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ABSTRACT

We present new non-LTE calculations for the neu-
tral and ionized helium spectrum in quiescent solar
prominences. We investigate the formation of helium
lines and continuum within the frame of one dimen-
sional, isothermal and isobaric static slab models. In
a previous work (Labrosse & Gouttebroze 1999) we
have shown the effects of three parameters of our
numerical code (the electron temperature, the gas
pressure, and the slab width) on the emerging he-
lium spectrum. In the following we compare our re-
sults with former computations by Heasley, Mihalas
and Poland (Heasley et al. 1974) and by Heasley and
Milkey (Heasley & Milkey 1976).

Our conclusion is that there is a reasonable agree-
ment between our results and those former computa-
tions. However there exist some discrepancies which
may be attributed to different boundary conditions
in hydrogen spectrum computations.

Key words: helium:lines; Sun:prominences.

1. INTRODUCTION

In this work we present our results from new com-
putations of hydrogen and helium spectrum. We do
comparisons with Heasley, Mihalas and Poland mod-
els (Heasley et al. 1974, hereafter HMP), and Heasley
and Milkey models (Heasley & Milkey 1976, hereafter
HM2; see also Heasley & Mihalas 1976, Heasley &
Milkey 1978, Heasley & Milkey 1983). They calcu-
lated the hydrogen and neutral helium spectrum for
a consistent prominence model. HMP models have
temperatures of 7000 K and 8000 K, a slab width of
6000 km and total hydrogen densities (neutral plus

ions) of ny = 10'° and 10''. The HM2 models have
temperatures of 7500 and 9500 K, central gas pres-
sures of 0.065 and 0.26 dyn cm~2 and no microtur-
bulent velocity.

The comparison of HMP and HM?2 results with ours
concerns population densities, optical depths and in-
tegrated intensities. We focus on helium results since
some papers have been already published for hydro-
gen (Gouttebroze et al. 1993, hereafter GHV, and
Heinzel et al. 1994) using the numerical code estab-
lished by Gouttebroze.

2. MODELLING

2.1. Prominence Model

Our prominence model is the same as described in
Labrosse & Gouttebroze 1999. It consists in plane-
parallel slabs standing vertically above the solar sur-
face. Observations are made in a direction perpen-
dicular to the slab surface. The prominence is illumi-
nated on both surfaces by an incident radiation field
which determines the boundary conditions for the
resolution of the radiative transfer equations. This
radiation field comes from the photosphere, the chro-
mosphere and the corona and 1s deduced from obser-
vations of the solar disk. The models are defined by
the temperature, the gas pressure, the microturbu-
lent velocity and the thickness of the slab. The first
three quantities are supposed to be constant through-
out the slab.

2.2. The Model Atom

The hydrogen atom is the same as in Labrosse &
Gouttebroze 1999 and is described in details in GHV.
We have improved the helium model atom with two
more levels for the ionized helium. So we have 13
bound levels for He I, 4 bound levels for He II, and
the continuum. Thus we obtain 3 resonance atl 20
subordinate lines for He I, and 3 resonance and 3
subordinate lines for He II. Departures from Local
Thermodymanic Equilibrium (LTE) are allowed for
each level. All lines and continua are treated in non-
LTE. The energy levels and the incident radiation for
helium line transitions have been taken in HMP (see
Tables 1 and 2 in their paper). Though our numerical
code allows Partial Redistribution studies (necessary
for the resonance lines), we made the computations
in Complete Redistribution in order to stay as close
as possible to HMP and HM2 models. Collisional
lonization rates are calculated as in Mihalas & Stone
1968, and collisional excitation rates are taken from
Avrett 1994.

2.3. Computational Procedure

The computations are first made for hydrogen in
order to obtain along with the hydrogen spectrum

Proc. 9th European Meeting on Solar Physics, ‘Magnetic Fields and Solar Processes’, Florence, Italy,

12-18 September 1999 (ESA SP-448, December 1999)

© European Space Agency ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1999ESASP.448..503L

DESASP, 448, ~503L

rt

504

the level populations, the electron densities and the
mean intensities at different wavelengths for differ-
ent depths inside the slab. Then the radiative trans-
fer and statistical equilibrium equations are solved
for helium with the incident radiation fieid in neu-
tral and ionized helium lines wavelengths from HMP,
and taking into account the radiation field in the slab
due to hydrogen. The statistical equilibrium equa-
tions are solved by iteration. The radiative transfer
equations in optically thick transitions are solved by
the Feautrier method with variable Eddington fac-
tors. The helium-to-hydrogen number ratio is 0.1.

