Astron. Astrophys. 364, 835—-844 (2000) ASTRONOMY
AND
ASTROPHYSICS

FIP effect measurements in the off-limb corona observed by SUMER
on SOHO

A. Mohan!, E. Landi2, and B.N. Dwivedi'2

! Banaras Hindu University, Institute of Technology, Department of Applied Physics, Varanasi 221005, India
2 Max-Planck-Institut fir Aeronomie, 37191 Katlenburg-Lindau, Germany

Received 26 June 2000 / Accepted 20 October 2000

Abstract. Systematic differences between elemental abun- The status of coronal abundances relative to hydrogen is
dances in the corona and in the photosphere have been loogentirely settled. There is a significant body of evidence that
acknowledged in the Sun; these abundance anomalies are abundances are correlated with the firstionization potential, giv-
related with the firstionization potentials (FIPs) of the elemenigg rise to the so-called FIP effect. This effect consists of sys-
This correlationis called FIP effect. Using spectra obtained fraimatic differences between photospheric and coronal element
the SUMER (Solar Ultraviolet Measurements of Emitted Radabundances. The latter show enhancements of a factor around 4
ation) spectrograph on the spacecraft SOHO (Solar and Heliothe so-called low-FIP elements (F{10 eV), while abun-
spheric Observatory), we investigate electron density, tempedances for the high-FIP elements (B0 eV) remain constant
ture and the abundance anomalies in the off-limb solar corobatween the photosphere and the corona. So far, no theoretical
In particular, we present the behaviour of the solar FIP effattodel has been able to satisfactorily explain this effect.
with height above an active region observed at the solar limb, Dwivedi et al. (1997, 1999a) carried out an observing se-
with K/Ar, Si/Ar and S/Ar ratios of lines present in the recordequence based on a theoretical study by Dwivedi & Mohan
UV spectra. (1995), with intercombination and forbidden Neand Mgvi1

We find that the K FIP bias seems to be higher than for thiaes, which are formed at essentially the same temperature
other low-FIP elements, and that the Si and K FIP biases #&10° K), according to Arnaud & Rothenflug (1985). The FIPs
dependent on the distance from the photosphere. Studying dfible and Mg are 21.6 and 7.6 eV, respectively: they form a low-
Ne/Mg line ratio in the active region, we also investigate thelP/high-FIP pair. This study provided new observational facts
presence of the FIP effect in active region structures. in transition region emission lines (Dwivedi et al. 1999a,b). In

the present paper, we extend this investigation taking account

Key words: Sun: abundances — Sun: atmosphere — Sun: W¥ other low-FIP/high-FIP pairs such as K/Ar, Si/Ar and S/Ar
radiation present in the spectra. The use of the recently identifisaiK
line at 994.58 (Mohan et al. 2000) allows us to investigate the
amount of FIP bias also for the very low-FIP element K (FIP =
1. Introduction 4.3 eV), so that it is possible to investigate whether the FIP bias

of the elements with FIR 10 eV is constant or depends on the

The knowledge of the composition of the coronais an importa'gfP value of each element, as suggested by Feldman & Laming
key to our understanding of the physical processes in the s

atmosphere. The coronal elemental abundances can help to in‘l’ﬁe FIP bias of the S, Si and K elements is also investigated

vestigate the mechanisms that transport, accelerate and heaé@g function of the height above the photosphere. Also, the

solar coronal plasma_ and wind. _The composition (_Jf the CorON/Pg/Ne ratio is re-examined and correlated with structures in
must also be known in order to interpret observations of CORa field of view.

nal emission spectra. Elements’ relative abundances must beWe briefly describe the observations in Sect. 2 and plasma

known also to determine temperatures from the intensity rati&'r%lgnostics in Sect. 3. Density and temperature measurements

of the coronal lines of different elements, while the absolulg."jiscussed in Sect. 4. We present the relative element abun-
abundances must be known to determine emission measure&;}gces in Sect. 5 and .di.scuss them in Sect. 6

radiation losses. Obviously, elemental abundances are among
the most fundamental sets of parameters in the solar and stellar
atmospheres. Extensive research regarding the abundances bistrument and observations

elements in the solar atmosphere has been reviewed by Fﬁ‘" e observations were made with the SUMER spectrograph on
man (1992), and an update on the most recent results cany

