date: Apr 04, 2014 04:20 PM

URL: http://pirsa.org/14040126

Abstract:

Pirsa: 14040126 Page 1/36



Gravity waves, Large-field

inflation, and string theory
jatvel pmj(

ULO?Q pfimip\L) \

Based on works (2008-present) with

Simple, ethods
Westphal, McAllister;
Senatore, Zaldarriaga; m%gmn%u

Dong, Horn;
Dodelson, Torroba,Wrase | ntw UGMPLQé

as well as related works by Kaloper, Sorbo,
Lawrence, Flauger, Pajer, Easther, Peiris,
Xu, Roberts, Dubovsky, D'Amico, Gobbetti,
Kleban, Schillo, Gur-Ari; Palti, Weigand,
Wenren,Berg, Sjors,,...

and the earlier N-flation scenario by
Dimopoulos, Kachru, McGreevy, Wacker;...

Pirsa: 14040126 Page 2/36



Owctling.

+ Intw Lo fds o Q¢
M onoo(rvm(% rRAUN + New o(eva[opmm{s

e Role of mechanisms & rwdals
‘f‘of—cloum,, rh*?mecﬂiai?_] Lof{vvw Wp

' A/de C,(ﬂSS ot /@t?,z-'ﬁﬂ
c'n-F{oc{—[m ( raistd From the oltad )

o Exodic Sources

o Outlok ; Range of tharies and
absem%‘omi Consbraunts

Pirsa: 14040126 Page 3/36



A
=
HMP 0{4’ :\ﬁr 104’
¢ M, M,
MSI‘V\& Hl
¥y = ﬂ = _f_e_ﬁff . rﬂ_’l;:
33 Scalar '—HT"'

and asswming Mo 5*”"51 ariakion o+t
M./, ‘o JOUrees
H /Pé y omo( iy 9/\'04 C

irsa: 14040126 Page 4/36



v o= TeMOr s velated 4 MT&
Scald™ (1 simple Mflation

B —

ff/ AL Vl{Nb = \

i My ﬁ T' |L
| hﬁj MVsmfahvt BICEDL J

&; An oo St«bu!nc.n. o-F PoSS:Llj, {'em
V_> V(t + i C ¢ (,) ) m‘anlt,c(;

“Uv- Sens; 4me
must be supprimo{ Ceg Soilmm!.f;)

> Determined bfgt Quantum GimuJ(Oul
H\eag

4 Aea tig
5 B-medes Hst string-thesrt
Jarge - field inflation ™ Paéiw\aﬂ

and. "Fo.[Sl\{;. small- Fidd mechanisms

Pirsa: 14040126 Page 5/36



Pirsa: 14040126

A Common PY’QJMice, was .

\/ﬂ\/*?//d

" | $TE My
¢
Over @ L,}L digkance in Fid SPace,
V(4) conld be Sty comeced by ¢
Conp {,‘,(\75 L whatover olgrees of
freedom UV - conplete grauty,
Con postulate o Symmetry Lyt

