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NEW EXPERIMENTS ON GAS TARGET SPECTROSCOPY.

ATOMIC LIFE-TIME MEASUREMENTS OF SOME DEUTERIUM LEVELS1

E x p e r i m e n t s  on o p t i c a l  s p e c t r a  u s i n g  i o n  -  beams and g a s  o r  f o i l  

t a r g e t s  were p r o p o s e d  by S .  B a s h k i n  i n  1 9 6 3  £ l 3  and L .  Kay £ 2^ .  The 

main u s e s  o f  th e  new method o f  io n  p r o d u c t i o n  and e x c i t a t i o n  a r e :  to  

d e te r m in e  w hich  l e v e l s  a r e  e x c i t e d  i n  v a r i o u s  a t o m i c  s p e c i e s ,  which tran

s i t i o n s  o c c u r ,  and above a l l  t o  measure th e  mean l i v e s  o f  some o f  t h o 

s e  l e v e l s .

None o f  th e  m a jo r  d i f f i c u l t i e s  e n c o u n t e r e d  i n  th e  co n ven tio n al l ig ht  

s o u r c e s  su c h  a s  c o l l i s i o n a l  d e e x c i t a t i o n  o f  l e v e l s ,  th e  problem o f  l o 

c a l  therm odynam ic e q u i l i b r i u m  and th e  n e g l i g i b l e  e f f i c i e n c y  o f  p r o d u c -
2

t i o n  o f  i o n s  i n  h i g h e r  s t a g e s  o f  i o n i z a t i o n  p l a y  any r o l e  i n  t h i s  new 

t e c h n i q u e  w hich makes use  o f  a beam o f  h ig h  e n e r g y  e x c i t e d  s p e c i e s .  S i g 

n i f i c a n t  d e v e lo p m en t o f  th e  method was made b a s i c a l l y  i n  th e  U n i v e r s i t y  

o f  A r i z o n a ,  T u c s o n ,  A r i z o n a  and i n  many ^30 o r  s o )  o t h e r  l a b o r a t o r i e s  

d i s t r i b u t e d  among 9 c o u n t r i e s .  The p r o g r e s s  w hich has been made s i n c e  

19 63  i s  summ arized i n  th e  P r o c e e d i n g s  o f  th e  C o n f e r e n c e  h e ld  a t  the Uni

v e r s i t y  o f  A r i z o n a  i n  1967 > i n  th e  P r o c e e d i n g s  o f  th e  Seco n d  In 

t e r n a t i o n a l  C o n f e r e n c e  h e ld  i n  L y s e k i l ,  Sweden i n  1970 [5]  and in  P r o 

c e e d i n g s  o f  th e  T h i r d  I n t e r n a t i o n a l  C o n f e r e n c e  ^9^ h e ld  i n  T u c s o n ,  A -  

r i z o n a  i n  1 9 7 2 .

F i g .  1 shows th e  i d e a  o f  th e  e x p e r im e n t .  A beam o f  a c c e l e r a t e d

p a r t i c l e s  t r a v e l s  from l e f t  t o  r i g h t  and e n t e r s  th e  t a r g e t  / e i t h e r  a
2

t h i n  ca rb o n  f o i l  w i t h  a r e a  d e n s i t y  o f  10 /cm  o r  a gas  t a r g e t / .  I n  the 

t a r g e t  th e  i o n s  undergo th e  p r o c e s s e s s  o f  i o n i z a t i o n  / b o t h  electron s tr ip 

p in g  and e l e c t r o n  a t ta c h m e n t  may o c c u r /  and e x c i t a t i o n  to  h i g h e r  a to m ic  1 2

1The r e s u l t s  o f  th e  e x p e r im e n ts  were p r e s e n t e d  a t  th e  V th N a t i o n a l  
C o n f e r e n c e  on S p e c t r o s c o p y ,  Varna 1 9 7 3 ,  sp o n so r e d  by B u l g a r i a n  Academy 
o f  S c i e n c e s .

2VI. W i e n  [ 3]  perform ed th e  f i r s t  e x p e r im e n ts  on l i g h t  decay 
in  a beam o f  c a n a l  r a y s .
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l e v e l s .  The beam e e ie r g in g  f r o m . t h e  t a r g e t  I s  composed o f  th e  e x c i t e d

i o n s  and t h e i r  d e e x c i t a t i o n  r e s u l t s  i n  

a d e c a y i n g  lu m in o u s  beam w hich  i s  th e  

main o b j e c t  o f  o b s e r v a t i o n .

