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Motivation (Observations: coronal magnetic field structure)

At the solar minimum the magnetic field has relatively regular structure, while
at the maximum it becomes fragmented leading to constraints on the available
spatial scales of the wave excitation sources.



Motivation (Observations: solar wind velocity cyclic variability)

Along with the increasing rate of the magnetic field structure fragmentation the
latitudinal area generating the slow solar wind outflow expands significantly ,
while the polar coronal holes become retreated close to the polar regions. As a
result, the velocity gradiends become less pronounced over the wide range of
the heliographic latitudes.



Motivation (Observations: solar wind helium abundance)

There are two sources of the slow solar wind operating at different
stages of solar cycle (Kasper et al., Apj, 2007, 660, 901).



Motivation (Observations: Latitudinal probbility of active 
region sources)



The model (basic concepts)
• 1D model of the Alfvén wave turbulent heating and acceleration of the solar wind,
developed by Vainio, Laitinen, and Fichtner, 2003, A&A, 407, 713, is used as a
reference model.

• We update the model by adding the latitudinal variation of the lower frequency
boundary of the wave spectrum f0 , which we claim to be finite due to the
fragmentation of the available space for the wave excitation sources.

• We mimic the distribution of the frequency lower boundary of the wave spectrum
by imposing upper boundary on the available wavelength in accordance with the
typical widths of streamer-like field structures emerged during the cycle.



The model (basic concepts, Fig.1)



The model (definitions and equations)

The wave power evolution:

The wave pressure:

The wave pressure evolution:

The wave heating function:



The model (definitions and equations)



The model (The wave power spectrum)



The model (The wave power spectrum)



Results (loses in the wave heating rate due to f0 and 
compensation by the active region wave sources)



Results (loses in the wind acceleration rate due to f0 and 
compensation by the active region wave sources)



Conclusions

• In the current work we focused on the basic physical grounds underlying the
concept we are addressing. While more extended numerical studies via performing
direct numerical simulations will be published elsewhere, here we demonstrate, in
general terms, a correspondence of the above-stated modeling with the existing
data and modern understanding of the solar wind acceleration scenarios. The
lower boundary of the wave frequency domain should be taken into account as a
natural parameter!

• most of the indirect measurements of the active region evolution during the solar
cycle, like detections of the helium abundance in the solar wind, indicate that
multiple processes for slow wind heating and acceleration should operate in the
relative proportions at different phases of the solar cycle (Kasper et al. 2007). With
the uptrend of the activity cycle the significance of the streamer belt contribution
decreases gradually reaching some smaller but finite rates at maximum.

• Contributions from the increasing number of active regions lead another
important process to be switched on. At a certain stage this latter process starts to
prevail and at solar maximum it mainly contributes to the slow wind dynamics. The
resulting magnetic structures as sources of the waves are known as active region
sources (Liewer et al. 2004). As a matter of fact, the distribution we have proposed
is nothing else than that of active region sources.
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