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H, and Sg tensions
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General strategy:

* Increase H, by reducing r, (or ry)

* Decrease Sg by suppressing
structure formation



Some existing frameworks

ACDM + m,: An increase of m, Axion cosmology: Axion is part of DM
— electrons recombine faster — Axion has finite Jeans scale
— reduce sound horizon r, (orry) — Small-scale structure Is suppressed
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Axi-Higgs mode|

* The Higgs VEV is driven by the axion

(1 + 6v) = 246 GeV| 1 Ca”
= V) = e I
o 2M,

 Axion field evolves following misalignment mechanism:
i+3Ha+m2a=0

with axion abundance given by
pg  ai; at early times

p, X wy(1 + 2)3 at late times



Higgs-VEV evolution
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Axi-Higgs introduces two additional parameters: év;,; and w,



Axi-Higgs modifies ACDM

Recombination redshift: Recombination sound horizon:
SV = O0m, =~ 02z, _ (@ cs(2)
Vini = Offte = 02 L= o aesz Ho) 42

Hubble function:
H?(z) x w, (1 + 2)*+ (wp + w)(1 +23) + wp + p,(2)

AXxion perturbations: Matter clustering:
8q + 2Hb, + (k%cl o /a® — 4nGpy)8, = 0 og X [ (8. + 64)

How can we estimate these changes quantitatively?



L eading-order perturbative approach

dlnY
dlnX

We are interested in: 8, = r,/D, and Sg = g5((Q,,,/0.3)%>

0X

Expanding cosmological observables: §Y = )

56, = —0.065wy, + 0.128w, + 0.195H, — 0.688v;,,; + 2.7 w,

CMB data requires 6, fixed - 66, =0
— 6v > 0 Implies 6H, > 0 — Hubble tension alleviated!

§Sg = —0.108w;, + 1.056w, — 0.778Hy + 0.058v;,; — 15.3w,

Axion has finite relic abundance - w, > 0
- §Sg < 0 - Sg tension alleviated!



AXxi-Higgs constraints
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Discussion

* The shifting of the Higgs VEV has significant impact on BBN,
helps alleviate the well-known Lithium puzzle.

» Axi-Higgs could be tested by quasar spectral lines or atomic-
clock precision measurements.

THANK YOU FOR LISTENING!



Backup

LPA equations for CMB observables:
500, = —0.066wy + 0.1286w,. + 0.196Hy, — 0.686v + 2.7w,

§leq = 0.098wy, + 0.518w, — 0.196Hy + 0.026v — 2.7,
5lp = 0.256w;, — 0.108w, — 0.196H, + 0.456v — 2.7 w,



LPA tests with ACDM and ACDM + m,:
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