The e m i t t e d  l i g h t  i s  s t i g m a t i c a l l y  ima

ged  on t o  a s p e c t r o g r a p h  s l i t .  The r e 

s u l t i n g  s p e c t r a l  l i n e  r e p r o d u c e s  the di

s t r i b u t i o n  o f  l i g h t  i n t e n s i t y  in th e  lu

minous beam. The d e p en d en ce  o f  t h e  pho

t o g r a p h i c  d e n s i t y  o f  a p l a t e  on d i s t a n 

ce  i s  d i r e c t l y  r e l a t e d  t o  th e  atom ic  l i 

f e - t i m e  o f  th e  l e v e l  u nder c o n s i d e r a 

t i o n .  Thus l i f e - t i m e  v a l u e  i s  measured 

i n  term s o f  th e  a c c e l e r a t o r  v o l t a g e  / i o n  

v e l o c i t y /  and g e o m e tr y  f a c t o r s  / o p t i 

c a l  image m a g n i f i c a t i o n / .  *

The e f f i c i e n c y  o f  p r o d u c t i o n  o f  h i g h e r  

s t a g e s  o f  i o n i z a t i o n  d ep en d s  m a in ly  on 

t h e  a c c e l e r a t o r  v o l t a g e .  F i g .  2 presents 

t h e  d ep en d en ce  f o r  a beam o f  Neon i z o -  

to p e  o f  mass number 22  i n c i d e n t  on a th i n

Fig. 1

General idea of the experiment. 
1 - accelerator, 2 - accelerator
beam, 3 - foil or gas target, 4 - 
beam of excited, light emitting 
ions, 5 - Faraday cup, 6 - lens, 
7 - spectrograph slit, 8- spectro
graph, 9 - photographic plate and 
plate density vs distance curve

r o u g h ly  0 . 2 0

carbon  f o i l  [_&}■ 

a r e  t o  be p ro d u ce d  i n  th e  t a r g e t

s h o u ld  be 

i . e .  4 . 4  MeV.

The Cracow  c e n t r e  o f  p h y s i c s  

i s  e x p e c t i n g  th e  d e l i v e r y  o f  

a 10 MeV, tandem ty p e  Van de 

G r a a f  a c c e l e r a t o r  and the 

Beam F o i l  S p e c t r o s c o p y  i s  con

s i d e r e d  a s  one o f  th e  p ro 

s p e c t i v e  r e s e a r c h  programmes. 

However, s-ome p r e p a r a t o r y  

e x p e r im e n ts  a r e  b e i n g  carried 

out on th e  s m a l l  20 0  keV ac

c e l e r a t o r  o f  th e  I n s t i t u t e  of  

N u c le a r  P h y s i c s ,  Cracow  and 

p r e l i m i n a r y  r e s u l t s  a r e  p r e 

s e n t e d  b e lo w .

22  5+F o r  e x a m p le ,  i f  a c o n s i d e r a b l e  number o f  Ne ions

t h e  e n e r g y  o f  t h e  a c c e le r a te d  neon ions

Ionization efficiency of 
F . denotes the fractional 

atoms

a carbon target, 
number of ionizei

F i g .  3 shows th e  g a s  t a r g e t  a p p l i e d  / l e n g t h  4 cm, f u r n i s h e d  w ith  

4 mm d i a .  a p e r t u r e s /  and i t s  t y p i c a l  w orking c o n d i t i o n s .  The p r o d u c t i o n  

o f  f a s t  e x c i t e d  atoms i n s i d e  the t a r g e t  i s  g i v e n  by :
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f i g .  3

Gf.s ta rg e t :  1 -  gas i n l e t ,  2 -  brass side walls /the 
ir . le t  and o u tle t  apertures ~  4 mo d i a . / ,  3 -  g lass  

c e l l

n a t i o n /  th e  e x c i t e d  atoms b u i l d - u p  i n  th e

where n* i s  th e  e x c i t e d  

atom d e n s i t y ,  x i s  tr.e 

d i s t a n c e  measured from the 

e n t r a n c e  a p e r t u r e  a lo n g  

th e  beam, v i s  th e  v e l o 

c i t y  and T i s  th e  r a d i a 

t i v e  l i f e -  tim e o f  the ex

c i t e d  s t a t e ,  Ç i s  the 

e x c i t a t i o n  c r o s s  s e c t i o n ,  

ÿ i s  th e  t a r g e t  gas d e n s i ty ,  

and F i s  th e  io n  beam 

f l u x  1*4*1.