3. COMPARISONS

The prominence model is the same in each case (1D
isothermal and isobaric static slabs). Some differ-
ences appear in the hydrogen model atom (our model
atom includes more bound levels). We use accu-
rate observed incident radiation profiles for hydro-
gen. The statistical equilibrium equations are solved
here by iterations, but by the complete linearization
scheme for HMP and HM2. Nevertheless we use
atomic data for helium which are very close to those
used in HMP and HM2. Tables 1 and 2 show compar-
isons of respectively physical and optical properties
between our results and those from Heasley, Mihalas
and Poland. We have computed four models with two
different temperatures of 7000 and 8000 K, two differ-
ent total hydrogen densities of 10'° and 10" cm-3
and no microturbulent velocity. In Tables 3 and 4
we show also comparisons for physical and optical
properties of the model prominences between our re-
sults and those of Heasley and Milkey. Again we have
computed four models corresponding to two different
temperatures T (7500 and 9500 K) and two different
central gas pressures P (0.065 and 0.26 dyn cm™?)
with no microturbulent velocity. The first thing we
can see in these comparisons is that the slab width
is different in our computations from HM2 computa-
tions. This comes from the differences in boundary
conditions.

In Table 1 we report optical depths and population
ratios for HMP models. Optical depths are in good
agreement, but for the continuum edge of ionized he-
lium (227 A), our optical depth is smaller than for
HMP. Ratios nﬁHe IT)/n(He 1) are similar at slab
surface but at slab center ours are smaller than for
HMP. Ratios n(He III) /n(He II) are very similar. We
observe a weak helium ionization at slab center.

In Table 2 we show integrated intensities for sev-
eral neutral and ionized helium lines. There is a
good agreement with HMP results. We can note that

at 584 A our integrated intensities are smaller than
those of HMP.

In Table 3 population ratios n(He II)/n(He I), elec-
tron densities and optical depths are shown. The
ratios are quite similar at slab surface, but ours are
much smaller at slab center. The ionizing radiation
field does not penetrate deep enough in the slab to
ionize helium. The electron densities are of the same
order, but ours are smaller. At slab center the dif-
ference between our results and HM2 results is larger
than at slab surface, which confirms the weak ion-
ization in our computations. Our Lyman continuum
opacity is larger than for HM2. This acts as well
against the helium ionization at slab center. Opaci-

ties for He I resonance continuum edge (504 A) and

He I A534 A are of the same order in each computa-
tlons.

In Table 4 we repoxt the integrated intensities for
several hydrogen and neutral helium lines. We can
see that our helium integrated intensities are of the
same order than for HM2.

4. CONCLUSIONS

In this work we have presented comparisons between
computations made by Heasley, Mihalas and Poland
in 1974 and Heasley and Milkey in 1976, and our
new non-LTE computations. Slight discrepancies
are found but they may come from some differences
in the boundary conditions especially for hydrogen
spectrum computations.

We stress that in order to stay as close as possible
to HMP and HM2 computations we have considered
only Complete Redistribution. However our numer-
ical code allows Partial Redistribution in the hydro-
gen and helium resonance lines which can have sig-
nificant influence on the emergent profiles and the
opacities.

After introducing the most recent atomic and spec-
troscopic helium data and more realistic incident pro-
files we will present in a future work some com-
parisons with helium lines profiles obtained with
SUMER and CDS instruments of SoHO. Our numer-
ical code will be used as a diagnostic tool to analyze
helium lines observations.

ACKNOWLEDGEMENTS

We thank Eugene Avrett for providing us with
atomic data for neutral helium (from ion model
HelL13).

Computations were performed using the facilities of
the ’Institut du Développement des Ressources en In-
formatique Scientifique’ (IDRIS, Orsay).

