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Motivations

Credit: DESI DR2 Results Il Credit: Y.Minami
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A pseudo-scalar field with a potential and Chern-Simons coupling to photons can
reproduce both!
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Data

CMB: planck NPIPE (PR4) CamSpec high-Z TTTEEE + Planck 2018 low-#Z TT and
EE (9915 + 56 data-points). distance to last scattering, ISW effect

e SNe: Pantheon™ (1701 light curves from 1550 Sne lain z € [0.001,2.26]).
expansion rate at low redshift

e BAO: DESI DR2 (13 data-points in z€[0.295,2.33] from galaxies, quasars, and

the Lyman-a forest).

e CB: ACTDR6 B=0.215 % 0.074 deg.
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Methods

CLASS DDE ver.
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ACT Birefringence

Cobaya

Cosmology Parameters:
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Axion-like potential
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Linear potential
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Constraints

ACDM:

Xgosmo,A = 3861

2 2
AAIKc = Xcosmo,A — Xcosmo,DE — 2kq

30 —_—

Xz =84

do

Axion-like Linear Minus Linear | Quadratic | Ratra-Peebles
log[f/Mp] | —0.757023 | 2197034 ~2.0210:19 ~2.0610-2° ~1.9370:18
—0.8810:73 | —2.9910%1 | —2.2210% | —2.13%338 | -2.127073
log[/eV] / ~3.065031 | —3.03501 / ~2.28%009
3247018 | —3.05100% —2.2770:99
log[m/eV] | —32.5870:13 / / —33.00%5 69 /
~32.5970% ~32.957003
Phick 0.10255"3 | 0.17750573 / /
+0.061 +0.085
Dini —0.437005 | 0.3050 % —0.38%0:05 ~0.6510:00 0.3240:0%
[Mp] —0.357097 | 0.23703 -0.2873:57 | —0.567555 0.22%557
log ¢4~ 1067058 / / / /
0.8870:01
B 0.18%500 | 0157535 | 0177505 0.187999 0.1679%
[deg] 0.167055 | 0.247001 0.267003 0.2070-08 0.2379 09
Hy 67.935071 | 68.00507 | 68.17I07 | 68.14X5¢) 68.097072
[km/s/Mpc] | 67.90035 | 68.055037 | 67.607055 | 67.8670% |  67.6570%5
X2 3848.7 3848.3 3848.0 3848.3 3847.5
AR, T (69 ) 8.7 11.1 10.7 115
~N—
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Models comparison
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Models comparison

- 1.01 ——  Axion-like 41 Axion-like
9 —— Linear Linear
56 0.8 - —— Quadratic "8 Quadratic
"5 ) —— Ratra-Peebles o Ratra-Peebles
o Minus Linear < 31 Minus Linear
o, _ s
0.6 )
o i,
B = 2
= 0.4- 2
e =
0.2 91
o o,
©
EE 0.0 1 0 -

02 -0.1 00 0.1 02 03 04 05 06 0.6 0.8

B |deg]

Yunzhi Wu 13




1.00

w(z) 7

0.50

Axion-like, zg =9

Linear, Zkick — 9
Quadratic
Ratra-Peebles

Minus Linear

0.25

= 0.00

—0.25

—0.50

—0.75

—1.00, 2 1 6 8 10

Yunzhi Wu 14




1.00

w(z) 7

0.50

Axion-like, zg =9
Linear, zgu =9
Quadratic
Ratra-Peebles

Minus Linear

0.25F

= 0.00

—0.25

—0.50F
0 — (DM
—0.73] 4 Binned u(z)

|
f

Y _ DESI DR2 Results I

Yunzhi Wu 15




1.00
—  Axion-like, zp =9
0.75F = Linear, zu =9
——— Quadratic
0.50 | —— Ratra-Peebles
= Minus Linear
0.25F
= o0.00}
—-0.86 —0.25}
—0.50
-0.88 -0.75
-1 0:{0 = / ; . ]
: 2 4 6 8 10
—0.90F "””,,——"
& <
-0.92+
-0.94

—0.96 | —— Axion — like
| inear
= Quadratic
- Ratra — Peebles
—— Minus Linear

—-0.98 |

1073 1072 107! 10° 10!

V4

Yunzhi Wu 16




()

reionization
1
CMB: 3 =0.215 £ 0.074 deg — = /
-1
-2
o
3 3
Sof

° - AXion-like, Zick = 9
Too fine-tuned? —— Axionike, Zuge =4
) = Linear; Zyicx =9
- Quadratic
-6 - Ratra-Peebles
= Minus Linear
_7 1 | 1 I
0 2 4 6 8 10

Yunzhi Wu 17




B(z)
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Conclusions

e Evidence for Dynamical Dark Energy over a cosmological constant at about 3o level
(cosmology data only).

® 40 |level when cosmic birefringence is included.
e An axion-like potential is a viable model only for large values of the anomaly coefficient!
e Scenarios in which the pseudo-scalar field rolls down a potential with quadratic, linear, or

Ratra—Peebles forms can provide a good fit, with a symmetry-breaking scale close to the
GUT scale.
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Discussion

e Future experiments as

e LiteBIRD (CMB)

o SKA (radio)

can rule out/constrain these models through birefringence tomography
e Gravitational effects in non-linear scale (galaxy clusters, or even smaller)?
e w(z)<-1 (phantom crossing)
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