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Abstract: When additional degrees of freedom are considered during inflation, a crucial aspect of early universe physics emerges. the generation of
isocurvature quantum fluctuations. In this talk, we will present generation and detection forecast for axionic blue-tilted isocurvature power spectra.
The large blue-tilt readily evades current CMB bounds. Following a brief review, we will discuss a SUSY -embedded axion model which generates a
strongly blue tilted (nl~4) isocurvature spectrum during inflation when the quantum modes are starting to be underdamped ( m/H &gt; 3/2 ).
Interestingly, there exist parametric regions with strong resonant spectral behavior that lead to rich isocurvature spectral shapes and large amplitude
enhancements. These can be particularly interesting with observational consequences, in relation to the generation of PBH and GWSs. The
isocurvature spectral tilt is directly linked to the axion mass during inflation. Detecting blue-tilted isocurvatures can offer indirect evidence of a
weakly interacting dark matter-like spectator field beyond conventional thermal-relic scenarios. Lastly, we will examine and forecast constraints for
experiments such as Euclid (upcoming) and MegaMapper (proposed) using EFTofLSS based perturbative techniques. In the process we will
comment upon the consi stent renormalization requirements for mixed adiabatic and blue isocurvature primordial spectra.
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Isocurvature Perturbations [2110.02272, 2309.17010]
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Matter-Radiation isocurvature quantity
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equations

Given N dofs: we can classify them as 1 “adiabatic” and N-1 “isocurvature”,
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Currently, scale invariant isocurvature perturbations are observationally constrained
to be less than 2% on large (CMB) scales at k=0.05/Mpc. [1807.06211]
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2-sigma hint found in
1711.06736, 1707.09354 from
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data analysis.

(not statistically significant yet)
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Currently, scale invariant isocurvature perturbations are observationally constrained
to be less than 2% on large (CMB) scales at k=0.05/Mpc. [1807.06211]
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Other sources of small-scale blue-power ?

A rise in the power on small-scales is %ene(ically predicted in several
phenomenological models during early-universe:

* PBH isocurvature (induces an almost k3 spectrum on short scales)
[2012.03698]

* Phase transition isocurvature ( ~ k*3) [2311.16222]
* Post-inflationary PQ SSB ( ~ k”~3 ) [2004.02926]

* Lumpy DM ( ~ k”n ) [2306.04674]

Pirsa: 24020047 Page 12/46



Why study blue isocurvature

e Similar to non-gaussianity and primordial GWs, isocurvature can offer
valuable insights into inflation and the presence of spectator fields and
their mass scales.

* The theorem in 1509.0585 says that blue isocurvatures with nl > 2.4,

uquuer hint towards spectator fields with time-dependent mass during
inflation.

* Blue isocurvature can relax the constraint on H-f parametric region O (;{i“é )
PQUi

* The bumps and oscillations in the isocurvature spectrum can acts as
signatures complementary to ‘cosmological collider’ signals.
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Generate blue-tilted spectra via non-equilibrium radial field
S. Kasuya, M. Kawasaki [0904.3800]
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Time-dependent spectator axion mass

Blue fluctuations
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Resonant behavior
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Generate blue-tilted spectra via non-equilibrium radial field
S. Kasuya, M. Kawasaki [0904.3800]

d = Re'E
Field can slosh

around here \/@ N k_3 5_@ N H/2x
a 2% a . RO

R O (f\fp]) — O (pr)

Dynamical non-equilb mass

{_L_\

Massless axion 1501.05618 ( DR) =

[Ja =0 D_f

irsa: 24020047 Page 19/46



Field can slosh
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Key physics: Scattering of tachyonic quantum modes as they exit the well

m: Vo =c+
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The tachyonic mass results in mode amplification and quantum modes grow
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Axionic large blue isocurvature spectra for underdamped scenario

1. Large amplification ~O(10-1000) due to the tachyonic dip,
2. and multiple bumps due to quantum scattering of vacuum modes
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SUSY axion model

S. Kasuya, M. Kawasaki [0904.3800]

Renormalizable . .
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Large kinetic energy results in chaos...
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[ in preparation |
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[ in preparation |
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Blue isocurvature may be discoverable in the future

[How much sensitivity is there for discovery in future data?]

