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Stokes parameters;

summary of some circular polarisation sources: Faraday conversion;
Boltzmann equation with the Faraday conversion like term;
calculation of the four source terms: §,+ * §:5 < 5?; * and §\J/r X,
implementation in the CAMB code;

some results for the 15t order approximation in Ac.
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Stokes Parameters

For a nearly monochromatic plane electromagnetic wave propagating in the z-direction,
the components of the electric field are:

Ex

ax(t) cos (wot — dx) and E, = a,(t) cos (wot — dy),

where wp is the mean frequency, ax and a, are the amplitudes, and dx and d, the phase
angles.

Stokes parameters
@ Q=U=V=0
I = (32) + (a2 unpolarized radiation

Q= (a}) —(a}) @ Q and/or U#0
U = (2aca, cos (6 — §,)) linearly polarized radiation
V = (2aay sin (6x — 6,)) DV

circular polarized radiation
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Summary of some circular polarisation sources

Source Mechanism for CP Frequency B Predicted CP
dependence dependence signal in §V (K)
at v=10 GHz
Primordial primordial B+ v B 107°
Compton scattering [24]
Primordial Lorentz invariance v? NA 1072
violations [28]
primordial Non-commutivity [25, 26] vt NA 10712
primordial B+Thomson 7 B? 10712
scattering [23]
Cosmic neutrino Scattering with vt NA 1078
background left handed
(CvB) neutrinos [27]
Pop III stars FC [20, 31] v? B? few x 107¢
(£ ~ 1000, tage=10" yr, Np=100)
few x 107°
(£ ~ 1000, tag.=10* yr, N;=1000)
few x 1077
(€ ~ 100, tage=10* yr, Ny=100)
Galaxy clusters FC v? B? 10710
(£ ~ 1000 [39])
Galactic synchrotron intrinsic p(Z2=awme/7) B3/? 107* (¢ ~ 100)
emission [21] <107° (£ ~ 500)

[S. King, P. Lubin (2016)]
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Faraday conversion

Linearly polarised light propagates through cold magnetised plasma, it undergoes
Faraday rotation.

Light traversing relativistic plasma undergoes both Faraday conversion and Faraday
rotation.

Faraday rotation: rotation of the linear polarisation between Q and U parameters (it
does not lead to circular polarisation!)

dA¢FR dA¢FR

Q=—20=—~ dt

and U=2Q

with A¢FR x B

Faraday conversion: in presence of relativistic electrons, linearly polarised radiation can
be converted into circularly polarised radiation

dAgrc
d

vV =2U with  Agrc x B

[A. Cooray, A. Melchiorri, J. Silk (2002)]

M. Lembo (UniFe) ASI/COSMOS 26 - 27 June 2018 5/ 16



Boltzmann equation for tensor perturbation

In linear perturbation theory, scalar and tensor perturbations evolve independently.

@ In the SP framework, U and V have no source terms;

@ In the TP framework, U has source term, V does not (at least in the ACDM).

857—’ * x ohT % dr -
kA — 2 = (AP 4R
on knsy on dn
ONG ™ . dr /- .
S paphy = SL(Bgr—A0X)
yi n
OAT ~ . N
oy kb = Z—; (A5 —R)
8A+, X ~ ~
8‘1/7 + zkuAt’ = Z—;A+’ %
where the source term is
/"\+,><: 3A+><+ A+><_7A+><_|_3A +§A+,><_|_§A+,><
70 10 70 7@ TpTe

[A. Kosowsky (1994)]
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Boltzmann equation for tensor perturbation

Aa;;} “ 4 thkpAf =2 6ha+n -
BAai - +akplAl
8582 : +okpl
856% - + ikl
where the source term is
Ax = 730A+ x| A

n
= ﬂ (Ag’ x /\+’ X)
n
dr [« A d(Aa)
— = A+ X /\+ X _2 A+, X
dn ( v ) v dn
dr d(Acx)
— A+ X 2A+ X
dn * dn
3 6 ~ 3~
—A+X A ZAL X S At
10 *t70 "t 780 T58@

The Aca(n) function is the phase shift of the Faraday conversion. )

M. Lembo (UniFe)

ASI/COSMOS 26 - 27 June 2018



Disentangling the U and V equations

In order to disentangle the U and V equations, we write them in a vectorial form,

introducing
. At * R 0
A+’XE<A5,X ) and /\+’XE<7\+’X>.

Then, diagonalising the Faraday conversion like term through the rotation matrix

we obtain
X+, x/ A+, X _ IR+, X IR+, X R4, X
AV, new + Zkiu‘AV, new - T AV, new + ZZ(ACY) AV, new + T A
X+, x/ X+, X _ IR+, X IR+, X IR+, X
AU, new + 7‘kiuAU, new — T AU, new ZZ(AQ) AU, new — UT A ’

where Al = RAT .
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Line of sight approach

We formally integrate the Boltzmann equation with the FC like term along the
photon past light cone, and, then, we write an equation for each multipole 2. J

For example for AZ’ * and At’ X, we obtain:

. o N

AbF(km) = / dn g0 k(o — m)] S ()
nj

. o N

AV S (kymo) = dn ge [k(no —n)] S5 % (n)
ni

where the source terms are

Sp* =g cos[2(Aa(n) — Aag)] AT “and 8% = —g sin[2(Aa(n) — Aag)] AT <.