REFERENCES

Avrett E., 1994, private communication

Gouttebroze, P., Heinzel, P., Vial, J.-C., 1993, As-
tron. Astrophys. Suppl., 99, 513 (GHV)

Gouttebroze, P., Vial, J.-C, Heinzel, P., 1997, Solar
Physics, 172, 125

Heasley J.N., Mihalas D., Poland A.L, 1974, ApJ,
192. 131 (HMP)

Heasley J.N., Mihalas, D., 1976, ApJ, 205, 273

Heasley J.N.. Milkey R.W., 1976, ApJ. 210. 827
(HM2)

Heasley J.N., Milkey R.W. 1978, ApJ, 221, 677

Heasley J.N., Milkey R.W., 1983, ApJ, 268, 398

Heinzel. P., Gouttebroze, P., Vial, J.-C., 1994, As-
tron. Astrophys., 292, 656

Labrosse N., Gouttebroze P., 1999, SOHO8 Work-
shop. ESA SP-446, to be published

Mihalas D., Stone M. E., 1968, AplJ, 151, 293

© European Space Agency ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1999ESASP.448..503L

505

GpT 902k R1%  SET 8Gl 206 19¢  POIT V080 08 98'G G6F1 T8¢ 219y
Q'€ £OP8  20'G  €2%  €6¢  OV8L  GLL  §9£g TI1'0 L%l €L¢ 02T GFZ | 01 0008 8§ dWH
€l PRIL  19F 88T €L  96FL T'PI 9891 GLI'O 919 €9 €91 €6¢€ 219y
10 0086 06'L SWG 609 2E0Z 6L6Z 6'8S% 98T'0 POLE 9R'8 FOT ¥V | 0,01 0008 L JWH
PIT 892k 9611 ¥el 66 @06 1@ 6601 L8T0 BS 166 0F'1  L9% 219y
9T PLVO  RU'E  OLI GZ SOPI  STT €081 20T0 96 80°C 90T ¥2Z | (0T 000L S JdWH
g7 999  G60'F  9L1  PL9  BOWI 8%l 6261 8910 @'8G €6'G VW1 pLlE a1y
LGS 9988 GL'L  VEZ 109 1861 68  6'9v TLI'O 99 GI'8 6V T I8€ | 001 000L ¥ JWII
1860Z  0€801 18¢L G90L 8199 918G GI0S GS8E OF9T  ¥8G LG 325 pog | Hu 1, [2poIy
(y) ¥

(gowd) Hu Kysusp woBorpAy (107 {(3],) ], @anjesodwo) uoroy syuq)

o _as S
(145 4

o

-_wd sbua) saipisusjur

aury wnay pajnabojuy :(spppout JWE) soutadowd oyydo fo uosuvdwoy) g dlqr],

9-'9 G-'¢ L1 G0°0 100 G+6'F 8V 61¢ a9
L1 §-C 9-'8 90°0 ) S+9¢ |44 ja 10T 0008 8 dIWH
jad [aé €00 L2°0 80°0 janiy Y 81 919y
el [ald 1] €90 80 P11 Ve 0ee 00T 0008 L dWH
G-'1 6-'¢ 8-'8 G0°0 00 G+g'¢ 6V L9¢ 219y
L1 6-'¢ 9-'C G0°0 7ot G+9°¢C 99 911 10T 000L S dNWH
e V-C ¥0°0 920 L0°0 a7 [% LT 2191
1 [ald LE0 o 80 P61 9°¢ 0S¢ 00T 0004 Vv dINH
107U (R[S 0OBJINS (R[S  Iojuad qe[s adejIns qels | (Lzzy)+  (P8SY)%  (¥0SY)+ (g16Y)+ | Hu L [PPOIN

(11 °H)u/ (111 °H)u

_

(1 e{)u/(11 °H)u

(qers 1e101) adeq 1eONdQ

.Am«.

wo) Hu £y1suap uaBoipAy (8907 {(3,) ], 2injetadwa) uo1jdspe sy

‘(spppows gy ) saueadosd pasfiyd fo uosundwoy) 1 dqe],

© European Space Agency ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1999ESASP.448..503L