e wondars £ QG has ;g
Conti nubdUS 5{0LJ Sc;tmm,{'n'es.-

Page 6/36



L‘”SQ/ ?‘.q,\l in“[:la.{’l‘f)n arises

viae a Clear  medhanism in
nechanism

y " ulD_f

Nf{a 10 Kach vs

5+rl‘had Hﬂeog‘ Axions 7 2
\

Potyph
Y o 0 ‘
AaNnswen (.S{ J\f{’g frp&{f M AMK#E
basic U&S/ﬂo D Awie, Mo,ay Rt

ﬂ‘i& Cobbatps  \ontrort Doy
o e
“A‘ p:_.(laar\ FOM?)/\ r‘{m

f\‘dwa I Sl PQ'I'?-P— D—""{S
‘Freoe fritma nnmm‘ Adams Bond  *-

/1ﬂ€56 ‘FiEO{S descend Hom \mgL\g/\

i!mer\SrmJ Electnm - m“jwu‘lc Fol‘efﬁ
Ay J A CLX of Les Hwehis
A = o \

(scfuwnts (3

rfchd e J

cirele

Pirsa: 14040126 Page 7/36



f =T (AM +%9)l+
D> ¢

PR e
&l Gav\% Tnyariant GM: QT/\ M

%p (P
4o V(g)- pTE M
on 'Eacdn b‘mnc,[f\ Wl“'\ 'Fiktfi ijé’e

OF;_H -{’lﬂﬂoya’ }\(AS undb‘[{y if.\tj P'E'rl'dol.[‘(_t"lla)
Witls -f,; < My

o fach branch s A¢ ~> G
My

Pirsa: 14040126 Page 8/36



Th S«Hirg H’tﬂofg} the Dasic Pen'oo{ ‘Fe(lﬂ}‘
'hlﬂlS our{‘ << Mp at Wqu

a Pr‘roq’

5 Banks/Dine/Rox [ Gerbetor~
Curvature + CMP"‘} Sorcek/fien cf Akamr 4‘“”“1
ot A
K‘ NS AN 5y ‘|

5 petentiad field
(_\’bp M; ~din'L Ml.‘bjd-&
/P-d;.n‘g of Marwill ,4})
C aJd jub”km.ge{

—]C;\ Comas me Lﬁfnt c {'Qrm:
Solpx j?t;) FT;,__"’“
- [l R = a5, bas)

= gr all Sites v R )H\is y[eld}

A MP(‘(;T)P £< MP
‘E\ n Fsg#'oﬁnam

‘;‘;' ‘-".f’
G{ 6 4 F: X,

0) Dw) G Loy

Pirsa: 14040126 Page 9/36



Noke: His is an txample

of the foct that Not
"an&ﬂi@ gge.s“ m the
ﬁaﬂO!S(an, (Ih Same r\ej.‘m{
L>> I+, o 1

W)'\Q‘fﬁ we c,omtvuﬂ moM'
Stabilizatim o sec VHM‘-HPQ

vecua @M[m<< 1 )

irsa: 14040126 Page 10/36



Pirsa: 14040126

’ Simfqu S1La+€mw\+ ‘gr Cer-qun

brant @Il(o‘['fwe coofoefr‘ltrl?_'; :
(_Qquman} /ﬂ(m".ﬁ:"\«/

o Generalizatisn 4 mulfiple

Oim lpot\lu

' Ench
‘P_ ol axions N-+fotirm MeGrasns
[ \\S Eogbn MecAilighen e
; I Gamm
:ﬂafi’p;‘nl Sivndandam Sovaush
Becken Leblond Shanbs
Livisny- Hstre Waref
Kobayashi et o2, .

l‘anMQl—iCall(? oxtends range, but

31‘0.\0\5 s.‘am'-(:}cqn{— back reactitm .

/Mr?' well be MU'COMPIC‘{W‘O[R.
But ammway | each axim direchm I
QXHV\A{J bcg mmodfomg 3@\4{”{(&‘9.

br’a NS

Page 11/36



S‘f'm‘rg #leé«t I/IOLS mM\& Scalar
“mydl; okesamcl]rﬁ Fn %L\m

dimnsins D >4, 1nese

st be cmsisn‘eﬁcg J{o.b;'/{%ealj
eithor :'no\apezr\awr&f& i V(M&i)
(o i migind] Sxample , Vop'p 4%t
or (yn a (mne ecmomicoJZ) Wial

with \/f'fhﬁ (&j Wtooluji‘) Paml:'(,f}?cn[ig
cin modudi - S‘[‘abx‘[{ Zation..

