Quantum Gravity
Observables and CMB/LSS
Observations

Based on works (2008-present) with
Westphal, McAllister; Flauger;

Senatore, Zaldarriaga;

Dong, Horn; Dodelson, Torroba,Wrase...

as well as related works by Kaloper, Sorbo,
Lawrence, Pajer, Easther, Peiris, Xu, Roberts,
Dubovsky, D'Amico, Gobbetti, Kleban, Schillo,
Gur-Ari; Palti, Weigand, Wenren,Berg, Sjors,
and MANY others

and the earlier N-flation scenario by
Dimopoulos, Kachru, McGreevy, Wacker;...

cf recent reviews -- Burgess Planck Paris mting
talk, Baumann/McAllister book, ES Les
Houches '13, Comptes Rendus 15, TASI '15,...




Outline

*Brief review of UV sensitivity of (large-field)
inflation observables, other IR connections
*Brief update on data (recent releases,
current upgrades and near future forecasts)
--BKP effectively discovered a new
parameter! good for UV

*Improving theory constraints

--Systematics of axion monodromy

--'Weak gravity conjecture' as a constraint
on multifield Natural Inflation?

*Other phenomenological opportunities (or,
numerology w/Planck data)
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*Inflation not the thing at stake. Strong
connection to QG is (among other implications)
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BICEP/ Kecle - Planck

Multi-component Likelihood Analysis
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r A, @ I=B0 & 353 GHz (K3 r
r constraint consistent with _ _
zero (For BKHP Ly/Logy is Dust is detected with 5.1 0 As expected, dust and r
significance are anticorrelated

0.4, which happens 8% of
the time in a dust only
model.)

+ 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)

A. G. Vieregg for the BICEP2/Keck Array/BICEP3 Collaborations 22

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



Variations on fiducial analysis

= Fiducial analysis ' > We consider a range of variations

— Y1xY2 T -
no 217GHz on the fiducial analysis

Only BKxBK&BKxP353 |

9 bandpowers > Most make little difference - see
| — — - Inc. EE (EE/BB=2) 1 paper for details
\ relax 4 Prior

Gauss det > Excluding 353x353 makes little
difference - this spectrum has
little statistical weight

> The data “wants” a steeper dust
SED - relaxing the B, prior it pulls
to the top end of the range and
hence more of the 150x150

0 005 041 045 02 025 03 signal is interpreted as r.
r However B, appears to be pretty

well known so this should not be
over interpreted.

BICEP/Keck/Planck Joint analysis; slide from G.
Efstathiou, March 2015 Eurostrings.



+ Two Keck Array receivers switched to 220 GHz
* First light February 2015

A. G. Vieregg for the BICEP2/Keck Array/BICEP3 Collaborations 28

BICEP3 December 2014
| |

Rl

BICEPS ~=p4"x 95 GHz Keek
Receivers in one enormous cryostat

-




Near Future Projections (+K95 2014)

Data Included:

A, @ |=80 & 353 GHz [uK’]

157-/ K783 col

> BKP+K95, r=0.05 — BK150
= BKP+K95, =0 — Planck, 30 - 353 GHz

shift.

0.15 0.2 0.25 0.3

— Keck (2014), 95 GHz — data in the can!

Contours are projected likelihood contours centered
on different expectation values:

r=0.05, Ay = 3.3 pK?.s (BKP ML point)

r=0, Ay=3.8puK% s

Of course we can't predict how the actual data will

Both cases here assume synchrotron contribution,
Bs=-3.3 and A,,. = 3e-4 uK?qyp (current BKP 95%

upper limit).

r < 0.060 (95%)

[0.062 if B.=-3.0]

Foregrounds only PTE = 4.0% [4.3% if B,=-3.0]

A, @ |=80 & 353 GHz [uK?]

&> BKP+K95+K220+B3, r=0.05
&> BKP+K95+K220+B3, r=0

041 0.15 0.2 0.25

Data Included:

— BK150

— Planck, 30 - 353 GHz

— Keck (2014 + 2015), 95 GHz — this year’s data!
— Keck (2015), 220 GHz — this year’s data!

— BICEP3 (2015), 95 GHz — this year’s data!

Contours are projected likelihood contours centered
on different expectation values:

r=0.05, A; = 3.3 pK?; g (BKP ML point)
Aqg = 3.8 pKZcyg

Of course we can’t predict how the actual data will

Both cases here assume synchrotron contribution,
Bs=-3.3 and A, = 3e-4 uKZ;g (current BKP 95%
upper limit).

r<0.041 (95%)  [0.043 if B.=-3.0]

Foregrounds only PTE = 0.6% [0.9% if B.=-3.0]

A. G. Vieregg for the BICEP2/Keck Array/BICEP3 Collaborations
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Fig. 54. Marginalized joint 68 % and 95% CL regions for n, and rggp 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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Variety of inflationary
mechanisms in string theory
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Parameterized | String Theory
ignorance of axions (and
quantum grav. |duals)
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Planck TT4lowP

Planck TT-+lowP+BKP
Planck TT+lowP4+BKP+BAO
Natural inflation
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Fig. 54. Marginalized joint 68 % and 95 % CL regions for ng and rggp; 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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A Bound on Inflationary Potentials from Twisted Tors
Gur» Ar,

September 26, 2014
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Searches for features:

Feature in the potential:

2 _
V(g) = mTqbz [1 + ctanh (¢ d‘”)}
Non vacuum initial conditions/instanton effects
in axion monodromy
¢

V(¢) = pp+ Alcos (?)

P»}gg(k) = P%(k) [1 + -A-log cos (wlog In (:) + qolog)] :

10° Pp (k)

A | |
k o.ooty 0.001 001 01 Linear oscillations as from Boundary EFT

=1 Tlin
k [Mpc'] Pi) = PR [14 i (1) eon (s + )|

Just enough e-folds, i.e. inflation preceded by a
kinetic stage
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Fig. 19, Generalized resonance models analysed at £, = 2000 (E-modes £, = 1500) for the different Planck foreground separation methods,
SMICA (blue), SEVEM (red), NILC (green), Commander (yellow), together with the SSN average (black). The upper panels apply to the constant
resonance model (Eq. 10), with T-only (left) and T+E (right), the middle panels give results for the equilateral resonance model (Eq. 13), and
the lower panels for the flattened resonance model (Eq. 14). Both the equilateral and flattened resonance models produce broad peaks which are
reinforced with polarization (middle and bottom right panels).
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