1+621  e¢+bge  0+00G¢ T1+PS6 0+966 g+9¢L T1+8ET 1+6L'8 €+LEE PHLIT pH166  bHPEV | 0€S a3y
1+06'¢  ¥+821T  0+v0'8 otle€ 1+e€e9 e+0Le 1+0LC gH8se €HIsE kHgel p+HE98 pHeb8 | 0.9 00§6 9% S9T  ¥P WH
+12T e+8F9 1+gT'T g+6L T T+6TT €981 T+HLPT ¢+LST §+0€¢ PvHPI'T P+896  b+PI'E | 0699 Y
T+eLs pHL6T 1+3L1 g+eg’S o+ee1 g+eev 1+LU9 g+ess €+19¢ €+E16 v+9z'9 p+65G | 000L 0056 690" G0V VO WH
0+08'8 ¢+iv'e  0+88T I1+66'8 0+50¢ ¢+0zL 0+68L 1+65'8 ¢+6rL €+.9C P+09C vHSET | 66T 19y
0+LL9  £+99°6  0+991 LT 1+ge T €+l o+i6s gHis1 eHb0e eHLTL bHBO'S bHE6R | 028 006L 9% Gl T4 WH
1+90'1  ¢+9z°¢  O0+ovy g+8ET 0+ST9 €+60°T 1+2el THbEl €HLIT ROV bHE6e BPHIRL | 0S8 EXET
+01¢ v+10l O+PSy g+99c  1tege €+02% 1+89'1 gHiIsg ¢+8ec €+pe8 p+6L'S vHITk | 008€ 00SL 690° G-0'€ G WH
Y 18602 Y OER0T Y 18¢L VY G90L VY 8199 Y 918G Y 910G VY 688¢ ©-d g-H ©-H 0-A1
_ ((4s°s° ;w0) /s6.42) sorjisuajut payesdoju] a L d W PPOIN
"g.9|qR], 10} Se sjun auleg
“(spapowe gyj1) sarptadoad ondo fo uostdwoy) 1y ajqey,
PO 86V 00 S+ip 6°€T | 01+6L¢G 01+¢SF €00’ S0’ 8 S 0¢s Ry
b+0'¢ 809 001 ¥+9L 89 | 01+GLR 01+62°L 4 80° g9 L1 0.9 0086 92  S91 VP IH
G+HI'T 087 66T SHI'R  PLF | 0T+LOT 01-+29°1 8000 a8 g1 [ 069¢ oday
b9 p8er 0L 6t0l 76 01T+82°¢ 01+€1°% L0 62 8¢l v 000, 0096 690" SO0F P> WH
FHRE 69°¢ €6 ¢+H0'6 79% | OT+IT'E 0T+er'y G00° 40 4 € 662 Iy
ptee 899 96 G¢+LT 96T | 01+CE'8 0T+.2°L [ 0} (4! -8 0ge  00SL 927 G¢'1 ¢4 WH
V96 616 €8 9F1T €LS | 0T+ETT 01+9L°1 200 or €0 L0 06L2 Ay
PHPG 0621 €9 ¢+0C 881 | 01+29¢ 01+L¥'¢ €0’ 9T 9'¢ Ve 008¢ 006. 690" G-0€ G® WH
VPRG Y P0G V-H VAT 0-A7 | 19jusd qe[s  20RjIns R[S | 12)U00 B[S  90BJINS (B[S | I2UD B[S  IDRJINS QR[S
syydaq [eonndo (P)u (1 om)u/(11 °H)u (1 w)u/(11 m)u a I 4 W PPW

506

(un)g yIpm qels (o), 2injeiadura) uol1jos[R
..ANIEQ ukp)d oansseid se$ [e1jued {(,_wd F)N A)SULp sseW-UWIN[OD [€J0 SYU[)

T—

‘(spapow savuadosd orsfiyd fo uosuunduro)) ¢ d|qe
121 GIWH) 591 norshy D € 9l9eL

© European Space Agency ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1999ESASP.448..503L

	citation_temp (2).pdf
	http://eprints.gla.ac.uk/24818/


