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Abstract: We discuss the definition of the Feynman propagator in de Sitter space. We show that the ambiguities in the propagator zero-mods
used to make sense of the behavior of low-momentum modes in an inflating space-time. We use this tool to calculate loop correcti

non-Gaussian correlation functions, and show that there are limits where the loop terms dominate. These models can be probed with the
satellite.

Pirsa: 10100062 Page 1/199



The Feynman
Correlation F

Propagator and

unctions in an

Inflating Space-Time

I
| Y
ﬁaS'q |

Kumar

University of Haw |
(w/ L. Leblond and A. Rajaraman)
arXiv:0909.2040 , 1002 4214




IR behavior of propagator

typical de Sitter behavior of scalar correlator
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corresponding spatial behavior
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result: not sure how to make sense of scalar correlators in de Sitier

asic question: what to do about the IR modes in the integral?




possibilities....

scalar field gets a mass through quantum carrections
— mass cufs off IR divergence

physical cutoff to the size of the universe
— lower bound on k

spacetime might nat inflate etemally
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— correlator depends on cutoff parameter which is becoming large, even
though not infinite
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— besides field could really be massiess . inflation might be etemal, there
might not be a physical cufoff....
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possibilities....

» scalar field gets a mass through quantum carrections
— mass cufs off IR divergencs

» physical cutoff to the size of the universe
— lower bound on k

+ spacetime might not inflate etemally
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— correlator depends on cutoff parameter which is becoming large, eve
though not infinite

il sl el s = S el s Bl - ; = = = =
— —— FE== ] — — - o { e, —
- - - -

L
1

-

cl

— besides field could really be massiess . inflation might be etemal, there
might not be a physical cutoff....




another way to think about it....

denote by L the size of the observable universe
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the diverging behavior arises from modes which are effectively zero
modes

should a consta ode reaity '*wem d pnysicai divergence

analogy to field theory...
— divergences from uncbservable small wavelengths can be cancelled by
counterterms
— can something similar be true for uncbservable large wavelengths?




our plan....

first, describe treatment of the ~eynman oropagator which makes
clear how ane can safely treat the very low momentum modes....

« second. describe how one can use this in clear calculations...

— some will think the following is either completely obvious. or obviously
wrong

— [ fry to convince you if's not wrong
— as for being obvious... maybe it is (or should be)
— siill, it might pay to look at it from this point of view...




defining the Feynman propagator...

» Just to remind you of things you already know....
— {9(X) &(X) ) = Gy{x=x')
— ([é(x), o{X)] } = Ggi{x-X) [x8=x%]
— (H{ é(x) &x) }) = Gex-X)
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— satisfies homogeneous wave equation
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— both safisfy inhomogeneous wave equation
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— equivalently, by a choice of boundary conditions




boundary conditions

+ retarded propagator
— boundary conditions set by causality (vanish outside light-cone)
— same in de Sitter as in Minkowski

D

0
A
1

— boundary conditions set by frequency

* positive freq. modes propagate forward in tme
— ambiguous for the zero-mode
— can shift G- by an arbitrary constant

» this amounts ta shifting the 2-pt carrelator
— {d¢) 2 (dé) +C
— Gy is unchanged
— G shifts by the same constant




cutoff point of view....
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« consider a hard [R cutoff i in the limit y = 0
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eal cuto u = 0. but correlator is similar to what we
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— get higher order corrections o C, but form of correlator is fixed
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defining the Feynman propagator...

» just to remind you of things you already know....
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— both satisfy inromogereous wave equation
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— equivalently, by a choice of bou r*daq conditions
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defining the Feynman propagator...

+ just to remind you of things you already know ...
- (§X) &(X) ) = Gy{¥=x)
— ( [8{x), #X)] ) = Gg{xxX) [ X8> x0]
— (T é{x) &(x) }) = G{x-X)
« Gy{x-x') = 2-pt. correlator
— satisfies homogeneous wave equation
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— both safisfy inhomogeneous wave eguation
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— equivalently, by a choice of boundary conditions
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L]

boundary conditions

retarded propagator
— boundary conditions set by causality (vanish outside light-cone)
— same in de Sitter as in Minkowsk]

1
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— boundary conditions set by freguency

* positive "'E:q MOCES propagate forward in tme
— ambiguous for the zero-mode
— can shift G- by an arbitrary constant

this amounts to shifting the 2-pt correlator
— (6 2 (éd) +C
— Gy is unchanged
— G shifts by the same constant
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what does this mean...?
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amplitudes. so no cluster decompositicn constraint
eld behavior stochastic. not like moduli

» have to fix by hand
— amounts to setting the variance by hand
— determined by measurement
— not set by direct measurements, since we typically measure differences
of carrelators

— but variance will affect non-linear corrections
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de Sitter invariance
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a de Sitter invariant vacuum should have infinite variance of the zero
mode
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they freeze out and give the field a “kick”

— if variance is finite at some finite time, it will be larger at some later ime
— would viclate de Siiter invariance

~ T i (i T - = 1 o~ | < - o~ -
so this amounts to considering a (semi-)eternally inflating spacetime
but with a finite variance at fixed time
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cutoff point of view....
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» so we take real cuto u = 0, but carrelator is similar to what we
would get with cutof scale K

— get higher order corrections to C, but form of correlator is fixed
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zero-mode modification....

