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\_

traditional DM searches
z~ 0
cold, v, ~ 1073¢

direct detection: local DM

with p; =~ 0.4 GeV/cm®

indirect detection: annihilation

flux from e.g. galactic center

~

J
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Discovering Axions

transient searches
7z~ (0 —few
* Relativistic burst passes Earth,

leaving detectable signal
— Boson stars / bosenovae:

Eby, Takhistov,

with Shirai, Stadnik (2106.14893)

with Arakawa, Safronova, Zaheer,
(2306.16468, 2402.06736)

diffuse axion background
z ~ few — 30
* build-up of large population
of relativistic axions originating

In astrophysical bursts

Raffelt, Redondo,

= Supernovae: . (1110.6397)

— General: | Eby, Takhistov (2402.00100)

-

cosmic axion background

z > 3()

“Hot”, v ~ ¢

Relativistic population of axions

from cosmological sources

Conlon and Marsh (1304.1804, 1305.3603)

\_

Dror, Murayama, Rodd (2101.09287)

~
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Diffuse Axion Background




Astrophysical bursts of relativistic axions redshift z relativistic ‘bursts’ of axions

characterised by e

flux rate

dNa
a) Rburst(z)

v

\ / x\w% ;e;-,,%’ propagation
magnetic fi eId decay ﬁ
DaB flux™ in present day gwm. - | :

conversion to photons direct detection experiments

d¢ B o0 7 dNa(a)(l + Z)) RbuI‘St(Z) 7 =0
(w) = < oo H(z) wemye  Signal: Photons Signal: Relativistic axions

0

dN, do Diffuse Axion Background (DaB)
*note: flux d_ (# of particles) vs flux % (# per area per time)
W
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Broad Characterisation of Bursts

1. Dark sector source VS Standard Model source

2. Low energy, ® 2 m, VS High energy, @ >> m_,
N

A -
O e
. 0
5 S
O 2
m D

3. Transient emission VS Continuous emission

el . F :
- S ko 5 &
o] T b s
: E z |-
M < 2l i
— a= - e
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e Bursts Abound .

‘Prabhu (2104.14569) Curtin, Setford (1909.04072)
Noordhuis++ (2209.09917, 2307.11811) Hippert++ (2103.01965)
80 | - | > |
— 10 R NS‘(polm C ap) Dark stars -
Yoshino, Kodama (1203.5070) (BHSR) /0\ ASt ro (t herlnal)
Levkov, Panin, Tkachev K-l\\\
(1609.03611) (Boson Star) 1070 | O~ / i
Budker, Eby++ (2306.12477) (Solar Halo) 0 . Main sequence stars:
— Main Sequeﬂce e.g. Nguyen, Tanin, Kamionkowski
N . - (2307.11216)
| 1060 B % mb G}/l 9 g&’}"’ T 912) NS |
% j//\ \EN ~—~JO00NM. 1MmMerger
L B \,K_ - VOMe g\ & L FNrciutrg_n r?ta;\ lrfne(l;g(gl(‘)s(.):3 09768,
T\v arris, Fortin, Sinha, Alfor .
% 1 050 i f {08160110‘1/};% . c(v ’no | Fiorillo, locco (2109.10364)
, €410, 10" C
\ J y -
S S
- -1
= 1040 L2 1, ‘
FB l JQ'?;,; }} ‘]}4‘
)
Supernovae:
PBH (Gyl’) Original DaB idea:
1030 _10"‘4 M@ g M Raffelt, Redondo, Viaux (1110.6397)
Primordial black — 10 Recent update:
hole evaporation: Carenza++ (1906.11844)
Agashe++ (2212.11980) " Calore++ (2008.11741)

Jho++ (2212.11977)

1079 10~ 1073 1 10° 108 109
eV]

Eby, Takhistov (2402.00100)
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Eby, Takhistoy,
(2402.00100)

Parameterization: Flux

-\ .
exp (@=@) L. .. total energy emitted
2
dN, () B 0w , INn single burst
dw m2 owlm,

 (bosenova): @:  peak energy

104 E
. fes ow: energy width
= [~ 1000
< Simulated Spectrum
3
% 3 100; - easily captures peaked distribution
10; ) - computationally simple

Ow

G W - sum of Gaussians can be used for
|‘ m E— « &y E — .

oy o™ . 7. ] asymmetric distributions, e.g. power-law
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Eby, Takhistoy,