We have already gone back to the unrotated expression, through the relation:

A+, X A+, X X+, X

< AV;l ) — 1 AV, new; ¢ +AU, new; £
Aty X - A+, X Aty X .
AU;Z 2 ZAV, new; £ ZAU, new; £
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st order approximation in A«

At the first order in (Aa(n) — Aap), the formal solutions of the Boltzmann equation
plus the FC like term are:

. 0 -

B Gem) = [ dnae [kt =] 37 ()
ni

. 0 -

AG (ko) = / dn ge [k(1o —m)] Sg* ™ (n)
ni

- 70 ~

Al S (ko) = / dnge k(o — )] S (n)
ni

. 0 ~

AV S (kymo) = / dn ge [k(no — )] Sy *(n)
ni

where the source term are

ShX=ght>X 4 20e " §5‘X5g7\+’x

Sy =ght> Sy = —2g [Aa(n) — Aag] AT
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Power spectrum of tensor modes

The power spectra are given by
2
o) / Kk Po(k) [AF) ()]
o) x [ Kak (k) A7) AT)(K).

where X and Y stand for T, E, Bor V.

While Pu(k) is the primordial power spectrum.
[M. Zaldarriaga, U. Seljak (1997)]
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((n) function - preliminary results

For the rest of the analysis, it is chosen Aa(n) — Aap = Aa* = 107 rad.

W TT power spectrum
B EE power spectrum
[ BB power spectrum
W WV power spectrum (Aa*= 10" rad)

100 500 1000

These are only for tensor perturbations. J
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Choosing the Aa(n) function - preliminary results

— 1 —
% X 0
= =)
o \ H \‘ | b
o \ = .
7 | ’ AP
2|8 “\ NI
N I
W VWV power spectrum (Aa”= 10”'rad) (no reionization)
o

These are only for tensor perturbations. J
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Choosing the Aa(n) function - preliminary results

108 W TT power spectrum
W EE power spectrum
1 BB power spectrum
W VV power spectrum (Aa*= 10" rad)

\/\N\\

5 10 50 100 500 1000

These are both for scalar and tensor perturbations.J
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Conclusion and future perspectives:

o we did the groundwork for a new tool allowed to compute the
primordial circular polarisation no matter is the physics beyond;

@ we are working on the implementation of this tool at higher
orders: the idea is to have a plug-in for CAMB,;

@ we are going to put in the A« function the informations of
different physical models;

@ the goal is to achieve an upper limit on the primordial circular
polarisation for the future experiments (CLASS, SPIDER,
PIPER).
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Thanks for your attention!J
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Coordinate trasformation [A. G. Polnarev, 1985]

As concerns tensor perturbations, it is customary to introduce the following coordinate
transformation:

Ajy = (1-pM)cos20)Aly, Ay = (1-47)sin(20)Ay,
Ay = (1+p%)cos(20)AG, NG = (1+4°)sin(29)A5,
A, = —2usin(29)A}, A 2u cos(2¢)A}; .
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Stokes Parameters and Boltzmann equation

An arbitrary state for a photon propagating

: in the z-direction
Stokes parameter in QM &) = a1e]e)) + 226 |e2)

description . :
Density matrix

I'=le) (el + le2) (el

Q = ler)(eal = lea) el oo % ((fLQV UI:;V)

U = |e)(e| + |e2)(e] )
V =ile)a|—ila)le] =3Il +Qos+ Ui+ Vo)

The time evolution of the number operator, Z;(k) = 4! (k)3;(k), in terms of p =

Boltzmann equation for the density matrix

(501 G010 = i ©) D00 — 5 [ ([0, Pl 024 0]
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Line of signt approach

- 70 ~
AY e o(kym0) = Z/ dn e [k(no — )] 8§ e (n)

ni
- 0o -
Ay % (ko) =1 / dn g0 k(o — m)) S X, (n)
ni

where the source term are

§J,n>:W =g e21[Ao¢(n) 7Aoc('qo)]/"\+, X and 5‘1;:,:;” =—g e72z[Ao¢(n) *AO‘(’?O)]AJW X
Going back to the unrotated expression
Al X (k = [Pk S5
U;e( ;M) = 03¢ [k(no —m)] Sy~ (n)

n;

. "0 ~

Ry Gemw) = [ dnaelkOm =) 55 ()
n;

where the source terms are

Sp* =g cos[2(Aa(n) — Aag)] AT “and 8% = —g sin[2(Aa(n) — Aag)] AT <.
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