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A B S T R A C T . We use N L T E modell ing of t h e alkali resonance lines and of C I and 

0 I h igh-exci ta t ion mul t ip le t s t o test their qual i ty as t e m p e r a t u r e diagnost ics of t h e up-

per pho tosphere , in t he context of A v r e t t ' s N L T E recovery of t h e L T E Holweger-Müller 

model below the t e m p e r a t u r e m i n i m u m and Ayres ' bifurcation in to hot and cool com-

ponents above the t e m p e r a t u r e min imum. 

1 . T h e t w o t e m p e r a t u r e i s s u e s 

The two arrows in Figure 1 m a r k recent developments in spat ia l ly-averaged model l ing 

of the upper solar photosphere . T h e arrow near h = 500 k m m a r k s an appreciable shift 

in the empir ical N L T E con t inuum modell ing by Avre t t and coworkers, from the cool 

t empe ra tu r e m i n i m u m which character ised t he earlier H S R A and VAL models (Vernazza 

et αϊ. 1981) t o t h e ho t t e r m i n i m u m specified in the M A C K K L model (Ma l tby et al. 1986). 

The p r ima ry diagnost ics used are t he infrared and ul t raviolet con t inuum intensi t ies ; t h e 

change resul ts from new, higher- intensi ty infrared d a t a and from t h e o u t w a rd shift in 

the computed height of format ion of t he near-ul t raviole t cont inua due t o t he inclusion 

of more line blocking (Avre t t , these proceedings) . 

T h e change br ings t he format ion of the ul t raviolet cont inua and of mos t opt ica l m e t a l 

lines close t o L T E ( R u t t e n 1988). T h e photospher ic pa r t of t he new model is indeed much 

closer t o t h e classical empir ical LTE model of Holweger and Müller (1974), and also t o 

theoret ical radia t ive-equi l ibr ium models (Bell et al. 1976, Anderson 1989). Th i s similar-

ity indicates t h a t plane-paral lel homogeneity, LTE and R E are reasonable a s sumpt ions 

for t he upper pho tosphere , in conflict wi th t he 3D granu la t ion s imulat ions of Nord lund 

(these proceedings) which predict spat ia l var ia t ions of large amp l i t ude t h r o u g h o u t t he 

photosphere . 

T h e a r row near h = 900 k m marks the bifurcation in to hot and cool componen t s 

proposed by Ayres ( these proceedings) . His p r imary diagnost ics a re t he C a II Κ line for 

the hot component and the l imb darkening of t he infrared C O bands for t he cool com-

ponent , wi th C O molecules cont r ibu t ing s t rongly t o t he cooling wherever (or whenever) 

they assoc ia te—presumably in field-free med ium between fluxtubes. 

These two issues separa ted in height only recently. Originally Ayres (1981) s t a r t ed 

the bifurcation below the t e m p e r a t u r e m i n i m u m in order t o reproduce t h e Ayres and 
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Figure 1. T w o issues in cur-

rent photospher ic model l ing . 

Schemat ic e lectron t e m p e r a -

tures agains t height for vari-

ous models of t h e solar pho-

tosphere . T h e r i g h t h a n d ar-

row m a r k s t h e change below 

t h e t e m p e r a t u r e m i n i m u m in 

t he model l ing of A v r e t t et α/., 

from VAL3C t o M A C K K L . 

T h e lef thand a r row m a r k s 

t he bifurcation in to hot a n d 

cool componen ts p roposed by 

Ayres . 

2 0 0 

Figure 2. Fo rma t ion of t h e 

N a D\ l ine {upper panel) and 

t h e Κ I 770 n m line (lower 

panel). 

Solid: e lectron t e m p e r a t u r e 

for t h e VAL3C mode l and for 

a model from Ayres which 

equals t he h o t t e r M A C K K L 

model in t h e t e m p e r a t u r e 

m i n i m u m and spli ts i n to hot 

and cool componen t s higher 

u p . 

Dashed: cor responding Ν LT Ε 

exci ta t ion t e m p e r a t u r e s . 

