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Things that | won't talk about —

® review of the cosmological constraints of FIPs —scf. wallisch's talk
® review of the astrophysical constraints of FIPs — cf. carenza's talk
® |srael election, US midterm, etc.

when people ask me why | don't speak to
anyone in the morming

I.say. more dumb thi
than most peopl
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Because we know Javy is tlny (below O(10~1)GeV ™! from CAST, Superstar clusters,

NGC1275, CMB spectral distortion, SN explosion ...)

® enhance the decay rate suppressed by the phase space.

® maximize (B x L) by strong B or large L,
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® Forward signal: arrives together with ~ triggering the decay
® Backward signal:
® separated from ~ that generate them
® not directly related to the radio source brightness at detection
time candidates: galactic supernova remnants ~O(1000) yo
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signal flux density

[power/area/freq] line width ~ 1073(m, /4m)
&= llf)ﬁ-’:,, / 'r/.r 02 CED.

P =0y - AV. A1

telescope efficiency
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Pnoise,inst — Tsys Av

Temp = 2.73 K

® Thm ~ 3 K at 1 GHz, ~ O(100) K at 100 MHz.

Tya1 ~ O(10) K (inhomogeneous, Haslam 408 MHz map),
® Tiey &~ 40 K for SKA-low, and T, ~ O(10) K for SKA-mid
° Tl S3K
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> units (Tsys AV)

P .
Hore (# of meas.) e

® > its is over all stations/dishes that receives the signal
® (# of meas.) is the number of independent measurements

® 2 polarizations

(AV tobs) during Lobs
# of dishes (single-dish mode)
# of baselines (interferometry mode)
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Sl/,echo

SKA Config.

( TAtm ) Pnosie,inst)
( TGal ) ( # of meas ) Pnosie,avg)J
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| G39.7-2.0 (W50) |
(1,b) = (39.7°,—2°)
fs = 85 arcmin
S\ Qttss = 85 Jy (%)
D =4.9 kpc
tage = 30,000-100, 000 years
a=0.7 (x)
v=1.92
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SNR: G39.7-2.0
v [GHz|
107! 10° 10
free-+adiab:
1ty =3000 days
Ly =3 x 10% erg s~' Hz™!
—— adiab. only

[ G39.7-2.0 (W50) J

(1,b) = (39.7°, —2°)

0s = 85 arcmin —

Sgg})Hz,s =85Jy (*) %

D = 4.9 kpc e

tage = 30,000-100, 000 years :

a = 0.7 (x)
~ =1.92 o1
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107°

Buen-Abad, Fan, CS 2110.13916
also see Schutz et al. 2110.13920
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| G6.4-01lke |
(1,b) = (64°,-0.1°)
fs = 48 arcmin
S s = 310 Jy ()
D =1.9 kpc
Lage ~ 35,000 years
a = 0.65 (x)
v =184
tpk - ttran/go
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Sensitivity for SNR benchmark B
v [GHz
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— a oscillation in the cosmological context
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angular size physical size

® ~ — g oscillation won't affect
Dy if £ is known  (std ruler)

® Some objects have unknown angular diameter distance
size £, which can only be

inferred from their brightness

measurement
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Galaxy Clusters

Observable:

e X-ray surface brightness
Sx /ni/\eedﬁ = /niAeeDAd()
® Sunyaev-Zel'dovich Effect (SZE)

ATcmp < /neTed{f‘: /neTEDAdH
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A,‘-[%MB
Daoc =gt

With axions, the observables are affected as

ATcns = AToms x PSS (wews)
Sx — Sx x PWIWGA'{(wXXPéSM(wX)}
which leads to a modification of the angular diameter distance
PIOM (e 5)?
PTG ()

Dy — Dy X (PISM(wx))
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Cluster ADD residuals

13 Gayy =6 x 10713 Gev~! — w/oICM
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Cluster ADD residuals

L5 ., =6x10713 Gev?t — w/o ICM
g, =6x10"12 Gev! ¢ ICMA
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i=1 7
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Type la supernova

L ® Measure F,D;, = L “anchor”

F = P‘/“/’(DL>47T—l)LQ, ® Measure ' = P,,(D.)/D}
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Type la supernova

L ® Measure F,D;, = L “anchor”

