Borm to Run;
VWhat will we have learnt apout inflation
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What It we don't 1nd
avidence 1or PNG?

® Single-field slow-roll inflation still easiest model to fit data

® Expansion of potential in terms of the slow-roll parameters

m>2 V! 2 m>2 %
9) = 16 (v) e s 2

® Inflation predicts a power spectrum of adiabatic, Gaussian-distributed

N 0), nearly-scale invariant density perturbations
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Primordial Gravitational
VVaves

® Gravitational waves are fluctuations of spacetime
generated by accelerating masses (quadrupole
moment)

® Small-scale GWs (100 km wavelength) have been
detected from massive star relic binary inspired
(e.g. Black hole-black hole binary systems)

® The accelerated expansion of the universe during
also generates a spectrum of primordial
gravitational waves (or tensor perturbations,
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Inflation lasts too Iong

® \Vith only two slow-roll parameters, we can
uniquely predict the duration of inflation (),
as well as the values of the tensor to scalar
ratio () and the spectral index (ns):
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dn
= €N
dN 0.950 0.955 0.960 0.965 0.970 0.975 0.980

Ns

® [he latest bounds on r and ns can be used
to make a posterior probability distribution on
N

® \\e find that, for the most recent Planck +
BICEP/Keck compilation all simple inflationary
models (two parameter, slow-roll) predict that
inflation lasts for too long, N>70 at 95% cl




—xpanding slow-rol

® \\Vhat are possible explanations for this problem?
1. Inflation ends abruptly much later, and the two parameter expansion does
not describe the end of inflation (chasm-opening vs ski-slope)
2. The universe after inflation ends is not relativistic, and there is some other
unknown period before the hot big bang and BBN.

® This is unlikely, as it would require a stiff fluid (w=1), but would change the
required number of e-folds

The two cter model is ir nplete, and needs to be expanded
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Higher-order terms

® Add next-to-leading order term in the potential €, to control the
duration of inflation”

® [his would make the potential more complex, but allow for a
small € (which we know from the small r) and still have N~60

® But, this also changes the predictions, introducing a running ()
INto the primordial power spectrum
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Change of prediction

® \/Ve can therefore predict what the running a, will be
(108 ay Is plotted), for fixed values of ns, rand N

® /e see that, as the constraints on r get tighter in the
future, and It there is Nno detection, the predicted
(absolute) value of running will be larger
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® Constraints on the running are an order of magnitude too
weak (0.013 = 0.012 at 68% CL from FPlanck) to test this

® How do we measure the running”
® Need a longer lever-arm

® Accurate measurements of structures on both smaller
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® The Dark Energy Spectroscopic Instrument g Ry
(DES)) is a multi-object spectrograph R\ R /s
designed to measure the distance (redshift) 77y
of 5000 galaxies simultaneously, using fibre ';\ T X

optics. o7 g

® It is mounted on the 4m Mayall telescope at _ N
Kitt Peak observatory in Arizona ¥ AP oyt

® The DESI survey will cover most of the . ¥
northermn sky and part of the south, with an ALY |
estimated target of 35 million galaxies to be
surveyed %

® [he aim of the survey is to measure the Dark
| En_ergy propemes __through the baryon |
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CHIME

® CHIME is the Canadian Hydrogen
Intensity Mapping Experiment, a neutral
hydrogen-mapping radio telescope
near Penicton, British Columbia

® CHIME will map the distribution of
matter through the emission of 21cm
radiation from atomic hydrogen




SPH

® SPHEREX (Spectro-Photometer for the
History of the Universe, Epoch of
Reionization, and Ices Explorer), is a
NASA mid-size experiment, which KASI is
a partner in. Launch date is scheduled for
June 2024

® [t is near infra-red space observatory that
will perform a low-resolution
spectroscopic all-sky survey

® [he combination of all-sky and deep In
redshift limit means that it will cover the
largest volume of the surveys considered,
reducing the error on the large-scale
power spectrum through smaller sample
variance

® However, the redshift dispersion will be
large, leading to smearing in the radial
direction
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\Veasuring the running

® \\Ve predict the effectiveness of
these largs

combine
CHIME

exXperimeg CPHERES
at the 10 s
SO

® E S4 + DESI

GOl ' SO + DESI
S4 + CHIME
SPH

SO + CHIME

S4 + SPHEREX
® None of SO + SPHEREX
gUlglallgleRy s + SPHEREX + CHIME
S4+C+D+5x

but the LB + 54(t>200 960 0.965 0.970
pOW@I’fLﬂ LB+S4+C+D+5x
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Summary

® WO parameter slow-roll models make predictions of ns and r consistent with
data, but prediction of duration N inconsistent with post-inflationary physics

® Prediction of duration can be changed if the slow-roll series is expanded to
three terms

® A three-term slow-roll model predicts a smaller value for the running of the
orimordial power spectrum
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“‘We gotta get out while we're young
‘Cause [Universes] like us, baby, we were born to run”




