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A B S T R A C T 

A peculiar kind of double-peaked H a lines in solar flare spectra is described. The most likely 
explanation to this phenomenon is an absorption in the centre of the line due to mottles and fibrils 
situated above the flare. Another explanation might be a rapid rotatory mass motion in the filamentary 
structure of the flare itself. In some other flare spectra a slight inclination of the Ha-emission streak 
has been found indicating as well that rotatory mass motions may be present in flares. 

T h e wr i te r h a s desc r ibed before (1) a pecul ia r H a s p e c t r u m of a flare of i m p o r t a n c e 
l b o b s e r v e d in A n a c a p r i o n M a r c h 29, 1966 ( U T 09-52) s h o w i n g a d o u b l e - p e a k e d H a 
l ine , s imi la r t o t h a t o b s e r v e d in t h e l o w c h r o m o s p h e r e a t t h e l i m b . T h i s in te res t ing 
s p e c t r u m is p resen ted a g a i n in F i g u r e l a . T h e emiss ion s t r eak is seen in t h e cen t r e 
of t h e H a l ine a lso b u t h e r e t h e s t r eak is n o t on ly w e a k e r b u t a l so c lear ly n a r r o w e r 
t h a n in t h e t w o well-defined emis s ion p e a k s . The re fo r e these p e a k s , t h o u g h s i tua ted 
in t h e s teep s lope of t h e H a p h o t o s p h e r i c l ine , c an h a r d l y be d u e t o a n a p p a r e n t 
in tens i ty increase p r o d u c e d by t h e inc rease in b a c k g r o u n d in tens i ty , b u t m u s t be d u e 
t o a rea l emiss ion fea tu re of t h e flare s p e c t r u m . T h e d i s t ance b e t w e e n t h e p e a k s is 
a b o u t 1 -2 A. T h e flare w a s s i t ua t ed very n e a r a s u n s p o t wi th t h e c o o r d i n a t e s 26 N , 59 E. 

I n t h e s a m e p h o t o g r a p h i c r e c o r d i n g of t he so la r s p e c t r u m a flare s p e c t r u m with 
m o u s t a c h e s (2) is seen. I t is s i t ua t ed sl ightly a b o v e the s a m e spo t . 

W e h a v e f o u n d several e x a m p l e s of t h e d o u b l e - p e a k e d H a line-flare spec t ra . In 
F i g u r e l b a s imilar , t h o u g h fa in te r ob jec t is seen, wh ich w a s o b t a i n e d a t t h e Swedish 
S o l a r O b s e r v a t o r y in A n a c a p r i o n Ju ly 8, 1966 a t U T 12-56. T h e d i s t ance be tween 
t h e p e a k s is a b o u t t he s a m e a s in F i g u r e l a , b u t t h e p e a k s a r e n o t q u i t e so n a r r o w 
r e s e m b l i n g m o r e o r less a neck t i e . 

S o m e t i m e s objec ts of th i s k i n d a r e c o n n e c t e d wi th d a r k su rges a n d m a y in fact be 
b r i g h t surges visible o n t h e d i sk . F i g u r e 2b o b t a i n e d o n A p r i l 5, 1967 a t U T 10-07 
w o u l d sugges t a b r igh t su rge p h e n o m e n o n c o m b i n e d wi th d a r k su rges . B u t t h e emiss ion 
f ea tu res h a d a m u c h l o n g e r d u r a t i o n t h a n t h e d a r k o n e s , w h i c h is ev iden t f rom 
F i g u r e 2a o b t a i n e d a t U T 09-17 a n d F i g u r e 2c a t U T 10-23 a n d s o m e la te r exposu re s . 
S o a t leas t t he objec t in F i g u r e 2 s eems t o h a v e been m o r e r e l a t ed t o a flare t h a n t o a 
b r i g h t surge . I n fact, it c o i n c i d e d wi th a smal l br i l l iant p lage in 25 ° S, 4 0 ° E ind ica t ing 
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F I G . 1. Double-peaked Ha lines in solar flares observed on the disk, la was obtained with a Babcock 
grating spectrograph on March 29, 1966, whereas lb was obtained on July 8, 1966. Note also the 
moustaches in (a) above the flare. 
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F I G . 2. Spectrum of a brilliant plage accompanying the appearance on April 5, 1967 of a new spot. 
2a was obtained at UT 09*17, 2b at UT 10*07 and 2c at UT 10-23. Note the dark surge appearing in (b). 

t h e c r e a t i o n of a new s p o t . I n a w a y it s eems r e l a t ed t o t h e m o u s t a c h e s t o o , bu t , if so , 
t h e m o u s t a c h e s a r e r a t h e r s h o r t . 