Under s i m p l i f i e d  c o n d i 

t i o n s  / s i n g l e  mode deca y  

and low p r e s s u r e  a p p r o x i -  

g a s * a r g e t  i s  g i v e n  Dy

( 1 )

O u t s i d e  th e  g a s  t a r g e t

nx (2)

where n^ = F^QT l - e ' ^ ' r t  

e x p erim en t  r e p o r t e d  he

r e ,  c f .  £ 8 j ,  d eu ter iu m  

io n  im pact on згдо п  and 

n i t r o g e n  g a s e o u s  ta r g e t s  

was o b s e r v e d  w i t h i n  io n  

e n e r g y  range 4 0 - 6 0  keV. 

The p r o c e s s  of  e l e c t r o n  

c a p tu r e  by th e  i n c i d e n t  

i c n  i n t o  an e x c i te d  s t a 

t e  of th e  r e s u l t i n g  f a s t  

atom i s  g iv er ,  by

and L i s  th e  l e n g t h  o f  th e  g a s  t a r g e t .  In  th e

□  z
/рта /b e a m ___________________ _______________ _

o +
Sxcitec atoms ccili-ut inside • 'get 

and trie decs." curve; in v cue

where D* represents the
incident  ion, 1A tr.e re sul t ing  exci ted fas t  atom, ar.c ~ me target .



8

The g a s  t a r g e t  p r e s s u r e  i s  v a r i e d  w i t h i n  10 3 -  10 t o r r  r a n g e .  

The o v e r a l l  o p t i c a l  r a d i a t i o n  p a t t e r n  f o l l o w s  the  c u r v e  i n  f i g .  4 .

The c u r v e  i n  f i g .  6 i s  b a

s e d  on A l l i s o n ' s  e l e c t r o n  

c a p t u r e  and e x c i t a t i o n  cross 

s e c t i o n s  f o r  h yd r og en  o r  

d e u t e r i u m  i o n  beam i n c i d e n t  

on a n i t r o g e n  t a r g e t  [ ? ] •

F s t a n d s  f o r  e x c i t e d  
o « 0

n e u t r a l s  o f  d e u t e r i u m  c o n

c e n t r a t i o n  i n  t he  t a r g e t .  

The e x p e r i m e n t a l  d a t a  on 

r a d i a t i o n  i n t e n s i t y  d ep en

d enc e on t h e  g a s - t a r g e t  

p r e s s u r e  a r e  i n  f a i r  a c c or -  

F i g .  5 d anc e w i t h  t he  c u rv e  i n

Radiation of the beam of deuterium neutrals Fig. 6.

F i g .  5 p r e s e n t s  t h e  r a d i a t i o n  o f  t h e  beam o f  d e u t e r i u m  n e u t r a l s  

/ t h e  p i c t u r e  i s  t a k e n  u s i n g  an a p r o p r i a t e  narrow band i n t e r f e r e n c e  f i t -

Concentration of the hydrogen or 
deuterium neutrala produced in 
the nitrogen target vs target 

pressure

t e r  f o r  t he  Bal mer  0 ^  l i n e / .  E x c i t e d  atoms b u i l d - u p  and t h e i r  d e e x c i 

t a t i o n  i s  c l e a r l y  s e e n  i n  t he  p i c t u r e .  The sp e ct ru m o f  the  s p o n t a n e o u s  

d e e x c i t a t i o n  of  t he  r a d i a t i o n  a cc ompanyi ng  t he  p r o c e s s e s  d e s c r i b e d  by 

Equ.  ( 3 } was measured and t he  l i n e  w a v e - l e n g t h s  a r e  l i s t e d  i n  the  T ab 

l e  below.
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T A B L E

L in e  wave le n g t h  
nm I d e n t i f i c a t i o n Remarks

80 6 u n i d e n t i f i e d t

656 n » 3 —>  n в 2

550 m o le c u la r t

4 9 7 m o lecu lar t

4 8 6 D>
471 C I

46 9 m o lecu lar t

46 5 C I I I

46 3 m o lec u la r t
43 4 D r
4 2 0 c
4 1 0 ° 2
391 C I I

389
______________

t

N o t e :  ’ M o le c u la r *  d e n o te s  M o le c u la r  deuterium i d e n t i f i c a t i o n ,  t denotes  
o c c u r r e n c e  o f  a l i n e  i n  the gas t a r g e t  o n l y .  Carbon l i n e s  belong  
t o  the r e s i d u a l  gas  p r e s s u r e  o f  the vacuum o i l .