. . : §6 June 20 above the active region NOAA 7974 at the solar
found in the recent review by Feldman & Laming (2000). east limb, starting at 20:11 UT. F[d. 1 shows the positioon and
Send offprint requests t&. Landi (enricol@arcetri.astro.it) extension of the SUMER raster superimposed on the BIi4A
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Table 1. Spectral lines considered in the present work. Ther8he
is observed in second order.

lon Wvl. (&)  Transition

Nevi 992.73 2322p 2P1/2 —282])2 4P3/2

K X111 994.58 2s572p® 453/2 —2522p 2D3/2
Nevi 997.14 25%2p Py 5 —252p° *Py o
Nevi 999.26 2322p 2P3/2 —282])2 4P5/2
Nevr 1005.70 2822p 2P3/2 —282])2 4P3/2
Nevi 1010.25 25°2p *Py /5 —252p® *Py s

Ar XII 1018.87 2s°2p® *S;/5 —25%2p” *Ds s
Mgvir  1189.85 2s%2p? 2P —2s%22p% 1Sy

<3 Mgvi  1190.10 2s22p® *S;/5 —2522p° 2Py 9

raster direction Mgvi  1191.64 2s°2p® *S;,, —25%2p° °Py»

. . . 2 SX 1196.25 2s%2p® 483/2 —2s%22p° 2D5/2
Fig. 1. SUMER raster superimposed on a section of therld84A EIT X1 604.17 252p 'Py—2p* 1D,

image taken at 19:41 UT, showing the active region NOAA 7974 on't e'X
limb and its neighbour NOAA 7973 in photonegative representatioh:
(Courtesy, EIT/SOHO consortium)

1213.00 2s°2p® 'Sy, —25%2p® °Dy s

image of the eastern limb of the Sun taken at 19:41 UT with tlaeconsiderable effort has been made in the past years in develop-
EIT ultraviolet imager (Delaboudiniere et al. 1995). ing diagnostic techniques to infer plasma temperature, density,
A full description of SUMER and its performance are giveand elemental abundances for solar and other astrophysical plas-
in Wilhelm et al. (1995, 1997) and Lemaire et al. (1997). Thaas, especially by means of optically thin emission-line spectra
instrument is an ultraviolet telescope and spectrometer wittfeag., Dwivedi 1994; Mason & Monsignori-Fossi 1994, and ref-
wavelength resolution element of 42—4Amver the range 800— erences therein). A fundamental property of hot solar plasmas is
1610A (in first order). The spatial resolution is about 1” in theheir inhomogeneity. The emergent intensities of spectral lines
N-S direction, while in the E-W direction it depends on th&om optically thin plasmas are determined by integrals along
slit width. In the observations analyzed in the present worktlae line of sight through the plasma. Spectroscopic diagnostics
slit size of 4"x300” was used. The raster started 40" off-limlyf the temperature and density structure of hot optically thin
above the position of the bright Heprotrusion seen in the plasmas using emission-line intensities is usually described in
EIT image, and the slit was stepped eastward for 133”. At eaintto ways. The line-ratio method uses an observed line intensity
position, two 404 wide spectra were obtained, one centered oatio to determine density or temperature from theoretical den-
the Nevi 999A line, and the other on the Mgt 1191A line. sity or temperature-sensitive line-ratio curves, calculated taking
The integration time per spectrum was increased exponentiatycount of physical processes for the formation of lines, in the
with position from 250 s at 40" to 867 s at 173". The total rastassumption that both lines are emitted by the same plasma vol-
time was about 10 hr. The lines used in the present study armee. The line-ratio method is stable, leading to well-defined
reported in TablE]1. values of T or N, but in realistic cases of inhomogeneous plas-
The observations analyzed in the present work include battas the results are hard to interpret. The more general “dif-
plasma from active region structures and outside these strigrential emission measureDEM ) method (e.g., Mason &
tures. Fig[2 shows the intensity maps obtained fromahd Monsignori-Fossi 1994) recognizes that observed plasmas are
Mg v1 lines. Mgv1 shows a highly structured behaviour, indibetter described by distributions of temperature or density along
cating that this ion is present only inside in a relatively codhe line of sight, and poses this problem in inverse form. Deriva-
structured area belonging to the active region at the limb. Otibn of DEM functions, while more generally acceptable, is un-
side this area the residual Mg emission is mainly due to scat-stable to noise and errors in spectral and atomic data. The exact
tered light. S presents a fairly uniform map with no signatureelationship between the two approaches has never been ex-
of the active region. plored in depth, although particular situations were discussed
We will refer to the low temperature plasma inside the struby Brown et al. (1991). The mathematical relationship between
tures as “prominence” plasma, and to the hotter coronal plasthase two approaches has recently been reported by Mcintosh
as “active region corona”. In the present work these two plasnetsal. (1998).
have been analysed separately. However, since off-limb plasma outside active regions has
been found to be nearly isothermal (Feldman et al. 1998), the
DEM approach loses its meaning, and a line ratio approach
is sufficient for our purposes. However, the presence of many
Without a knowledege of the density, temperature, and elem@hasma structures in the field of view complicates the analysis
tal abundances in astrophysical plasmas, almost nothing caridseéhe cooler lines in our dataset. Since SUMER lacks the capa-
said regarding the physical processes taking place in them. Thility of spatially resolving the individual structures, we have to

