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Abstract: <span>We expound severa principlesin an attempt to clarify

the debate over infrared loop corrections to the primordial scalar and tensor
power spectra from inflation. Among other things we note that existing
proposals for nonlinear extensions of the scalar fluctuation field $\zeta$
introduce new ultraviolet divergences which no one understands how to
renormalize. Loop corrections and higher correlators of these putative
observables would also be enhanced by inverse powers of the slow roll parameter
P\epsilon$. We propose an extension which might be better behaved.</span>
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What theoretical quantities
represent A%g & A2}, ?
» At tree order: 2 - F [dz e~ (alc(t, 212, 0)|)

2Te 21,

As(k) = - li_1_11. /;l:‘.rf "‘:’F<S2

hij (. &)hi; (t, 0)|2)

» How to deal with IR divergent loops, i.e. In|LHa(1)]
Big L = big loop corrections
No physical principle fix IR cutoff

But loop corrections to <{(> & <hh> same order
as from nonlinear extensions of {C & hh

» The nonlinear proposal by Tanaka & Urakawa
get rid of IR divergence without IR cutoff

Many potential issues occur = A better fix
\\
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Single Scalar Inflation
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» Slow roll parameter: 1) = - ,0<e<1
» 15t horizon crossing: k/a(t,) = H(ty)
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Single Scalar Inflation
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Primordial Power Spectra
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Primordial Power Spectra
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Primordial Power Spectra

Tree Order
R !...". ‘ ) R L,
» D=4, AR(K) = 5 lim {47G x [uc(t, k)* + O(G) }
P ]n';{ 9 9
AZ(k) = Ffli.;}i{:s;,—.(? < 2 % |u(t, k) -+()((';-)}

» If e=const,

uc(t, k) =
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Primordial Power Spectra
Compare predictions with the data

» South Pole Telescope (95% confidence):
r=16¢<0.11 = €<0.007 = (1/¢)>145

very close to de Sitter (¢ =0)
1/¢ corrections are large (cf: iA;, ~ GH?/¢ )

» A2,~2.441x10° & r=A%, /A%, < 0.11 =
GH2 ~n/16 xr x A%r < 0.5x10°10
GH? < 1010 =

perturbative, but not negligible
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Single Scalar Inflation:
Interactions
» Madecena: Lo~
» Seery, Lidsey & Sloth: co~é¢

v Jarhus & Sloth:  c.~é¢ | co~éd
» Xue, Gao & Brandenberger:
L"Jr-’ - FU’Q , L'.\-_-;, ~ ﬂ,’*’h . L“\-‘h'-' ~ gk’fhf

» 2N or ¢2N-1 suppressed by 2N
No 1/¢'s in loops & non-Gaussianity
i.e. (GH?%/¢)3 x (e2/GH?2) = (GH?%/¢) x (GH?%)
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IR Divergence versus IR Logs

» IR co from hy(t,x) ~ constant

» IR Logs from continual horizon crossing
» IR oo pure gauge but not IR Logs

» {(t,x) not invariant = <{(> gauge dep.

» Leading In[a(t)] possibly gauge indep.
Spin 2 parts of prop. agree in all gauges
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Gauge invariance not Panacea

» Gauge dependent # unphysical
S-matrix from gauge dep. Green’s funcs.
» Gauge invariance # physical
1 is invariant, but uninformative

» Gauge invariant # gauge independent

VEV of every gauge-fixed op. = VEV of
some invariant op.

" “invariantizers’ use gauge fixing for time!
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Danger of gauge invariant
operators

» No local gauge invariants in GR

» Nonlocal field’s redefinitions can change
physics!
E.g. Dy =I[@]
Yang-Feldman: ¢ = ¢g + D[]
Free field: @o[@] = ¢ - D[ ]

» Relates any 2 theories w. same DOF’s
E.g., GR=EM!
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Invariantizing ¢-C Correlator

» Old: use G,=0 to fix t & G;=0 for x

» New: use G,=0 to fix t
But fix x' invariantly (under spatial diffeo)

3

A (k) — ;— lim /Mw—f’7""<sz\g(r._\1[_f}](1.f’))gu.ﬁ)‘s&

Gij(t,7) = e*"Tg(t, 7)
E.g., xij(~,v)geodesic from x'=0 in direction
Vl
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3
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A Better FiXx

» Still fix time with Gy=0
» Still fix space point with X'[h](V)

A% (k) — 353‘-— lim /}M'f SRVl X [a))(V))¢(t.0)])

But define X'[h](v) using 9, of scalar GF
- A[h] G[h](x;y) = &3 (X-y)

