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50 orders of magnitude

Wavelength fits
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New paradigm for
dark matter detection!

Behaves as classical field Focus of this talk
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Axion DM: here and now
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v2opu cos(mqt + O(vpm )X)

a(x,t)

amplitude set
by local DM density

e.g. My = 1077 eV

>\C0mp ~ km
oscillates at frequency
set by DM mass

TComp ™~ US

Local DM velocity == Spatial coherence == Temporal coherence
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Classical physics is fine: mg =10"Y eV = N, ~ 10'®*/cm”

[Graham and Rajendran, Phys. Rev. D88 (2013)]



What should we measure?

\/ 20DM
myg,

a(x,t) = cos(mqt + O(vpm )X)

In axion DM background, get osclillating observables:

E, %, Oscillati
V X Ba — 0 Ja~~ (E() X Va — B0a> Selatiy

Ot Ot response
from static
V- Ea — _gaq/q/BO -Va fields
Hy D gaNNVCL - 5N Spin-dependent force
dy, = gqa Time-varying EDM

Note: Va ~ vpy ~ 1072 so some are easier than others

[Sikivie, Phys. Rev. Lett. (1983)]



Axion direct detection

oE, oa
VX B, =t~ gu, (EO X Xa - BOE)

Goal: detect axion DM on Earth
through interactions with laboratory B-fields




AXION searches
with magnetic fields
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Cavity regime: AComp ~ Llexp
e.g. ADMX
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Quasistatic regime: ABRACADABRA

@adband/Resonant App@m&q&mic Axion Detection
with arcAmplifying B-field Ring Apparatus>
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N—— broadband or
Jeff resonant
detection In

zero-field region

superconducting
toroid magnet

21Y795/3
(@()*) ~ g2 pom B V7!
Volume enhancement at low masses

Yoni Kahn [YK, Safdi, Thaler, Phys. Rev. Lett. 2016] /



ABRACADABRA-10cm: IMir
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hot off the presses ...

LLLLLLLLLLLL

inside a 150 mK
dilution refrigerator

superconducting magnet
and pickup loop

Frequency [Hz|
1 | 1 1 1 1 1 1 1 |

1
] —— 95% Upper Limit - This Work I 1/20 Containment

7 —— Expected Limit === CAST Exclusion

1079_
=
[
@
~
=
-
g
S

107104

T T T T T T T T T T
5x 10710 10'—9 5x 1077

This is a theorist’s dream: theory to experiment in 2 years flat!

Yoni Kahn [Ouellet, YK, et al., arXiv:1810.12257 and arXiv:1901.10652] 3



Future ABRA reach
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Yoni Kahn [YK, Safdi, Thaler, Phys. Rev. Lett. 2016; Ouellet, YK, et al., arXiv:1810.12257;
J. Foster, ABRACADABRA collab.]



Axion Indirect
detection

Goal: detect photons produced by
axions interacting with astrophysical B-fields



AXIoN-photon mixing
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axion wavepacket
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only mixes
plasma frequency only transverse wi¥h one
field contributes polarization

[Raffelt and Stodolsky, PRD 1988]



Resonant conversion

Need momentum matching

Option 1: B-field has significant spatial variations
at axion wavelength (hard to obtain: m, =107% ¢V = X, ~ m)

Option 2: B-field is approximately homogeneous,
photon dispersion changes with plasma density

Te 4

. —
@g = 2 . conversion occurs near c)

H »7,‘
Ie

[Raffelt and Stodolsky, PRD 1988; Pshirkov and Popov, JETP 2009]



Neutron stars: ideal candidates!

2 key (related) ingredients for axion indirect detection:

1. Strong B-fields

By /rns\3 .
( ) sin @
2 r

By ~ 101 T

By =

2. Goldreich-dulian model
relates plasma frequency
in “lobes” to dipole B-field:

3
Wy X 4/Me X \/Bo (TNTS) (3cos?6 — 1)

Monotonically decreasing,
can always solve(w, = my)

[Hook, YK, Safdi, Sun, arXiv:1804.03145]



\m‘alhng axion DM conversion
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plasma acts as
‘mirror” for infalling DM,
“‘window” for outgoing DM
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wp>ma/wp<ma

mge =1 GHz (~ 107°% eV), By =10"° T
— 1.~ 220 km at 0 = 7 /2

gravitational acceleration + Liouville = enhanced DM density

[Hook, YK, Safdi, Sun, arXiv:1804.03145]
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outgoing photon wave damped

by plasma (like ocean waves):
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[Hook, YK, Safdi, Sun, arXiv:1804.03145]



Expected photon flux

X0 Te

—= R 2 X paﬂprM/Uc
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iIncoming-+outgoing ZGMNS
= P%OM Fe
AP(0,0yn,t) _dP(O =756, =0) 3 (- 7)2 + 1
i} s |3€086’/'rir1-f'—(:(}<9m|4/3
time-dependent! misalignment angle

Total power ~ 1019 W tor QCD axion, local DM density

[Hook, YK, Safdi, Sun, arXiv:1804.03145]



Radio bump hunt

F P 1

_—NN\J

B 4nxd? 105w

Desired characteristics:
| W ° Radio-quiet (negligible foreground)
e ° Low DM velocity dispersion (dwarfs)
s OO\ = * Close by (< kpc), or
[Arecibo] * DM-rich (Galactic center, dwarfs)

Added bonus: energy conservation keeps line narrow

Yoni Kahn [Hook, YK, Safdi, Sun, arXiv:1804.03145] 10



Time-dependent signal

Misaligned neutron stars have rotation axis
misaligned from magnetic poles:
strong time dependence of plasma freq. in GJd model
0, = 15° Critical radius
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[Hook, YK, Safdi, Sun, arXiv:1804.03145]



Time-dependent signal

Misaligned neutron stars have rotation axis
misaligned from magnetic poles:
strong time dependence of plasma freq. in GJd model

0,, = 15° Light curve
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Striking signal: looks promising!

[Hook, YK, Safdi, Sun, arXiv:1804.03145]



Polarization signal

EM wave always polarized along
direction of B-field at conversion radius
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[Hook, YK, Safdi, Sun, arXiv:1804.03145]



Yoni Kahn

Doppler broadening: larger bandwidth
But signal adds incoherently!
If Nns > 1000, still win

[Chen, Safdi, Sun, arXiv:1811.01020]
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NS populations at
Green Bank Telescope
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Can be competitive with ADMX with 1 hour of observation!

[Safdi, YK, et al., proposal to GBT, 2018]



Jary [1/GeV]

Gary [1/GeV]

Future radio searches
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QCD axion might be within our reach!

[Chen, Safdi, Sun, arXiv:1811.01020]