F = PW”/(DL)ZMT—DLQ, ® Measure ' = P,,(D.)/D}

® The a — v conversion modifies how we map flux F' to the lum
distance Dy,. The shape of F/(Dy) is modified

® In a ACDM universe, Dy, = Dp,(z; A, Hy) = flux-redshift relation.
Shape of F'(2; gay,A) can be constrained by SNla data set

® o degenerates with A, but if If A is anchored by an external data
set, e.g. BAO or galaxy clusters, the constrain on F'(z) is a

constraint on g,
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0.02

0.00 l

m/Mmacom — 1
e

-0.04
1072 107! 10°
The likelihood:
1048
—2I0 Lpan = 3 (mF" —m™ (2450, M)) L™ (m" — mh (z5;0, M)
ij=1
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Summary

® There is rich phenomenology in the propagation of photons emitted
by natural sources, induced by axion or axion DM.

- high photon occupation number - magnetic field - long baselines

® kpc: DM a — v + 7, leads to echo signals from transient sources
(that are dim today) by the stimulated decay
thanks to the large v occupation number;
~p depends on historical source brightness; has low background;

® Mpc: v — a in Bropr modifies distance inference of galaxy clusters
introduce a cluster dependence to the reconstructed Hubble diagram.

® Gpc: v — a in Brga modifies distance inference of SNla,

introduce an extra redshift dependence to the Hubble diagram.

C) https://github.com/ChenSun-Phys/cosmo_axions
O https://github.com/ChenSun-phys/snr_ghosts
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Backup slides
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[&— 1. free —+>k— 2.adiabatic —>|
|

et > log(t)

peak ttran
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y 1.5
L(f) — L]n‘;\k (‘Lj(‘l tpeak/ /> ( ! > .

/1w:|k

L(t) = L(tiran) ( ! )ﬂ

ttran

[&— 1. free —+>k— 2.adiabatic —>|
|

et > log(t)

peak ttran
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Phases of SNR Evolution

S
/ |
/ I
/ |
/ | _
/ I t K
/ | L(t) - L(ttran)
/ | ttran
/ |
/ |
Logr—f——————+— IF ********* )
/
| |
< 1. free —+—>ke— 2.adiabatic —>:
—. I AN
eal Byrom to - log(t)
® 1. Free expansion, ~ O(100) yr ® 3. Snow plough, ~ O(10%) yr
e 2. Adiabatic, ~ O(10%) yr ® 4. Dispersion phase, ~ O(10°) yr
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|&— 1. free —+—>ke— 2.adiabatic —>)
J D | N
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shape parameter
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< We can anchor with Lpeax

|&— 1. free —+—>k— 2.adiabatic =>|
>—. ] N
/I“ ak f/tran t() - log<t)
T 1 T

shape parameter
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< We can anchor with Lpeax

————————— 3 < or with late time Lo,
| and extrapolate backward

|&— 1. free —+—>k— 2.adiabatic ->:
>—. ] N
/I" ak 7t/tran t() - log(t)
T 1 T

shape parameter
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Radio Lightcurves for All SNe with Known Types
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Logyo(Spectral luminosity in ergs s™* Hz™1)

29 A

28 A

27 A

26

25 A

24 A

23

22 4

P SO Bietenholz et al. 2021

All < 100 Mpc
5 Type | b/c
Type Il

Type lIn

: Type llb

| Type Ic BL

0.0

Chen Sun (Tel Aviv U.)

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Logio(Rise-time in days)
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Green 2019 Table 1. 294 Galactic supernova remnants: summary data.

