ITII. INTERPRETATION OF THE SOLAR X.U.V. OBSERVATIONS

https://doi.org/10.1017/5S007418090017946X Published online by Cambridge University Press


https://doi.org/10.1017/S007418090017946X

THE INTERPRETATION OF THE SUN’S XUV RADIATION

by C. W. ALLEN
(University of London Observatory, United Kingdom.)

RiEsuME. — On passe en revue nos connaissances sur l'ionosphére terrestre et I'atmosphére solaire en relation avec les
observations récentes du rayonnement X et UV du Soleil.

On déduit aussi directement que possible des observations en XUV les principales carastéristiques de I'ionos-
phére et on les compare avec ce que U'on sait de la formation des couches E et F. Il semble que les coefficients de
recombinaison ionosphériques sont élevés et décroissent rapidement avec Ualtitude. On trouve aussi que les rayon-
nements des ions élevés varie plus au cours du cycle solaire que celui des ions bas : ceci entraine quelques difficultés
pour expliquer la constance du rapport des fréquences critiques des couches E o F'. Les rayons X et UV semblent
contribuer ensemble & la formation de la couche E.

On a identifié environ 250 raies d’émission solaires X et UV provenant de 50 ions. Les mesures de flux four-
nissent des informations sur le nombre des tons correspondants dans I’atmosphére solaire. Chaque émission provient
d’une région de température définie comprise entre 20000 et 2000000 0K, ce qui permet de déterminer (a) la quantité
de matiére solaire dans chaque gamme de températures, (b) les abondances chimiques, (c) les différences d’état
physique entre 'atmosphére solaire normale, les centres actifs et les éruptions.

Les progrés de Uanalyse sont actuellement arrétés jusqu’a ce que le probléme des coefficients de recombinaison
diélectronique soit résolu. Une bonne distribution de la matiére en fonction de sa température devrait prochainement

étre obtenue mais U'adaptation de ce résultat & des modéles de la chromosphére et de la couronne posera de nombreux
problémes.

ABSTRACT. — This paper reviews our understanding of (a) the earth’s tonosphere, and (b) the solar atmosphere, in
relation to the recent observations of solar XUV.

The expected ionospheric characteristics are derived as directly as possible from the XUV observations and then
compared with the well known E and F layer formation. Agreement does not come very naturally. There are
indications of a high ionospheric recombination coefficient decreasing rather rapidly with height. It is found. that
radiations from the high ions have greater solar cycle variations than radiations from the low ions. This leads
to some difficulty in explaining the constancy of the E to F critical frequency ratios. Both UV and X-rays appear
to contribute to the E layer.

There are about 250 identified XUV solar emission lines from about 50 tons. The flux measurements for
each line gives snformation on the number of corresponding tons in the solar atmosphere. Each radiation comes
from a region with a well specified temperature selected from the whole available range 20000° to 2000000 °K. This
makes it possible to derive, (a) the amount of solar material in each temperature range, (b) the chemical abundances,
and (c) the physical differences between normal solar atmosphere, centres of actiwvity, and flares. The analysis
is held up at the present moment until the problem of the dielectronic recombination coefficient is cleared. In due
course a good distribution of matter with temperature should be available but the fitting of such results to chromos-
pheric and coronal models provides many problems.

Pestome. — IIpoCcMOTpEHE HAIIK 3HAHHA 0 3eMHOHE moHOCHEpe U CONHEeUHOH aTMOoCc(epe B CBASH ¢ HETABHUMH
gabaogenuaMa X u© UV Coanma.

BriBeieHH, I0 BO3MOMKHOCTH CaMHIM IpAMEM ImyTeM, u3 HaOxwogen#i 8 XUV riaBHHe Xapak-
TEPHCTHKA HOHOC(PEDH H CpaBHEHHl C TeM, 4TO HaM H3BeCTHO 06 obpasoBanuu cioes E m F.