Tick marks: r = 1 heights for 

viewing angle μ = 0 .3 , respec-

tively for L T E and N L T E line 

format ion . 
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Linsky (1976) model l ing of t h e C a II Une wings wi th t h e hot component . W h e n t h e VAL 

to M A C K K L change brought t he con t inuum model l ing in to agreement w i th t h a t , Ayres 

et al. (1986) shifted the split to higher layers . A v r e t t ' s criticism ( these proceedings) 

tha t Ayres has overes t imated t h e C O rad ia t ive cooling by using an i n a p p r o p r i a t e fixed 

radiat ion field is less per t inent there , b u t t h e cri t icism t h a t the cool " C O c louds" a r e no t 

seen in o the r d a t a remains of in teres t . 

Are t he re o t h e r observat ional d iagnost ics of these two t e m p e r a t u r e issues? Not f rom 

optical m e t a l spec t r a such as Fe I and Fe II because thei r lines can be model led as well 

with a ho t as w i t h a cool pho tosphere ( R u t t e n a n d Kost ik 1982). W h i ch o the r l ines m i g h t 

do? We have selected low-ionization a n d h igh-exci ta t ion lines as cool a n d ho t d iagnos t ics , 

respectively: t h e Κ I and N a I resonance lines which are from minor i ty ioniza t ion s tages 

with very low ionizat ion energy and which should be enhanced in cool m a t t e r , a n d t h e 

C I and 0 I mul t ip le t s of a b o u t 8 eV exc i ta t ion energy which should be enhanced in h o t 

ma t t e r . 

2 . L o w - i o n i z a t i o n l i n e s 

Figure 2 shows resul ts for t h e Na I a n d Κ I resonance lines; c o m p u t a t i o n a l de ta i l s will 

be given in Bruis et al. (in p r e p a r a t i o n ) . T h e l ine source functions (shown as exc i t a t i on 

t e m p e r a t u r e s , dashed) decouple from t h e e lect ron t e m p e r a t u r e (solid) in t h e uppe r a n d 

lower p h o t o s p h e r e , respectively, and display typical sca t ter ing behaviour . 

T h e c o m p u t e d heights of fo rmat ion shift o u t w a r d from LTE line fo rmat ion ( r = 1 

ticks on solid curves) to N L T E line fo rmat ion ( r = 1 ticks on dashed curves) . For Κ I 

this shift is due t o pho ton losses in t h e resonance lines. These cause e x t r a r ecombina t i on 

from t h e ion reservoir which is not fully compensa t ed by ul traviolet over ionizat ion in 

the t e m p e r a t u r e m i n i m u m region. For N a I t h e shift is very large for models w i t h a 

chromospher ic t e m p e r a t u r e rise because t h e rise is not followed by t h e ionising r a d i a t i o n 

or iginat ing from t h e photosphere . For A y r e s ' cool model , however, t h e ionising r ad ia -

tion is h o t t e r t h a n the electron t e m p e r a t u r e , resul t ing in radia t ive over ionizat ion a n d a 

reversed L T E - t o - N L T E shift. 

F igure 3 shows observed and c o m p u t e d cores for t h e Na Di l ine a t two viewing 

angles. T h e differences between the var ious models a re too small t o be significant; t h e 

sca t te r ing behav iour makes t h e source funct ion r a t h e r insensitive t o t h e two t e m p e r a t u r e 

issues. T h e s a m e holds for t h e Κ I resonance l ines. 

T h e inner wings of t h e N a I lines show b e t t e r response. F igure 4 shows t h a t t he se 

are sensit ive t o t h e t e m p e r a t u r e m i n i m u m region; t h e difference be tween t h e ho t m o d e l 

(AYRES) a n d t h e cool model (VAL3C) is significant and exceeds t h e var ia t ions o b t a i n e d 

by changing t h e micro turbu len t or collisional d a m p i n g pa ramete r s wi th in a r easonab le 

range . 

