Faraday signature of helical
and bi-helical magnetic fields

Axel Brandenburg (Nordita) & Rodion Stepanov (Perm)

Compensating Faraday depolarization

— By a helical field (single sense of twist)
— By a bi-helical field & RM dependence

Application to edge-on gaIaX|esﬂ_,\:;/M%,i\i —
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Helical (swirling) magnetic fields
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Singly helical field
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Intrinsic polarized emission from B
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Only works T RM >0 and k>0
s, extended A2 <0
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Peak determined by single parameter S o

A =-k/Kn, B, ck/RM

But difficult/impossible to recover F(¢)
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Expect bi-helical fields

« Magnetic helicity conserved
* |nverse cascade produces small-scale waste!
 Opposite sign of helicity (or k)

1 5 1.0000F |
5 E)f. [ }
2 o0.1000F T
1 %
] £ 0.0100F
E| Y]
: @

£ 0.0010}
P <
0.0001 k. . | .
1 10 100 1000

z 1.0000 _ 2pioE, ]
= 01000f T :
5 0.0100} g } E
= ({) 3
T 0.0010} ki, 9., ] 3
™ 0.0001p. R > 284U f b N

1 10 0 1000
ke [2071

5



~ ambiquity lead to “line splitting
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Peaks at k,=1 and k,=-5

translate to k;+k, = -4
and to k;-k, = 6

(i) peak In P at -4
peak separation 6

(i1) in Faraday dispersion:
frequency 6
-2X phase gradient -4



~ ambiguity: other examples
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Peaks at k,=1 and k,=-5
1 and -6, or, 2 and -6

translate to k,+k, =-4
and k;-k, =6

Table 1. Summary of the three examples shown in Fig. 4 for RM > 0 with
bi-helical magnetic fields of wavenumbers k1 and ko, the corresponding
values of k4 = ki & k2, the peak wavenumber kj. the peak separation
Ak, the phase gradient (¢ derivative, indicated by W for brevity), and cor-
responding values for AE and AXZ. All values of k are normalized by kg
and all values of A? are normalized by A%.

ki ko kp ko kp Ak Ve A2 AN Vi
I -5 —4 6 —4 6 2 -2 3 2
1l -6 -5 7 -5 7 25 -25 35 25
2 -6 -4 8 -4 8 2 -2 4 2



For RM>0, only +ve helicity obs

RM>0
| ﬁl B,/8,=0.2

-5 o 5 10

—
L=
1

PR S peld
o
(=]

(=
=]
1

By/B,=0.45

o U

PO}/ pof

PN/ pol
- .__ ;
| .
(5]
€.
=
|

PWE)/ pof

1.0

1 0.5

0.0

RI_\/_I_<0

For RM > 0,
Left: north
Right: south

” Bo/B,=02 |
1

-9 0 5 10

o _ By/B,=0.45
_wﬂuﬂ For RM <0,
oo s Left: south
I Right: north

\

A\ TSR

Sl s
LY |~




Scales and applications

L@
k <> 1°

« L=1kpc > k=6kpct—> ®=30cm
» L<0.1kpc > k>60kpc!—> @=1m
« Assuming B =3 OG, n,=0.03 cm3

A coverage only possible with SKA: 2 cm — 6m
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Conclusions

« RM synthesis: measure magnetic helicity

* Need line of sight component: edge-on galaxy
« EXxpect polarized intensity only in 2 quadrants
» 2 characteristic peaks




