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Abstract�
We report on observations of solar transition region lines made with

the SUMER instrument on SOHO� The use of such lines as a pressure
gauge is investigated� The observed N V �uxes and the distribution of
intensity in the di�erent lines are also discussed�

�� Introduction

The simplest models of the chromosphere�corona transition region assume a
balance between the divergence of conductive heat �ux and optically thin radia�
tive losses� Hawley and Fisher ����	
 used this assumption to derive numerical
proportionalities between the plasma pressure at ���K and the surface �ux of
transition region lines such as CIV ���
��A
 and NV ��	
	�A
� While it is gener�
ally thought that this model is too simple to explain observed emission measure
distributions below ���K� it would be interesting to see if the model applies at
any transition region temperature�

�� Theory

It is straightforward to derive the �pressure gauge� relationship using standard
expressions for the conductivity �Spitzer ���	
 and radiative losses�
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By de�ning X � NH�Ne we can write
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The power in an emission line can be written as
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where A is the area of the plane parallel atmosphere over which the �ux is
being formed� We can rewrite this as
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Therefore� since the observed �ux F� � E�ji�	A
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where � is the integral of the temperature dependent terms�

	



Since the thickness of the solar atmosphere in the temperature range 
�� �
logTe � ��� is only � ��� km� we should expect the pressure in the transition
region to be essentially uniform� Consequently� if this simple model is correct�
the ratio of observed �ux to � should be constant and independent of the chosen
line�

�� SUMER Observations

The high spatial and spectral resolution of the SUMER instrument �Wilhelm et
al� ����
 allows us to investigate the solar transition region very accurately� and
we have designed observing sequences to study the �pressure gauge� relationship
derived above� Our observations include lines from N II� N III� N IV and N V�
formed over the temperature range 
�
 � log Te � ���� and lines from O II� O III�
O IV and O V which are formed in a similar temperature range� We can isolate
the role of possible abundance variations by examining lines from each element
separately� In addition� we also observed the O IV density sensitive multiplet
at �
�� �A to obtain an independent measure of the transition region pressure�

Table �� Observed Transition Region Lines�

Nitrogen Lines Oxygen Lines

Ion logTe ���A
 Ion logTe ���A


N II 
�
 ����� O II 
�� ������ ��
��
N III 
�� ��
�
 O III ��� �����
N IV ��� ����� O IV ��	 �����
N V ��� �	����� �	
	�� O IV ��	 ������� �
���	� �
�
��� �
���


O V ��
 ����


Since the raster mechanism on SUMER has been disabled� our observations
were taken with the slit �xed at disk center and the Sun rotating through our
�eld of view� The lines were split up into 
 wavelength bands� and each band was
subject to multiple �� s exposures� We made observations of both the quiet Sun
and active regions� Here we review results from an � hour quiet Sun observation�
made using the �� ��� arcsec� slit�

�� Data Reduction

The SUMER detectors are microchannel plate arrays� electronically digitized to
��	
 �spectral
 � ��� �spatial
 pixels� A distortion of the detector grid exists
on the pixel scale� and the optics lead to a wavelength dependence in the size
of the slit on the detector� In our observations we are mainly concerned with

�



Figure �� SUMER Intensity Maps�
From left to right � N V �	�����A� O IV �
���	�A and O III ������A�

line �uxes integrated over the whole line pro�le� so the small scale distortion is
not important� However� we do want to compare spectroheliograms from lines
at di�erent wavelengths� so all exposures were normalised to ��� arcsec in the
spatial direction�

The �at��eld correction was completed manually� and no data compression
was used in the telemetry in order to minimise losses� Each line pro�le was
studied as a function of time� so that the position of the line on the detector and
the level of the background could be accurately determined for each emission
feature�

�� Results

���� Intensity Maps

The time between each exposure of a given line is about ��� minutes� This is
close to the time it would take the Sun to rotate by � arcsec perpendicular to the
SUMER slit� Therefore� even though the raster mechanism is disabled� we can
still build up spectroheliograms that are very close to the correct aspect ratio�

In Figure � we show intensity maps for the N V �	�����A� O IV �
���	�A
and O III ������A lines� formed at temperatures of � 	 � ���K� � ���� ���K
and � �� ���K respectively�






