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Schiff base receives a proton from the cy- 
toplasm, and AspsS finally releases its pro- 
ton to the extracellular space. If AspgS is 
missing, the HR mechanism comes into 
action also for BR when chloride is present. 
The third mode of action is active in both 
molecules when both the fixed charge of 
Aspg5 and the movable charge of chloride 
are missing. After dipole flipping, the 
Schiff base in its high-energy state releases 
the proton to the cytoplasmic surface as the 
only choice to relax thermodynamically. As 
a result, a proton is picked up from the 
extracellular space after several intermedi- 
ary steps and proton translocation is ob- 
served with inversed vectoriality. 

In summary, the high-resolution structure 
of HR presented here provides a key to un- 
derstand this case of active transport in both 
directions by and on the same molecule. Fu- 
ture crystallographic studies on photointer- 
mediates of HR should track chloride on its 
course through this integral membrane pro- 
tein after photoexcitation. 
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Anomalous Polarization Profiles 
in Sunspots: Possible Origin of 

Umbra1 Flashes 
H. ~ocas-~avarro,'J. 	 Trujillo Bueno,'s2 B. Ruiz 

We present time-series spectropolarimetric observations of sunspots in the Ca II 
infrared triplet lines, which show a periodic occurrence of anomalous, asym- 
metric, circular polarization profiles in the umbral chromosphere. The profiles 
may be caused by the periodic development of an unresolved atmospheric 
component in a downward flowing magnetized environment. This active com- 
ponent with upward directed velocities as high as 10 kilometers per second is 
connected to the umbral flash (UF) phenomenon. We can explain the obser- 
vations with a semiempirical model of the chromospheric oscillation and of the 
sunspot magnetized atmospheric plasma during a UF event. 

Sunspots provide us with a unique example 
of a magnetically structured plasma through 
the study of which we may hope to under- 
stand a variety of radiation magnetohydrody- 

namic phenomena. Of particular interest in this 
respect are the sunspot chromospheric oscil- 
lations and the UFs (1-4). Presently consid- 
ered as one of the most dramatic dynamic 
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phenomena that take place in sunspots (9, 
UFs have traditionally been associated with 
the release of large amounts of thermal ener- 
gy in the chromosphere (6). The most rele- 
vant known facts about UFs may be summa- 
rized as follows (1,  2): UFs consist of the 
sudden core brightening of the intensity pro- 
files in the chromospheric Ca I1 lines ob- 
served in the umbra of some sunspots. The 
lines rapidly develop a blueshifted emission 
core, which reaches a maximum intensity and 
later disappears, the line profile returning to 
its quiet preflash shape. The horizontal spa- 
tial extent of UFs varies between about 2000 
and 3500 km. The rise time of the flash, from 
the beginning to the phase of maximum in- 
tensity, is about 20 to 30 s. The decay back to 
the quiet state is slower, about 1 min. UFs 
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tend to occur at regular time intervals, repeat- 
ing themselves periodically every 2.5 t o  3 
min. Sometimes, however, they only show up 
sporadically. UFs are connected with the 
chromospheric umbral oscillation. This oscil- 
lation is detected as periodic variations in 
some parameters measured in the chromo- 
spheric lines, such as the line minimum po- 
sitions and line core intensities. When a sun- 
spot exhibits periodic UFs, the UFs occur 
with the same periodicity as the umbral os- 
cillation. Not every sunspot exhibits flashes, 
but so far it has not been possible to find a 
distinctive common feature shared by all of 
the sunspots with UFs. A statistical analysis 
of a large number of sunspot groups (7) has 
revealed that UFs show up in sunspots of all 
sizes, morphologies, and magnetic field 
strengths. 

We observed time series of the intensity 
(0 and circular polarization (V) Stokes pro- 
files (8) emergent from two sunspots near the 
solar disk center using the German Gregory 
Coudk Telescope (9), at the Spanish Obser- 
vatorio del Teide of the Instituto de Astro- 
fisica de Canarias (10). These were the sun- 
spots cataloged as NOAA 8338 and NOAA 
8340 (hereafter referred to as S-A and S-B, 
respectively). S-A is a round, fairly symmet- 
ric sunspot, whereas S-B shows an asymmet- 
ric geometry with two umbrae separated by a 
thin region of light. Each time series consists 
of a set of images taken every 36 s over about 
an hour, with an exposure time of 10 s. The 
photospheric Fe I line at 8497 A and the 
chromospheric Ca I1 lines at 8498 and 8542 
A were simultaneously recorded in each im- 
age. In the data analysis process, we camed 
out a second-order flat-field correction (11) 
to achieve a polarimetric accuracy of 
By this figure, we mean that the noise on the 
Stokes V profiles is about times the 
quiet sun continuum intensity at 5000 A. 