- fix Xiflh](V) > 9,G[h](x;0) ~ Vi

No extra UV oo’s because 1D = 3D

No extra 1/¢ because only h;

irsa: 12120014 Page 48/71



Danger of gauge invariant
operators

» No local gauge invariants in GR

» Nonlocal field’s redefinitions can change
physics!
E.g. Do =I[@]
Yang-Feldman: ¢ = ¢g + D[]
Free field: @o[@] = ¢ - D[ ]

» Relates any 2 theories w. same DOF’s
E.g., GR=EM!

irsa: 12120014 Page 49/71



Pirsa: 12120014 Page 50/71




Invariantizing ¢-C Correlator
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Invariantizing ¢-C Correlator
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Invariantizing ¢-C Correlator

Old: use Gy=0 to fix t & G;=0 for X

» New: use G,

But fix x' invagiantly (under spatial diffeo)

w5 ey
AB(K) — s Jim [V e E (e 1, Kol LV))¢(t.0)|)

iR .

3(t, &) = e*9g,(t, 7)

\Eﬁ.g., X'[g)(r.V)geodesic from x'=0 in direction
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Problems with Geodesics

» Renormalization
More UV divergences (1/(D-4) = 1/(D-4)?)

B .1 - d — -
C(t.0) » /drw.ﬂ') - /u’r’g(r.r’l') < C(t. V)
{ .

JO 0
'] o~ - 'l ’ . 3 P,
One Optlon 9 /“f]TI.A\(f“fT‘ )./”(IT !A\(f‘ t.7\ )
No theory for renormalizing nonlocal composites!
No guarantee against UV-IR mixing

» NO € suppression

E.g., 1-loop <{(> from (% vertex
. 0ld: (GH2/¢)3 x (¢2/GH2) = (GH2/¢) x (GH2)
- New: (GH?%/¢)2 = (GH?%/¢) x (GHZ/¢)
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A Better FiXx

» Still fix time with G,=0
» Still fix space point with X'[h](V)

A% (k) — ;-_i lim /}M'f —EV Q¢ (t, X[a(1) (V)¢ (¢, 0)[2)

But define X'[h](v) using 9, of scalar GF
- A[h] G[h](x;y) = &3 (x-y)

- fix Xi[h](V) 3 9,G[h](x;0) ~ Vi

No extra UV oo’s because 1D = 3D

No extra 1/¢ because only h;
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Problems with Geodesics

» Renormalization
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A Better FiXx

» Still fix time with G,=0
» Still fix space point with X'[h](V)

A% (k) — 3{; lim /}li‘l'f —EV Q¢ (t, X[a(1) (V)¢ (¢, 0)[2)

But define X'[h](v) using 9, of scalar GF
- A[h] G[h](x;y) = &3 (x-y)

- fix Xi[h](V) 3 9,G[h](x;0) ~ Vi

No extra UV oo’s because 1D = 3D

No extra 1/¢ because only h;
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Invariantizing ¢-C Correlator

» Old: use G,=0 to fix t & G;=0 for x

» New: use G,=0 to fix t
But fix x' invariantly (under spatial diffeo)

3

As (})—)!—11111 /r/“-.‘_';' < ‘ (f \[q](l‘ ) f(l] >

9ii(t,7) = =g (t, T)
E.g., xij(~,v)geodesic from x'=0 in direction
Vl
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A Better FiXx

» Still fix time with G,=0
» Still fix space point with X'[h](V)

A% (k) — 3-’:: lim /}M'f “EVQl¢(t, X [a1))(V))¢(t.0)])

But define X'[h](v) using 9, of scalar GF
- A[h] G[h](x;y) = &3 (x-y)

- fix Xi[h](V) 3 9,G[h](x;0) ~ Vi

No extra UV oo’s because 1D = 3D

No extra 1/¢ because only h;
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A Spatially Invariant ¢-C

Correlator

» Original definition
Depend on gauges
Tree orders & Loops corrections depend on
infrared cutoff
» New definition
Do not depend on the spatial gauge
Do not depend on the infrared cutoff
But need to deal with some potential dangers
- Extra UV (renormalize non-local composite op.)
- Peculiar € pattern
- Field redefinition might null real effects
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Summary

IR div. differs from IR growth

The leading Log might be gauge-independent.
Not all gauge dependent quantities are unphysical
Not all gauge invariant quantities are physical
Non local observables can null real effects

» Avoid altering the pattern of € suppression

» Non-local composite op. introduces extra 1/(D-4)

The challenge in cosmology
IR finiteness
Renormalizability

A reasonable observables corresponding to what could be
measured

v

A

v

v

v

v
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