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Introduction

One of the key parameters to characterize the solar cycle is the magnetic field of the corona.

Definition: Open magnetic flux of the Sun is the number of field lines crossing the source surface of
the solar wind.

If the field lines originate close to the Sun and continues to the outer heliosphere, then the number of
field lines crossing through any closed surface around the Sun, i.e., the magnetic flux must be the
same.

If the sign of the crossings (inward or outward magnetic polarity) is considered, then the flux is zero.
Open flux: we discard the polarity, it is customary to use abs(Bg) .

If the solar wind flow is radial, then the quantity Bi R? should conserve (magnetic flux density,
normalized to 1 AU), provided that the magnetic field is frozen into the solar wind.

In principle, B, can be a function of heliographic location (longitude and latitude) and time (solar
cycle phase).

Two ways to determine the open magnetic flux:
» Photospheric measurements + model calculations
 Interplanetary measurements



Open Magnetic flux from photospheric observations
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Open magnetic flux from interplanetary observations

Interplanetary magnetic field measurements provide vantage point (calibration) of source
surface field.

Magnetic flux frozen to the plasma + radial propagation of solar wind: Bz R? constant

But! Abs(Bg) R? is not constant. The reason is: fluctuations of the magnetic field.

~ Affect of fluctuations: false opposite magnetic
sectors, overestimation of the open flux, in

particular at

Lv)  Larger Parker angle

 Larger fluctuations of the field



Fluctuations increase with radial distance (“flux excess” problem)

Ulysses magnetic field - solar rotation averages

Heliocentric distance r (AU)

From Smith, E.J., 2011, JGR, 116, A12101, doi:10.1029/2011JA016521
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Level of magnetic field fluctuations is different for the slow and fast wind
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Distributions of the radial magnetic component
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Distribution of the open flux

Distribution of the open magnetic flux density, B R?is a
complex function of heliospheric location, solar wind velocity
and phase of solar cycle

wo—huwmped distributions (negative and
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Number of intervals B: R? (nT AU®)

Number of intervals
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Bad news: need to make corrections for the fluctuations.

Good news: the magnetic flux density is independent of heliospheric latitude
and longitude. This means that even a single point interplanetary measurement
gives a good estimation for the open magnetic flux.
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Correction for fluctuations: sector sensitive averaging

N
@
o

Decomposition of the By
distribution into positive and
negative polarities

o)
®
O
AR

—_—

1000
300
600
400
200

|ILII| ]
O—1O -5 0 S 10

Averaging of abs(B*)

B

IIIIIIII|IIIIIII|_




e
% (&

7o)

o

\/'

ERESRNEAR || | || |

Methods for corrections of
fluctuations:

-10 :I'|: I I,l—_” Ol
-10 -5 0 3
Bk R? (nT AU?)

1. Sector sensitive averaging
Not <abs(Bg)>, but

1200-|....|....|....|....|_ <B+_B_>
1000—_ N
800 - - . :
- ! 2. Neglecting fluctuations

600 — — .
400.] i perpendicular to the Parker
200 s line

O AR AR RARRN RAREN



R=1AU
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Ulysses/OMNI comparison, sector-corrected flux
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Ulysses/OMNI comparison, corrected flux
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Comparison of Ulysses and OMNI magnetic flux
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Explanation of latitudinal independence of the flux

radial expansion

Inside a sphere with a radius of about
10 Rqthe magnetic field pressure is
larger than that of the plasma. If the
magnetic field is larger in a place of
the source surface (for instance, at the
poles), then the larger magnetic
pressure diverts the flow from the
photosphere radial expansion until equilibrium is
reached (Smith, 2008).

super=yradial| expansion




Sunspot numbers

Source surface magnetic flux
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Conclusions

The distribution of the open magnetic flux density, B, R? depends in a complex way on the
heliospheric location, type of solar wind (slow or fast) and solar activity.

Variations in B, R? are largely caused by fluctuations of the magnetic field around the
average Parker field lines.

The effects of the fluctuations can be reduced (2 methods were presented)
Results show that there is no flux excess in the outer heliosphere
The magnetic flux is uniformly distributed in the heliosphere (no latitudinal dependence)

Good agreement between heliospheric and source surface magnetic fluxes, except during
the rising phase of solar cycles



Questions

Why the interplanetary flux is higher than the source surface open flux during the
rising phase of the solar cycle, in particular in the present cycle?

What is the open flux at CME activities?

Is there any latitudinal dependence of the open flux? (a related question is the
north-south displacement of the heliospheric current sheet)

Is there any longitudinal dependence of the open flux? (preferential longitudes)
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Sunspot numbers

Flux ballance (%)

North-South (a)symmetry
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(Mursula and Kalevi, 2004)

Difference between
the magnetic flux
averages in positive
and negative sectors:

(Be)*(Bs)
(Be)

22 year wave fit
results in an
amplitude of 5%,
corresponding to 1.5°
offset of current sheet.

Not convincing result,
large errors.



