Photon Axion Conversions in
transversely inhomogeneous
Magnetic Fields:

A primer

Javier Redondo

Deutsches Elektronen Synchrotron (DESY)

5th Axion-WIMP-WISP workshop, DURHAM

(in collaboration with Joerg Jaeckel)



Invitation: Mirages




Invitation

n=n(y)




Photon Axion Splitting in a transverse Gradient Magnetic Field
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Photon Axion Splitting in a transverse Gradient Magnetic Field

A
4,
o

)

O

SR

Z

/)I\Dlw-t

(Ennn-l-innc af NMatinn A {‘I' % f)l\ S An e A(’)’

The gradients of the refraction index of the + and - waves have opposite

(¢ sign, they curve in different directions
N y
A-+a
Eigenstates of propagation AL = \/_
B 2
(w2 sl v2)A B ——gB W Index of | - 9B.(y)
o refraction eV i o
a __gbh
Vny ~¥~F—VB, = F—
2w 2w



Photon Axion Splitting in a transverse Gradient Magnetic Field
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Phase Fronts

Constant Magnetic Field B, = By # f(y)
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Gradient Magnetic Field (naively) B: = B1y




Probability for an extended wave front

Very naively ...
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For an experimental setup design:
If you are limited by the maximum magnetic field BO o BlY

(Loose a factor of 4 in the conversion probability...)



Calculation in the eikonal approximation

(wQ _I_ VQ)A:— o ——ngcW (w2 i VZ)A — ngw

ACB ik QIWtA(y, Z) ey A(y, Z)elwte—lws(yaz)

7, \ EIKONAL

SIoWIE 718 fast varying (phase fronts)

1 NV APRES ) ¥ 1 A gBIU s S
- — =1 = =1
W A“ WA w? 7 (y) By

(V.S =

(VS)* =n’(y)

Hamilton equations (method of characteristics) p(s) = V.S(7(s))

AT dp . =5
a2 S e 5 S LY
st i) - o AL,



Calculation in the eikonal approximation
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Calculation in the eikonal approximation

Eikonal




Probability in the EIKONAL approximation
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Compare with the constant case B, = By = B1Y
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Probability in the EIKONAL approximation
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Compare with the constant case B, = By = B1Y
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Conclusions

- Photon-Axion spliting is there (A+, A- splitting indeed)

- Relevant length scale for ray curvature is huge
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- Expressions for the conversion probability (for lab sizes) are
similar to those in a constant transverse field (BO) with

By ~ B1Y

Gradient x transverse size

- Exact calculation in the Eikonal approximation for a plane wave

- Also performed calculations for Gaussian beams (relevant for
laser experiments)






