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Abstract
Valdés-Galicia et al. (1996) reported on a newly found 1.68-year cosmic ray variation which seems to be
corrdated with periodicities in x-ray Long Duration Events and low latitude coronal hole area changes. As
those phenomena are reated with magnetic flux emergence we investigate the possible relationship of the
referred variation with characteristic times of different tracers of meridional circulation. Our results
indicate that several of the calculated times might be related to the 1.68 cosmic ray variation. A physical
mechanism through which this connection may operate is discussed.

1 Introduction:

On top of the well known eeven year wave, several periodic fluctuations have been found in cosmic ray
intensity over the years, which are reasonably well corrdated with one or another phenomenon of the
active Sun. Recently Otaola et al. (1995) and Valdés-Galicia et al. (1996) have reported on a 1.68-year
variation in the cosmic ray intensity observed at the Earth in the neutron monitor range of energies (several
GeV). Valdés-Galicia et al. (1996) proposed that this cosmic ray variation might appear as a consequence
of phenomena rooted in the convection zone and could help in understanding the origin of the solar
magnetic cycle.

2 Results:

Photospheric large-scale motions related to the solar global convection seem to be present in several
scale sizes ranging from the granulation to the giant convection. Results of characteristic times of these
large-scale patterns such as giant cdls, sunspots, plages Ha filaments, magnetic features, movements of
polar fields and Doppler measurements are presented in Table | as follows: Column 1 names the observed
phenomenon, a bracketed E means an equatorward flow, no letter means poleward flows. Column 2 gives
the measured or estimated average velocities v with their standard deviations. Column 3 indicates the
latitude bins L discussed by each author. Column 4 contains the length scale of the phenomenon | ,
calculated considering that 1° = 1.22 x 10’ m . Column 5 presents the characteristic times t = | /v where |
is the length scale of column 4 and v is the velocity of Column 2. The error is calculated with the standard
theory of propagation of uncertainties. The periodicity of the cosmic ray variation in question is also shown
for comparison

3 Discussion:

From Table | we notice that the calculated characteristic times for the giant cdls and for most of the
sunspot observations fall within the range of the 1.68 year cosmic ray variation. The estimates based on
observations of sunspots at low latitudes (0°-12°) by Howard (1996) and by Ribes and Bonnefond (1990)
imply characteristic times which are not commensurable with the rest. The Ha filament measurements, two
of the three magnetic features and the Doppler measurements show  periods in good agreement with the
cosmic ray periodicity of interest here. However, characteristic times for plages are smaller than required.
Due to the associated uncertainties some superficial as well as some deep features might coincide in the
values of meridional drift speeds.



Sunspots, plages, Ha filaments and possibly large-scale magnetic features are supposedly phenomena
anchored deep into the Sun.. On the other hand Doppler and small magnetic features are superficial
phenomena. However there is agreement between the small scale superficial observations of Komm et al.
(1993) and those large-scale deep observations of Latushko (1994). Moreover, the results by Snodgrass
and Dailey (1996) for superficial small magnetic features indicate a latitudinal meridional circulation more
similar to that of sunspots that are deep features. In our opinion the magnetic features might be giving a
mixed information about several levels in the Sun, such information has not been properly discriminated in
order to identify the different layers. Therefore, from Table | we cannot associate de 1.68 year cosmic ray
variation to either superficial or deep feature.

What is the physical mechanism through which the phenomena on the Sun modulate the cosmic rays?
We shall try to advance an answer.