» nothing discontinuous about having an arbitrary ambiguity in the
zero-mode, with no ambiguity in any mode with finite wavenumber

= Orl; J[’iI"H’.l ve can observe Is a “practical” zero-mode which comes
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* OUr propagator momf cation is like establishing a cutoff (k,5), butis

recisely this

— we in fact sum over ail modes downtou 2 0

in a true IR cutoff theary, no contribution from modes with k < kg

— inour case, confribution will be there, but subleading (leading
contribution from loop cancelled by constant shift)
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zero-mode modification....

nothing discontinuous about having an arbitrary ambiguity in the
ero-mode. with no ambiguity in any mode with finite wavenumber
ero-mode which comes
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only thing we can observe is a “practical’
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our propagator modification is like establishing a cutoff (k5), butis
1ot precisely this

— we in fact sum over all medes downtou =2 0

— inatrue IR cutoff theary, no confribution from modes with k < k;

— inour case, contribution will be there, but subleading (leading
coniribution from loop cancelled by constant shift)
cansisient way (o define theory In eternally Inflaiing spacetime
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zero-mode modification....

nothing discontinuous about having an arbitrary ambiguity in the
zero-mode. with no ambiguity in any mode with finite wavenumber

only thing we can observe is a “practical” zero-mode which comes
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Qur propagator r‘ﬂﬂdif cation is like establishing a cutoff (k.5), butis

ecisely this

— we in fact sum over all modes down to iz 2 (

— in atrue IR cutoff theary, no contribution from mades with k < kig

— inour case. contribution will be there, but subleading (leading
contribution from loop cancelled by constant shift]
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zero-mode modification....

-

Zero-mode. with no ambiguity in any mode with finite wavenumber

» nothing discontinuous about having an arbitrary ambiguity in the

« only thing we can observe is a “practical” zero-mode which comes
from averaging over our observable universe
— includas both the exact zero-mode and modes with arbitrarily smal
avenumber (divergences between thel |..,anc=i

* ourp -:z“ga*-’** modification is like establishing a cufoff (k), butis
not precisely this
— we in fact sum over all modes downto u > @
— in atrue IR cutoff theary, no contribution from medes with k < k
our case coniribution will be there, but subleading (leading
ution from loop cancelled by constant shift)
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zero-mode modification....

L4

nothing discontinuous about having an arbitrary ambiguity in the
Zero-mode, with no ambiguity in any mode with finite wavenumber

only thing we can observe is a “practical” zero-mode which comes
from ' our ‘
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our propagator modification Is lixe establishing a cufoff (k5 ), butis
recisely this

— we in fact sum over all modes downto i 2 €

— inatrue IR cutoff theory, no contribution from meodes with k < kg

— inour case. confribution will be there, but subleading (leading
contribution from loop cancelled by constant shift)
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zero-mode modification....

+ nothing discontinuous about having an arbitrary ambiguity in the
zero-mode. with no ambiguity in any mode with finite wavenumber
- only thing we can observe is a “practical” zero-mode which comes
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[ D zly this
— we In fact sum over all modes downto i =2 0
— inatrue IR cutoff theory. no contribution from modes with k < ki
— inour case, confribution will be there, but subleading (leading
contribution from loop cancelled by constant shift)
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zero-mode modification....

» nothing discontinuous about having an arbitrary ambiguity in the
th no ambiguity in any mode with finite wavenumber

zero-mode, W
. orh tﬂmg e can observe is a “practical” zero-mode which comes
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» Qur propagator modification i
not precisely this

e in fact sum over all modes downtou =2 0

true IR cutoff theary, no contribution from medes with k < k

ase, confribution will be there, but subl car:fng:_eadmg

Z'JD 0
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contribution from loop cancelled by constant shift)
consisient way {0 define theory In etemaily Inflating spacetime with
massiess scalars and integration over all modes.
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zero-mode modification....

nothing d *e::**:mu%: about having an arbitrary ambiguity in the
zero-mode. with no ambiguity in any m@de with finite wavenumber

ero-mode which comes
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our propagator modification is ik
not precisely this
over all modes downto u = C