I n a n ear l ier p u b l i c a t i o n (1) I h a v e sugges t ed t h a t t h e d o u b l e - p e a k e d flare in F i g u r e 
l a is a low objec t w i th s o m e a b s o r b i n g m o t t l e s a n d fibrils a b o v e p r o d u c i n g a s t r o n g 
reversa l of t h e emiss ion l ine in t h e cen t r e of t he l ine . T h i s k i n d of c en t r a l reversa l 
h a s been sugges ted by G i o v a n e l l i , M i c h a r d a n d M o u r a d i a n (3) t o b e p r e s e n t in t h e 
H a s p e c t r u m of t he l ow c h r o m o s p h e r e . In fact d a r k fea tu res of even la rge size can 
s o m e t i m e s be clearly t r a c e d in t h e c h r o m o s p h e r i c s p e c t r u m of t h e l imb (1). 
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T h o u g h t h e spec t r a p r e s e n t e d in F i g u r e 1 a n d F i g u r e 2 s eem fairly well exp la ined 
by a s s u m i n g t h e ob jec t s t o be low o n e s wi th a b s o r b i n g m o t t l e s a n d fibrils a b o v e , we 
s h o u l d n o t o v e r l o o k t h e poss ib i l i ty of m a s s m o t i o n s in different d i r e c t i o n s wi th in t he 
objec t i m a g e d o n t h e slit o f t h e s p e c t r o g r a p h . T h e poss ib i l i ty o f such m a s s m o t i o n s 
in so la r flares h a s b e e n c o n s i d e r e d before t o exp la in t h e a s y m m e t r y of t he H a -
emiss ion l ine, a n d I w a n t t o d r a w a t t e n t i o n pa r t i cu l a r l y t o a r e c e n t p a p e r by Ba l la r io 
(4) . M r s . Ba l l a r io h a s c o n s i d e r e d in th i s c o n n e c t i o n flares w i t h l o o p s t r u c t u r e . 

O n e difficulty in e x p l a i n i n g t h e d o u b l e p e a k in t h e s p e c t r u m F i g u r e l a as a resu l t 
o f r a p i d l y a s c e n d i n g a n d d e s c e n d i n g m a s s m o t i o n s is t h e n a r r o w - l i n e profi le of e ach 
c o n s t i t u e n t needed t o o b t a i n t h e well-defined p e a k s . T h e emiss ion- l ine fea tures of 
F i g u r e l b a n d F i g u r e 2 a r e p e r h a p s s o m e w h a t eas ier t o exp la in as a resul t of m a s s 
m o t i o n s on ly . I n d e e d , i t is t e m p t i n g t o a s s u m e a r o t a t o r y m a s s m o t i o n wi th t he axis 
o f r o t a t i o n m o r e o r less pa ra l l e l t o t h e slit o f t h e s p e c t r o g r a p h . 

