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/] Cosmlc Birefringence (F&H#&/E1) Komatsu (2022)

® New S|gnal from CMB M1nam1&Komatsu (2020) . | o C}arroll et al. (1990)
| s - . Harari & Sikivie (1992)-
Ongm Axion Like Particle (ALP)? PO Y DYiE? @9 .. Fujita et al. (2022)

® ALP can behave as Dark Matter or Dark Energy. %E%ﬁl@’fﬁ IRILE—DEY & s
® Observational challenges CMBTDE ,,\JJ:GHE,.“ o \
> Systematics fefm; %=  » When d|d it happen ? WOFEERBFMMRI oD ?

) ‘Independent test using radio galaxies Eéijﬁﬁiﬂli&%ﬁﬁlﬁ%& FN(2025)

® Radio galaX|es can be probes to cosmic blrefrmgenee e.g. Carroll et al. (1990) -

® Not only independent but complementarlly test JRITIRTE l?f?‘a(l‘ ?’TEI’\J

» \We can distinguish dark matter btw dark energy. %Eafl%ib\ E‘EBI*H/:\'— b\fcf#U/%‘lJ_.l

Now we are ready with great catalogues of polarized radio galaxies.
ostert, C (2024) O’Sullivan et al. (2023) RABRIRTNY O 3R |
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Independent test of cosmic birefringence

Independent test FEREITDIR I IRELE

» If ALP really exists as the origin of cosmic birefringence...

not only CMB photons but also any photons can be rotated.

RIAICTIF > DFEERBIRZSISEILTINVDES, CMBEIFTa<doSEDRIEE D EIERT S,

» However, we have to know the intrinsic angle of the sources’ polarization, with enough accuracy.
LU, ZDEERZAD/ZDICIEIIBDITDRABZEZMAILENLE, LHH0.3EDIRBICESFHFET,

» Also, the sources should come from cosmological distance.

JCRDFHRAVIERECHDLOME

Is there any astrophysical sources available as “Standard Cross” ?

[REREIELTHIARTREIR R E IS D07
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Radio Galaxy

A Multi-Wavelength View of Radio Galaxy Hercules A
Credit: NASA, ESA, S. Baum and C. O'Dea (RIT), R. Perley and
W. Cotton (NRAO/AUI/NSF), and the Hubble Heritage Team

(STScI/AURA) https://www.flickr.com/photos/gsfc/8230235118/
in/photostream/ CC BY 2.0 Generic https://

creativecommons.org/licenses/by/2.0/



https://www.flickr.com/photos/gsfc/8230235118/in/photostream/
https://www.flickr.com/photos/gsfc/8230235118/in/photostream/
https://creativecommons.org/licenses/by/2.0/
https://creativecommons.org/licenses/by/2.0/
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Radio galaxy as “standard cross”

Position Angle

/ s
» electron

syncrotron radiation

» Radio Galaxy * * * Active Galactic Nuclei (AGN) with strong radio emission

R ER)0] structure ( core, jet, robe ) BLERH ZF 5 AGN
> Synchrotron radiation VT ~SBEBIEOR D E DI I EBFHEE
Electrons moves around the magnetic field along jets. —»Y1vhEEBICERRLELEZY YO0 O YRS

— emits synchrotron radiation in a direction perpendicular to jets. —x-y¥ (K& 90° EPDICHHT B(ET
— v - y should be distributed around 90°
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Radio galaxy as “standard cross”

A >» If ALP exists...

Polarization angle can be rotated
Position Angle

) / W electron

syncrotron radiation

» Radio Galaxy * * * Active Galactic Nuclei (AGN) with strong radio emission

R ER)0] structure ( core, jet, robe ) BLERH ZF 5 AGN
> Synchrotron radiation VT ~SBEBIEOR D E DI I EBFHEE
Electrons moves around the magnetic field along jets. —»Y1vhEEBICERRLELEZY YO0 O YRS

— emits synchrotron radiation in a direction perpendicular to jets. —x-y¥ (K& 90° EPDICHHT B(ET
— v - y should be distributed around 90°
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Independent test of cosmic birefringence
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Independent test of cosmic birefringence Po = P(zcmp) ~ 0.3 deg
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Independent test of cosmic birefringence

Under the slow-roll, B(z) shows a unique profile, independent from ALP models.
A0—0—-ILEHFTTE. B(z) [F—RICED. ALPOETILWINS X—5 [CHFIEKTFS

‘Dark Energy Profile’

BEETXR)F—707714)

dz

Poe@ _ 4 45 r
Po

See E Naokawa (2025) 2504.06709 for the proof.

