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H, and Sg tensions in ACDM
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Planck 2018 (1807.06209)

Hy, = 67.36 + 0.54 (ACDM)
Hy, =73.2+ 1.3 (SHOES)
— 4.10 discrepancy

Sg = 0.832 + 0.013 (ACDM)
Sg = 0.7661 90492 (KiDs-1000)
— 2.80 discrepancy



ACDM + m, mode|
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Planck 2015 (1406.7482)

When m, Increases
— electrons recombine faster
— earlier recombination

— reduced sound horizon

0 CS(Z)
r(z) = j b

— Increasing H,



H, and Sg In ACDM + m,
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Hart & Chluba (1912.03986)

Hy, =69.1 +1.2 (ACDM + m,)
Hy, =73.2+ 1.3 (SHOES)
— 2.20 discrepancy

Sg = 0.821 + 0.010 (ACDM + m,)
Sg = 0.76610092 (KiDs-1000)
— 2.50 discrepancy



Axi-Higgs theoretical model

* The Higgs field coupled to an ultralight axion

V =mafd (1 — COS %) + |K(¢)(mSF (¢) — kh*h)|?

* The axion evolves following misalignment mechanism:

¢ +3Hp+mz¢p =0



Axi-Higgs effective model

* The Higgs VEV Is driven by the axion

Cp*
v =v9(1+06v) =246 GeV| 1 A 5
2Mp,

» Axion density Is given by
dv « p, ~ const at early times z > z,
ov X p, x (1 + z)3 at late times z < z,

with z, depending on m,



Higgs-VEV evolution
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AXi-Higgs is approximately equivalent to ACDM + m, + w,



Axion perturbative cosmology

Axion has finite Jeans scale R —
— Suppress small-scale structures = ol
10t}
. . @
— Reduce ag by definition =
L
o) = e ACDM (€,/Q, — 0)
O'g — j p(k) Wz(kR8)dk e Qu/Q = 0.01, my = 1072 eV
0 ol — 2,/ = 0.05, m, = 10727 eV

103} Qu/Q = 0.1, my = 10 eV

— Reduce Sg as a consequence | " 0/ = 0.5 my = 102 &V

0,/ =1, my =102 eV

Sg = 05 (0 /0.3)05 0 0
8 08( m/ ) k:[h Mpc_l]

HGMF (1410.2896)



H, and Sg In axi-Higgs

BEm ACDM NN ACDMim, B adHiges H, = 69.9 + 1.8 (axi-Higgs)
0.86- H, = 73.2 + 1.3 (SHOES)
0.83- SHOES — 1.50 discrepancy
A
el e Ss = 0.8031 + 0.0098 (axi-Higgs)
0.77 KiDs-1000 Sg = 0.76610-0%% (KiDs-1000)
0.74 - — 1.70 discrepancy
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Summary and Discussion

* Axi-Higgs can alleviate H, and Sg

tensions simultaneously

-\

* Axi-Higgs also alleviates the well-

known Lithium puzzle in BBN

« Axi-Higgs could be tested by

guasar absorption lines
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