It is well known that the changing structure of the current sheet affects the cosmic ray intensity level
(i.e. Smith and Thomas, 1986). A possible way of distorting the current sheet is the following: Hundhausen
et al. (1980) found a very strong positive correlation between cosmic ray intensities and the area of polar
coronal holes from 1972-1976, which made them suggest that the propagation of cosmic ray particles was
influenced by the three-dimensional structure of the hdiosphere, modulated by the polar coronal holes.
There is now considerable evidence that the Sun’s polar magnetic fields are confined to relatively small
caps of high average fidd strength (e.g. Shedey et al., 1989). Numerical simulations have shown that the
maintenance of such concentrated fields requires the presence of a meridional (poleward) bulk flow of »10
ms' (Wang et al., 1989). Moreover Benevolenskaya (1995) has found a high frequency harmonic of 1.5-
2.5 years period in the solar poloidal magnetic field with a zonal structure clearly moving to the poles,
where it reaches its maximum intensity. The deformations of the polar hole boundary depend on the
relative amount of flux among the new cycle bipolar regions that arrive at the poles and the polar fieds.
The distortion of the polar-hole boundary is accompanied by a corresponding distortion of the neutral
current sheet in the outer corona, this distortion becomes evident along some months. The amount of
current sheet warping depends again on the relative magnitude of the erupted bipolar flux reative to the
strength of the concentrated polar magnetic fields (Shedey et al., 1989). Therefore, both the polar hole
areal changes and the distortion of the current sheet depend on the concentrated fields brought up by the
poleward motion of the magnetic flux.

It has been argued that middle and low latitude coronal hole dynamics is also reflected in the cosmic ray
intensity variations (Bravo et al., 1988). Moreover, there is a good rdationship observed among middle and
low latitude growing coronal holes, active regions and the heliospheric current sheet observed during the
ascending phase of cycle 21 (Gonzalez et al., 1995). We also know that LDE-type flares and middle and
low latitude coronal holes are related, and that they present periodicities compatible with the cosmic ray
variation as reported by Valdés-Galicia et al. (1996). Outstanding flare centers tend to be members of long-
lived sunspot groups (Svestka, 1968). Therefore we suggest that sunspots and their related active regions
produce areal perturbations in low and middle latitude open field structures which distort the current sheet
and generate magnetic irregularities in the solar wind which in turn modulate the cosmic ray intensity.

The changing structure of the current sheet caused by ether polar or middie and low latitude coronal
hole areal distortions modulate the cosmic rays. The 1.68 y variation seems to be stronger in odd cycles
when the cosmic rays are guided to penetrate the Heliosphere through the current sheet by the drifts caused
by the interplanetary magnetic field (Jokipii and Thomas, 1981; Kota and Jokipii, 1983). In even cycles,
when the cosmic rays drift into the Heliosphere from the polar latitudes, the current sheet distortions in the
activity zone are apparently of a lesser importance to produce the 1.68 y modulation. It is worth to
remember that during this cycle the most important peak of cosmic ray fluctuations is that of 1.3 years
which seems to be more related to solar wind and solar activity parameters (see Valdés-Galicia et al., 1996
and references therein).

TABLE 1



Characteristic times of large-scale circulation patterns

Pattern v(ms?') L (deg) | (m) t (years)
Cosmic Ray 168 +0.3
Giant cdls 1-12% 2.1x10° 0.55-6.66
Sunspots 413+ 2.48" 12-38 3.2x10° 2.46+1.48
Sunspots (E) 5.07 + 2.94° 0-12 1.5x10° 0.94+0.54
Sunspots 54 =14 2-27 3.2x10° 1.88+0.52
Sunspots 1 +01° 0-35 4.3x10° 13.64+1.37
Sunspots 0-100° 0-15 1.8x10° = 0.06
Sunspots 3+ 2 0-16 2x10°0  211+13
Plages 13.28+14.01° 0-18 2.2x10°  0.53+0.56
Plages (E) 896+6.85°  18-38 2.2x10°  0.78+0.60
Ha Filaments 8.83 + 3.57° 35-70 4.3x10° 1.54+0.45
Magnetic Feature 6.78 + 4.86h_ 10-50 5x10° 2.71+1.67
Magnetic Feature 6.09 + 5.0_2' H 1.1x10° 5.73+4.71
Magnetic Feature 9.31+4.78 H 1.1x10° 3.75+1.94
Polar Fidd H 1.5-2.5¢
Doppler 16+ 4 H 1.1x10° 2.18 +0.73
Doppler 20+ 5" H 1.1x10° 1.74 +0.44