The data obtained show that the Stokes I 
profiles emergent from S-A always remain in a 
quiet state and do not exhibit UFs (Fig. 1, A and 
C). The oscillations in the line core intensity and 
position exhibit a clear period of about 2.5 min. 
In spite of this "quietness," examination of the 
polarization signal emergent from this sunspot 
shows that the "normal," antisymmetric shape 
of the Stokes V profiles (Fig. 1B) of the chro- 
mospheric Ca I1 lines periodically changes to an 
anomalous, strongly asymmetric shape (Fig. 
ID), returning to the their normal state (Fig. 1B) 
after a period of 2.5 min. The photospheric Fe I 
line at 8497 A does not exhibit this behavior and 
maintains a fairly antisymmetric shape at all 
times. S-B, on the other hand, shows very active 
behavior in Stokes I, with sporadic UFs visible 
from time to time in the cores of the Ca I1 lines 
(see Fig. 1E). The circular polarization profiles 
of the chromospheric lines in S-B exhibit a 
particularly striking asymmetxy during the flash 
events (see Fig. IF). 

In principle, three mechanisms could pro- 
duce asymmetries on the observed line pro- 
files. These mechanisms are the atomic ori- 
entation (12), the effects of velocity and mag- 
netic field gradients along the line of sight 
in a single-component atmosphere, and the 
presence of different atmospheric structures 
within the resolution element of the observa- 
tions. Numerical simulations of the radiative 
transfer accounting for the Zeeman effect, 
and considering departures of the local ther- 
modynamical equilibrium (LTE) (i.e., includ- 
ing non-LTE effects), allowed us to discard 
the atomic orientation scenario and also that 
based on the presence of velocity and mag- 
netic field gradients in a single-component 
atmosphere. Moreover, a detailed analysis of 
our observations confirmed that the anoma- 
lous Stokes V profiles can be understood if 
we consider two unresolved atmospheric 
components. The first component produces 
normal profiles, such as those observed dur- 
ing the quiet phase of the oscillation. The 
second component, on the other hand, pro- 
duces profiles with a blueshifted emission 
feature in the line cores (i.e., with core rever- 
sals). Therefore, this second unresolved com- 
ponent produced flashlike profiles in S-A, but 
its filling factor (i.e., the percentage of the 
resolution element covered by this compo- 
nent) was too small and the UFs were not 
directly visible in the observations of the 

8497 8498 8542 
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intensity profiles. These results suggest that 
the answer to the question of why only some 
sunspots exhibit UFs may be that they are 
actually present in all of them, being visible 
only when the filling factor of this second 
component is large enough. 

A non-LTE inversion method of polariza- 
tion signals induced by the Zeeman effect 
(13, 14) was applied to the observed data to 
recover the depth stratification of the thermo- 
dynamic variables (temperature, pressure, line- 
of-sight velocity, and microturbulence) and 
the magnetic field vector in the solar atmo- 
sphere. In this manner, we derived a time- 
dependent semiempirical model umbra of 
S-A over a whole oscillation cycle. We find 
that all the profiles can be reproduced with 
the same scenario, consisting of two unre- 
solved atmospheric components (Fig. 2). The 
first component (solid lines) has downward 
velocities, and its temperature, density, and 
magnetic field vector are typical of a mean 
model of a sunspot umbra. The second com- 
ponent (dotted lines) is similar to the first, 
except that its velocities are directed upward, 
reaching values as high as 10 krn s-'. The 
optical depth scale of the second component, 
however, is shifted in the chromosphere with 
respect to that of the first component. The 
same scenario is capable of reproducing the 
profiles throughout the oscillation cycle (and 
even the UF profiles) by changing the filling 

