Simulation and analysis of polarized synchrotron
emission maps

André Waelkens, Torsten Enf3lin, Alexander Schekochihin, Ronnie
Janssen, Glennys Farrar

Max-Planck Institut fur Astrophysik

turbulence in the magnetized ISM

Waelkens et al. (MPA) Simulation and analysis of synchrotron sky Perm 2006 1/30



N
outline

@ Hammurabi, the galactic synchrotron sky simulation code
@ Stokes-correlators, analysing Pl maps
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Part 1: The Hammurabi code
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Polarized galactic synchrotron sky simulation tool

What we get!
p cosmic ray electron density

I= [ dR ]mt'%//B g;lactic magnetic field
~ 2
-21(1?\/17@%)

PI= | dRj e

n thermal electron density

Ingredients:
@ thermal electron density model (NE2001, Cordes & Lazio 2002)
@ cosmic ray electron density (WMAP3, GALPROP?, our own) -
@ magnetic field models (several) ﬁ‘%?
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Compilation of input models

@ WMAP 3th year (Page et al. 2006) < this talk!

e magnetic field
@ cosmic ray electron distribution

@ Prouza and Smida 2003
e magnetic field

@ Stanev 1987
e magnetic field

@ and others...
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regular magnetic field — wmap-3 model

B(r, ¢, z) = By[cos i(r) cos x(z)F + sinw(r) cos x(2)d + sin x(2)2]
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- oamples |
cosmic ray electrons — wmap-3 model

power-law energy distribution in an exponential disk:

ne = ngexp(—r/hy) sech?(z/ hy).

scale height: hy = 1 kpc
radial scale length: h, =5 kpc
ng unspecified

Page et al. (2006)
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WMAP 3

polarization direction

a® 180°

Page et al. 2006
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examples

WMAP 3

polarization direction
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Page et al. 2006
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WMAP 3

| maps
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Hammurabi Haslam et al. 1982 (from Bennett et al. 2003)
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examples
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Faraday depolarization

60 GHz
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Faraday depolarization

22 GHz
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Faraday depolarization
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Faraday depolarization
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Faraday depolarization
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Faraday depolarization
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WMAP 3

RM maps
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WMAP 3

Excessive RM!
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Johnston-Hollitt et al. 2004
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Magnetic field small scale behaviour

Our approach

Maximum code resolution is a ~ cubic cell of ~ 64pc3.
We need subgrid modeling:

regular ordered random
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Part 2: Analysing polarized intensity maps

We would like to see whether there is information about the magnetic
field encrypted in Pl maps.
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What is the scenario?

We hope to be able to find somewhere something like this:

Figure: Cross section of the field strength in the saturated state of a simulation of homogeneous isotropic MHD turbulence
(run B in Schekochihin et al 2004)
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A first explorative attempt

We propose to investigate the power spectrum of the Lorentz force.
B? )+ 1 [ - —»}
8~ 4

In particular (the magnetic tension-force)
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A first explorative attempt

magnetic tension-force
F=_— [(BV)B}

“tension-force” correlations:

~

&im(k) =< Fi(k)Fn(K') >= (27)36(k + K")kiknCj.mn(K')
Where,
Cij,mn(F) =< Bj(%1)B;(X1) Bm(X2) Bn(X2) >

and,
r=|r =Xy — X
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A first explorative attempt

Originaly there are 26 functions, simplified by symmetries to seven
unknown:

Cimn(k) = Ci(K)556mn + Ca(K)(Simbjn + dindjm)

+C3(K)(Sjkmkn + dmnkik;)
+Ca(K)(Oimkikn + dinkikm + Sjmkikn + djnkikm)
+Cs(k)kikikmkn
+Co(K)(cimpkpdjn + €inpkipSjm + €impkodin + €inpKpdim)
+Cr (k) (eimpkokikn + einpkokikm + eimpkokikn + €inpkokikm)
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Analysing polarized intensity maps

Observables: Stokes parameter:

(X)) = Oodz(éB;‘;()?)JrcSBﬁ()‘(’))
QX)) = h dz (§B%(X) — 0B5(X))

o0
UR) = [ az(5B(5)08,(9)
20
... and their six correlation functions (Notice! It is a projection!):

Yi(rL), Zaa(rL), Zou(rL), Tig(FL), Zw(FL), Zau(ry)

“TMPACT
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Analysing polarized intensity maps

Observables: Stokes parameter:

(X)) = Oodz(éB;‘;()?)JrcSBﬁ()‘(’))
QX)) = h dz (§B%(X) — 0B5(X))

U(X) = / " 0z (5B(R)3B, (%))

... and their six correlation functions (Notice! It is a projection!):

A — A~

Su(k), Saa(kL), Suu(ky), Sialky), Sw(ky), ou(kL)

N mpac
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Analysing polarized intensity maps

The symmetric part of the tension-force correlation tensor is fully
encoded in the data, i.e. the tension-force power spectrum is:

~ — 1 A s Pa -
®i(k,0) = k2 |Xp(ky)+Eqi(ky)
4

+510(Ke) + £aa(K1) + 8L uu(K.)]
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Analysing polarized intensity maps

The symmetric part of the tension-force correlation tensor is fully
encoded in the data, i.e. the tension-force power spectrum is:

~ — 1 A s Pa -
®i(k,0) = k2 |Xp(ky)+Eqi(ky)
4
+51(K1) + Eaa(K1) + 8L uu(K1)|

This demonstrates that the method obtains physically relevant
information on MHD turbulence from polarization data!
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summary

@ synchrotron sky simulation tool (Hammurabi code)
e small scale magnetic field requires more sofisticated modeling
@ Stokes correlation method

o there is physicaly relevant information encoded in Pl maps
o we will be looking fro scenario that accomodates our assumptions
in the intra cluster medium.
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Thank you!
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depolarisation: synchrotron vs. dust

Reduction Factor for Synchrotren Reduction Factor for Dust

9sync(M) = nst’()ﬁ) (geometric suppression)
MNs=(p+1)/(p+7/3) = 0.75 (intrinsic polarization fraction)

P(h) = vVQ? + U? & I(7) from LOS integration
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depolarisation: wmap calc. vs. our calc.

Reduction Factor for Synchrotren

Gsync(N) = nsp(j’(n) (geometric suppression)

MNs=(p+1)/(p+7/3) = 0.75 (intrinsic polarization fraction)
P(N) = vQ?2 + U? & I(1) from LOS integration
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depolarisation: wmap calc. vs. our calc. + wrong /(h)

Reduction Factor for Synchrotren

9sync(M) = HSLZ)?,) (geometric suppression)
MNs=(p+1)/(p+7/3) = 0.75 (intrinsic polarization fraction)

P(h) = vVQ? + U? & I(7) from LOS integration
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