{ b RA (J2000) Dec size type  Fluxat spectral other
(hms) (° ') [farcmin 1 GHz/ly  index name(s)
0.0 +0.0 174544 -2900 3.5x25 S 1007 0.8?7 Sgr A East
0.3 +0.0 174615 -2838 15«8 S 22 0.6
0.9  +0.1 174721 -2809 8 C 187 varies
1.0 0.1 174830 -2809 8 S 15 0.67
L4 -0.1 174939 -2746 10 b 2? ?
1.9 +0.3 174845 -2710 1.5 S 0.6 0.6
37 =02 175526 -2550  14x11 S 23 0.65
38 403 175255 -2528 18 57 3? 0.6
42 =35 180855 -2703 28 5 327 067
45 +68 173042 -2129 3 S 19 0.64 Kepler, SN 1604,
4.8 +62 173325 -2134 18 5 3 0.6
52 =26 180730 -2545 18 5 267 067
54 -12 180210 -2454 35 C? 357 0.27 Milne 56
55 403 175704 -2400 15x12 5 5.5 0.7
59 431 174720 -2216 20 s 33 047
6.1  +05 175729 -2325 18x12 S 4.5 09
6.1 +12 175455 -2305 30x26 F 40?7 03?7
64 0.1 180030 -2326 48 C 310 varies W28
6.4  +4.0 174510 -2122 31 S 1.37 0.47
6.5 04 180211 -2334 18 S 27 0.6
7.0 0.1 180150 -2254 15 S 2,57 05?7
L A L P A S S P
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Radio Lightcurves for All SNe with Known Types

Logyy(Spectal minosty nergss™ ™)

LoG10(Rizetime in daye)

Time since explosion (@)

Green 2019 Table 1. 294 Galactic supernova remnants: summary data.
! b RA (J2000) Dec size type  Fluxat spectral other
(hms) (° ') Jfarcmin 1 GHz/Jy  index name(s)

0.0 +0.0 174544 -2900 3.5x25 S 100? 0.8? Sar A East

SINR cat - High Energy Observations of Galactic Supernova Remnants

:l'l‘;f:"(e%" D + names + context + age (years) ?;;‘5"“ stype ¢ keVs MeV s GeV s TeV ¢ CHANDRA ¢ XMM
( [ I I ] I Il ] [an v [ai V]
SorAEast,
CXOGC Ji74545.5-
285620, contains CXOGC
1FGLJI7456-  J174545.5-285829
2000, = the Cannonball =
2FGL J1745.6-2858, NS candidate and hermat
6000.0+00.0  1FHL 174562900, possibly PWN, close 1200-10000 8 themal e Il GeV | Tev | CHANDRA
3FGLJI7456.  toBH SgrA* P
c.
2FHL J1745.7-2900, interacts with
3FHL 11745,6-2000, molecular cloud
HESS J1745-290,
VER J1745-290
60.13:0.12,
IFGL a4

contains PWN
QFGL 11746.6- G0.13-0.11 thermal &
600.1-00.1 285 plerionic Y
1FHL 11746.3-2851, interacts with composite?
3FGL J1746.3- molecular cloud??

CHANDRA

2851c,

VER J1746-289
n 600O.3+00.0 S‘;‘g"’g_g o4, <500000 85 shell
L = Qf

siree samsmane CONMaINS PSR |
Chen Sun (Tel Aviv U.) —  Novel Astro-probes of Axlon (F/PSQO')?) 17 /17




(ESFIVIPhaEsE): statistics of 262 SNe measured in the range of 2-10 GHz
leads to

Lpeak = 108™*%erg s 7V Hz !, tpear = 1077510 d

Bietenholz et al. (2011.11737)

@EEBIEES): statistics of 294 SN remnants from Green and SNRcat:
o Lo~ 0O(10) Jy

e a ~ 0.5 (spectral index)

angular size ~ O(10) arcmin

e galactic coordinate

distance ~ O(kpc)

age (X-ray observation etc.)
~ 0(10%) — O(10%) years

Chen Sun (Tel Aviv U.) —  Novel Astro-probes of Axion (FIPs2022) 17 /17



(ESFIVIPhaEsE): statistics of 262 SNe measured in the range of 2-10 GHz
leads to

101.7i0.9 025.5i1.5 d

-1 71,1
Lyeak = ergs " Hz -, tpeak = 1

Bietenholz et al. (2011.11737)

@EEBIEES): statistics of 294 SN remnants from Green and SNRcat:

Lo o 0(10) Jy

a ~ 0.5 (spectral index)

angular size ~ O(10) arcmin 16726

Va

/dx Pa Sua,stim

e galactic coordinate mi o,

distance ~ O(kpc)

age (X-ray observation etc.)
~ 0(10%) — O(10%) years
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Signal of finite size, 0,

Single dish mode:

Psignal — Psignal

esi
. N . ZS81g
PHOISG Pn01se Qres
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Signal of finite size, 0,

Interferometry mode:

