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We present ZQ analysis of the spectra seen in a 
- 

foi l -exci ted nitrogen bean accelerated by V a n  de G r a z f f  

accelerators Atoxic a d  molecular bems were accelerated 

t o  energies of 0.25 to 2.0 bIeV t o  o5serve spectra in the 

wzvelengt’n region h1050-\ - h2600-i. 

accelerated at higher energies u2 t o  5.5 NeV t o  study 

t h e  wavelength regioE h2OOOz- - h5000-!~. 

Atomic nitrogen m s  

Decay tines af 

twenty-one of t he  stronger l i nes  of N I1 to iJ V in both 

these regions wei-e measured. 
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1 The beam-foil metinod of measuring atonic  parareters  through the 

stu-dy of the  l i g h t  e z i t t e d  from electronic excited s t a t e s  has been of ten 

applied to nitrogen, ’-51 

at wavelengths between h2OOO-i znd G O 0 0 - i .  

871 t he  above ekperbents  detected ra:?ia;tion 

Refereimes 5, 6 2nd 9 used 

photoelectric detection p e m i t t i n g  accurate (f. 5%) mean l i v e s  t o  be 

determined f o r  some excited ion s t a t e s ,  whereas photogrzphic detect ion 

a l l o ~ ~ d  only accurate wavelength s tudies  f o r  t he  remainder, 

s t a t e s  of sone unident i f ied nitrogea l i nes  were determined by Fink.” 

Ionization 

We present here a na tu ra l  extension of t h i s  work t o  the  wavelength 
0 0 

region below 2(XlOA. down t o  1050!i., using photoelectric detection a d  

beam energies of 0-25 - 2-0  M,c;V. Also, k i t h  a 6 Brig V a n  2ie Graa f f ,  we 
0 

have made measurements i n  the  region A2000 - 5OC13A a t  higher energies, 

Mean l i f e  measurenients have been made i n  both spec t ra l  regions, 2”nd 

the mean l ives  of 21mul t ip l e t s  m e  g5.ven, Preliminary r e s u l t s  were 

11 9 1 2  presented ea r l i e r .  

EXPERST.LF;NT . .  

A bezn of nitrogen accelerated by 8 horizontal. 2 MY V a i  de G r a a f f  

accelerator was magnet icaw selected to pass into a t a r g e t  chamber. 

The pressure i n  a,= parts of the sys-Lex was 5 5 x to r r .  The beam 

vas collimated by cont ro l  s l i ts  approximtely 0,5 cm apart  and then 

passed through an 0.6 cm diameter, self-supported 10 pg/cm 2 carbon foil, 

such f~j’&  rere re 2oi;rqted or-, 9 xlieel yh?-& c o u l d  be rc;tz,t.zd abc~-at 

an axis p a r a l l e l  t o  t h e  bean. Thus a new f o i l  could be ro ta ted  i n t o .  

t he  beam when one broke. The beam current of the  order of 1 pA wzs 
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monitored with m unshielded Faraday cup connected t o  a current inte- 

grator.  The cup a d  foil, a;t a fixed separation, could be moved by a 

screw along t h e  bem. 

Spectra were observed with a 1 meter McPherson spectrometer (600 A / ~ T  

grating blazed at 1500!~ i n  f irst  order) whi_ch looked at 9" at a 0.5 ern 

len&h of the  bean. 

photomultiplier attached t o  t h e  ex i t  s l i t  of t he  spectrometer, t h e  D.C, 

output being amplified and recorded on a s t r ip-chart  recorder, 

photomultipliers 542-G and 541-F were used f o r  t he  wavelength regions 

A1050 - 2 0 0 6  and 11500 - 3 0 d  respectively,  

fo r  a par t icu lar  spec t ra l  l i n e  were made by counting photomultiplier 

Wavelength scans were obtained with the  appropriate 

EMR 

Decay time measurements 

pulses f o r  a f ixed beam charge recorded by t h e  current in+egrcctor as 

the f o i l  was moved in steps upstrean froa t he  l i n e  of sight of t h e  

spectrometer. 