We will try to answer this in the context of couple of experiments
like Euclid and MegaMapper

We will use Fisher forecasting technique and employ EFTofLSS as the
underlying theory

Main advantages of using EFTofLSS:
1) Systematics are well understood
2) Easy to adapt toisocurvature
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Non-linear matter power spectrum at z = 2.0
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Standard Perturbation Theory (SPT)

- SPT treats matter as a pressureless and collisionless cold Newtonian fluid.

d+V- [(1+46)v] =0, Continuity Equation

v+ (v-V)v=—Hv— Vo, EulerEquation

Vip = 4nGa®pd, Poisson Equation

. . 07 \ (o , . =N
5(k,7) = D(7)6W (k) + D?(7)0®) (k) + D3(1)6®) (k) + ...

0(k,7) = —H(7) f(7) [D(1)0D) (k) + D2(7)0D (k) + D3(7)03) (k) + ... ]
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1-loop overpredicts
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How to obtain an EFT of matter fluid ?

O)(F,t) = [0], (F.t) = /(/3.1"H:\(.?—.?')O(.F’) |

(Sj_;-\ + V- l(l + (S_,\V,\J = 0
\'/'A | (V,-\ : v)V\ - - HV‘;\_- V(j)_,-\ : T;

effective stress-tensor
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How to obtain an EFT of matter fluid ?
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5(k,7) = 8 (k, 1) + 8B (K, T) + 6 (K, T)

PNL(k‘,Z) = Pu(k‘, z,A) + ng(k,z, A) + 2P13(k,z, A)

*assuming Gaussian fields
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5(k,7) = 6V (k,T) + 6@ (k,7) + 6@ (k,7) — K22(1)6W (k, 7) +. ..

I

The new term induced from small-scale physics

PNL(k',Z) — Pu(k, 2, A) T+ ng(k, Z, A) + QPI;J,U’J, Z, A) - ch(z, A)kzpll(k, 2, A)

1 -loop coJmterterm
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1-loop overpredicts
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5(k,7) = 6V (k,T) + 6@ (k,7) + 6@ (k,7) — K22(1)6W (k, 7) +. ..

I

The new term induced from small-scale physics

Pu(k,2) = Py (k, 2, A) + Pk, 2, A) + 2Pia(k, 2, A) = (2, k2 Py (k, 2, A)

| Jl
1 -loop counterterm
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Renormalization of PT

On very large scales,

| 61 [A .
lim Pig(k) ~ —k?Pra (k) (63()7‘_2 / dqpu(q)) —- 00—

The cutoff dependence is absorbed by the counterterm!

P joop(k:2) = Pra (k. ) + Pra(k, 2) +|(Pua(k, 2, A) = 264 (2)k*Pyy (k, 2)) — 2, (2)k* Pry (k. 2)

A
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Forecast

The Euclid satellite (launched on 1 July 2023) will measure star-forming luminous galaxies containing
Ha emitters using a near-infrared telescope [1910.09273], reaching out to a redshift of z ~ 2

MegaMapper (MM) [ground-based, 20307] will survey galaxies at high-redshift 2<z<5 primarily
looking for Lyman Break Galaxies (LBGs) [1907.11171].

A=

(2, = 0.0486,

2. = 0.2589,

n. = 0.9667. {nuisance} = {by, ba, bg,, br,, by2s, be, b2, }
h =0.6774

A=A fA;gq for A;gq = 2.1413 x 107°
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lc

1 sigma error forecast on the ratio of the amplitude of blue isocurvature compared to adiabatic
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Expected 95% CL upper-limits on uncorrelated cdm blue isocurvature fraction a

<

With MM there is a
strong possibility
of a 5-sigma
detection of high-
blue isocurvature

Existing bound
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* Euclid can give a factor of few improvement for the high spectral index case

* MM canimprove the o = ‘j‘ig:‘; constraint by 1 to 1.5 orders of magnitude.
('1(1 -p
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Extensions

e Improvements:
* Include redshift space distortion effects,
« Apply a realistic cutoff (break) in the power spectrum.

» Degeneracy with neutrinos. Explore neutrino mass constraint in presence of blue
isocurvature. Similar effects for ULAs and thereby one can relax current ULA-DM
constraints.

» Redshift variation of counter-term can give non-trivial information about the small-scale
pOWer.

* A significant small-scale power can also emerge from other sources such as lumpy DM,
PBH, certain inflationary models etc. It will be interesting to assess possible degeneracy
breaking signatures such as associated NG (magnitude and shape profile) to help
differentiate these signals.
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