Psignal — Psignal@()‘/B — QSig)

Proise — Pnoise/(# of meas.)1/2
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Signal of finite size, 0,

SKAl-low
SKAT-mid

Baseline length

g(B), (# of basclines) / 10"

Interferometry mode:

Psignal — Psignal(a()\/B _

Pnoise — Pnoise/(# of meas.)1/2
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Signal of finite size, 0,

SKAl-low
SKAT-mid

Baseline length

g(B), (# of basclines) / 10"

Interferometry mode:

Psignal — Psignal(a()\/B _

Pnoise — Pnoise/(# of meas.)1/2

“active” baselines
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Gary[1071° GeV_l]

tage [10* y1] tivan/tpk tox [day]

Locho [deg]

—120

becho [deg]

D [kpc]

10% 10% 10%* 10° 10> 10" 30 60 90 1 5 9 -120 0 120 60 0 GO
Lk [cgs] tpk [day] ttran/ tpk tage [104 .‘/T] Locho [deg] becho [d"%]
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ICM - Electron density

The ICM electron density can be modeled using the double-3 profile

38 e

- "
Ne, ICM = Ne,0 f (1 + 2) + (1 = f) (1 + 2)
el T'co

® "Regular” clusters (Coma-like): single beta f =1

® “Cool-core” clusters (Perseus-like): double-3 to account for the core
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ICM - Electron density

Bonamente et al. 2006

Cluster N ) neo ra 3 7 e Da
(10725 g em™)  (arcsec) (em=3) (arcsec) (arcsec) Gpe
CL 001641609 010594 205728 140*018 1072 1033 071008 048t090  arstii 13st0%
3007700 O+ 0020
Abell 0068 320708 05 0.603%) 12
Abell 0267 2025354 i 0.698%, 13
Abell 0370 L63EN R 5142 5337098 x10-3 074040038
MS 0451.6-0305 : 126t s <10-2 0.777 0 00
MACS J0647.747015 2,197 0.65310 512
Abell 0586 0.6277 01
MACS J0744.8+3927 0.63570 0% 0937501
T o0 To08
Abell 0611 28705 06007 0ps 0667050,
Abell 0665 32408 070700k 01rgiR

0016
Abell 0697 .01
Abell 0773
ZW 3146
MS 1054-0321

+ 6625

"
0.58: —0.016
56470 086

0022
44401 0100 +0.004
44750 066875001 08817070

s
0. /an 0z

15
:‘l!

g x107?
3.93%0 12 x1072
L0549056 5 10-2 1. 7+09

MACS J1311.0-0310

Abell 1689 0.87+001

T Tio Zom
RX J1347.5-1145 28150 15 x 1071 39303 094270000
MS 1358.4+ 6245 2078 x10-2 0.93470 008
L1070 % 107 0.90070 00

MACS J1423.8+2504 § 33 § 0! 0.97550 0oy
Abell 1914 U +1d L7zt ld 1072 000870 0o
Abell 1995 2 35977 9.3550 T8 x 1079 0.46250 03
Abell 2111 0.4 599105 x10-3
Abell 2163 12670 0m 907 Lot <1072 002275057
Abell 2204 92t0 + 01 43 % 101 0.9607 00
Abell 2218 | j L0208 <107
RX J1716.4+6708 .34 ® 67500 1 Jt‘:’i t‘t‘, x1072
Abell 2259 9+307 x10-%
Abell 2261 USl 102 10,012 ool §+8 +

3 2059.7 6 o- ) o
MS 2053.7-0449 9.2 108 10-3 0522008 108718 g ygthil
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ICM — Magpnetic field

We follow previous studies and assume a Bjcps profile

Biom = Brey (

with two profiles similar to Perseus, and one similar to Coma

Model e Byey n
A 0 kpc 25 uG 0.7
B 25 kpc 75 uG 0.5
C 0 kpc 47 uG 0.5

Bonafede et al. 2010, Feretti et al. 2012,
Reynolds et al. 2019, Angus et al. 2014
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ICM — Magpnetic field

101 4

100 4

uGl

= 1071 5

B

1072 4

1073 4

XX

Perseus model A
Perseus model B
Libanov B,
Libanov By
Libanov By

[F771 Coma Bonafede 1002.0594

1073
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r [Mpc]
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ICM — Magpnetic field

