Comments/questions on String
Phenomenology opportunities
in CMB and GW

Based on works with Dodelson, Dong, Green,
Flauger, Horn, Kofman, Linde, Maloney,
McAllister, Mirbabayi, (Peiris/Planck), Senatore,
Torroba, Westphal, Wrase, Zaldarriaga, ...
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Variety of inflationary
mechanisms in string theory
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£ > 30 we show the maximum likelihood frequency averaged
kelihood with foreground and other nuisance parameters deter-
the multipole range 2 < £ < 29, we plot the power spectrum
puted over 94% of the sky. The best-fit base ACDM theoretical
ipper panel. Residuals with respect to this model are shown in
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Multi-component Likelihood Analysis
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zero (For BK+P Ly/L gy is Dust is detected with 5.1 ¢ As expected, dust and r

0.4, which happens 8% of significance are anticorrelated
the time in a dust onl
model.) Y Blcev/ KCGI¢ ~ p‘d Vl(,k

+ Use single and cross-frequency spectra between BK 150 GHz and Planck
217 & 353 GHz channels
* Try including:
» Gravitational wave signal with amplitude r
 Dust signal with amplitude A, (specified at # =80 and 353 GHz)

Major advance-experimentally: direct
bound competitive with indirect (TT)
bound. Planck-BICEP/Keck reduced
viable n_s-r region by 29 percent.
Primed for key range of r down to
Planck field range.



Tensor-to-scalar ratio (rp.aoz2)
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Fig. 54. Marginalized joint 68 % and 95% CL regions for n, and rygp2 from Planck alone and in combination with its cross-

correlation with BICEP2/Keck Array and/or BAO data compared with the theoretical predictions of selected inflationary models.
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Tensor-to-scalar ratio (rn.o02)

Fig, 54. Marginalized joint 68 % and 95 % CL regions for ng and rggg2 from Planck alone and in combination with its cross-
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correlation with BICEP2/Keck Array and/or BAO data compared with the theoretical predictions of selected inflationary models.
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Parameterized | String Theory
ignorance of axions (and
quantum grav. |duals)
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Feature in the potential:

Searches for features:

V(o) =2 [1-+otanh (2550)]

Non vacuum initial conditions/instanton effects
in axion monodromy

V(e) = s+ Atoos (2)
/ legg(k;) = P (k) I:l + Ajog COS (Wlog In (:) — galog)] ;
A | |
0.0001 0.001 0.01 0.1 Linear oscillations as from Boundary EFT
k [Mpc']

. k Tlin k
'P'}in(k) = P’inz(k) [1 + Alin (k) cos (wiink + (P[in)]

Just enough e-folds, i.e. inflation preceded by a
kinetic stage
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Some phenomenology to do?

multipeak equilateral signal rose from 1.9¢ (T-only) to 3.1c V\ow
(T+E) after adjusting for the ‘look elsewhere’ effect, while the

flattened signal went from 2.4¢ (T-only) to 3.20 (T+E). These N G
interesting results, reflecting those obtained for feature models,

suggests the fit to any underlying NG signal might await alter- OQW
native, but related, oscillatory models for a more compelling ?
explanation. We note that the frequency range for this nascent

resonant bispectrum analysis 1s still very limited (relative to the

power spectrum analysis). It will remain a high priority to in-

vestigate resonance models for the final Planck data release, ex-

panding the frequency domain and improving the differentiation

between a variety non-scaling models.
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More Direct String Theory Signatures?
--cosmic strings, bubbles, etc. (H. Tye et al...)

Alternatives to inflation that are more sensitive
to strong curvature (singular) regimes?

--but black hole thermodynamics precludes
some exotic sources for bounces

--Breakdown of EFT at horizons (ongoing work
w/M. Dodelson): beyond-GR physics...

In the presence of horizons, the breakdown of
effective field theory is not well estimated by

alpha' R << 1:

This may lead to new effects relevant for thought
experiments and conceivably real ones.
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*Cosmo horizons: safe in early U given
Bunch-Davies, safe in late U given that age
of U of order 1/H. Any residual effect, e.q.
constraings on more exotic scenarios?

*Black hole horizons:

The longitudinal-spreading induced
iInteractions as derived above are similar in
amplitude to quasinormal modes. These are
expected to be seen in GW detectors (e.g.
LIGO) in the ringdown signal from black hole
or neutron star mergers. Could there be
string theoretic physics beyond GR to be
derived? (Interestingly, not a model building
exercise -- just uses extent of fundamental
strings, although so far restricted to weak
coupling regime.)

Early days but fun questions...






