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A. Introduction
During the Second Year of this TR&T Project, the individual groups progressed on their proposed Plans of Work, as described in their Annual Reports. At the same time, we advanced toward the joint goals of our overall Focus Team 4- Year Plan, set out in our First Year Team Report. 
A joint 1 – day workshop was held recently in connection with the June 2011 SPD meeting in Las Cruces, NM. Additional meetings amongst the three Western groups (Stanford, NWRA, UCLA) and separately, between the two Eastern groups (NRL, Heliophysics, Inc) are described in Section E below.
       B.  Science Goals
1. To investigate  and expand observational evidence from studies of solar white light  faculae, 
              from saturation of TSI variation, and from stellar photometry, that late – type stellar 

              dynamos tend to shift toward lower spatial wave-numbers (i.e. larger magnetic structures like
              spots versus more fragmented ones like faculae) as they increase in total magnetic flux output.
              (Heliophysics, NRL).
2. To understand the basis of recent theoretical evidence that dynamos tend to produce their flux in larger – scale structures, as the total flux increases. Thus, to identify what aspect of dynamo models drives this move toward lower wavenumbers, and how effectively it might be used to constrain dynamo models. (Heliophysics, Stanford, UCLA/ NORDITA).
3. Meridional circulations are certainly important to the dynamo process, and therefore indirectly to irradiance variation that is largely driven by photospheric magnetism.  But it is also worth considering whether these circulations transport entropy or whether they are more likely to be driven adiabatic flows. This issue is key to assessing their potential for affecting luminosity directly. This is a challenging problem and its solution probably lies outside the scope of the research proposed here, but we will consider it to the extent that our  helioseismic analyses may already shed some light on this problem. (Stanford, NWRA, Heliophysics)
4. To clarify the relation between meridional flows measured from helioseismology, and            transport models. (NRL, Stanford)

      5.    To clarify the relationship between surface flux-transport models and flux-transport 

             dynamos. (NRL, Andres Munoz; LWS FST "Cosmogenic Isotopes").
      C. Plan of Work, Schedule, Deliverables 
           Plan of Work:
a) Review the observational evidence bearing on interpretation of TSI saturation as a consequence of photospheric magnetic diffusion. (e.g. behavior of the spot/facula area ratio in daily, and in annual mean data; also its behavior at the onset of a new spot cycle). (Goal 1).
b) Study the implications of this evidence for the behavior of the field source function in transport models of the photospheric magnetic field. (Goal 1).
c) Develop Carrington maps of Ca K spectro-heliograms. (Goal 1).
d) Use these maps to study the dependence of the spatial spectrum of solar magnetic fields upon activity level, going back to the beginning of the Ca K record in 1915. (Goal 1).
e) Review recent results from dynamo modeling (e.g. Tobias et al.; Miesch et al.) 

             that dynamo action moves to lower spatial wavenumbers at higher flux levels. (Goal 2).
f) Study whether this new observational finding might be incorporated in dynamo modeling as a new constraint separate from e.g. helicity conservation. (Goal 2)
g) Review the literature on the dynamics of latitudinal flows driven e.g. by large – cell convection, or by anisotropic viscosity, on their predicted and observed pole – equator temperature differences, and their relevance (or not) to driving of the observed meridional flows. (Goal 3).
h) Compare these with the geometry, depth, and solar cycle- dependence of meridional flows obtained from the studies carried out at NWRA and Stanford, under this TR&T grant. (Goal 3). 
             Schedule:
             In accord with our schedule, items (a) and (c) of the Plan of Work were carried out in Year 1.Item

             (c) continues into year 2. Items (b), (d), (e),(f) and (g) are to be initiated in Year 2.Item (h) will

             be initiated in Year 3.
             Deliverables:
             Results will be presented at the AAS, AGU or SPD conferences, and/or at topical meetings.
             Important findings will be published in refereed journals and conference Proceedings.

             Important data products of general use to the LWS community are expected from this TR&T
             study, but they are being produced mainly by the individual groups, rather than by the Focus
             Team jointly. Examples are the Carrington maps of the solar Ca K structures (NRL), the
             helioseismic inversions of the MDI data (NWRA, Stanford), and the time series of reconstructed

             solar irradiance time series and of WL facular areas (Heliophysics).
            D. Progress Report for Year 2
We describe progress on our Second  Year in terms of the items a) – h) defined in our First Year  Report under Section C: Plan of Work, Schedule and Deliverables. 
The related goals (a) of reviewing the observational evidence bearing on TSI saturation as a consequence of photospheric magnetic diffusion, (b) connecting this evidence to the field source function, and (e,f)  to dynamo calculations, were pursued in part through a visit by the Heliophysics PI to NORDITA in Stockholm and to the Niels Bohr Institute in Copenhagen, in November 2010. He presented a seminar and participated in discussions with the NORDITA dynamo group (Axel Brandenburg et al.). In Copenhagen, he met with Aake Nordlund to discuss his group’s recent dynamo calculations. According to Brandenburg et al. tendency toward production of lower spatial frequencies at higher dynamo output seems to be a basic feature of turbulent magnetic dynamo action, although it is not necessarily unique to turbulent dynamos. Increasingly realistic simulations of dynamo action produced by Nordlund et al may also bear out this tendency and better define it as a diagnostic between different models of solar field generation.
The construction of Carrington maps from the Mt Wilson Ca K images for 1915-1985 called out in Item (c) was completed by the NRL group. They used the data to construct butterfly diagrams and other displays to summarize the multi- decadal evolution of calcium intensity patterns and of magnetic flux. Their results (Ap.J. 730, 51 2011) show that cycle 19 was remarkable for its giant poleward flux surges and for the emergence of a NS asymmetry lasting 10 yrs. 
In connection with item (d) the Heliophysics PI travelled to NRL in March 2011. The aim was to discuss the possible usefulness of the Carrington maps to study of the dependence of spatial power spectrum of photospheric fields, upon cycle to cycle variations in cycle amplitude. It was agreed that power spectrum analysis of these data would be difficult given various sources of noise in the archival photographic data.
Collaborations between the Stanford, NWRA and UCLA groups at the Stanford Summer Center for Turbulence Research led to 5 joint papers in the Program Proceedings. 
Artificial helioseismic data derived from the Stanford simulations have been provided to the LWS TR&T Team, to the SDO JSOC data analysis center at Stanford, and to the helioseismology community for testing, improving, and developing helioseismic measurement and inversion techniques. A website has been constructed for posting these data sets online. The artificial data are being used for validation and testing of the local helioseismology analysis and inversion codes for data analysis pipelines of the SDO/HMI and GONG projects. 

The Stanford and UCLA groups have developed a particular close cooperation. They are carrying out numerical simulations for the meridional flow model developed for solar cycle dynamo modeling by the UCLA team.  
        E. Meetings
A productive 1 – day joint meeting of the Stanford, NWRA, UCLA and Heliophysics groups was held in Las Cruces on June 12, 2011 before the annual SPD meeting. The program of that meeting is appended below. Also, the Stanford, UCLA and NWRA groups organized a section on the solar dynamo at the Summer Program of the Stanford Center for Turbulence Research in June – July 2011. In addition, the Heliophysics PI travelled to NRL in March 2011, to discuss the use of the Ca K Carrington maps to study the power spectral behavior of photospheric magnetic fields.
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