Axions on a Hyperbolic Ride

Geometric suppression of CMB isocurvature
and a blue-tilted spectrum
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| QCD The axion isocurvature problem

Revisiting Isocurvature Bounds on the Minimal QCD

Axion
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Usual escape routes

Heavy axion Large f. (non-dynamical)

myg = Hiy damps fluctuations. of, oc Hii) 1.

Requires extreme radial displacement. Limited due to post-

But often requires explicit PQ breaking or axion-quality tuning. ; )
inflationary resonances.

Large f, (dynamical rolling)
00, Hinf/f* (t)

Generates a blue-tilted isocurvature spectrum. Unfeasible for quartic PQ-potential.
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Core setup: non-flat PQ field-space

Write the complex PQ field in radial/angular variables:

S = /d“‘xv’ﬁ [%(a}z)2 — %f‘—’(}?)(am'—’ — V(R)]

et s

2,

do’ = dR’ + f*(R)d#*

Flat geometry:

f(R) =R
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| Hyperbolic metric = exponential lever arm

»%%EW& f(R) = Lsinh (f) ~ E(zjf"’L (R> L)

<UL :

St

s

_————sS L is the curvature of the field-space geometry.
091’1_\’1) ]-/fhyp (R) R ,
00141 1/R Lsinh(R/L)

A modest radial displacement in curvature units, R/ L, gives exponential isocurvature suppression.

Hyperbolic metrics are quite common in literature:
alpha-attractor models of inflation, SUGRA, Poincare disk, SU(1,1)/U(1)
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Geometry also gives scale dependence

The canonical angular mode feels a time-dependent effective mass as R(t) slowly rolls.
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Different k-modes can freeze out with different suppression.

f'TR comparatively very large for HYPERBOLIC.
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Observability: not too little, not too much

2 Hin' ’ Hin' * on /
A(-) a <—'f—> ~ ( ) ) e 2R/ L
f(R) i3

» Large R/L: exponential suppression kills isocurvature signal completely

> Small R/ L: spectrum approaches ordinary scale-invariant isocurvature

> Intermediate regime R/L ~ (O(10): CMB-safe on large-scale but becomes observable on
small-scales

Hyperbolic geometry opens a detectable window rather than simply
eliminating isocurvature.
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Axion Isocurvature Spectrum

"Observable’ blue-tilted spectrum with a characteristic running

-1
kphys (Mpc)
10! 109 10!

A fo/Hing Ri/Hing Ning  L/Hins

Bl 2x107" 10 1.5x10®° 55 1.1x 102

B2 4x107% 10! 35x10®2 55 21x10!
1.5 5

5
5

B3 2x107° 10° 5x10* 55  1.1x10°

TABLE I. Benchmark parameter choices.

Adiabatic spectrum

107 10?
k/(a; Hinr)
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Parameter -SPpdCeE INEeSSage

Standard lore:
H,.¢ ~ 10'° GeV, 21D — 10 GeV

is very hard for pre-inflationary QCD axion dark matter.

Hyperbolic field-space can make this region viable by suppressing CMB isocurvature geometrically.
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Phenomenological template

A useful data-facing form is:
I ny(k, .]—1*%0,/ In(k/k,)+- -
Ps(k) = Ps(ks) (A—)

ny, ay <= geometricleverarm {¢ = R/L

3/2

‘ N : 2 [ z(k ,.‘ ) k —3/
ni(k) =4—24/9/4—z(k), (k) = (ki) [1 §( 1<C ‘) ) In (A_ﬂ
. G % ‘ %

The scale dependence becomes a probe of PQ target-space curvature &,.
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| Distinct signature

Flat-metric prediction Hyperbolic-metric prediction

2 /9

\ =1 ~3/2
2 [k 2 k |
mj,  In T ms. o In o

All monomial potentials always give a -1 exponent The extra -1/2 is a geometric fingerprint
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| Take-home message

do?® = dR* + L?sinh?*(R/L)d6’
Hyperbolic PQ geometry suppresses isocurvature during inflation.
f.R f.RR -,

=ilep ———h°
I I

sources a time-dependent mass for without explicit PQ-breaking

me.. —
M o

Generates a blue-tilted, observable small-scale spectrum.

Running of the spectrum directly probes the hyperbolic parameter R/L.
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Beyond isocurvature...

> Tachyonic production of axion dark matter (releasing next week)
> A new axionic early-dark-energy model.

» Kination models.

> Hyerbolic Baryogenesis.
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