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Magnetic helicity measures linkage of flux
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Other fun examples
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Decaying helical fields
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FIG. 5. (Color online) Isosurface of the initial magnetic field
§ energy for the [UCAA knot seen from the top (left panel) and slightly
from the side (right panel).
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Dynamos produce bi-helical fields
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Self-inflicted twist: feedback & CMES

=coronal mass ejection
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Magnetic helicity flux

%(KE}=+2<§-§>—277<3-§>—v-95n

< (a:b) = -2(&-B)-21(j b)-V -,

« EMF and resistive
terms still dominant
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Magnetic helicity flux

(A-B)=+2(€-B)-2(J-B)-V-F,

(a-b)=-2(€-B)-2n(j-b)-V-F,

« EMF and resistive
terms still dominant

* Fluxes import at
large Rm ~ 1000

« Rm based on k;
« Smaller by 2n

Gauge-invariant in steady state!
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Northern/southern hemispheres

Cyclones:
0O g Q Down: faster
v Up: slower

(@-u)<0 (@-u)>0 ®=Vxu



Northern/southern hemispheres
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Lessons from dynamo theory

« Helicity
— Not just a measure of complexity
— Critically important in dynamos

* To confirm observationally
— Opposite signs at different scales
— Opposite signs in different hemispheres

12



(1) Helicity from solar wind: in situ

Matthaeus et al. (1982) Measure correlation function
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—> Should be done with Ulysses data away from equatorial plane 13



Measure 2-point correlation tensor

U, U,
Taylor hypothesis: R = RO — Ut
Bi(kr) = f e"*"Bi(R)dR, i=R,T,N,
M!P(kr) = Bi(kr)B; (kr).

H (ke) = 41m(B; (kq)By (ke))/ ke
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Ulysses: scaling with distance
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Vector helium magnetometer
2 sec resolution
10 pT sensitivity (0.1 uG)

* Fairly isotropic

* Falls off faster than R-2

* Need to compensate
before R averaging

Ly =47R%Ug (B 1 24,

Power similar to US consumption
Energy density similar to ISM
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T -5/3

Noisy helicity
ootk _r<2on | TN from Ulysses

« Taylor hypothesis

=L » Roundish spectra

g 1.0000 ¢ SOUthern IatltUde
_ with opposite sign

Positive H at large k
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Bi-helical fields from Ulysses
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Latitudinal scaling and trend
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Comparison

Results for !—,ﬁﬁ?};w in Units of Mx? cycle '

Distance Large Scales Small Scales ) /\
R <2.8AU —0.9 x 10% +0.3 x 10%
R >28AU —1.3 x 10% +0.03 x 10
« Field in solar wind is clearly bi-helical .-
| y Helicity |LS |SS
« ...but not as naively expected
- Need to compare with direct and mean- | Dynamo + -
field simulations | ;
e Solar win -
- Recap of dynamo bi-helical fields +

19




Shell dynamos WIth ~CMESs
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To carry negative flux: need positive gradient
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Similar method for solar surface
<Ei[k, OBk, t}> =Ty (k. t)0%(k — k).

2E (k. t) .o iHyy (k)
Fij[k! f} - ‘-]:TTJEE' [ﬁij _kikj}_l_ ‘-l:TTJEE'
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Zhang, Brandenburg, Sokoloff (2014, ApJL, 784, L45) 22
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Results &
realizability

Ly = /k:_lEM(k] rﬂ::/ /EM(R:] dk. (11)

2F, and k|H,| [G*Mm]

The realizability condition of Equation (8) can be rewrit-
ten in the integrated form (e.g. Kahniashvili et al. 2013)
as

J.H:_J.Jr = /H_J“l fdk E 2 /JEEI_IE_:U[‘R!] dk = QL_ME_U. [:12]

In particular, we have |Hy s (t)| < 2L 3 Exy(t). This allows
us then to define the relative magnetic helicity,

rar = Har /2L 3, (13)

30,000 G?Mm/(2 6Mm 70,000 G?)=0.04

 Isotropy
 Positive hel.
» Expected for south

2F, and k|H,| [G*Mm]

k [Mm™] 24



(i) Galactic context: synchrotron

radiation & Faraday rotation

* Volegova & Stepanov (2010), Oppenmann et aI (2011)
Horellou & Fletcher (2014)

« Polarization vector = magnetic fle’l/‘.\»‘\\'\\‘f cti

 Faraday depolarization

e A A AN

— Headache for observers = short A
— Now: use A dependence

 Application to edge-on galaxies

25



Polarized synchrotron emission
(2 ):Tg(z,/l)dz D= pe?”