M. DDJQ‘\SMI Dor\JJ £s, ’ﬁ@ )
ck Dor\g Hom E5 'W(!j%pl’\*p, [

Pirsa: 14040126 Page 12/36



BTWJ AX\'N\S are 7{ the
Scalar Felds i St ‘H/\?.oy :

. SUSY case = P 40P
(and o{»wQs)

D

: W ﬂ"m'.h A/ﬂkfmv az

Nom,,l - D
Modul,

T4 Was o Mj—“\ that S%n‘y 141303
efers small ™, o et qMD&f‘

models* have Hhak paputy —at
jeasl no Creoh'L{e argumen{f 7€u that-

irsa: 14040126 Page 13/36



on each bmndq-'

Lmndith
bot. Condilions il
each fime ground,

e (rdd of) st

( : f,n‘ "'- ‘ ] -on-mp(.!. 0%
\ L \/

(_arcg.o. ‘Fuz, A-f n~FL77 M
___> = 2saod (BICEP 4 Y“?).O')

Pirsa: 14040126 Page 14/36



’\/hf’fﬁc
Ra"‘jf-s OF P’r? "
, £ (do+4) = rs .15
F ey +back rtaction

2"3? "£laeniny” Deng Hlm £s wilphod 10

2 Gty descnphw fitered 624
o trin
R.9. ()S i, Strirg. w

\/ 4’”“%9/ ﬁl%r‘y_ 2rample :
Proof of principle, notgeneral Yo

S Uﬂrkug o mrne {Xaﬂp g, SJS‘f('ﬂh{hs

* 1<D<4' ‘Fﬂm I AM
(Tnproare.ss)

—2 al‘-l"c_lc‘)

() |-

+ back reaction

Pirsa: 14040126 Page 15/36



D;Fpeﬂn‘k_&!‘:‘k

Mtckam‘smn : via)
S 3N
Q n,ml-m‘l‘

(wmr.pzl bane ; H-l') (’A"

W 'hb”ﬂ‘l S.{—n .Sa{u'{’;dn
Top_ Down * €
- Pt of concept, “"J( 59",{?&.{&5

Tatormediate, : anstm{' Jarger rerge,
— Lot Some esSmHJ {eatuns
e.9. Kalper, Serbt, Lawrtnd et "2 “4
£ Some mm._ﬂ, Deng <t L (ﬂdhnm;) $3

Twlsf{J T- Gur-An p= IC‘j 9 % & mddul-

e 217

BoH‘OYﬂ MP * - Wllsomqv] m,ﬂ)
Mo UV stmetune t'nc(uig,,[

Pirsa: 14040126 Page 16/36



'\/‘" # e

Rﬁﬂaf.5 of P, re

(Jo+4) = rs .15
t back reaction

2-6p "{l.hig“ Deng H.Th £s Wesphad 10

S
Ve Ganty descnphim: ﬂd{tml ¢4
Y- Staly| i=d, ,S-*l'r’."r\a~
\/=/;’q»+/(“%% ﬁteory_ EXarnplL %A
Proof of principle, not general rod

S \-Jorlq"g o mne {Xaﬂples} SJS‘f?ﬂh{l':s

s F(l J"n

] b

© <kl Lo |4 MM
(in proare.ss)

—> Jder ¢ 2.2

+ back reaction

Pirsa: 14040126 Page 17/36



D;Fpenn‘k_&l«fls

Mld\ﬁﬁl‘smﬂ . V(Q.)
— v
Q n,ml-m‘l‘

(wmppul bmﬂ\!. 'Pfll') (’A"

L contwlld St 5'{“5’“
Top Down * €%
- Ppwet of Caanp{' ﬂ°+ 59'15?124{1

Tatevmediate * cmstw P
bt Soma essential ) Fratunts
e.9. Kalipen Sebs, Lawrtnc et '-2 “4
+ Semi mMH.E. DorU et ol (ﬂd‘ftmnj ) 4, 3

'fme{c! T Gur-An ps ,L‘j 0 % l. . !I

e 21

BOH'O’m MP * - Wllsomqv] m’ﬂ)
Mo UV stmetun c'nc(u,tg,[

Pirsa: 14040126 Page 18/36



Condensed Matte, a-M(Oﬂg{ (?)
€.9. Slkp-!rCh\JMc,{'ns

Wy =mD ?"“’u/

Lattice
J//Samtlw [imrs e.9. T/.::-;

