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The Cosmic Mystery-Pie
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‘The constitution of the universe may be set in

first place among all natu ings that can be known’
Galileo Galilei, afJ."rmhmg,rur.ew(K
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Axion Properties

The Peccei-Quinn (1977) solution to the strong CP problem gives

us the axion (Weinberg, 1978; Wilczek, 1978).

New parameter: f,, the Peccei-Quinn (PQ) symmetry breaking
scale.

Small mass

R (1012 Ge\f)
= 6 peV : (1)

m, ~ 107% — 1072 eV
— f, ~ 107 — 10 GeV

The parameter space is bounded - we know where to look!
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The Primakoff Effect
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Nature of axionic dark matter, and principle of the microwave

cavity experiment [Pierre Sikivie, PRL 51, 1415 (1983)]

10.7 MHz 35 kHz
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Integration: 8 msec FET 50 sec
Resolution: 125 Hz 0.02 Hz
Maxwt-illian Fine-Structure
——
AE/E ~10~11
B I\) il
AE/E ~ 106
Resonance condition:
hv =m_c?[ 1+ O(f%~ 10°°) ]
i Frequency
. Maxicn (energy)
Signal power:
Px(B2VQ., )Ngm,p,)

~ 10°22W

Local Milky Way density:
Phalo ~ 450 MeV/cn®

Thus for m_~ 10 peV:
Phalo ™ 10 cm?

~ 1078 ;
100 m

p virial

A pe Brogilie ™

w403
~ 1000 km
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Coherence

Key point !
The signal is the

Total Energy
( = Mass + Kinetic )

of the axion
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l, (CUs ) (= photons s~ cm™ ster™ A7)
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Map of 355 Polarized Quasars, Aitoff projection
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Magnetic Conversion of Photons into Fundamental Particles

Grand Unification theory (GUT) requires the existence of coupling between photons and fundamental particles.
This coupling 1s determined by Lagrangian term (for scalars):

v

1 v
T

N

where F is the tensor of electromagnetic field and ¢ is a scalar field.
The theory gives the following expression for probability of conversion of definitely polarized photons /¥ into

scalar particles (Raffelt and Stodolsky (1988), Gnedin (1994)):

1 BLCOh 2 2

N

LZ
W = ?_gin?

L +L

. (3)

where B 1s the magnetic field strength, L _, is the coherence length of magnetic field, L, =27 M /B and
L, =2nw/ a)f) are the oscillation lengths of magnetic conversion into vacuum magnetic field and into plasma,

respectively. Only one polarization state for which the electric vector lies into the plane containing the magnetic
field and line of sight directions is transformed. Here and below the symbol B means really the projection of the
vector B on this plane.



The Eq.(a) is valid only if the condition Ly, L, <27w/m, takes place, where m, is the mass of a scalar. Therefore,

¢
our consideration is restricted only by low mass and massless scalars or gravitons.
For the case of vacuum, i.e. when L [l L, Eq.(3) is very simplified and takes a form:

272
VVH — Sinz l BLcoh ~ B LC(Z)h
2 M AM

N

if the condition takesBL , [| M .
The degree of linear polarization p, can be easily found by

p _[J__]H(I_VW)
i

= z%/2
I —|—]H(1—VW)

if one has deal with non-polarized light, i.e. [, =1, =1,/2andW, [J 1.

Now the main problem consists in the estimation of the magnitudes of B and L_, for real astrophysical
conditions.



Magnetic Photon Conversion in the IGM

We shall make our estimations using approximation by Furlanetto and Loeb (2001) accepting the dependence of
IGM magnetic field strength on coherence length in a form

‘coh

B= By, =107(L,,/\Mpc) "G.
The IGM electron density is
n,=Qn x10°(1+z)em> =2x107 (1+z)’ em™.

The the oscillations lengths are:

where @, is the plasma frequency.
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Axion Birefrigence
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HCKOTOpI)Ie HOIMOJIHUTCJ/IBHBIC CJICACTBUSA
1. E. Zavattini et al., hep-ex/0507107

1

Hzgga}/

BI* > (3.940.5)x10" "%

g, 04x107°1/GeV
pass

Hutsemekers et al: 0 x30°/Gpc B,;,, ~107°G

2. Local Bubble: intrinsic polarization of stars.
Intrinsic linear polarization of stars does not correspond their spectral types.

Leroy: 1000 stars ~ 50nc B=3x10°G,L, [ L,,P Py,

3. The circular polarization of radiation of AGN u QSOs.

2
B m
P, :%g;ﬁ, LU 1Gpe,B, 010G, g, =4x10°1/GeV,m, ~107 eV



Motivation from Particle Physics

Standard Model extremely successful ... but incomplete!

Neutrinos oscillate -> are massive!
Hierarchy problem: 103 GeV << 10'° GeV

Popular extensions:

Supersymmetry (bosons - fermions)
LSP (neutralino)

Extra dimensions (3 + +1)
LKP (first KK excitation of the photon)

Generic: WIMPs, M ~ 10 GeV - 1 TeV




Axion Dark Matter eXperiment (ADMX)
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ADMX performed as designed — scanned in the model band A Xf@ W

PRL 80 (1998) 2043
From W. Wuensch et al., i:gggggz g”m,ﬁm
Phys. Rev. D40 (1989) 3153 ApJ Lett 571 (2002) 27
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We learned much from the first-generation exp’ts (~ liter volume)
Already came within a factor of 100-1000 of the desired sensitivity




