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Current State of CDM
- Axion Searches
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Axion Coupling-Mass Search Space:
- Main constraints
e Q) <1
¢ SN 1987a:
not much of a new invisible channel

e Stellar evolution, helioseismology:
likewise, little room for new channel

e Eventually, limits on &,y TUN into theory:
Interestingly, the coupling is constrained,
to say, within a factor of 10
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What’s in the Search Space?

Various predictions:
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Lots of Axion Search Techniques

Microwave cavity
Solar Primakov
Solar germanium
Laser regeneration
Laser polarization
5% force

Halo axion decays
Astrophysics




Microwave Cavity Searches

Primakoff Conversion| [ Resonant Conversion: hy = maci’{’i -i_-aQ(ﬁ?)]
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Most sensitive in search region, but narrow band.



Sketchof US Axion Search
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Futurism:

Microwave Cavity Searches I
1) US Search
Phase I = Lower noise with dc SQUID Upgrade
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Futurism:

Microwave Cavity Searches II
2) US Search
Phase II = Higher frequency SQUIDS

- Higher frequency resonant structures

The ‘In-Line’ SQUID Amplifier

Top electrode with
Dielectric layer Josephson junctions: -

Substrate < Ground
S plane '

TMg10 Electric Field
for 96-post Array




- Futurism:

Microwave Cavity Searches I1I
3) Kyoto Search

Lower noise: Microwave photon counting

- Rydberg atom atomic levels

ionization it
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Selective field ionization



- Futurism:
Microwave Cavity Searches IV

Conceptual drawing of microwave cavity / Rydberg atom axion detector

-
cryostat
_H— Channeltron
tuning rod | field ionization
electrodes
t — — waveguide detaction
magne : cavity
— laser
atomic
beam |
‘ — atomic beam
-— )
conversion  —] oven
cavity : ——

Practical details (e.g., collisional excitation,
uniformity of ionizing field) limit sensitivity.



- Futurism:
Sun as a Source of Axions I

magnetic field region

""" T T f’“\m
' Ea ~4 keV .
: X-ray detector

SUN EARTH

- Issue of Coherence: Axion and photons mix.

Example: L < 10 m for m, = 102 eV



Futurism:
Sun as a Source of Axions IT

Sunrise
tagnet , 10m suparcandusting phutmn detaclars
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Futurism:
Sun as a Source of Axions IIT
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a) Afttainable 99.7% <.k limits on the coupling strength of axions to two photons as
a function of axion rest mass in CAST (CERN Axion Solar Telescope).

- b) Present experimental limits (Tokyo axion helioscope + SOLAX).

c) Astrophysical constraints (HB stars, theoretical).



Futurism:
Radio Telescope Search I
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radio elescope

dark matter halo of astrophysical object

Simulated axion line from nearb'y dwarf galaxy
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9., [1/eV/GeV]

Futurism: Radio Telescope Search 11

decay photon frequency [gigahertz]
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Futurism Example:
~ Astrophysics I

2D slice of 6D galactic dark matter phase space
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~ Folded phase space and
- density singularities

(caustics) |’




Futurism Example:
Astrophysics II
Universal fine structure in
outer spiral galaxy rotation curves?
- Kinney' & Sikivie 1999 ] ”

Averoged peculior velocity (units of rms deviotion)
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... but, rotation curves
vary between surveys
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Futurism Example :
Astrophysics III

Lensing and imaging of dark matter structure

Primordial CDM velocity dlspersmn - Hogas V99

axions
&, /c=3x10"(m, 110V} (142, ,)

WIMPs -
&, 1e=10""(m,, /GeVY “2(1 Z.)

-
-
»

Close-up of surface

*  mass density

Lensing:

Look at stars crossing halo very different than MACHOs
Timescales: axions = hours, WIMPs = years |
Details are daunting.

Imaging (several different scenerios):

e.g., Bends in images of extended linear objects
(jets, edge-on galaxies).

- Again, details are daunting.



Conclusions

Light axions are a compelling
Cold Dark Matter candidate.

The allowed space of axion coupling
and mass is relatively tightly bounded.

The microwave cavity technique can
discover or rule-out CDM axions
within the decade.

The new generation of solar axion searches
probe an unexplored mass-coupling range.

Other searches (e.g., 5% force. halo decays) |
probe axions from certain special scenerios.

Considerable observational and theoretical
astrophysics remains to be done on the
implications of CDM cosmology.




