
Looking for Trans-Planckia in the 
CMB

Hael Collins (Amherst) and R.H.
Moriond Cosmology Meeting March  2006
arXiv: hep-th 0501158, 0507081, 0603xxx 



The Big Question(s)

Can Physics at scales larger than the 
inflationary scale imprint itself on the CMB?

If so, do different “UV Completions” of inflation 
exhibit different signatures?

How can we calculate these effects RELIABLY?
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What was the physical size of 
cosmolgical scales contributing to 
the CMB today before inflation?
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The Trans-Planckian “Problem”

What was the physical size of 
cosmolgical scales contributing to 
the CMB today before inflation?

This depends on the number of e-
folds of inflation. Most models give 
more than the minimum of 65 e-folds. 
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The Trans-Planckian “Problem”

What was the physical size of 
cosmolgical scales contributing to 
the CMB today before inflation?

This depends on the number of e-
folds of inflation. Most models give 
more than the minimum of 65 e-folds. 

Generically, those scales begin at 
sizes less than the Planck scale! 
Certainly, we should expect these 
scales to encompass new physics 
thresholds.

Does new physics stretch as well?
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are even washed out at small ! and only show up at the rise
of the first acoustic peak. We also notice a similar behavior

for C!
TE !see Fig. 2".

Having checked that the numerical calculations are well

under control, one can now move to parameters estimation.

The main result of this paper is that, with the oscillations

taken into account, it is possible to decrease the #2 signifi-
cantly. The best fit that has been found by COSMOMC and the

result of its Markov chains exploration of the parameter

space is summarized in Table I. It leads to #2!1415.38 for
1340 degrees of freedom, i.e. $#2!15 compared to the
WMAP one. The corresponding multipole moments C! and

C!
TE together with the WMAP data are represented in the

bottom panels of Fig. 2. The reason for such an important

improvement of the #2 is clear from these figures: the pres-

ence of the oscillations allows a better fit of the cosmic vari-

ance outliers at small scales.

In order to make this statement more quantitative, the

difference between the cumulative #2 with and without the
oscillations !in this last case this is nothing but the WMAP
cumulative #2) has been plotted in Fig. 3 as function of the
angular scale ! .
This permits a direct comparison with the Fig. 4 of Ref.

%14&. Clearly, the significant decrease of the #2 comes from
the outliers around the first acoustic peak which are well

fitted by the oscillating component of our initial power spec-

tra. Notice also that the outliers at large scales, !!50, can-
not be well fitted in this model due to the strong damping

described above %see Eq. !13"&. But, as already mentioned
several times, this is not a problem since the outliers that

FIG. 1. Difference between the trans-Planckian and the standard

inflationary multipole moments, plotted for three values of '
0
and

for an amplitude of "x"'
0
"0.3. A strong damping of the oscillations

is observed at large angular scales.

FIG. 2. Top left and right panels: the best fit obtained for trans-Planckian angular TT and TE power spectra compared to the best fit

standard inflationary power spectra. Bottom left and right panels: the same best fit trans-Planckian TT and TE power spectra but this time

compared to the binned WMAP data %1&.

J. MARTIN AND C. RINGEVAL PHYSICAL REVIEW D 69, 083515 !2004"

083515-6

From Martin and Ringeval, arXiV astro-ph/0310382
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Shenker et al: Effects can be no
larger than  
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inf

M2



How big are these effects?

Models can give Hinf

M



Can we use these effects to 
observe 

physics at scales well beyond 
the scale of inflation?

What about decoupling?



This potential infiltration
of high energy physics into low energy observables 

represents either a great opportunity or a great 
disaster! 

Need to learn how to calculate these effects reliably
DESPITE our ignorance of the UV completion 

of inflation.





Power Spectrum prospect summaryPower Spectrum prospect summary

! Today: 10-2

! Soon (WMAP/Planck) : 10-3

! Planned Galaxy Surveys (KAOS, LSST, Pan-Starr): 10-4

! Future Galaxy Surveys (21 cm survey up to z~30) : 10-5

! Theoretical Bound: 10-6

! So in principle TP effects as we “understand” them now might be probed in a

not so far future, ignoring all the galaxy evolution related complications...

! We need to know what to look for !

O. Dore, Chalonge School 2005
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An Effective Theory of Initial Conditions in 
Inflation

Q. How do we calculate the power spectrum? 

Solve massless, minimally coupled Klein-
Gordon mode equation in de Sitter space

This is the Bunch-Davies vacuum.

!
d2

d!2
+ 2H

d

d!
+ k2 ! 1

6
a2(!)R

"
Uk = 0

Then choose linear combination that matches to 
the flat space vacuum state as ! ! "#
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How do we know that the KG 
equation is the correct description 

of inflaton  physics to 
ARBITRARY 

short distances?

Suppose inflaton is a 
fermion composite with 
scale of compositeness 
M. Near M, KG approx 

breaks down.

! ! "̄"

Using the BD vacuum as 
the initial state is a RADICAL 

assumption!
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More reasonable: At energy scales higher than M, effective 
theory described by KG equation breaks down.

More general IC:

(initial state structure function)

Redshifting of scales means that effective theory 
can be valid only for times later than

with 
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What about propagators? 

Forward propagation only for
 initial state information

Structure function contains: 
 --IR aspects, which are real observable excitations
-- UV virtual effects encoding the mistake made by 
extrapolating free theory states to arbitrarily high energy. 
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+ + · · ·

bare
propagator

radiative
corrections

finite
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t = t0

tim
e

Fkc.t.

boundary
counterterm loop at 

t0

finite

Initial time hypesurface splits spacetime into 
bulk+boundary. 

Bulk divergences should be able to be 
absorbed by bulk counterterms only

Need to show that new divergences 
due to short-distance structure of initial state
are indeed localized to boundary.

Renormalization condition: 
Set time-dependent tadpole of inflaton 
flucutations to zero:

Need to use Schwinger-Keldysh formalism here.
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Boundary Renormalization

IR piece: Divergences can be 
cancelled by renormalizable 
boundary counterterms

UV piece: Need non-
renormalizable boundary 
counterterms

Example:           theory

IR: Marginal or relevant operators 

UV:  irrelevant operators 
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Effective theory of initial states allows us 
to compute TP corrections in a robust 
fashion.

We can now use this to compute 
corrections to the power spectrum,

and to look at the issues of backreaction

Easther, Kinney & Peiris;  Greene, Schalm, Shiu, & van der Schaar; 
Collins & Holman (in progress)

Nitti, Porrati & Rombouts v. Greene, Schalm, Shiu, & van der Schaar; 
Collins & Holman (in progress)



Conclusions

Effective theory of initial states allows us 
to compute TP corrections in a robust 
fashion.

We can now use this to compute 
corrections to the power spectrum,

and to look at the issues of backreaction

� 

Pinfl(k) =
H 2

4π 2 1+ O H M( )[ ]

10–2 observable now,
10–6 observable eventually

Easther, Kinney & Peiris;  Greene, Schalm, Shiu, & van der Schaar; 
Collins & Holman (in progress)

Nitti, Porrati & Rombouts v. Greene, Schalm, Shiu, & van der Schaar; 
Collins & Holman (in progress)