The e v id e n c e  o f  the 0 £  member o f  the Balmer s e r i e s  in  deuterium  

has not p r e v i o u s l y  been r e p o r te d  in  the l i t e r a t u r e  of  gas t a r g e t  s p e c 

t r o s c o p y .

Measurements o f  l i f e - t i m e s  o f  the  upper l e v e l s  of  the corresponding 

t r a n s i t i o n s  were c a r r i e d  out on the X »  65 6  nm / n « 3  l e v e l /  and the 

Djt X *  4 3 4  no l i n e s .  The time of  f l i g h t  method and p h o to g r a p h ic  registra

t i o n  were a p p l i e d .  I n t e r f e r e n c e  f i l t e r s  were used f o r  s p e c t r o s c o p i c  s e 

p a r a t io n  o f  the l i n e s  o f  i n t e r e s t .  S p e c t r o p h o t o m e tr ic  e v a l u a t i o n  of  l i 

ne i n t e n s i t y  v s  d i s t a n c e  r e s u l t e d  in  the f o l l o w i n g  l i f e  tim es T 65 6  » 

( l 7 . 5  Î  2^ nsec  and T 4 3 4  = ^ 1 3  t  4 J  n s e c .

Some p r e l im in a r y  r e s u l t s  were o b ta in e d  a l s o  on neon io n s  excitation  

on argon t a r g e t .  The f i r s t  m u l t i l i n e  s p e c t r a  are b e in g  examined. The ex

periment i s  i n  p r o g r e s s .
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NEW EXPERIMENTS ON GAS TARGET SPECTROSCOPY.
ATOMIC LIFETIME MEASUREMENTS OF SOME DEUTERIUM LEVELS1

The impact o f  heavy io n s  on v a r i o u s  ga s eo u s  t a r g e t s  was observed  
w i t h i n  the e n e rg y  range a v a i l a b l e  i n  the I n s t i t u t e  of N u cle a r  P h y s i c s ,  
Cracow 2 0 0  keV a c c e l e r a t o r .  The io n s  p a s s i n g  through a gas  t a r g e t  were 
rech arg ed  and e x c i t e d .  The sp on tan eou s d e e x c i t a t i o n  r a d i a t i o n  was mea
s u r e d .  New t r a n s i t i o n s  i n  i o n i c  s p e c i e s  were o b serv ed  and th e  time o f  
f l i g h t  method o f  l i f e - t i m e  measurements a p p l i e d .  The r e s u l t s  o f  th e  ex
perim en ts  on the deuterium spectrum are d i s c u s s e d .  Measurements o f  l i 
f e - t i m e s  of upper l e v e l s  of  the c o r r e s p o n d in g  t r a n s i t i o n s  âre  d e s c r ib e d  
in  d e t a i l  on the A = 6 5 6  nm / п « 3 /  and D^. X *  4 3 4  nm l i n e s .  *

The r e s u l t s  of  th e  exp erim en ts  were p r e s e n t e d  at  the V 1 N a t i o 
nal C o n fe r e n c e  on S p e c t r o s c o p y ,  Varna 1 9 7 3 ,  sp on sored by B u l g a r i a n  Aca
demy of  S c i e n c e s .



11

Ю. Уле ля

Педагогический институт б Кракове 

К. Мельзадки

Институт ядерной физики в Кракове 

6 . Петрушка
Институт ядерной физики в Кракове 

Педагогический институт в Кракове

Новые эксперименты в спектроскопии газовых мишеней

Проводились наблюдения-над бомбардированием тяжелыми ионами различ

ных газовых мишеней в диапазоне,получаемом в акселераторе 200 кэв, на
ходящемся в Лнституте_ядерной физики в Кракове. Ионы, прошедшие через 

газовую мишень, были вторично заряжены и возбуждены. Регистрировалось 

излучение, возникающее при спонтанном развозбуждении. Замечены новые 

ионовые переходы. Применялся метод "времени перелета" для измерения 

времени жизни. Обсуждены результаты экспериментов-,проведенных в спект

ре тяжелого водорода. Детально описаны измерения времени жизни верхних 

уровней переходов соответствующих линиям D<=(, Я, = 656 нм /п = 3 /  и 2) у  

434 нм.
I / .  Результаты‘ экспериментов были представлены н а'V  всеобщей кон

ференции спектроскопии, Варна 1973 г . ,  организованной под патронатом 

Болгарской Академии наук.