402 00100 Parameterization: Rate

— P _ _ plossHO
f(2) = (1 +2)'O(z—2z,,,,) for power-law Ry,.(2) £(2)
Ei(2)
-2
(z—2) .
f(Z) — eXp o 2 for GaUSSIan 0'6: ~ Qauss, 2=5, dz=1
52 | \
:: 05
g ;
ey T 04}
Ploss. total relativistic energy o
: : = 0307 <
density emitted across all 7 ol AW S
QN'D 02~ ‘\‘ J% 6@ Gauss, Z:_.15, 0z =3
Convenient normalisation: =P NG Sy
< 7=~ or'law, p = 1, fmax s
_ o0———~7— N e L T
Ploss = F Pr; with py = 107°GeV/em® 0 5 10 15 20
redshift z
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Eby, Takhistoy,
(2402.00100)

Parameterization: DaB

(=)’
EXP :
aN, (w) Ero 0w DaB flux in present day
dw m2 owlm, N
%(a)) — J dz dNa(a)(l T Z)) Rburst(z)
7 pyHy dw 0 dw H(z)
Rburst(z) X f (Z)
Lo

S total DM fraction converted to DaB mPUt parameters

J{z) : dimensionless rate of bursts particle physics  burst parameterisation
@ . peak burst energy per particle

— cancels in
ow : spread in burst energy per particle maafaa gay, ¢ o J’ f (Z) 60., .560, Etot oroduct
E. . : energy emitted per burst (cosmology) (individual bursts)

How to search for DaB: (1) direct detection, (2) photon signals, [more to come]
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Eby, Takhistoy,

(2402.00100) DaB Flux VS DM Flux

3| Rpurst < (1 4+ 2)P, w=3m Width dw
Locally % o Za¥dm pd—mv 10
| dw local DM

— m/10
m

a a A~ v o e

DaB flux in present day

<

dw N dw H(z)

9,4y [ 42l + D o

Parameterise

twcand e FPy J PPN T _<<w<1+z>—ca>)2

(2 — 2)2) 5 — 2| | Width dw

S 10
m S H(z) S5 m/
----- m
03, o =
narrow: > () N o P U
Q) ~J
recent: 7 ~ 0 a—)2

2 _ 2
dpldo (L (ﬁ) TPu ) L3103 <ﬁ>
(d¢/ da))lDM Vdm W Pdm W 1 O :

‘ (small) (small) )

(large) (w o m)/m
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Eby, Takhistoy,

(2402.00100) D i re Ct D ete Cti on

103! Rpuwst < (14 2)P, w =3m Width dw
— m/10

Likely challenging!

e DaB flux generally < local DM flux

e Signal likely much less coherent than local DM
27

d ~Y -3 ~Y
Tooh = % Vim 10 VS Vp4B 1
m,v
(2 — 2)2) o= gm | | Width 6w
— m/10
Worth investigatingt = —YX 1 — [+ — — | __ .
* Nontrivial energy distribution encodes cosmological s
evolution and source properties
e Can also encode information about fundamental
axion potential, e.g. self-interactions 10 "

(w—m)/m

Diffuse Axion Background
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Eby, Takhistoy,

(2402.00100)
Photon Slgnals from DaB
< D Zga},aF = 8.,0E - B
Magnetic field conversion  egshift 7 AXxion decay to photons

few — 30
dgp, d¢ dgp, d¢
y — Lysa r q ~ P decay ; _ r
@ 1p_field W @ ldecay @
cb i
- Galactic magnetic fields of ~ G dominate XVW% e | 5 - Decay can occur anywhere in space
magnetic _ _
(typical distances ~ kpc — Mpc) feld éww ﬁ (typical distances ~ Gpc)

- I,_,, 9rows with large w and small m,, - Pdecay grows with small w and large m,

conversion to photons

= largest when @ >> m,, with small m,, 2= 0 = largest when w 2 m, with large m,

(today)

LSignaI: Photons}
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Eby, Takhistov,
(2402.00100)

Where to Search: Today

1024 B—Field : Rburst X (1 + Z)_l, 5(,0/(:) — 1/107 Gary = 10—12 Gev—l

— BO‘SGHO,Vae < Astrophysical sources
| 1018 B e.g. neutron stars / dark sectors / mergers > _
D =