— we In fact sum ove
— inatrue IR cutoff theory. no contribution from modes with k < kg
it subleading (leading

in our case. contribution will be there bu

contribution from loop cancelied by constant shift)
consisient way (o denine theory In eternally Inflaing spacetime
mMassiess scalars anc integration ogver all mogss,
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zero-mode modification....

nothing discontinuous about having an arbitrary ambiguity in the
zero-mode. with no ambiguity in any mode with finite wavenumber

only t*mg /& can observe is a “practical” zero-mode which comes
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‘_*:: sum over all modes downto 1 = €

a frue IR cutoff theary. no cantribution from modes with k < kg

ourc se, contribution will be there, but subleading (leading

contr n from loop cancelled by constant shift)
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zero-mode modification....

nothing discontinuous about having an arbitrary ambiguity in the
zero-mode. with no ambiguity in any mode with finite wavenumber

ero-mode which comes
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— we in fact sum over all modes downto 2 0
— in atrue IR cutoff theary. no contribution from mades with k < kig
— inour case, confribution will be there, but subleading (leading
contribution from loop cancelied by constant shift]
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zero-mode modification....

nothing discontinuous about having an arbitrary ambiguity in the
zero-mode. with no ambiguity in any mode with finite wavenumber

only thing we can observe is a “practical” zero-mode which comes
from averaging over our observable universe
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Qur propagator moalf'zatfﬂn IS lixe establishing a cu'of‘ (ki), butis
Ot precise'y this

sum over all modes down to i 2 €

true IR cutoff theary, no contribution from medes with k < kg

. contribution will be there, but subleading (leading

contribution from loop cancelled i:;, constant shift)
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zero-mode modification....

nothing discontinuous about having an arbitrary ambiguity in the
zero-mode. with no ambiguity in any mode with finite wavenumber

only thing we can observe is a “practical” zero-mode which comes
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— we in fact sum over all modes downtou 2 0

— inatrue IR cutoff theary, no contribution from medes with k < kg

— in our case, confribution will be there, but subleading (leading
contribution from loop cancelled t;, constant shift)
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zero-mode modification....

nothing discontinuous about having an arbitrary ambiguity in the
zero-mode, with no ambiguity in any mode with finite wavenumber
only thing we can observe is a “practical” zero-mode which comes
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— we in fact sum over all modes downto i =2 0

— inatrue IR cutoff theory, no contribution from modes with k <k,

— inour case. coniribution will be there, but subleading (leading
contribution from loop cancelled by constant shift)
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zero-mode modification....

nothing discontinuous about having an arbitrary ambiguity in the
zero-mode. with no ambiguity in any mode with finite wavenumber
only hmg ve can observe is a “practical” zero-mode which comes
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— we in fact sum over all modes downto = 0

— inatrue IR cutoff theary. no contribution from medes with k <k

— inour case, confribution will be there, but subleading i_eadmg
contribution from loop cancelled t», constant shifft)
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zero-mode modification....

- nothing discontinuous about having an arbitrary ambiguity in the
zero-mode, with no ambiguity in any mode with finite wavenumber

- only thing we can observe is a “practical” zero-mode which comes
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— we In fact sum over all modes downto i = 0
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zero-maode modification....

nothing discontinuous about having an arbitrary ambiguity in the
ze-fo-mode. with no ambiguity in any mode with finite wavenumber

only thing we can observe is a “practical” zero-mode which comes
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— inour case, coniribution will be there, but subleading (leading
contribution from loop cancelied by constant shift)
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zero-mode modification....

nothing discontinuous about having an arbifrary ambiguity in the
zero-mode. with no ambiguity in any mode with finite wavenumber

only thing we can observe is a “practical” zero-mode which comes
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our propagator modification is like establishing a cufoff (k), butis

not precissly this

— we In fact sum over all modes downto u =2 0

— inatrue IR cutoff theory, no contribution from modes with k < k

— inour case, confribution will be there, but suble c:ngu:adﬂg
contribution from loop cancelied by constant shift)
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zero-mode modification....

nothing discontinuous about having an arbitrary ambiguity in the
zero-mode, with no ambiguity in any mode with finite wavenumber

only thing we can observe is a “practical” zero-mode which comes

from averaging over our observable universe

— includss both the exact zero-mode and modes arpirarly small
avenumber (divergences befween them ¢ 1cei

aur propagator modification is lixe establishing a cufoff (k5 ), butis
not precisely this
— we in fact sum over all modes downto i 2 (
a true IR cutoff theory, no contribution from modes with k < kg
— %n our case, confribution will be there, but subleading (leading
contribution from loop cancelled by constant shift)
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zero-mode modification....
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zero-mode modification....

nothing discontinuous about having an arbitrary ambiguity in the
zero-mode. with no ambtgmw in any mode with finite wavenumber
only thing we can observe is a “practical” zero-mode which comes
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— we in fact sum over all modes downto u - @

— inatrue IR cutoff theary, no contribution from modes with k <
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zero-mode modification....