3 . H i g h - e x c i t a t i o n l i n e s 

F igure 5 shows resul ts for t h e infrared C I mul t ip le t near 1070 n m ; deta i ls a re given 

elsewhere (Shchukina and Shcherbina 1989). T h e source function aga in displays p h o t o n -

loss cha rac te r , b u t wi th some sensi t ivi ty t o t h e presence of a chromospher ic t e m p e r a t u r e 

rise. 
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Figure 4. Com-

p u t ed (solid) and observed 

(dashed) inner wings of t h e 

N a D\ l ine a t viewing an-

gle μ = 0 .3 . T h e hot a n d 

cool componen t s of mode l 

AYRES produce t h e same 

line wings. T h e A Y R E S 

model has been used w i th 

two micro turbu lence val-

ues (1 and 2 k m / s ) . T h e 

VAL3C model has been 

used wi th two formal isms 

for collisional b roaden ing . 

T h e effective d a m p i n g pa-

r a m e t e r 7 is larger by 

abou t 40% for t he curve 

marked 72. 
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Figure 3 . C o m p u t e d (solid) and observed (dashed) l ine cores of t h e N a D\ l ine. Viewing 

angles μ = 1.0 (left) and μ = 0.3 ( r igh t ) . 
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F igure 5. Fo rma t ion of t h e C I 

t r ip le t near 1070 n m . 

Solid: model e lectron t e m p e r a t u r e s . 

Dashed: C I exc i ta t ion t empera -

tu res . 

Ticks: τ = 1 heights for μ = 0 .3 , 

respectively for L T E line fo rmat ion 

(solid curves) and N L T E line forma-

t ion (dashed curves) . 

Figure 6. C o m p u t e d (solid) and observed (dashed) l ine profiles (left) and equivalent 

widths (right) of t h e C I 1070 n m line. 
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T h e line opaci ty scaling is abou t t he same in LTE and N L T E . Th is equal i ty resul ts for 

models wi th a cool t e m p e r a t u r e m i n i m u m from the for tui tous cancel lat ion be tween t h e 

overpopula t ion due t o ul t raviolet pumping in t he resonance lines and t h e depopu la t ion 

t h r o u g h p u m p e d near-ul t raviole t lines t h a t connect t he lower levels of t he mul t ip le t t o 

levels close t o t he con t inuum. 

However, t he line opaci ty scaling does depend on the t e m p e r a t u r e s t ruc tu re . It 

causes t he separa t ion between the r = 1 ticks for t he AYRES-hot (ou te rmos t t i ck) , 

AYRES-cool (middle) and VAL3C ( innermost ) models and resul ts in appreciable line 

profile sensit ivity, as evident in Figure 6a in which the difference between a hot and a 

cool t e m p e r a t u r e m i n i m u m is again significant. There is even some sensi t ivi ty t o A y r e s ' 

bifurcat ion in t he line core, which is deeper for t he hot model because t h a t produces 

more opacity. Th i s is surpris ing because one tends t o th ink of such high-exci ta t ion lines 

as very deeply formed; t he cont r ibut ion function is doubly peaked, however, and feels 

t h e chromospher ic t e m p e r a t u r e rise also. 

F igure 6b shows t h a t t he difference between hot and cool m i n i m a is marked ly present 

even in t h e in tegra ted profiles, here shown center t o l imb. Similar resul ts were ob ta ined 

for t h e 777 n m tr iple t of Ο I (Shchukina 1987). 

C o n c l u s i o n 

All lines discussed here require detai led N L T E model l ing. None of t he lines provides a 

good diagnost ic of Ayres ' bifurcation above h = 700 k m , bu t t h e inner wings of t h e N a D 

lines and the C I 1070 n m and Ο I 777 n m mul t ip le ts are sensitive t o t he t e m p e r a t u r e 

a round h = 400 km. T h e observat ions , b o t h of t he "cool" Na D wings and t h e "ho t " C I 

mul t ip le t , are b e t t e r reproduced wi th t he old VAL3C model t h a n wi th t h e new M A C K K L 

model . Th i s cont rad ic t s t he current t r end towards a hot t e m p e r a t u r e m i n i m u m . 
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