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Abstract. Magnetic characteristics of the leading and following sunspots are compared
using SDO/HMI and SDO/ATA high-resolution data, and the properties of the solar atmo-
sphere over sunspots are discussed separately for each category of sunspots.

1 Introduction

According to photospheric observations, sunspots are the features characterized by reduced
temperature and brightness and by increased intensity of the magnetic field as compared to
the ambient photosphere (Bray and Loughead, 1967; Obridko, 1985; Maltby, 1992). Many
years of sunspot studies have given rise to the present-day notion of the solar activity, one of
the most common measures of which is the Wolf number, i.e., the number of sunspots and
sunspot groups observed simultaneously on the visible solar disk (Vitinsky et al., 1986).

It is known that sunspots with different properties often form sunspot groups. The
westernmost spot in a group, called the leading or head spot, usually has a larger area and is
located closer to the equator than the other spots. The spots of opposite polarity are called
the following or tail spots. In the majority of studies conducted to date, the properties of all
sunspots were considered together without separation into the leading and following ones.
The publications, in which the properties of the leading and following spots are compared
either in general or within one group, are relatively scarce, and they do not describe any other
differences between these two categories, except the field polarity and rotation rate (see, e.g.,
Bray and Loughead, 1964; Obridko, 1985; Gilman and Howard, 1985). However, the recent
studies based on observations in different spectral ranges have shown that the properties
of the leading and following spots differ noticeably. For example, Zagainova (2011) showed
that, in the declining phase of cycle 23, the umbral contrast of the leading spots in a group
and solitary spots with well-pronounced umbra and penumbra observed in the A\ 304 A line
was, on the average, lower than that of the following spots; and, in both types of spots, it
did not change much with the growth of the umbral area. The magnetic characteristics of
the leading and following spots were also found to differ (Zagainova et al., 2014).
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This paper continues the study initiated by Zagainova (2011) and Zagainova et al. (2014).
Here, we compare the characteristics of the leading and following spots using high-resolution

data obtained with the SDO/HMI and SDO/AIA instruments during the rising phase and
maximum of cycle 24.

2 Data and methods

From the data obtained during the observation period 2010-2013, we have selected the
groups in which the leading and following spots formed pairs connected by the magnetic
field lines. The magnetic field was calculated using the “potential field — source surface”
model by Rudenko (2001). Besides that, we selected solitary spots with a regular, circular
or near-circular umbra.

To estimate the degree of UV brightness of the solar atmosphere over sunspots, we
have used the contrast in line parameter known from the spectral analysis. As earlier, in
(Zagainova, 2011), we studied the contrast of the sunspot umbra in the X304 A line. For
this purpose, we used SDO/AIA images of the solar disk in the 304 A channel. The sunspot
contrast at 304 A was determined from the ratio Cs04 = Is/1y, where Ig and I, are the
counts of intensity in the sunspot umbra and in the undisturbed photosphere, respectively.
The umbral area for each spot was found from the sunspot continuum images taking into
account the SDO/HMI spatial resolution and was expressed in the millionths of the visible
solar hemisphere.

The umbral magnetic field was analyzed using HMI observations of the vector magnetic
field (http://hmi.stanford.edu/). In this work, we have analyzed the following parameters of
the umbral magnetic field: ay,;, — the minimum angle between the field direction and the
normal to the solar surface at the measurement point, By, and (B) — the maximum and
the mean magnetic induction, respectively. In sunspots with the negative magnetic polarity
(the field vector directed towards the Sun), amy, proved to be more than 90°. To compare it
with the respective angles in the positive polarity spots (the field vector directed away from
the Sun), we subtracted the a,;, values obtained from 180°.