IR : Can W"\wl&e,
bla QFF g QFTy exhibbing fun-Foms

g Liguwid behavin" anomalous
;’ﬁ’;& 4’-1&! pnt, diterrand T
—
Oém'ous!gl we don't krow the (A1
{theog of JmVl'+(51, but 5+n‘,§_ %ug
(s & 3404 Canolidate and Pure
b‘H'om- wp MO\.J_ miss f.mpdﬁ'l‘ﬁn‘[’
conshrambs ¢ stmctunes

Pirsa: 14040126 Page 19/36



D;Fcenn‘k_&l«fls

MQ_J\M\l'Smn : V(Q’)
— \/
Q n,ml-m‘l‘

(mepd. bmﬂ\!. 'P‘uk) (’A"

" contnlld St 5'{“*"%
Top Down * €%
- Ppwet of Cancep{' ﬂ°+ 59'1’?1&[ 4

Tatevediate * Cmsf'“d’ ol L
T oot Soma essentiad , Featunts
e.9. Kalipen Sebs, Lawrtnd et tﬂ “4
+ SemL mmh._ﬂ, DorU et ol (ﬂdhmry ) 4, 3

'fwlﬁf{c! T Gur-An P ,L‘j 0 % L N !I

e o7 )

BOH'O’m MP * - Wllsomqv] m,ﬂ)
Mo UV stmetune t'nc(uig,,[

Pirsa: 14040126 Page 20/36



ﬂa.f‘l‘%ﬂirg 0¥+Monodmn(7vl -

extondad ¢ (in Prgress w/..
M(Aul\j*ﬂfl, W"J‘{’PL‘Q_, SW[TU-J ?q.uU".‘f‘ / wm)

Tope T8 2 0 [RABASI
CT"""‘“Q Q" F, BAB in JIA)

To achibit Fleteaitg elbict, considin
¢, T¢ = *xT'x TL{L-Q)

, 3 () . ;
E - Q\ 3{0{3:‘} B - f L—O{."'( IAA:"J

T i > LY

T -fo - L
Fluxes pﬁn&.ﬂn febd acion b \j_:j

J" () L l 1
7, = Qo A Ay @, hdy Iy

Pirsa: 14040126 Page 21/36



V MP 35 ‘ kb JfQ;l“ t Qh
e -

Nh!r‘g | (4 ,:l;,-_: ﬂuxfs
STL"‘b'{li‘t u

f{’abl’l?ﬁ W o(una 'ﬂqun

AL -
= ,/Yﬁt fb

Mow wonking o0 this in Fu{/
S‘{a..bf{"_e_“_(.‘-m\,c_) (Rtf-mmn SM,QC)

Pirsa: 14040126 Page 22/36



’\/hf’fﬁc
Ranges of p,¢? i
, £ (do+4) —» rs .15
F<" s +bnckm+m\

2"3? £ laeniny” Deng H.m £s wilphod 10

2 Gty chCnphh\' Paered 64
ol ik
R.9- () Stabilized, String. .

\/ 4’+A“Oas9/ ﬁwory_ 2rample S
Proof of principle, notgeneral ‘o3 ¥

S \-Jo:-kug o mne {Xan\p g, SJS‘f('m{hs

3 l<p<4. ‘Fvnm I AM
(Tnproare.ss)

—>oflr¢ M2

() |-

+ back reaction

Pirsa: 14040126 Page 23/36



Ao\oli‘l’imaﬁj Mﬂo\&' D?’PQ“AQ’E{'__

Stnckong s

v, ¢
\/: Va (4) + A s T
pr
L JQPQML o O ;
' Aynamtd (Lmu €wp~¢-)
—)IL%;M:? of ‘F) /\- advlf'efq,#,.“