3. Plasma diagnostics
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Fig. 2. Sx 1196A (top) and Mgv1 1191A (bottom) intensity maps of the emitting region.

consider the results obtained with the Mg/Ne ratios as averages x+my _ Nj(X*Hm) N(X*+™) N(X) N(H) N, (@
over several different structures. / N(X+tm) N(X) N(H) N, ~°°

The power P per unit volume (in energy units) emitted in an
optically thin spectral line emanating from an upper level (j) to

o e . . +m
a lower level (i) is given by where % is the relative upper level population,
+m NX™) s the ion fraction of the iork +™, XX) is the abun-
Pij = hvij AjjN; (X1™) @ ! ! ! ! N ! N

dance of the element relative to hydrogen, which varies in dif-
whereA;; is the transition probabilityV; (X ™) is the popu- ferentastrophysical plasmas and also in different solar features,
lation of the upper levef of the ion Xt™. N;(X*™) can be % is usually assumed to be around 0.8 for a fully ionized
further parametrized as pla‘fs.ma.
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Combining Egs[{{l) and[{2), we can write to instrument-scattered light. Plasma diagnostics has not been
N(XEmY) N N(X carried out at these positions.

y i ( ) N( ) N(X) ; (3) Making use of density-sensitive 1190/1191 Mdine ratio,

7 N(X*m) N(X) N(H) we find thatthe electron density (log value) varies from 9.0t0 9.7

N (X7 | ~ (Nein cm~3) inside the bright structures. Uncertainties at each

where—r == is evaluated at the plasma electron density afixel position are 0.15 dex. These are given by the combination
Q{(xm) : of the uncertainties in the fitted line profile parameters and in

temperature, an is evaluated at the plasma tempere}-he SUMER intensity calibration. The random fluctuation of the

N(X)
ture. . - o measured density between 10”and 40" in Elg. 3are probably due
In low-density plasmas, the collisional excitation pro- I . S -
S - “to the strong contribution of the scattered light to line intensities
cesses are generally faster than ionization and recombination

. o A . ar%d to the weakness of true line emission.
timescales, and therefore the collisional excitation is dominan

over ionization and recombination in populating excited stat The temperature, determined via the MgMg vi
bop 9 89/1191 line ratio, is also displayed in Hiy. 3. It is possible

The Iow-l_ym_g Ieyel populations can then be treated separat?oysee that, where the Mg and Nevi emission is strongest,
from the ionization and recombination processes. The number

. : - . e ratio is almost constant, with a value of about 5+6° K.
density population of level j is calculated by solving the stax =, . o e
L b : . utside the brightest positions, the ratio increases and shows a
tistical equilibrium equations for a number of low-lying levels

>?reater noise, due to the weakness of the diagnostic lines and

taking account of all the important collisional and radiative ex- : A )
L L . o the increasing importance of the scattered light component
citation and deexcitation mechanisms.