>~ 1 012 C th/%fedo e _

= 6 %] T B
D) 10 - % 0 1 |I ', : :l ll B

n 7 T £ 7S IR RN

| ! A ! I : Is | [ | ! '
1 2 xQ = A —— — L A | ://\I _

= I 2 Case-study sensitivity estimate / . |
107 & For Fermi-LAT and COMPTEL, I

we vary g,, and ask:

Where would one have expected to

\ As was done in

N7 Calore++ (2008.11741)

see a DaB excess?

peVil ! meVl ] eV,
10=° 107° 1073 1 10° 10°  10°

w |eV]
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Eby, Takhistov,
(2402.00100)

Searches for DaB Gamma-Rays

1077
Cosmology
107"
1 0—1 5
—
| _18 gl A very tiny energy fraction in DaB
% 10 N can give rise to striking signals!
<. 102 tivi 3
S Best sensitivity when w > m,
g 1 0—24 Experiment / Central burst energy @
B COMPTEL : 1 MeV B COMPTEL : 10 MeV
10_27 B Fermi — LAT : 100 MeV M Fermi — LAT : 1 GeV
| [P o< (14 ) ] B Fermi — LAT : 10 GeV
10 107" 10° 107 1 10 10°
m eV
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Eby, Takhistoy,
(2402.00100)

Power law

B—Field : Ry o< (1 + 2)?, dw/w = 1/10, goy = 1072 GeV ™!

Bosenqvae Astrophysical sources

e.g. neutron stars / dark sectors / mergers

Joshua Eby | Stockholm University

DaB Flux: Other Rates f(7)

(Gaussian

B-—Field : Ry x exp(—(z — 2)?), dw/w=1/10, g,, = 107" GeV ™t

Bosenqvae Astrophysical sources

e.g. neutron stars / dark sectors / mergers

Diffuse Axion Background




Diffuse Axion Background

Future Searches
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Eby, Takhistoy,

(2402.00100)
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AN, /dw [eV ]

1080

107°F

1060

10°°

Q
L&,

Bosenovae

KN NSﬂ(polm cap)

&,
“

fo € {1010} GeV

-

K

Dark Stars

AStro (

Main Sequence
(GYT, Gy = g12)
—— 1 00:\[ (+)

\,Q éN"' i

)
thermal)

NS

—

merger

AW
K

10°

10°

Thank you for your attention!
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Backup Slides
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Eby, Takhistov,

2402.00100 D-Field Conversion Probability

ay B a B _
Am:g'7 T:1.5-10_4( Jay )(—T)kpcl,

2 10-12GevV—t ) \uG
. 2 2 2 —10
o 2 Sln (AOSCR/Z) A . m ~ . 1 13 ( ™m ) 10 eV k _1
Py sa = (AG’YR) (AoscR/2)2 YT 2w T 7810 10-11eV W ve
w? n 10~ 10eVv
A =B 2_1.1.1013( e ) kpe~! |
pl 2w 10~2cm—3 W pe
0 T 100 "~ T T ] — -
10 w = 10m 10 w = meV Q/\\ Q’\\ q’\\ R = kpc
b % %

Gary = 1072 Gev
g Gar = 1072 GeV

10-30! 1020} 10719 |
3 S S Joy = 107 GeV !
T T l
iy A =
10_40 | ‘ | 10—30_ 10—20_
Jay = 10759 GeV ™! m {k
S 10 S S S . o 1| b 40 . . . . . 7| A - 1070 il
0904 102107 108 10° 104 0 107 10210 1078 106 104 ° 10710721070 108 10 104
m [eV] m [eV] m [eV]

Joshua Eby | Stockholm University 18 Diffuse Axion Background



Eby, Takhistov,

(2402.00100) D eC ay P o ba b i | ity

f(w)’” Y Uburst -~ (ﬁ) 64 ~ M C( ", )(100k€V)4 10_12 GeV“l ?
Iy,  \m/ g2 m3 PE\ Mev m Gary

ga,’y
1_
Gary = 1072 GeV ™!
—3 i
10 R = Gpc
> 107
~ 10-°
10—12 ' R = GpC }
1 102 10% 10° 108 1 108

m |eV]
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DaB Flux from Decay

Eby, Takhistov,

(2402.00100)

1072 GeV 1

z)_l, ow/w =1/10, Gar

Axion Decay : Ry o< (1

10 keV

1073

10°

10°]]

008, _twd _ Ad| mp/*pp

Diffuse Axion Background
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