+ nothing discontinuous about having an arbifrary ambiguity in the
zero-mode. with no ambiguity in any mode with finite wavenumber
« only thing we can observe is a “practical” zero-mode which comes
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zero-mode modification....

nothing discontinuous about having an arbitrary ambiguity in the
zero-mode. with no ambiguity in any mode with finite wavenumber
ero-mode which comes

“oractical’

o
A
Pd

anly thing we can observe is

el o 2 el

P T R ey g e o b e e e e | = -
rofm avera W vhearnyahle arco
L 1 wll ¥ Tl | el e b i e d Bt Tt f el Bt | G el - Sl
- -
_—— el el tts s == oyl e g e ol . 1T oy ey [ g o | |
— 1 /] Ty, I -—'—..-l — - B -t | - | | el — —
thalldihliond WALIL KT o PR bl Lo | Y L W - il Nl i ] = bl | SRS w

/avenumber (divergences befween them ,,ance!
our propagator modification is lixe establishing a cufoff (ks ), butis
ecissly this
— we in fact sum over all modes downto u - 0
— in a true IR cutoff theary, no contribution from modes with k < &
— inour case, confribution will be there, but subleading (leading
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zero-mode modification....

- nothing discontinuous about having an arbitrary ambiguity in the
zero-mode, with no ambiguity in any mode with finite wavenumber
“ zero-mode which comes
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zero-mode modification....

nothing discontinuous about having an arbitrary ambiguity in the
zero-mode. with no ambiguity in any mode with finite wavenumber
only thing we can observe is a “practical” zero-mode which comes
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zero-mode modification....

+ nothing discontinuous about having an arbitrary ambiguity in the
zero-mode. with no ambiguity in any mode with finite wavenumber
» only thing we can observe is a “praciical” zero-mode which comes
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— we in fact sum over all modes downto iz 2 0

— inatrue IR cutoff theary. no contribution from medes with k < kg

— inour case, contribution will be there, but subleading (leading
contribution from loop cancelled by constant shift)
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zero-mode modification....

.ﬂ.r-rhm discontinuous about having an arbitrary ambiguity in the
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zero-mode. with no ambiguity in any mode with finite wavenumber

only thing we can observe is a “practical” zero-mode which comes
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zero-mode modification....

nothing discontinuous about having an arbitrary ambiguity in the
zero-mode. with no ambiguity in any mode with finite wavenumber
ero-mode which comes
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our propagator momf‘cat'-:ﬂ Is like establishing a cutoff (k.5), butis
recisely this

— we in fact sum over all modes downtou 2 0

— inatrue IR cutoff theory, no condribution from modes with k <

— inour case, confribution will be there, but subleading (leading
coniribution from loop cancelied by constant shift)
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zero-mode modification....

+ nothing discontinuous about having an arbitrary ambiguity in the
zero-mode. with no ambiguity in any mode with finite wavenumber
ero-mode which comes
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ecisely this
— we in fact sum over all modes downto i = 0
true IR cutoff theory, no contribution from modes with k < kg
— in our case, confribution will be there, but subleading (leading
contribution from loop cancelled by constant shift)
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zero-mode modification....

nothing discontinuous about having an arbitrary ambiguity in the
zero-mode, with no ambiguity in any mode with finite wavenumber
only thing we can observe is a “practical” zero-mode which comes
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our propagator modification is lixe establishing a cutoff (k). butis
not precisely this
— we in fact sum over all modes downto iz 2 0
— in atrue IR cutoff theory, no coniribution from modes with k < kg
— in our case, confribution will be there, but subleading (leading
contribution from loop cancelied by constant shiff)
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zero-mode modification....

nothing discontinuous about having an arbitrary ambiguity in the
zero-mode, with no ambiguity in any mode with finite wavenumber

only thing we can observe is a “practical” zero-mode which comes
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ot precisely this
— we In fact sum over all modes downto iz 2 0
— in atrue IR cutoff theory, no contribution from modes with k < k,
— inour case, confribution will be there, but subleading (leading
contribution from loop cancelled by constant shift)
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zero-mode modification....

.i'

- nothing discontinuous about having an arbitrary ambiguity in the
zero-mode, with no ambiguity in any mode with finite wavenumber

« only tﬁmg e can observe is a “practical” zero-mode which comes
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