We follow previous studies and assume a By profile

Ne (r’ref

with two profiles similar to Perseus, and one similar to Coma

Model Rraf Brey n
A 0 kpc 25 uG 0.7
B 25 kpc 75 uG 0.5
C 0 kpc 47 uG 0.5
no ICM n/a 0uG n/a

Bonafede et al. 2010, Feretti et al. 2012,
Reynolds et al. 2019, Angus et al. 2014,
Libanov and Troitsky 2020
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® “Baseline”: intergalactic medium (IGM)

® “Baseline specs”: B, n,
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IGM — magpnetic field strength
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IGM magnetic field:

e CMB anisotropies, lack of Faraday rotation of of quasars,
BIGM fj nG.
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IGM — magpnetic field strength
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IGM magnetic field:

e CMB anisotropies, lack of Faraday rotation of of quasars,
BIGAVI 5 nG.

e Non-observation of cascade of TeV v-ray, Bygy = 10716 G.
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IGM — magpnetic field strength

Note that in the oscillation formula,

2 2
Py = 9y B sin2 1\/92 B2 + M P
92, B? + (m2 —m2)?/(4w?) 2V 7y 4?2 ’

(gayB) shows up hand-in-hand.

® So what we bound in IGM is actually on (g.B).
® |n this work, we take common benchmark B;gy ~ nG.

® Future detection of Brga < nG will rescale the bounds on g4 as
B]GM/IIG.

c.f. Durrer and Neronov 2013, Vachaspati 2010
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IGM - electron density

2 2 2 2)2
gs. B 1 (m2 —m2)
P = a7y Sin? \/ 2 B2 e — <
0 g2, B% + (m2 —m2)?/(4w?) s g\ Iar B F 4w? -

At |0W redshift, z < 05, Nicastro et al. Nature 2018, Martizzi et al. MNRAS, 2019

Lyman-« forest, 28 £+ 11% mass, = 90% volume
baryons

warm-hot intergalactic matter, < 10% volume

® Ne rya ~ 6.5 X 1078 cm ™3
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IGM - electron density

At low redshift, z < 0.5, Nicastro et al. Nature 2018, Martizzi et al. MNRAS, 2019

Lyman-« forest, 28 + 11% mass, = 90% volume
baryons

warm-hot intergalactic matter, < 10% volume

® T Lya ~6.5x 1078 cm™3

Simulation shows at z < 1

underdense patches, a.k.a. cosmic voids ~ 30 — 50% vol.
Lyman-a
2D structures, a.k.a. sheets ~ 30 — 50% vol.

® n.~1.6x 1078 cm™3 (cosmic voids)
® n,~3.0x 1078 cm™3 (sheets)

Chen Sun (Tel Aviv U.) Novel Astro-probes of Axion (FIPs2022) 17 /17



Late vs Early

® The theory parameters:

0 = (Ma,gay; Ho,Qa; mio )
—— ~~~

axion ACDM  nuisance

® The likelihoods:

= £Pan . ﬁcluster XD
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Late vs Early

® The theory parameters:

d
0 = (Masgay; Ho,Qn; mao,r5 )
—_—— —— ———

axion ACDM nuisance

® The likelihoods:

»Cearly = ‘CPan . ‘Ccluster ' ‘CBAO . ‘CPlank

Elate - LPan . ['cluster . LBAO . LSHOES ' ETD
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Late vs Early

® The theory parameters:

.d
0= (Wlavga'y; HO;QA; Tnl()strag)
—_—— S N—

axion ACDM nuisance

® The likelihoods:

»Cearly = ‘CPan . ‘Ccluster ' ‘CBAO . ‘CPlank

Elate - LPan . ['cluster . LBAO . LSHOES : ETD

® Production runs:

ICM A

{early} . {néGM =1.6x1078 cm_?’} - ICM B
late nl&M = 3.0 x 1078 cm 3 ICM C
no ICM
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Other data sets (priors)

® SHOES:
2
—91n Lsmoms — f: (W)
=1 ]
e TDCOSMO:
—2InLrpcosmo = (H(%F:T;HOY

e BAO: (BOSS DR12 CMASS and LOWZ; 6dFGS, MGS)
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