+o powa S;udwm} /Row ﬂ, et

Cons brainds on constant ij/m'va.gt}g
cscillnbions:  Exsthn Flagin Priss, Dlanck 13,
Met b, SFeg.ﬂ,

irsa: 14040126 Page 24/36



A“D‘H\V\ Class of l.maﬂ.-'ﬁﬂu- i\\@\p&im

NEW SOLUTIONS WITH ACCELERATED EXPANSION

: IN STRING THEORY (Tk.. U.\'\'O\l‘\i--

" dodedson’, Xi Dong', Eva Silverstain' 2, and Gons a1
wd lnust et Plirveacs, Stasdord L wraaty, Sanford. CA S4308 LisA
IQACN al Acerderator Laboratory 2578 Sand Hill Menko Park, CA Ga0285
K i Inst for Partick Asiropdywios and Custnology, Stasford, CA 94025, USA
Abstract
We e wete solulions witl sovlersied ex string Useory, rey 2 = sunall
I - e e, We enpdan bow Lis comsliw d (1L
e previons no g theorrme (or simple soeckerain o v wobmtion vt an ap
-/ e ng syrnmetry and realize dwerete sequenees of the ¢ s of o ate
chudinig ome wilh 2 aconml aton pont st oA bt arcummElating Teas w ]
Lo b clber chws of models. a ' deden s em - = £ solutos with
woolotsted opamon. W fy dicus diondbors o dark encrgy pleesonsesobog
—_—
atnd o bdography for cosaokogy
——
L1 luflation, Dark Energy, Axions
1 52w e e e e wxbris w wrrbrtatrd Papammcn which cone akony
L he |larpe pamber > wion fickds that dornin w spectram of strimg thoory. Aore
enpushon s woll estabilinbed @ the oluerved o w, w5 dwrk msite © deloction
¥ durk ey &5 is extremely spnificamt [536], with comtribations fr nhtiple oheerratona
pubes, The detoethon of 5 s b g comardind pomey spoots e [37] s oy o sodug ol
e s T st e § ey of il a vidke e commtrasnts o s pheoomsemlog
In fa mer law inflation driven by o single exponential otial is ru Mg a
n fact, pow infie b ] e ¥ ontiad gx ul ke 1 waiar
s aitbeoasls out (nodels are sgmen wore groetal Lsan Usal we will locus bere on dask eomgy
wontl 4wl mereding o evplore 1he avon phenomescbney of this e e
) ™ | Flancs & W o bog
No ﬂhhp‘ ok ¢ ok
I
oz}
o1 |
TR -
™ n - ™ -

Pirsa: 14040126

Page 25/36



Assisted (+ MMao!foma_'t N- flakion )
anses in S%w'rg_ fhtoy)ﬁi""“&
Voo bl am-tS
discute Sc;uwcu of Cglml'tms ot

‘S‘l"d‘{'b W"‘-[+,;K

[0
K: l‘{'m

K— i

c+L 13L l

(Thise are agaia just ilbshabie
examPles Pv-w(:s of pﬂh&p‘t}

Pirsa: 14040126 Page 26/36



Assisted (+ momolroma_\* N- Flakiom )
anses in S%w'rg_ ’i‘htoy)ﬁi""“&
Voo bl am-tS
discute Sc;uwcu of Cgu«'l'tms ot

S‘l"ﬂ‘{'b W"‘-[+,;K

[0
K: l‘{'m

K— e

c+L zxL l

(Thise are agaia just ilbshabie
examPles Pnr[:s of pﬂh&p‘t}

Pirsa: 14040126 Page 27/36



&——h4d ———
Scn.\aur* ¥\Q.\¢LS mclvcllb Shm; Couj)g
¢

(- 1.)[) 35

e and sitt (e =e

= :fokzm 1@@1
—\/,L +fd}

e#-F
Valid near a?pm?nah

wm\r.\a_ Coup\td weqk; cuMﬂ\ solutions

Pirsa: 14040126 Page 28/36



Mu\*lp\m fems in V'

QSSl'S—{’ ) 8%0--’3&»,}\ aLC(_Qlqu,'{'llﬁ\
L:'iﬂn, umdar uuﬁL\qg

e.9.
: &
\/ ) Z V& C’F i canoﬂftﬂﬂ :>

K
) =) keZg

¢

(gT 8 m fm“
y-sle
Q) g iwes asSisted accelevatinn

i stving thery.