0

complex polarized emissivity
0.0]

P(ﬂz)z poj‘éezi(wquz) dz

) w=arctanB, /B, —7/2

Intrinsic polarization
Z ? =B, +iB, =|B,|e""
#(2) = —Kj n,B,dl
0 K =0.81rad m~cm’uG ~pc™

extended

O source

T e—

|
L z

oX §

¢(z) =—Kn,B,z v+l =y +kz
k =—Kn B, A° 2



Helical (swirling) magnetic fields

VxB, =kB,

B, +iB, =|B, """

B, =B, (cos(kz+w, )—sin(kz+w,),0)

B, -VxB, =kB’

1 < 1
|
0 0 _
_q | SO _5 | S1
-1 0 1 -2 0 2
Rotation from swirl compensates Faraday rotation
Faraday rotation
- / \ N
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hellclty
\ \ / S
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Scales and applications

L@
k <> 1°

« L=1kpc > k=6kpc?t—> 2A1=30cm
e L<0.1kpc 2> k>60kpct > A=1m
« Assuming B =3 uG, n,=0.03 cm-3

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

28



Stokes Q&U for singly helical field

Stokes Q and U parameters P — Q +1U 08 L\A/ P(A3)/ ol :
0.6 -
0.4 5
0.2 =
0.0 2

Q= pngcosz(w+¢/12)dz 1 ; : s
U= pngsin 2(w+¢12)dz

Intrinsic polarized emission from B

B,+iB, =|B,|e"*, w=wyy+irx

Cancellation condition

v =—-kz, ¢=—-Kn,B,z

Helical field w/ B, coskz

positive helicity 57|~ Blgln kz
0




ON THE DEPOLARIZATION OF DISCRETE RADIO SOURCES
BY FARADAY DISPERSION

B. ¥. Burn
(Received 1965 July 7)

P(¢) for its intrinsic polarization. Defining the ‘Faraday dispersion function’
as F(¢)=E(¢)P(¢p ), we obtain the Fourier transform relation

POR)= [~ Fig)erap. (x1)

It would be very convenient to be able to invert this transform and so obtain the
Faraday dispersion function from the relation

F¢)=n1[ PO2)e-2" d2). (12)

= o

However, to evaluate this integral we must know P(A?) for A% <o, and this is not
an observable quantity. It is readily seen from equation (11) that this is the



Only works T RM >0 and k>0
s, extended A2 <0
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Expect bi-helical fields

« Magnetic helicity conserved
* |nverse cascade produces small-scale waste!
* Opposite sign of helicity (or k)
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7 ambiguity lead to “line splitting”

=B, +iB, =|B [e""

o~

2

0

=[N

6 oY

: 4/)//

6 o]l

(o)

@{)\a) |/ Pol

10 -5 0 5 10
2A%/ (A%
(d) P(X3)|/pol
—-10 -5 0 5 10

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
-2Xx phase gradient -4



7 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



Hopes for SKA

« RM synthesis: measure magnetic helicity

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




Reality less straightforward

» Turbulent dynamo: k=5, k;=-
* More than just 2 scales
* ¢ notlinearinz
select
By=const, AAT=2n KA = 2m+0.6 AA] = —2wz0.6
B g'i' -1 “ *8 { o - |r 1.0} _as |I'II
i folat LS s
E:E.M“LWJ EE mq—‘/\ 'J ﬁ/\w P A [ Mon

E B.010 \1 |
& |
0.005
0.000 J‘f\”‘nﬂﬁ

=10 -5 0
Expect -2, +16* ™ sl

2nE G

Expect -10, 2



Conclusions \

Vetenskapsradet

Magnetic helicity
— Essential for dynamo
— Expect bi-helical

 Solar wind: yes, but reversed!
 Galaxies: yes, In theory
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