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Is there new trans-Plankian physics imprinted on the
Cosmic Microwave Background?




New physics always
shows up as small
deviations
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Some possible explanations for
dip at £ =20

Cosmic Variance: Planck XX arXiv:1502.02114 i
Modified inflation effective potential
— Harza, et al. arXiv:1405.2012,
— Kitazawa and Sagnotti 1411.6396v2,
— Yang and Ma arXiv:1501.00282

Planck-mass particles coupled to inflation

— GJIJM, M. R. Gangopadhyay, K. Ichiki, and T. Kajino, Phys.
Rev. D92, 123519 (2015). arXiv: 1504.06913
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How does this work?

e The total Lagrangian density is given as :

Low = 000"~ V(©)

+ W@, — mpy + NAdyyp

e Then the fermion has the effective mass :

M($) = m — NAG

e This vanishes for a critical value of the inflaton field,
O = m/NA
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How does this affect inflation?

e Causes a jump 1n the evolution of the scalar
field



Alters the primordial power spectrum

Causes Dip

10






MCMC fit
to C
Power

Spectrum

((+1)Cyl 27 (TT)

-

0 A T~
0.0000 0.0008 0.0016 0.0024 0.0032

ks

PLANCK  #-eeeeeeeet
best fit

¢ | power law

15 20 25 30 35 40 45 50
14

20

12



Amplitude, , relates to the inflaton
coupling and number of
degenerate Fermions

COBE Normalization






Suppose this particle 1s a
Superstring: How could you know?

* There should be similar resonant couplings
corresponding to different excitations of the
same string.

* Could this be the ¢ =2 suppression or more?
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MCMC fit to multiple dips 1n the CMB power spectrum

16



Do these states look like Excitation
modes of a superstring?

1. Momentum states in the compact dimension
2. Oscillations

3. Winding around the compact dimensions
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Special Cases:

only oscillations

Only momentum
or winding states
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Physical properties of the
Superstring

Coupling Constant 1s
Small because N 1s large

Very large
Very uncertain
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Conclusions

Marginal evidence of sequential dips in the CMB
power spectrum

These could be caused by resonant coupling to
successive excitations of a superstring during
inflation.

The regular spacing and constant amplitude of the
dips 1s consistent with mass eigenstates corresponding
to successive oscillations or momentum states of a
single closed superstring.

Uncertainties are too large to make definitive
conclusion
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