ITo-BugumMoMy moHOCPEpHEE K09()PUIUEHTH PeKOMOMEATNY BEICOKY W OEICTPO YORIBAIOT € BEHICOTOH.
Haitpero TaXie, UTO MBJIYYeHHA BBHICOKHX MOHOB H3MEHAITCA BO BpeMsA COJNHEYHOTO IHKJIa (0Jblle
4eM HM3JyYeHWe HH3KHX HOHOB ; 3TO BIeueT HEKOTODHe 3aTPYJHEHHA, YTOOH OCEBACHUTEH IIOCTOAHCTBQ
OTHOIEHUA KpETHYecKuX gacToT cioeB E m F. 9tu myun X u UV rar Gyaro cmocoGerByloT o6pa-
30BagENI0 cxod E.

BHIX OTOMIECTBICHH OK0JI0 250 colHeUHHX sMuAccHOHHbX Juuu#i X m UV mpomcxopamux
oT 50 HOHOB. DTH M3MEPEHHA HOTOKA JAIT CBEeJeHHA 0 UHCIe COOTBETCTBYIINHX WOHOB B COJNUEUHOH
armocfepe. Kamgaa sMuccua IpoMCXOZUT H3 00JACTH OUpEReJeHHOH TeMmepaTypH 3aKIIUeHEOR
Mesxay 20.000 @ 2.000.000 K°, uTO IO3BOJIAET ONPEAENATH : a) KOJMUECTBO COJHEYHOTO BEIMECTBA B
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RAKAOM JHANA30HE TeMIepaTyp; b) XEMAYeCKHe OGHJRA; ¢) PA3IAYHHA (HU3WYECKOTO COCTOSFHA
MeXIYy HODMaJbHOH coamedmo#l aTMocepofi, aRTHBHHME LEHTPAMHM ¥ BCHHIIKAMH.

IIpopBu:keHne aRaIW3a B HACTOAMEe BpeMA IPHOCTAHOBIEHO 0 TeX IOp, IOKa IpobiaeMa Ko03¢-
QEOEEHTOB AWAIEKTPOHHOHE peKoMOHHanmuy He OyJeT paspemeHa. Xopollee paclpefeleHNe BemecTBa
B 3aBACHMOCTH OT €0 TEMIIEPATYDPH NOJIKHO O GHTH MOJYy4YeHO B Oamxafimee BpeMda, HO IDHMEHEHHE
3TOTO pe3ylbTaTa K MOJelAM XpoMocepH M KODOHH IIOCTaBHT MHOTOYHCICHHEE 3aJaYH.

The full text of this review has been published in Space Science Reviews, Vol. 4. n° 1, Feb. 1965.

Discussion

C. PECKER-WIMEL. — The importance of the radia-
tion field in the resonance lines of ions formed in the
chromosphere cannot be underestimated a priore. The
optical depth in the resonance line of C III formed in
the same region of the solar atmosphere as the He I
and He II lines is of the order of 103,

C. W. ALLEN. — The large optical depths are well
known but the analyses of PoTTascH and others show
that the greater part of the scattered radiation will
emerge from the emitting layer. In any case, because
there are many lines with much smaller optical depths,
there will be plenty of opportunity to check whether
results are consistent or whether some further correc-
tion is necessary.

C. PEokER-WIMEL. — It is dangerous to treat the
150 emission lines observed in the solar U. V. as coming
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always from a two-level atom. This is not the case
mainly in the chromosphere where many lines of the
same ion must be treated at the same timein a multi-
level atom. F. H. VeENABLES. — On the formation
of the E- region, we, at SroueH, have observed
44-60 A X-ray fluxes, using the N. R. L. solar radia-
tion satellite. We have found a rather poor corre-
lation with E-region electron densities, indicating
that X-rays of these wavelengths are not of primary
importance in the productionof E-region ionization.

L. GorLpBERG. — The inclusion of dielectronic
recombination will substantially increase the width of
the emitting region, and this may require revision
of the theory. It is interesting to recall that ToUusEY’s
observations seem to show that the width of O VI
emission is about 50000 km.
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