In order to obtain relative abundances of two elementstﬁ line |nte_nS|ty. Th? theoretlpal Mgui/Mg v ratio ha§ been
) L . alculated in each pixel adopting the measured density value, to
and Y, ratios of spectral line intensities from the two element

S B . . . o
e . . . o ake into account the density sensitivity of the Migl191.64A
are used. The line intensity ratio R of two lines is given by line. The prominence plasma s thus relatively cooler and denser

Nj(Xt™) N(XT™) compared to the surrounding unstructured plasma (see next sec-
R M Ay N Neo N(X) (a) tion).
Nij Ak ]X;((;,/I")) NI(V’Z;’)") N(Y) The pixel-to-pixel variation of the electron density suggests

the presence of many unresolved plasma structures, with very
If the intensities of the two lines have a similar temperatuggmilar electron temperatures and different density.
dependence, then the lines are presumably formed in the samdt is interesting to note that the use of different ion fraction
plasma volume and at the same density. For determining the tiltasets to calculate the Mgi/Mg vi theoretical ratio does not
ative element abundance between X and Y, we can then commffect the results significantly, although some difference can
atheoretical line intensity ratio assuming equal abundancesiier seen between ion fractions coming from different sources
Xand Y, and subsequently dedu%%% from the observed line (Fig.[5). This is consistent with the results reported by Allen et
intensity ratioR .. al. (2000).
Theoretical line ratios have been computed using the CHI-

ANTI database (Dere et al. 1997; Landi et al. 1999) and the, active region corona
density and temperature values measured from the observations,
assuming unity elemental abundances. Unless otherwise sp&emperature and density for the off-limb plasma are displayed in
fied, ion fractions come from Mazzotta et al. (1998). Fig[8. We have used density-sensitive 1196/12%3iBe ratio

to determine N outside the structure. When the plasma density

. is fairly low, we must take account of photoexcitation of ground

4. Density and temperature measurements levels by photospheric radiation in calculating level populations

The observed plasma clearly has two components, one wigh many ions.. There is a critical density below which ground
complex structures in the active region (the “prominencé@Vvels’ populations are affected by such a process. In our dataset
plasma), and the other outside these structures (“active reghbniS sufficiently low to let photoexcitation play an important

corona”), as shown in Fif] 2. Thus we present density and teffle for Sx density diagnostics. Using CHIANTI and taking
perature measurements carried out in both plasmas. account of this process, the inferred log Whlues as a function

of height are shown in Fifj] 6 (top). Uncertainties increase with
height, and the last 5 density values are only an estimate of an
upper limit, due also to the “flattening” of the theoretical ratio.

The temperature and density maps of the cooler plasma ingftRart from the very last ratios, these values lie more or less on
the active region structures is displayed in Elg. 3, where ald@traight line as a function of height.

the Nevi 1005A intensity map is shown. The intensity, density We also measured electron temperature T outside the struc-
and temperature for the plasma observed at solar X=45" &¢e from Arxir 1018/Sx (1196+1213) line ratio as a function
shown in FiglZt, where the uncertainties of each measureme®{t§€ight. Itis to be noted here that such a measurement could
are also reported. It is important to note thatend Mgvr be biased to any problem in the relative Ar/S abundance. Argon
emission outside the bright structures in Elg. 3 is due mairify@ high-FIP element while sulfur is just at the border (its FIP

4.1. Prominence plasma
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Fig. 3. Diagnostic results in the active
region structures. From the top: 1 —
Nev1 1005A intensity map of the struc-
tures (in he black portion line intensity
is due mainly to instrument-scattered
light); 2 — Temperature map from the
Mg vii/Mg v line ratig 3 — Density
map from the Mg/ line ratio; 4 —
Nevi/Mg v1 line ratio, yielding an es-
timate of the Ne/Mg abundance.
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Fig. 4. Diagnostic results in the active region structures, at solar X=45*9. 5. lon fraction of the ions used in the present woFkill line:
From the top 1 — Nevr 1005A intensity 2 — Temperature from the Mazzotta et al. (1998Pashed line Arnaud & Rothenflug (1985) (Si,
Mg viI/Mg vI line ratig 3 — Density from the Mg line ratio; 4 — S, Ar), Landini & Monsignori Fossi (1991) (K).

