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Quasars & alignment effect ALPs: properties / ight polarisation Summary
®00

Coherent orientation of quasar polarisation vectors

Quite a puzzling observation —our starting point

Quasar polarisation vectors (in visible light):
— tend to be aligned in some regions of the sky (~ 1000 Mpc)
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[D. Hutsemékers* et al (1998, 2001, 2005)]

*results presented @ the 2nd Patras Workshop
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Quasars & alignment effect e ht pola io Summary

oceO

Coherent orientation of quasar polarisation vectors

Quite a puzzling observation —our starting point
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o Different alignments for regions along the same line of sight
= Non-local effect
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Quasars & alignment effect Ps: properties ALPs & light polarisatio Summary
°

Looking for an explanation

How axions come into play

Q Mechanism leading to a global alignment?

@ Mechanism affecting light during its propagation?
(NB: addition of a small systematical polarisation = alignment effect)

Axion-like particles (ALPs): ID Card

o Pseudoscalar particles like 7°
@ Very small mass, interacting very weakly
o Couple with light
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ALPs: properties
.

Axion—photon coupling and primakoff effect

Axions'influence on light —the way it is done

Primakoff effect

o Original effect: for 7°

@ yv* < axion

@ Pseudoscalars: B
polarisation // to B

B B o Add small polarisation:

B = « B Dichroism

° F:hotons interacting with
B — acquire a mass

A far from exhaustive list of references:
[P. Sikivie (1983)], [G. Raffelt and L. Stodolsky (1988)], ..., [S. Das et a/ (2005)], ...
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ALPs & light polarisation Summary
®00

Results considering plane waves

Exploration of the parameter space which could explain the effect

o Just considering one B
region

o Light initially unpolarised
o gBB, always together

gB (Mpce™1)

@ x-axis: only m varies
(wp S 41071 &V for

~

clusters, super-clusters)

A =500 nm; L = 10 Mpc Effect enhanced when m ~ w:
resonance = Amplitude of p;, > J
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alignment c e ALPs & ||ght polarisation Summary
oeo E

Results considering plane waves

Spontaneous appearance of polarisation & birefringence
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& alignment effect : properties ight polarisation Summary

Results considering plane waves

The circular polarisation, v

Describing light with plane waves:

Starting with v(0) = 0, v(x) will be kept small if, for example:
@ No mixing (trivial);

o Light polarised perpendicular or parallel to B (unrealistic).
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alignment c A ALPs & light polarisation Summary
« 000®000

Working with relativistic wave packets

Possible new effects concerning the circular polarisation, v —decoherence

Consequences of a formalism in terms of wave-packets?
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If such an effect occur, v (o< E|EY) could actually be quite small.
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alignment effect

ALPs & light polarisation

oe

Working with relativistic wave packets

What wave packets can do —compared to plane waves

Wave-Packets
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ALPs & light polarisation mmary
®0

Working with relativistic wave packets

Plasma frequency in voids —possible unwanted effect

If wp (ne) is too large in voids = Wave-packets will spread too much.
If so, behaviour reduced to the one of plane waves.

Some comments

@ w,: poorly estimated (& needs |B] ), might be small (lower bound?)

@ Do we really have to consider w, when using wave packets?

A. Payez (IFPA @ U. Liége) ALPs & polarisation of quasars 5th Patras Workshop 11/13



ALPs & ||ght polarisation Summary

The question of the magnet|c field needed

The price to pay for having a large-scale effect —something to keep in mind

Different large-scale alignment in two zones
& coherent large-scale magnetic field between them.
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Summary
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alignme

Summary

@ Existence of large-scale coherent ST
orientations of quasar polarisation vectors S =f E
(non-local effect). Very light axion-like goop - E
particles look promising. oF E
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ignment effect

Summary

@ Existence of large-scale coherent

orientations of quasar polarisation vectors
(non-local effect). Very light axion-like
particles look promising.

@ Possible to create linear polarisation
thanks to axion—photon mixing.

=
9
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s & alignment effect / s: properties / ight polarisation

Summary

@ Existence of large-scale coherent
orientations of quasar polarisation vectors
(non-local effect). Very light axion-like
particles look promising.

0.01
0.005

@ Possible to create linear polarisation
thanks to axion—photon mixing.

-0.01

© Discussion about wave packets separation

and circular polarisation.
[paper in preparation]

(mim) 7 (b
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s & alignment effect / s: properties / ight polarisation

Summary

@ Existence of large-scale coherent
orientations of quasar polarisation vectors
(non-local effect). Very light axion-like
particles look promising.

@ Possible to create linear polarisation
thanks to axion—photon mixing.

© Discussion about wave packets separation
and circular polarisation.
[paper in preparation]

@ The question of B3 and wp: key
parameters.
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Appendix
°

Characterisation of the polarisation
Stokes parameters and related quantities

Stokes Parameters

/ Intensity

Q Linear Polarisation
U : Linear Polarisation
% Circular Polarisation

ZE(Z, t) — (Ex + Ey)ei(kz—wt)

Having introduced in astrophysics, one uses often

Q U v o the degree of linear
q:T’ u=— andv=

/ 7 polarisation pji, = /g2 + 2

o the polarisation angle ¢
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Appendix
L 1)

Obtaining the equations of motion
some ref.: Raffelt G. & Stodolsky L. (1988), Das S. et al. (2005)

Modified Maxwell’s equations

(Heaviside-Lorentz convention)
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Some approximations
Simplification of the system of coupled equations and resolution

Let us suppose:

o large distance from quasars: p,fm 0
oé:g+§,; B> B,,E
@ non-linear terms can be dropped (O(g?))

Combining Maxwell's equations, rewrite the equations of motion:
PE 2B, 2
7 ap ~VEt W, E=gB%s 8t2 ~ wp (effective mass for photons)J
89 V2 + m2<;5— —gE - B

— Next step: calculate the polarisation.
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Results considering plane waves

Spontaneous appearance of polarisation & oscillation of polarisation degree with A

Status of the polarisation when light exits a zone of B (L = 10 Mpc)
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@ Oscillations of increasing amplitude B=0.1uG

g =710"12 Gev!

from )\Iarge — Asmall

A. Payez (IFPA @ U. Liége) ALPs & polarisation of quasars 5th Patras Workshop 17/13



Limits on axions & similar pseudoscalar particles
The need of axion-like particles
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Appendix

Working with relativistic wave packets ; decoherence

Separation of wave packets —preliminary result
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Close to resonance (mixing angle ~ %):
m=3.81071% eV
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Appendix
°

Quasars and A(ctive) G(alactic) N(uclei): current model

Some basic properties of the objects under observation

Accretion

Disk

e

Obscuring
Torus

Adapted from C.M. Urry & P. Padovani
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