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PRIMORDIAL MAGNETIC FIELDS



Magnetic tields: orders of magnitude
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21-CM TRANSITION AND
APPLICATIONS TO COSMOLOGY



In the beginning of the Dark Ages, electrically neutral
hydrogen gas filled the universe. As stars formed, they
ionized the regions immediately around them, creating
bubbles here and there. Eventually these bubbles merged
together, and intergalactic gas became entirely iGnized.

Time:
Width of frame:
Observed wavelength:

Simulated images of 21-centimeter radiation show how hydrogen
gas turns into a galaxy cluster. The amount of radiation (white is
highest; orange and red are intermediate; black is least) reflects
both the densityof the gas and its degree of ionization: dense,
electrically neutral gas appears white; dense, ionized gas appears
black. Theimages have beenrescaled to remove the effect of cosmic
expansion and thus highlight the cluster-forming processes.
Because of expansion, the 21-centimeter radiation is actually
observed at alonger wavelength; the earlierthe image, the longer
the wavelength.

210millionyears
2.4 millionlight-years
4.1 meters

Allthe gasiis neutral.
The white areas are
the densestand will
giverisetothefirst
stars and quasars.
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290 million years 370 millionyears 460 millionyears 540 million years 620 millionyears 710 million years
3.0 millionlight-years 3.6 millionlight-years 4.1 millionlight-years 4.6 millionlight-years 5.0 million light-years 5.5 millionlight-years
3.3 meters 2.8 meters 2.4 meters 2.1 meters 2.0 meters 1.8 meters
Faintred patches These bubbles of New stars and Thebubbles are The bubbles have The only remaining
show thatthe stars ionized gas grow. quasars form and beginning to merged and nearly neutral hydrogen
and quasars have create theirown interconnect. taken overall of space. is concentrated
beguntoionize the bubbles. in galaxies.

gas around them.

A. Loeb, Scientific American (2000)
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Observable: brightness temperature
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Observable: brightness temperature

Radiative transfer of the CMB through neutral gas
Ts < T, : Absorption

Ts > 1., : Emission
Output brightness temperature against the CMB 1s

0Ty, = — (T‘out — Tw)

T, — T, (1+z

Gas properties

Q" >m(1}@/m




Spin temperature: evolution
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Brightness temperature fluctuations in the pre-
reionization epoch and the EOR

T EMHzé L Advantages for cosmology:

. _\L 9§

: e 3D maps

e Small-scale information

McQuinn et. al. (2006)
Mao et . al. (2008)

Many more.....

_ . . Several existing/planned low 'V
s 147 b e radio arrays aim to measure the

21cm signal from the EOR:

GMRT, PAPER, LOFAR, MWA,
LEDA, HERA, SKA ...

http://mpa-garching.mpg.de



EFFECT OF MAGNETIC FIELDS
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é Qd
ﬁ

Isotropic bath of 21cm radiation.
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Anisotropies and anisotropic emission

T H /1+42\"?
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Anisotropies and anisotropic emission

H

1+ z) 2§ T from thermal background is

() = 9.7 x 10 3z, (5) (1+96) ( b . .o
T \ 10 one absorption/emission” ~ O(r)
De-excitation of “aligned” moments
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Effect on 21cm observables
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Detectability

Credit: Swinburne Astronomy Productions/
ICRAR/U. Cambridge/ ASTRON.



Detectability

No signal - variance
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No signal - variance

Me(1+ 2)%%3(2) Tszky

PN (k) = i
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21 2.55
Ty = — (1 K
=00 () K
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Credit: Swinburne Astronomy Productions/
ICRAR/U. Cambridge/ ASTRON.



Detectability

No signal - variance
Ne(l+2)%3()  Thy
QbeamtlE[(z)VQl Agnbase(/g)

Toy = 60 (ﬁu + z))z55 K]

PN(k) =

100
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Credit: Swinburne Astronomy Productions/

ICRAR/U. Cambridge/ ASTRON.
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Detectability - Saturated
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Detectability - Redshift
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Conclusions

High-resolution maps of the 21-cm line from the epoch of
reionization and earlier offer the C5)0ssibﬂity of directly
probing primordial magnetic fields.

An array of dipole antennas in a compact—grid configuration
with a collecting area is in pripgiple sensitive to a
Gauss comovijggdield within one yeat of integration time.

Future work towards its applicability:

* Foreground subtraction removes information.

* Optimal design of future experiments?
 Sensitivity to particular models of magnetic fields?
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What about CMB anisotropies?

o Off resonant, finite o
temperature correction to
the energy levels.

e Dynamical stark effect.
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From alignment to orientation

* In the presence of “alignment” or spin-polarization (due
to fluctuations in the gas), and the energy level correction
due to CMB quadrupoles, atoms tend to get “oriented”.

(FoFp) — (F)

* Oriented atoms emit circularly polarized radiation.
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Using V to look at the CMB quadrupole
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Using V to look at the CMB quadrupole

V., 1+2\*T T
obs _ _8.6 mK el O
06 5.0 m <2o> TS( TS>

1
X
(1 -+ 0.7533@,(2))(1 -+ Ta,(2) -+ :EC,(Q))

A A

X Im[a21Y21(k) + 2&22Y22 (k)]

e TV correlations can be used to reconstruct the local CMB
quadrupole at the atom’s location.

M b, OVobs
I)[\{,‘l p— ‘ ..'_k' {Ll ‘ =
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Reconstructing gravitational waves
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of the CMB quadrupole components,

aquQ#O



Reconstructing gravitational waves

e The “dertved data products” from the analysis are maps
of the CMB quadrupole components,

* These are fields of spn%l Welght g on the sky.



Reconstructing gravitational waves

e The “dertved data products” from the analysis are maps
of the CMB quadrupole components,

* These are fields of spn%l Welght g on the sky.

aqu_‘\.n.,' = L L byt (X) o Yem(T2)

f=|gq| m=~{



Reconstructing gravitational waves

e The “dertved data products” from the analysis are maps
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of the CMB quadrupole components,

* These are fields of spn%l Welght g on the sky.
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« Components with magnetic parity only arise due to
(primordial) gravitational waves
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