Nevi/Mg vilineratio, yielding an estimate of the relative Ne/Mg abun-

dance.
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Flectron density and Mgv1 intensity is mainly due to instrument-scattered light,
so that the ratio has not been calculated.

The variation of the Mg/Ne relative abundance seems to be
strongly correlated with the plasma structures in the emitting
source. Although the instrument resolution is not enough to
resolve individual structures precisely, we find that some struc-
tures with strong Ne1 and Mgv1 line emission in Fig§l2 and
indicate a normal FIP-bias in Mg/Ne varying from 1.6 to 3.2.
However, in regions with strong Mg and weak Ne line
emission the FIP-bias ranges from 3.1 to 8.8.

These values show that the complex plasma structuring of
the active region can have a strong effect on element abun-
dances. Although the FIP bias is present in all the active region,
eob ‘ its variability seem to suggest that the plasma in each individual

1.05 110 115 structure might have its own peculiar composition. Such a pos-
Distonce from the limb (R/Rsun) sibility has been already suggested by a number of authors, who
Cloctron t ; report abundance variations in active regions similar to ours (see
ectron temperature L
6.30[ —— T — for example Young & Mason 1997; Widing & Feldman 1993,

g

9.0

8.5

= Fiibtyy
%%%%%

7.5

i

7.0

Log Ne (Ne in crmr—23)

6.5

ficient spatial resolution prevents a more detailed study.

It is important to note that Ner and Mgvr ion fraction
curves (as shown in Fif] 5) are quite different. This causes the
relative intensity ratio between lines of these two ions to be tem-
perature dependent, so that it is necessary to take into account
the plasma electron temperature when these two ions are used
for measurements of Ne/Mg relative abundance.

6.28

6.26

6.24

6.22 5.2. Active region corona

Log T (K)
— T T T T T T T T

In the unstructured, hot coronal plasma we studied the low-
T FIP/high-FIP pairs S/Ar, Si/Ar and K/Ar and the height depen-
10 Distonce f:g);o the limb <R/Rm;m5 dence of their intensity ratios. The FIPs for K, Si, S and Ar are
4.3, 8.2, 10.4 and 15.8 eV respectively. We have investigated
experimental S/Ar xi1, Sixi/Ar x11 and KXI111/Ar X11 ratios,
determining the FIP variation with height in the corona outside
the structures. The results are displayed in[Hig. 7.
is 10.4 eV), so this can provide additional uncertainty to our The results for the K/Ar, Si/Ar and S/Ar abundances outside
results. However, our StUdy has shown (See Sect. 52) that &H’é’ structures show different behaviours.
abundance remains photospheric all across the field of view;19 coronal relative abundance of S/Ar shown in Eig. 7 (top)
that this uncertainty should be reduced. stays almost at its photospheric value.

We find from this ratio that the electron temperature remains  Sj/Ar shown in Figl¥ (middle) varies between 18 and 26
more or less constant with height with log T values between 6.@dmpared to its photospheric value of 9. Thus we find a FIP
and 6.26, assuming photospheric abundances. These valuegsater of 2 to 3 for Si/Ar in the corona. It is interesting to note
slightly higher than those provided by Feldman et al. (1998) afitht, apart from the last three positions, the Si/Ar relative abun-

Fig. 6. Top: Density vs. height from the $ line ratio; Bottom: tem-
perature versus height from the An/Sx line ratio.

Allen et al. (2000) in the quiet off-limb solar corona. dance seems to decrease with height. The difference is slightly
greater than the uncertainties, and show that the Si abundance
5. Relative element abundances tends to decrease relative to the Ar value.

