
T H E S T R U C T U R E O F T H E L O W E R S O L A R C H R O M O S P H E R E I N 

U N D I S T U R B E D A N D A C T I V E R E G I O N S 

E. D U B O V 

(Crimean Astrophysical Observatory, Nauchny, Crimea, U.S.S.R.) 

A s o b s e r v a t i o n a l m a t e r i a l in th is w o r k we used s p e c t r o h e l i o g r a m s t a k e n wi th the 
C r i m e a n so la r t o w e r t e lescope in K 2 3 2 a n d H a filtergrams t a k e n w i t h t h e c h r o m o s ­
p h e r i c t e lescope in S imeis . T h e H a b i re f r ingent filter was so ad jus t ed , t h a t by t u n i n g 
t h e last p o l a r o i d we cou ld t a k e filtergrams in t h e cen t r e of H a o r c o m b i n e d f i l tergrams 
in t h e t w o wings a t H a ± 0 - 5 A. So t h e effect of D o p p l e r shifts o n image -b r igh tne s s 
d i s t r i b u t i o n w a s d i m i n i s h e d . W e c o m p a r e d the b r igh tness d i s t r i b u t i o n wi th t h a t of 
s p e c t r o h e l i o g r a m s . 

W e a l so used t h e idea p r o p o s e d by T h o m a s a n d A t h a y a b o u t t h e t e m p e r a t u r e j u m p s 
in t h e c h r o m o s p h e r e . F r o m o u r p r e v i o u s ca l cu l a t i on it fo l lows t h a t such a th in 
b o u n d a r y region in w h i c h t e m p e r a t u r e increases very r a p i d l y w o u l d be c o n n e c t e d 

I / i / 

F I G . 1. The structure of the undisturbed chromosphere. A - upper part of the convective zone, B-
boundary between photosphere and chromosphere (level of temperature minimum), C - boundary be­
tween upper and lower chromosphere, D - transition to corona. The arrows indicate the matter movement. 
Dotted lines - magnetic lines of force. The regions bright in K Ca II line are dashed. 
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wi th h y d r o g e n i on i za t i on in t h e c h r o m o s p h e r e . W e r e g a r d th i s b o u n d a r y as d iv id ing 
t h e c h r o m o s p h e r e i n t o t w o p a r t s - t he lower c h r o m o s p h e r e , w h e r e t h e t e m p e r a t u r e 
r ises t o s o m e 7000° (its h e i g h t is a b o u t 1500-2000 k m ) a n d t h e h ighe r o n e , w h e r e t he 
t e m p e r a t u r e rises t o a b o u t 1 5 0 0 0 ° . 

T h e p ic tu re seen on s p e c t r o h e l i o g r a m s a n d f i l te rgrams in H a ( the c h r o m o s p h e r i c 
n e t w o r k ) m i g h t be a c c o u n t e d for as a resul t of different he igh t of th is b o u n d a r y u p o n 
t h e m i d d l e o r u p o n t h e b o r d e r of s u p e r g r a n u l e s . So a t s o m e he igh t s h o t a n d co ld 
c h r o m o s p h e r i c e l emen t s coexis t . T h e c h a n g e of he igh t is c a u s e d by different a m o u n t s 
of m e c h a n i c a l ene rgy s u p p l y , d e p e n d i n g on differences in t h e s t r eng th of m a g n e t i c 
fields. T h i s is seen in F i g u r e 1. 

I n ac t ive reg ions o n f i l te rgrams t a k e n in b o t h H a wings ( H a ± 0 - 5 A ) we m a y n o t e 
t h r e e types of a r ea s ( F i g u r e 2 ) : 

F I G . 2. Schematic picture of an active region, observed in the H\ wings (Hx ±0-5 A). 1 - bright 
areas, 2 - dark areas, darker than dark elements of the undisturbed chromospheric network, 3 - areas 
more bright than bright elements of the undisturbed chromospheric network. 

(1) Br ight a r eas n e a r t h e s p o t s . These fiocculi a r e less e x t e n d e d t h a n H a flocculi 
seen in t h e line cen t r e a n d t he re fo re m u c h less t h a n K C a n fiocculi . 