For dark matter cases, B(z) in low-z is negligible.
(X0,

ERMEDERS. ERSREETE

:BDM(Z) — ﬁnull(z) =

O

B (33

o (1 +2*(1 —Qp0) + (1 +2)Q2)0

p(2)

b UTCEIEITIC X S [EERE
Normalized Birefringence angle p,
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Independent test of cosmic birefringence

Under the slow-roll, B(z) shows a un

20—0—JLEAETTE. B(2) [3—5] What should be tested is these redshift profiles.

XIRIAINRE(FZDFRARBETOT 71 )b,
L

‘Dark Energy Profile’

FEITR)ILF— J0O774)1 g‘ 1.0 — les

0.8 —— 1e-33

PpE(2) 177 r dz

Po o (1 +2)H1 = Q)0 + (1 +2)Q2) 0.6

See E Naokawa (2025) 2504.06709 for the proof. 0.4-

reionization

For dark matter cases, (z) in low-z is negligible. 0.2

BERMBEDIZE. BARARE TREEEFEE0,
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Independent test of cosmic birefringence B O smiz sy

0.6 B..(2) Assuming f, = 0.34 deg
e DE
s B 11(2) To distinguish
0.5 = = Bconst(2) Dark energy profile vs null profile,
with 56
0.4 ~ half million samples are required.
N 0.3 .
Da k energy prOﬁ‘e 20070771 )7%Z 50EET
0.2 EBU?%‘Q(;

H+h~BhEEQCT Y TILHE

0.1

V) L ,

S Dark matter cases

0
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redshift

E Naokawa (2025) 2504.06709
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Independent test of cosmic birefringence
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2020s is a breakthrough decade ? 2020FA(CAD., RIS T v bDY Y T)LHEIE

® Kuzmic et al. (2018)

Made a complete catalog. 349 samples. $
o
® Dabhade et al. (2020) =
qu)
225 new samples from LOFAR LoTSS DRI. P
Y
@
® Dabhade et al. (2020) C
O
162 new samples from VLA SAGAN. LE)
® Koziel-Wierzbowska et al. (2020) E’
55 new samples from VLA FIRST. _ICB
O
4=
® Bruggen et al. (2020)
20 new samples by ASKAP/EMU from several galaxy clusters.
® Kuzmicz et al. (2021) 174 new samples from VLA FIRST.
® Andernach et al. (2021) 178 new samples from ASKAP/RACS.

The total number of Giant Radio Sources
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Low frequency survey is important.
BRI T v ~DERRICIHERBRERD BN

® Oei et al. (2023) 2060 new samples from LOFAR LoTSS DR2. GX) LO FAR AS KAP SKA

® Mostert, Oei et al. (2024) 8244 new samples from LOFAR LoTSS DR2 with a machine learning assisted new pipline.

2025/4/24 “4hiZs i
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Independent test of cosmic birefringence

Polarized sources is also skyrocketing !!
RICREDY Y TIVHBHIRERIED |

e VLA NVSS (~ a few 10* deg?)
4000 sources Hammond et al. (2012)

e LOFAR LoTSS DR2 (~ 5,000 deg?)
2500 sources O’Sullivan et al. (2023)

o ASKAP POSSUM  vanderwoude et al. (2024)
~ 800,000 sources (expected)

o SKA
will improve further
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Summary F& &b

D> Independent test of cosmic blrefrlngence IS |mportant

 FPHERTOMIIRITOSEENME LTV, . |

> Radio.gélaxies can be used as “standard cross”, probe to Cosm|c blrefrlngence

BRI T HEBITORILCHER s, & LTH R aTAL

D> With radlo gaIaX|es we can do not only mdependent but complementarily test.
CMB EIRTTA7E 1 T < BRI ARIRSEN BT A E 1236 '

> ‘The first step is to test the “Dark energy profile”.
EREIRILF-TOT7 Ty OREENE—BR

> 10° - 10° samples are requwed which can be feached with ASKAP or SKA.
2 "‘51‘|'_J~§_J13$=C’=F*0)17/7°)b7b‘blé\£c‘:%ﬁ% 515, ASKAP 2 SKA CTEHELS D