8497 8498 8542 
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Fig. 1. Stokes I (left) and V(right) profiles observed (red dots) in a sunspot umbra at different times 
and the corresponding fits provided by our non-LTE inversion method (blue line). The profiles are 
normalized to the intensity of the quiet sun continuum at 500 nm. (A) and (B) show the normal 
profiles, with the characteristic antisymmetric shape of Stokes V, observed during the quiet phase. 
(C) and (D) show the normal Stokes I and anomalous Stokes V.profiles that periodically occur in 
S-A. (E) and (F) show the UF profiles observed in S-B. The vertical dotted lines mark the central rest 
wavelength of the three lines. 
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factor of the second component as time goes posed as a constraint in the derivation of the 
by. In particular, the profiles shown in Fig. 1 model. This net mass conservation over the 
yield values for the filling factor of 4% (Fig. whole oscillation cycle is of interest in relation 
1, A and B) and 12% (Fig. 1, C and D). to the mass and energy balance of the outermost 

Our semiempirical, time-dependent, two- atmospheric layers. In fact, in review papers on 
component model suggests two possible physi- the subject, it has been argued that there exists 
cal scenarios for the UF phenomenon, de- a net upflow of the chromospheric material in 
pending on whether or not we adopt the hy- the oscillation (6), and, more recently, it has 
pothesis that the thermal structure of both been pointed out (16) that for sunspots we do 
unresolved atmospheric components is the not know if the umbral chromospheres show a 
same at equal geometric heights. The first net upflow or domflow because, at high reso- 
scenario i s  characterized by periodic mass lution, the observations are compromised by the 
ejections from the underlying photosphere. oscillatory dynamics. 
Because the photosphere is much denser (by a Alternatively, if we do not assume equal- 
factor of about lo4) than the chromosphere, a ity of the kinetic temperatures for the two 
very small fraction of photospheric material unresolved components at equal geometric 
would be enough to increase the chromo- heights, our models may then be interpreted 
spheric opacity and lead to the above-men- in terms of waves propagating upward in a 
tioned shift of the optical depth scales (Fig. 2). downflowing magnetized environment and 
In this physical scenario, the emission rever- eventually leading to shocks. This physical 
sal observed in the UF would not be due to a scenario is related to the most commonly 
sudden heating of the material but rather to a accepted view (5)that UFs are caused by the 
shift of the line formation region to higher nonlinear steepening of the 3-min umbral 
(and therefore hotter) layers. The driving oscillations in the chromosphere. However, 
source for the photospheric ejections would we should emphasize that our observations 
be the umbral photospheric 3-min oscillation cannot be simply explained by wave propa- 
[although the dominant oscillation period in gation and shock-wave formation in a single- 
the photosphere is 5 min, many authors have component umbral atmosphere. Our suggest- 
repdrted aweak umbral oscillation (4, 5) just ed second physical scenario is wave propa- 
above the noise level with a period of between gation in a three-dimensional magnetized me- 
2.5 and 3 min]. This picture is supported by dium with downflowing velocities. In this 
the strong correlation found between the scenario, the active component would be that 
3-min oscillation in the photosphere and that associated with shock-wave formation, which 
in the chromosphere (15). would take place at the instant at which the 

This model of the sunspot atmospheric plas- filling factor is the largest. 
ma during the oscillation cycle allows us to The downward directed mass flows in the 
estimate the time-dependent mass upflows and sunspot umbra might be related to the inverse 
downflows involved in the process. This esti- Evershed flow (1 7) andor to the so-called 
mate indicates that there is a net mass down- "redshift phenomenon" (18) observed in lines 
flow during the quiet phase of the oscillation formed in the higher atmosphere. The inves- 
and a net upflow during the UF event. Howev- tigation of the interesting issues of whether 
er, when the total oscillation cycle is consid- and how the photospheric 3-min oscillations 
ered, it turns out that the net time-integrated could be triggering the mass ejections or 
mass upflows and downflows are very similar, whether the UF phenomenon is simply the 
even though mass conservation was never im- natural outcome of propagating shock waves 

Fig. 2. Temperature 
and velocity (V, inset) 
stratification in our two- -
component model um- 
bra during the occur-
rence of anomalous 
Stokes V profiles. The 
symbol T,, stands for 
the continuum optical 
depth at 500 nm. Posi- 
tive velocities are di-
rected downward (i.e., 
toward the stellar inte- 
rior). The solid lines re- 
fer to  the first atmo- 
spheric component, 
whereas the 'dotted -6 - 5  -4 -3  -2 -1 0 1
lines indicate the sec- 
ond atmospheric com- 
ponent. The vertical 
segments indicate the 
error bars. 

in a downflowing magnetized environment 
urgently demands detailed three-dimensional 
radiation magnetohydrodynamic simulations 
of the sunspot chromospheres. 
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