(2) T h e d a r k r eg ions , d a r k e r t h a n the d a r k e l emen t s of t h e c h r o m o s p h e r i c ne t . 
T h e i r a r ea s a re s o m e w h a t l a rge r t h a n the flocculi a r e a s in K C a n a n d the re fo re m u c h 
la rger t h a n fiocculi in H a c e n t r e . 

(3) F ina l ly , on these f i l t e rgrams , t he re a re s o m e t i m e s c h a i n s of r a t h e r b r igh t 
e l emen t s s u r r o u n d i n g t h e w h o l e ac t ive reg ion . I t h i n k they a r e s imi la r t o t h o s e d a r k 
fea tures in K C a n a b o u t w h i c h we h a d s p o k e n d u r i n g t h e first sess ion . 

So the ac t ive r eg ion seems t o be la rger in a r e a w h e n we t a k e t h e so l a r i m a g e in 
H a ± 0 - 5 A . 

T h e obse rved p i c tu re m a y be i n t e rp r e t ed if we a c c e p t t h a t , in a n ac t ive r eg ion , t h e 
a m o u n t of n o n - t h e r m a l ene rgy s u p p l y increases as fast as t h e m a g n e t i c field increases 
t o w a r d the spo t , a n d , t h a t by th i s r e a s o n , a t t he s a m e t i m e , t h e b o u n d a r y be tween the 
u p p e r a n d lower c h r o m o s p h e r e is lowered . 
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W e m a y see f r o m F i g u r e 3 w h a t h a p p e n s w h e n we a p p r o a c h t h e spo t f rom ou t s ide . 
C u r v e 3 o n t h e p lo t is t h e magnet ic-f ie ld s t r eng th H. T h e l o w e r b o u n d a r y of t h e l o w e r 
c h r o m o s p h e r e (physica l ly th i s b o u n d a r y is t h e m i n i m u m - t e m p e r a t u r e level w h e r e t h e 
ene rgy supp ly by m e c h a n i c a l waves exceeds t he ene rgy a b s o r p t i o n f rom the r a d i a t i o n 
field) is dep re s sed t o w a r d s t h e s p o t (curve 1). T h e b e h a v i o u r of t he u p p e r b o u n d a r y 
of the lower c h r o m o s p h e r e is qu i t e s imi lar (curve 2) . T h e H a b r igh tness (curve 4) (we 
see c o r r e s p o n d i n g d e p t h levels on ly in t h e H a wings) e n h a n c e s w h e n the b o u n d a r y is 

F I G . 3. Position of lower and upper boundary of the lower chromosphere in different regions of the 
solar disk. 1 - lower boundary of the lower chromosphere, 2 - its upper boundary, 3 - magnetic-field 
strength, 4 - brightness of the chromosphere in Ha wings. 

Sections: I - dark element of the undisturbed chromospheric network, II - bright element of the 
undisturbed chromospheric network, III - border of the active region, IV and V - different places of the 
active region (still outside spots). 

higher - because t h e H a - e m i t t i n g slice is t h e n th icke r . T h e u p p e r c h r o m o s p h e r e emi t s 
less in H a , in sp i te of its h igh t e m p e r a t u r e . T h i s is c o n n e c t e d wi th s t r o n g dev i a t i ons 
f rom L T E c o n d i t i o n s . But as t he b o u n d a r y is lowered t h e h ighe r c h r o m o s p h e r e beg ins 
t o emi t an inc reas ing f rac t ion of t he to t a l e n h a n c e d H a emis s ion a r i s ing in t he c h r o m o s ­
pher ic flocculi. T h e sec t ions a r e d e n o t e d on t h e p lo t as f o l l o w s : I - t h e d a r k p a r t of 
t he c h r o m o s p h e r i c ne t ( the b o r d e r of s u p e r g r a n u l e s , d a r k in H a ) , II - t he b r i gh t 
e l emen t s of t h e c h r o m o s p h e r i c net , 111, IV , a n d V - sec t ions t h r o u g h several p a r t s of 
the ac t ive r eg ion , c o r r e s p o n d i n g t o t h e a r e a s 3 , 2 , a n d 1 o n F i g u r e 2. 