The case of K/Ar shown in Fi§] 7 (bottom) requires some
more detailed discussion.
Making use of the intensity maps from Ne 1005.70A and K has a very low abundance, apart from having the low-
Mg v 1191.64A, we determined the Ne/Mg ratio across th€st FIP among the elements whose coronal abundance can
whole field of view and compared it with the Ne 1005.70A be determined spectroscopically. Using the relative intensity
intensity map, which shows the complex plasma distributidf & Kxvi/Caxix line ratio, observed by the Solflex X-
of the active region. Results are shown in Elg. 3 and, for sty spectrometer on the NRL P78-1 satellite, Doschek et al.
lar X=45", in Fig[4, where also the uncertainties are reported:985) established that the abundance ratio of K/Ca=0.10. An-
Itis to be noted that outside the intense central region, thetNeders & Grevesse (1989) give a photospheric abundance ratio of

5.1. Prominence plasma
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K/Ca =0.058 which is a factor of 1.7 lower than the ratio ob-
tained from the flare data. Using the photospheric abundance of
Ca/H=2.24<10-%, we get K/H=1.3<10~"7, which we assume

as the reference K photospheric abundance. In our study we find
that the K/Ar relative abundance varies from 0.7 to 1.6 in the
off limb plasma, showing a clear, strong FIP bias. The values
of the FIP bias varies from 16 to 36, stronger than any FIP bias
result quoted in the literature.

The Kxiir line belongs to the nitrogen isoelectronic se-
guence. The CHIANTI atomic data for this ion (Landi et al.
1999; Landi & Landini 1998b) consist of an interpolation of
the old Bhatia & Mason (1980) collisional and radiative transi-
tion probabilities, and not adb-initio calculations. This leaves
a greater uncertainty in the calculation of the theoretical K/Ar
ratio. Future CHIANTI releases will include new K transition
probabilities from the calculations of Zhang & Sampson (1999),
which could help in providing a more accurate value for the K
FIP bias. However, it is unlikely that uncertainties in the CHI-
ANTI data for K are larger than a factor 2, so that the K bias
is still significantly greater than Si values from our work, and
also than the values usually quoted in the literature for Mg, Al,
Siions.

Recently, Kink et al. (1999) report the identification of a few
Sivii and Sx high excitation lines, measured using laboratory
beam-foil techniques, and the SUMER quiet Sun spectral atlas
taken above a quiet area outside the solar limb by Feldman et
al. (1997).

The wavelength of the Sir 3p “D;7/—3d *Fy), at
994.58A is very close to the K11 line measured in the present
work, so that this line is expected to blend theki line. Also,
in the present dataset other unidentified lines are found match-
ing the wavelengths of the 8i11 “D-*F transitions reported
by Kink et al. (1999), confirming the presence of the blending
line at 994.58A.

In order to investigate the importance of thev8i contri-
bution to the Kxiir line, we have tried to investigate these lines.
The relative intensities of these transitions, as measured in the
present work, are substantially different than those reported by
Kink etal. (1999), so that it is not possible to estimate thei8i
contribution by simple line ratios with the other line of tHe—
4F multiplet. This is probably due to the different plasma con-
ditions in the present dataset and in the one analyzed by Kink
et al. (1999).

Theoretical estimates carried out with the HULLAC code
(Klapisch 1971; Klapisch et al. 1977; Liedahl et al. 1995 — cour-
tesy of Dr. J.M.Laming) have permitted us to estimate the theo-
retical emissivity of these lines under the physical conditions of
the present dataset. However, HULLAC results show thati$i
is not expected to provide significant intensity tocki. How-
ever, since these SiII transitions have very high excitation
energies, the HULLAC code could underestimate their emissiv-

Fig. 7.S, Si and K element abundances relative to the Ar photosphefi (J-M.Laming, private communications). Consequently, these

abundance.