Figure 	� Results over entire Field of View�

� � Nitrogen lines� � � Oxygen lines�

���� Transition Region Pressure

Our observations included measurements of the O IV multiplet at �
���A� Ratios
of lines in this multiplet can theoretically yield values for the electron density
�Cook et al� ����� Brage et al� ����
� In practice there are problems associated
with two of these lines� The �
�
���A line is blended with a line of S IV� and in
SUMER spectra the �
���
�A line is blended with the O III ������A line in second
order� We therefore prefer to estimate the pressure using the �������A��
���	�A
ratio�

Averaged over the whole observation the value of this line ratio is ����
����
Using the results of Cook et al� �����
� this corresponds to an electron density
of logNe � ���������

������ The uncertainties are large because in this regime Ne is a
very rapidly changing function of the line ratio�

The O III second order blend with the O IV �
���
�A pro�le can be estimated
from the observed O III ������A �ux� Using this estimate the �
���
�A��
���	�A
ratio predicts a density of logNe � ����� This agrees well with the previous
value� but the uncertainties are likely to be even larger�

���� Pressure Gauge Results

By comparing the observed �ux and the pressure gauge parameter � for each
line we can determine values for the gas pressure Pg � These values are shown
in Figure 	� We see that they are all somewhat smaller than the value of ����
dynes cm�� determined from the O IV line ratio� The N V emission is much
stronger than expected� and this is discussed in x����

���� Di�erential Emission Measure Distributions

We can use the measured plasma pressure to determine the DEM distribution
predicted by the �pressure gauge� theory�

�



Figure �� Solid line � �Pressure Gauge� DEM�
� � DEM from Nitrogen lines� � � DEM from Oxygen lines�
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This can be compared to DEM values determined from individual emission
lines� as shown in Figure �� We see that over the entire �eld of view the �pressure
gauge� DEM compares very poorly with the individual points� However� when
we con�ne our attention to the brightest 
� of the FOV �corresponding to �
��� of the total �ux in N IV
� the O IV line ratio predicts an electron pressure
of logNe � ���� and the agreement between the �pressure gauge� DEM and the
individual points is much better�

���� N V Fluxes

As mentioned above� the N V �	
��A emission is much stronger than expected
�by a factor of � 	�

� Figure 
 indicates that this e�ect may become less
pronounced at high intensity�

Higher than predicted line intensities for the Li and Na isoelectronic se�
quences have been observed on a number of occasions �e�g� Dupree ���	� Judge
et al� ����
� Dynamical processes are known to a�ect these line intensities �e�g�
Hansteen ����
� and may go some way to explaining the discrepancy� Another
source of error is the omission of density dependence in di�electronic recombina�
tion from some ionization equilibrium calculations� such as those of Arnaud and
Rothen�ug �����
 which we adopt here� As demonstrated by Jordan �����
�
the inclusion of di�electronic recombination in the ionization equilibria of these
sequences can signi�cantly alter the line intensities�

���� Distribution of Line Intensity

Figure � indicates that the pixel brightness for N IV ������A is log�normally
distributed� We �nd that similar distributions exist for all the lines observed
in this study� This may suggest that the emission is associated with small�
fragmenting magnetic elements �Bogdan et al� ����� Berger et al� ����
�

�



Figure 
� N V�N IV and N III�N IV line ratios as a function of N IV

intensity�

Figure �� Distribution of Pixel Brightness�
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�� Conclusions

We suggest the following preliminary conclusions�

� The �pressure gauge� approach appears to fail at all transition region
temperatures when we consider unresolved data from an extended portion of
the quiet Sun�

� When we consider only the brightest pixels� we �nd that the �pressure
gauge� may apply above � ���K� To test this possibility we will use our data to
compare conduction and radiative losses across the transition region� If conduc�
tion and radiation do not balance then the model is not valid and any apparent
agreement with the observations must be explained another way� We note that
Jordan et al� �����
 studied IUE data for �ve G�K dwarfs� and found empir�
ical evidence for an almost linear relationship between pressure and intensity
of the Si IV � C IV and N V lines� The Si IV and �possibly
 the C IV lines
are formed at a temperatures where conduction and radiation are unlikely to
balance� The almost linear dependence on pressure may therefore be the result
of an alternative mechanism�

� We observe higher than expected emission in N V� con�rming earlier
results� However� there is evidence to suggest that this e�ect may diminish at
high intensities�

� All the line intensities appear to be log�normally distributed� indicating
the possible presence of magnetic fragmentation�
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