A n inves t iga t ion of t h e b r igh tnes s d i s t r i b u t i o n o n magni f icen t s p e c t r o h e l i o g r a m s 
t a k e n in M e u d o n by P ro fes so r D ' A z a m b u j a a n d k ind ly m a d e ava i l ab le t o m e by 
cou r t e sy of D r . M i c h a r d , d o e s n o t c o n t r a d i c t t o such a p i c t u r e o f t h e s t ruc tu r e of t h e 
lower c h r o m o s p h e r e . T h e s e s p e c t r o h e l i o g r a m s were t a k e n in severa l p a r t s of 4202 a n d 
4388 F e i , 4227 C a n , 4078 Sr i i a n d 5890 N a i spec t ra l l ine prof i les . M o s t of t h e b r i g h t ­
ness f luc tua t ions o n these s p e c t r o h e l i o g r a m s a r e c a u s e d b y D o p p l e r shifts. I n m o s t 
cases t he m a t e r i a l is a s c e n d i n g n e a r t h e s u p e r g r a n u l e b o r d e r (excep t for l ine 5890 N a i , 
wh ich behaves c o n v e r s e l y ) ; it is s o m e t i m e s a s c e n d i n g , s o m e t i m e s d e s c e n d i n g in o t h e r 
pa r t s of t he s u p e r g r a n u l e s . 
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F u r t h e r m o r e , t h e n e t w o r k bes t seen in t h e wings of me ta l l i c l ine s p e c t r o h e l i o g r a m s 

d o e s n o t c o r r e s p o n d t o c h r o m o s p h e r i c b u t r a t h e r t o p h o t o s p h e r i c levels. T h e s a m e 

m i g h t be sa id a b o u t t h e b r i g h t a r e a s in ac t ive reg ions - t h a t is, t hey a r e p h o t o s p h e r i c 

facu lae b u t n o t c h r o m o s p h e r i c even t s . Th i s c o n c l u s i o n is con f i rmed by t h e obse r ­

v a t i o n a l fact n o t e d by D ' A z a m b u j a , t h a t t h e wave l eng ths of bes t visibil i ty of these 

facu lae a r e o n different d i s t ances f r o m spec t ra l l ine cen t re s - t h e s t r o n g e r t h e line t h e 

m o r e d i s t a n t is t h e wave l eng th of bes t visibil i ty f rom t h e l ine cen t r e . T h e c o r r e s p o n d i n g 

levels h a v e a n opt ica l d e p t h of a b o u t T5OOO = 0-3 w h e r e t h e facu lae h a v e the i r m a x i ­

m u m - t e m p e r a t u r e excess ove r t h e s u r r o u n d i n g p h o t o s p h e r e . S o we m a y obse rve t h e 

p h o t o s p h e r i c facu lae in t h e d i sk c e n t r e if we use meta l l ic - l ine s p e c t r o h e l i o g r a m s . I t is 

t h e resu l t of a d d i t i o n a l (select ive) a b s o r p t i o n in spec t ra l l ines t h a t we c a n n o t see t h e 

d e e p e r a n d - as c o m p a r e d w i th t he i r s u r r o u n d i n g s - co lde r p h o t o s p h e r i c reg ions of 

t h e faculae . 

D I S C U S S I O N 

Acton: The preceding speakers have shown that many emissions appear to originate at physically 
higher levels over active regions. As I understand your last slide, your model predicts the opposite. 
D o e s this indicate a conflict between your model and observation or have I misunderstood your 
slide? 

Dubov: I think that there is no contradiction. In active regions the upper boundary of the low 
chromosphere is at a lower level, and that only means that the temperature jump is at a lower level. 
Because in this case the upper chromosphere provides the major part of the total Ha emission of 
the chromosphere, and as the density gradient is small in active regions, we will observe that the 
whole Ha-chromosphere is optically thicker in active regions than in undisturbed ones. 
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