results do not rule out possible blending problems, and no defini-
tive conclusions cannot be drawn from the present dataset on
the magnitude of the K FIP bias.
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5.3. Uncertainties in the FIP bias measurements Sivii line intensites are carried out, in order to address this
. . . roblem.
In order to calculate theoretical line ratios, we need to use rPot

only the correct Nand T values, but also an ion fraction datase The evident height dependence of the K FIP bias is a new

Y ! S (Sbservational fact whose magnitude (a factor around 2) is larger
This parameter represents a further source of uncertainty in fh4n the combined experimental and theoretical uncertainties
FIP measurements as well as in most diagnostic techniquesclﬁ_u :

volving UV-EUV lines (Gianetti etal. 2000). Thusitis importanhe

0 aifeeiir:]eafggigglE?ssbggg;dsgtg%teh deallc(;rc]) frt?ncu?:fﬁrn ttp%viour has been already noted by Laming et al. (1999) in quiet
two most rezent different ion fraction datasets Fa?\vaﬁable in tﬁorona; the authors suggest that this decrease with height might
due to emission from fast solar wind plasma present in the

literature for the ions used in the present work: Mazzotta et f%1d of view. Since the fast solar wind plasma composition re-

(1998), and Amaud & Rothenflug (1985) (with K from Lan.'semblesthe photospheric one, its emission would have the effect

dini & Monsignori Fossi 1991). lon fractions are displayed ”élf decreasing the FIP bias of low-FIP elements with increasing

Fig.[3 for the solar ions used for spectroscopic diagnostics in : .
present study. Fif]5 shows that all the ions that we are con;ri] lght. However, the height dependence of the K FIP bias goes

ering present differences between the two ion fraction datas%%gz;) pposite direction, apparently contradicting Laming etal.
This results in a bias to the theoretical ratio which is pure '

given by the ion fraction dataset used. The uncertainty ranges

between 20% and 40%, and must be added to the experimertaConclusions

uncertainty from measured line intensities.

further interest, the Si FIP bias seems also to be dependent on
ight, decreasing with the distance from the solar limb. This be-

In the present work we have studied SUMER observations of a
solar active region at the limb, to investigate the FIP bias in both
6. Is the FIP bias dependent on FIP value? cool plasma confined in the core of an active region, and in the
. . ) more diffuse, unstructured hot corona surrounding them. We use

The FIP biases for S, Si and K measured in the present Wqle o tom the high-FIP Net, Ar x11 ions, the intermediate-FIP
show a different behaviour in two senses: Sx ion, and from the low-FIP Mg1, Mg vii, Six1 and KXt
ions.

We find that the Mg/Ne relative abundance is highly variable
in the complex, cool core of the active region, and seems to be

The sulphur FIP bias is almost negligible, showing that S abugtrongly correlated to line intensity patterns; this might suggest
dance is photospheric within uncertainties, and does not chaifggt each (spatially unresolved) plasma structure might have its
with height. Si instead shows a typical FIP bias magnitude, tHawn peculiar composition. Mg abundance enhancements rela-
seems to become smaller as height increases (although the rti¢to Ne reach up to a factor of 8.8.
distant three values contradict this). The change with height is The analysis of the diffuse corona seems to suggest that in
~ 30% at maximum, and is slightly greater than the uncertaidff-limb active region plasma the FIP bias inside the low-FIP
ties given by the combination of experimental and ion fractigtlements’ class is dependent on the FIP value, being higher
uncertainties. for the very-low FIP element K, although the presence of a
The K FIP bias is very high, higher than the values quotég Vi1 blending line makes this conclusion uncertain. Since FIP
in the literature for the other low-FIP elements. Feldman &ependent FIP bias can provide important constraints on FIP
Laming (2000) suggest that the FIP bias for the very low-F#ggffect models, further work is recommended on this subject.
elements such as K could be higher than for the normal low- Also, we provide some evidence of height dependence of
FIP elements such as Mg, Si and Fe, so that the FIP effect fiog FIP bias for K and Si, while the S results are constant with
low-FIP elements could be dependent on the FIP itself. Fefeight within the uncertainties.

man & Laming (2000) base their suggestion on a number of

measurements, whose uncertainties however are as large a<fijgowledgementsi. Mohan acknowledges the support from the
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