W e have f o u n d r ecen t ly s o m e i n d e p e n d e n t ev idence of r o t a t o r y m a s s m o t i o n s in 
flares, a n d , in fact , b e c a u s e o f a s l ight ly inc l ined H a s t r eak . F i g u r e 3a a n d 3b s h o w 
e x a m p l e s of th is p h e n o m e n o n a p p e a r i n g in a n i m p o r t a n c e l b flare obse rved by m e in 
A n a c a p r i o n Ju ly 3 , 1967 ( 2 0 ° S, 16° E ) . 3a was o b t a i n e d a t U T 07-48, 3 b a t U T 08 09 , 
3c, finally, s h o w s a n H a - p a t r o l i m a g e o b t a i n e d b y O . G i m s e a t U T 08-20 a n d wi th 
t h e a p p r o x i m a t e p o s i t i o n o f t h e slit . I n a d d i t i o n t o a fa in t i nc l i na t i on d u e t o a r e m a i n i n g 
e r r o r of a d j u s t m e n t o f t h e g r a t i n g ( changes h a d j u s t b e e n m a d e ) t h e emiss ion s t r eaks 
s h o w a c lear effect o f in t r ins ic inc l ina t ion . S imi la r effects h a v e been observed a n d 
descr ibed by Severny (5). I n m y o p i n i o n it is difficult t o exp la in t h e inc l ina t ion of t he 
s t r eak w i t h o u t a s s u m i n g a m a s s m o t i o n , a n d a r o t a t o r y m o t i o n is p e r h a p s well poss ib le . 
If so , t h e axis of r o t a t i o n w o u l d b e m o r e o r less p e r p e n d i c u l a r t o t h e slit. I t is in ter ­
es t ing t o n o t e in F i g u r e 2 b t h a t t h e i nc l ina t ion is s t r o n g e r h e r e t h a n in F i g u r e 2a. 
T h i s m a y be a r e su l t o f t h e r e d u c e d in t r ins ic l ine w i d t h , even tua l ly c o m b i n e d wi th 
a n increased s e p a r a t i o n of m a s s e lements . 

Inc l ined emis s ion s t r e a k s a r e well k n o w n in t h e s p ec t r a of sp icules , b u t h a v e in 
genera l been a t t r i b u t e d t o effects of un re so lved s u p e r i m p o s e d objec ts wi th different 
m a s s m o t i o n s ( 6 ) . B u t t h e poss ib i l i ty o f a r o t a t o r y m o t i o n s h o u l d p e r h a p s be c o n ­
s idered in t h e case o f sp icu les t o o . M o r e o v e r , we h a v e f o u n d s o m e H a spec t r a of 
p r o m i n e n c e s i n d i c a t i n g r o t a t o r y m a s s m o t i o n , t h e s p e c t r a s h o w i n g s o m e fea tures in 
c o m m o n wi th F i g u r e 1. T h a t is t o say , d o u b l e emis s ion p e a k s a p p e a r . F i g u r e 4 s h o w s 
s u c h a n objec t n e a r t h e l i m b s ecu red b y u s in A n a c a p r i o n J u l y 2 , 1967 a t U T 13-31. 
I n fact o n e of t h e c i r c u l a r H a r e c o r d i n g s s h o w s a s t r o n g ' l i m b - b r i g h t e n i n g ' n o t on ly 
t o t h e left a n d r igh t b u t a l s o a b o v e . Self-reversal a l o n e c a n h a r d l y exp la in th is s t r u c t u r e . 
I t is t e m p t i n g the re fo re t o c o n s i d e r m a s s m o t i o n s a s well a n d p e r h a p s of a r o t a t o r y 
type . A s tudy of a g r e a t q u a n t i t y of m a t e r i a l m a y give us a be t t e r c lue t o the u n d e r ­
s t a n d i n g of these c u r i o u s ob jec ts a n d the i r r e l a t ion t o flares a n d loopes . If poss ible , 
o b s e r v a t i o n s shou ld be m a d e s imu l t aneous ly in different s p e c t r u m lines. 

T h e poss ibi l i ty of r o t a t o r y m a s s m o t i o n s s h o u l d be c o n s i d e r e d a l so f r o m a t heo re t i -
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F I G . 3. Spectra of an importance lb flare observed on July 3,1967 at 20 °S, 16 °E. 3a was obtained 
at UT 07-48, 3b at 08-09. 3c is an Hoc picture of the flare at UT 08-20. The inclination of the Ha streaks 
in (a) and (b) is partly real and indicates mass motion, perhaps by rotation. 
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F I G . 4. Ha spectrum of prominences and the chromosphere at the limb obtained on July 2, 1967. 
Note the circular apparent shape of one of the prominences with a limb-brightening possibly due to mass 
motion of a rotatory type. 

References 

1. Ohman, Y. (1966) Stockholms Observatorium, Meddelande N o . 161. 
2 . Severny, A . B . (1957) Izv. krym. astrofiz, Obs. 17, 129. 
3 . Giovanelli, R.G. , Michard, R., Mouradian, Z. (1965) Ann. Astrophys., 28, 871. 
4 . Ballario, Maria Cristina (1963) Osservatorio Arcetri, Contr. 78. 
5. Handbuch der Physik, Springer, Band LIT, Astrophysik, III, p. 206, Fig. 6\d, 1959. 
6. Beckers, J. M. (1964) Dissertation, Utrecht, p. 72. 
7. Danielson, R . E . (1962) Astrophys. / . , 134, 289. 
8. Alfven, H., Carlqvist, P. (1967) Solar Phys., 1, 229. 