3 Results

We compared the umbral contrast in the A304 A line for the leading and solitary spots
(hereinafter referred to as Cpq_1s and C3p4_ss), on the one hand, and the following spots
(C304-s), on the other, in the rising phase and at the maximum of cycle 24 (2010-2013)
(Figure 1). One can see that, the same as in (Zagainova, 2011), the contrast of the leading/so-
litary and following spots is, on the average, different; and for both categories of sunspots,
it depends weakly on the umbral area, S. However, the mean contrast for both categories of
sunspots proved to be higher than reported in (Zagainova, 2011). This may be due to two
factors: (1) the use of data from different instruments with different spatial resolution, and
(2) the use of data obtained in different phases of solar activity. The results presented in this
paper refer to the rising phase and maximum of cycle 24 characterized by some abnormal
features (e.g., Akhtemov et al., 2014), while the results reported by Zagainova et al. (2011)
refer to the declining phase of cycle 23. It is possible that the sunspot contrast C'sp4 in cycle
24 was also abnormal.
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(Bray and Loughead, 1964).

Using vector magnetic-field data, we determined and compared the properties of the
umbral magnetic fields in the leading and following magnetically conjugate sunspots (Figu-
re 2). It was found that, in ~84% of the sunspot pairs analyzed, the minimum angle between
the field direction and the normal to the solar surface in the leading spots is smaller than
in the following ones. For the sunspots that meet this condition, (min-1.) ~ 6.91° in the
leading spots and (min_r) &~ 16.42° in the following ones. These values are much smaller
than Zagainova et al. (2014) obtained using magnetic-field calculations under potential
approximation. Besides, a positive correlation with a coefficient of ~0.75 is revealed between
Qmin—1, and apin_F at Amin-1, < Omin_r. And, finally, this work corroborates the conclusions
drawn by Zagainova et al. (2014) that a weak negative correlation exists between am,,—1, and
Omin—1,, On the one hand, and the sunspot umbra (S) and the maximum magnetic induction
(Bmax), on the other.

We have compared the relation between By, and S for the leading and following spots
(Figure 3). According to the Houtgast and van Sluiters dependence for By, (S) (Bray and
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Loughead, 1967) and as shown by recent measurements of the vector magnetic field (Jin et
al., 2006), the magnetic induction in the sunspot umbra increases with the increase of the
umbral area in the entire known range of S. Our analysis has shown that (1) the nature of
the Bax(S) variation differs in the leading and following spots, and (2) in both categories of
sunspots, a rapid increase of By, with the increase of S ends in a kind of “quasi-saturation”,
when the further increase of S has little effect on Bp,ax(S). Note also that quasi-saturation
for the following spots begins at smaller values of S and Biax.

Our analysis has revealed a negative correlation between o, 1, and Cspq_p, as well
as between api,_r and Csps_r provided that the sunspots under consideration satisfy the
conditions apin-. < amin—r and Csps_1, < Cspsa—p. It turned out that with the increase of
the ap,, ratio for the leading and following spots the ratio of the umbral contrast at A304 A
in these spots decreases. It was also found that the dependence between the contrast, Csoy,
and the sunspot umbral area is very weak.
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CpaBHI/ITe.TII)HbIe XapaKTepuCTUKMN BeAYIIINX 1 BEAOMBIX COJIHEYHBIX IIATEH

FO.C. Baraiinosa!, B.I'. @aiinmreiin’ u B.H. O6puako’
YUBMHUPAH, Tpouuk, Mocxea, 142190, Poccus
E-mail: yuliazagainova@mail.ru
2UC3D, n/a 291, Hpkymex, 664033, Russia

Pesrome. Ha ocnoBanun gaunbix Beicokoro paspemntenust SDO/HMI u SDO/ATA uposo-
JIUTCS CPABHEHNE MATCHUTHBIX XapPaKTEPUCTUK BELYIIUX M BEJOMBIX COJHEYHBIX maTeH. Or-
JIeJIBHO /I KazKI0il KATerOpHuu IIATeH OOCYKIAIOTCS CBOICTBA COMHEYHONR aTMocdepsl Ha
IATHAMH.
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