Pirsa: 14040126 Page 29/36



Pirsa: 14040126 Page 30/36



NQ\J SO\AM.S of CW; Sw,g‘s)\
Mogn

The infldin @ 3,,“%(9 conplos

fo othar deg rees of Freedom

("} ‘Fn. N‘\ja“’;‘r\ )
For t)(amplg,“ & (’k“c’““ﬂ +mnv*ﬁ)

Cl)bf . 8:-@-7_2 r m’;=m:+@ﬁja}
= Par#‘icle be:lMC‘\.‘I'OV\,

(bmm Pa‘d-w : ﬁlﬂ )
()

leay |
L 2

ad S |
= Twln -+ CQM,

Sh;fa
(e giche )
5 -« a.q'-:

Pirsa: 14040126 Page 31/36



5 Do thase Cuggially podue, Competitive GWs?

0F course Fladion oltlmk} velies —

Pmo\ucecl Pﬂf'{'icllS) S%firys dilicke

L|'5i"l o Hu.uaLL {'W\Q Howu;h.dov"&“k
b X ] monoo\roma_' @Fm\mkm

uents are vepeoted Many times

Aion of Tapped 21
Rpp
Wlo‘nool""y : D".a “m JSonatrg és
n Todu
5,_,'3- P L Kb, Ladke
K;m

- veplohinishi Skppf‘? of GWs
This, plus the more yme 3“5‘5'»-
of R-moe olgme.ag, Motivates
dﬂu(d 't}na Huis 3u0$5h\.

Pirsa: 14040126 Page 32/36



NQ\J SO\AM.S of CW; SW;E‘SJ\
Mogn

The infldn Wemu& conplos

fo othar deg rees of Freedom

(??~ ‘Fn. rf‘\jo;‘";.r\ )
For t)(amplg,“ & (k"p'““ﬂ +mm*9)

Cl)bf ) a_qu‘l’ r mé:mff-@ﬁja}
= Par#‘icle be:lMC‘\.‘I'OV\

(bmm. Pa‘d-w : ‘B—Kﬂ )
()

le @yl
L 2

a4 ey
= Tmln -+ CQM,

Sh;fa
(I giche )
. - a.q'-:

Pirsa: 14040126 Page 33/36



Result - Eﬁa‘l b Jenem{-e, o Ffeck

L 011) -Btw) times e Standed]
<> - K

© 2 Gren withn inflabion, VY7

(m mmmt:(,&% bed 4 H.

(cqn thance Cmﬁ:'éd'l’mo{fomv
MDMS) ‘
! Da'sh'ngufslmb{a.) Mﬁyhﬁ W‘H-\
N, < B88B?

irsa: 14040126 Page 34/36



Pi

IIIII

1 14040126

/"0 Do:

’__-——--—-"

/ﬂ\b\ﬂ- s Sorme a,l\owe& Y’?gium
l‘lﬂ ‘[’ 5})4(2 (U\V Compgn-k,‘)
~ New 2xamjp [as W:H\ VEVIOUS
) ete. (m{,weu oo

Mo i ange of possibilites )

JS‘l"’-M‘hc ‘{'rzo:PM-{'
S%Mhmﬂ Constraints

The QXPM“\?/&WQ re‘jm 's rupno(&
Sl\ﬂﬂlcla =

Page 35/36



Noa’%trv rat D50
(s a sp#;c)mc_m\qr discovegl

o Reloted to Q Gavﬂj ﬁ{ng Ttﬂg

. Granton
"2 v

o Drecise valug would }\elp &3,
Aetzeming 1f wm'¢T
richer ob(ﬂnqmics

e M. < BBBY, ¢k furthon
disé.rimfr\a\,{'im

o Reladion to G Wls, Suﬂ’; L&u (rsen-lo-)s:..hg

ete. ete.

TT povite 5P4&mm, TTT MG

Pirsa: 14040126 Page 36/36