D I S C U S S I O N 

Pasachoff: I agree that many inclined spectral features are visible in limb observations. On spectra 
taken jointly with Drs . Beckers and Noyes at the Sacramento Peak Observatory and reduced at the 

cal p o i n t of view. In fact D a n i e l s o n (7) h a s c o n s i d e r e d a l r e a d y rol l c o n v e c t i o n t o be 

p resen t in t he f ib rous s t r u c t u r e of t he p e n u m b r a in s u n s p o t s . P ro fe s so r Alfven h a s 

k ind ly i n f o r m e d m e t h a t r o t a t o r y m o t i o n s m a y well b e e x p e c t e d in flares a c c o r d i n g 

t o his a n d C a r l q v i s t ' s r ecen t t h e o r y of flares (8) . 
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Harvard College Observatory, such inclined features are visible not only in H a but also in the H 
and K lines of Ca n (J. M. Beckers, R. W. N o y e s , and J. M. Pasachoff, Astron. / . , 71 , 1966, 255). 

Our spectra were made with a dispersion of 0*15 A/mm and a 25-cm solar image with the 16-inch 
coronagraph and 13-m Littrow spectrograph and sequences exist with exceptional seeing. We believe 
that we can satisfactorily resolve individual spicules and that many of the inclinations are real. 
Sometimes inclined features are visible at great heights, where the total number of features is small 
and the chances of accidental overlapping minimized. 

We interpret these inclinations as arising from differential mass motions, perhaps from rotation 
around the spicular axes. 

The inclinations at some features change with time. This can be interpreted as a real change in the 
velocity, a change in the orientation of the feature with respect to the line of sight or a change in the 
width of the line profile. 

Further, our H and K spectra include a disturbed region in the chromosphere we used an image 
slicer to give us effectively two slits located approximately 4000 and 8000 km above the limb. This 
allows us to follow the relation of the simultaneous line-of-sight velocity at the two levels. 

Exposures were 13 sec long for H and K and were taken every 30 sec. The disturbed region extended 
about 40 000 km along the slit. 

For several minutes, the upper level is seen to contain a disturbed area, for there are many knots 
and short, highly inclined features indicating the presence of strong differential motions. The lower 
level has normal spicular features. Eventually it too begins to show abnormal structures. 

Then, o n the next frame, a feature becomes visible at the lower level with a line-of-sight velocity 
of about 50 km/sec. On this frame, the feature is very faint in the upper level and has a somewhat 
lower velocity, about 35 km/sec. 

On the following frame, 30 sec later, the feature has become very bright in the upper level, with a 
large Doppler velocity of 60 km/sec. The velocity in the lower level has declined to about 15 km/sec, 
although the profile remains wide. 

On the next frame, the velocity in the upper level increases slightly to about 70 km/sec, while the 
velocity in the lower level declines to about zero. This is, unfortunately, the end of the time sequence. 

N o t e that the velocity o f propagation implied is about 4000 km in 30 sec or 130 km/sec. This is far 
more than supersonic, but is comparable to the Alfven speed for reasonable chromospheric densities 
and magnetic fields. Other events visible at both lower and upper levels do not usually show even a 
time difference of this magnitude, indicating still higher velocities. 

Malt by: At the Oslo Solar Observatory we have observed inclined elements in H a in the quiet 
chromosphere, close to sunspots as well as in flares. Several explanations, in addition to rotatory 
motion, are possible. 

Bappu: I would just like to make a comment on the inclined structures seen in Ha . When one 
obtains H a spectra of the centre of the solar disk with good image and spectrographic resolution, 
one can see many narrow inclined structures in absorption. Rotation of the mass element is an 
obvious interpretation, and one can postulate the mass to be either experiencing a helical motion 
or be in a form where one has ascending and descending columns side by side. 

Ohman: I am glad to hear that several observers have found similar effects, and I am fully aware 
of the fact that different interpretations are sometimes possible. 
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