(a) Weiss, 1964; Howard et al., 1991
(©) Lustigand Wahl, 1991

(e) Ribes et a., 1985

(g) Topka, €. al., 1982

(i) Latushko, 1994

(k) Benevolenskaya, 1995

(m) Duvall, 1976

(b) Howard, 1996

(d) Ribesand Bonnefond. 1990
(f) Tuominen et al., 1983

(h) Snodgrass and Dailey, 1996

() Kommet al., 1993

() LaBonteand Howard, 1982

4 Conclusions:

We have found that the characteristic times of several features on the Sun such as giant cells, sunspots,
Ha filaments, magnetic features, poloidal magnetic fields and Doppler motions are compatible with the
dominant fluctuation of cosmic ray intensity found between the years 1947-1990. The 1.68 years cosmic
ray variation seems to be closdly rdated with motions that are reflected in the meridional circulation of
sunspots and high latitude meridional motions. Both groups produce area changes of polar middle and low
latitude coronal holes. These restructuring of the holes distort the hdiospheric current sheet and produce
magnetic irregularities which modulate the cosmic ray intensity with periodicities close to 1.68 y. This
fluctuation is stronger in odd cycles, when the cosmic rays penetrate the heliosphere through the current
shedt, than in even cycles, when the cosmic rays drift into the heliosphere from polar latitudes.



References

Benevolenskaya, E. E. 1995, Solar Physics 161, 1.

Bravo, S., Mendoza, B., Pérez-Enriquez, R., and Valdés-Galicia, J. 1988, Ann. Geophys. 6, 377.
Duvall, T.L. 1979, Solar Phys. 63, 3.

Gonzalez, W. D., Tsurutani, B.T., Mclntosh, P.S.., & CllUa de Gonzalez, A. L. 1996, Geophys. Res. Létt.
23, 2577.

Howard, R. F., Kichatinov, L. L., Bogart, R. S., & Ribes, E. 1991, in Cox, A. N., Livingston, W. C., and
Matthews, M. S., (eds.), Solar Interior and Atmosphere University of Arizona Press, pag. 748.
Jokipii, J. R., and Thomas, B. T. 1981, ApJ. 243, 115.

Kota, J., and Jokipii, J. R.: 1983, Astrophys J. 265, 573.

Howard, R. F.: 1996, Ann. Rev. Astron. Astrophys. 34, 75.

Hundhausen, A. J., Sime, D. G., Hansen, R. Y., and Hansen, S. F.: 1980, Science, 207, 761.
Komm, R. W., Howard. R. F., and Harvey, J. W.: 1993, Solar Phys. 147, 207.

La Bonte, B.J., and Howard, R.F.: 1982, Solar Phys. 80, 361.

Latushko, S.: 1994, Solar Phys. 149, 231.

Lustig, G., and Wohl, H.: 1991, Astron. Astrophys. 249, 528.

Otadla, J. A., Vadés-Galicia J. F., and Pérez-Enriquez, R.: 1995, Proc. 24th ICRC 4, 493.
Ribes, E., Man, O., and Mangeney, A.: 1985, Nature, 318, 170.

Ribes, E., and Bonnefond, F.: 1990, Geophys. Astrophys. Fluid Dyn. 55, 241.

Smith, E. J., and Thomas, B. T.: 1986, Journal of Geophys Res. 91, 2933.

Snodgrass, H. B., and Dailey, S. B.: 1996, Solar Phys. 163, 21.

Shedey, N. R., Wang, Y. -M., and Harvey, J. W.: 1989, Solar Phys. 119, 323.

Svestka, Z.: 1968, Solar Phys. 4, 18.

Topka, K., Moore, R., LaBonte, B. J., and Howard, R. F.: 1982, Solar Phys. 79, 231.
Tuominen, J., Tuominen, I., and Kyrdldinen, J.: 1983, Mon. Not. Astr. Soc. 205, 691.
Vadés-Galicia, J. F., Pérez-Enriquez, R., and Otaola, J.: 1996, Solar Phys. 167, 409.

Weiss, N. O.: 1964, MNRAS, 128, 225.