The experimental arrangements f o r  the 6 NIT Van  de Graaff were some- 

what different .  The v e r t i c a l  beaa from the  accelerator w a s  bent 9" i n t o  

a horizontal  direction. The bean then passed between control s l i ts  and, 

f i n U y 9  into a chamber containing the carbon. f o i l s  e Light emitted at 

approximately 90" t o  t he  beam w a s  focused with a quartz lens onto the  

entrance sl i t  of a Perkin-Elmer 1/3-meter grat ing spectroraeter, 

from the  e x i t  s'lit was detected with a 

Light 

541-F Evil3 or  a cooled 1 ~ 8  

photomultiplier, For decay time measurements, t h e  f o i l  remained fixed 

while the spectrometer was moved stepwise downstream from the  f o i l .  

Pulse counting was used as above. 

At t he  higher energies of 3-5.0 MeV used on the 6 bfV accelerator,  

we noticed that carbon f o i l s  did not break very quickly, 

carbon f o i l  i n  a 0.5 parap beam of N14 would last a few hours. 

Thus a single  
+ 
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RESULTS 
0 

A t yp ica l  s p e c t m  belox 2000A i s  shoim in Fig. I, Ident i f ica t ions  of 

spectra  obtained below 2 MeV a re  given in  Table I, and spectra  at 3-5 MeV 

in Table 11. 

A list of unident i f ied l i n e s  is given i n  Table 111- Only those 

l i n e s  of i n t ens i ty  nore thzm 3 times the  noise l e v e l  have been l i s t e d ,  

Approximately 30 other very weakly excited l i r e s  were observed, The nine 

+ l i n e s  marked wiYn 

at energies of 0-5 and 1.5 MeV ( i * e - ,  a t  0.25 and 0,75 MeV per N14 ), but 

were absent o r  wea3rly excited i n  the  N 

of these coincide with the  wavelengths of M I l ines  8t h1153, 1229, a d  

U76ka 

beam of N14 . Al.208, 139,  1403, and 1b66i could be seen weakly excited 

in the  0,25 MeV >lib beam. 

a s t e r i sk  (*I were strongly excited i n  t h e  N28 beam 

+ 
-I- beaa a t  0,5 and 0.25 HeV. Three 14 

Hotsever, &E29 and ?2C;f;.? were a lso  strongly excited i n  a 1.85 MeV 

f 
f 

+ 
Although not understmding what mechanism 

t produces b e t t e r  exci ta t ion in t he  molecular beam, we suggest that these 

lines belong t o  N I, Possible ident i f ica t ions  of t h e  other  unknown l ines ,  

based on t h e i r  energy dependence, itre given i n  Table 111. 

hL335i coincides with it possible C I1 l i n e  which has been observed t o  be 

very strongly excited in beam-foil carbon spectra,  but few of t h e  others 

The l i n e  at 

c 

f 3. 

32 
appear t o  be l i k e l y  czrbon lines. The beam-foil spectrum of OL6 and 0 

i n  t h i s  region reveals on ly  one wmelength coincidence at  hl.3721 of an 

0 V t rans i t ion .  Thxs t h e  or igin of  these l i n e s  i s  suspected t o  be nitrogen, 

The scans on the  higher energy eccelerator were observed at  a reso lu t ioz  

of 5 - lOi with a posi t ion a c c u a c y  of f 2 i a  

3.5 t o  5 MeV were made f rox  2030-50WA. 

Several s c m s  at energies of 
0 

One N I1 l i n e  was observed, 
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Seven BT 111 l i nes  were o5served at t h e  lowest energy3 3.5 bieV, while t h e  

M IV l i n e s  and N V l i n e s  observed were strongest a t  the higher energies. 

A l l  these o5served l i n e s  have been seen i n  previous beam-foil spectra.  6-10 

Below 2500-1 observations with the  2 1.N accelerator were Facie  a t  resolut ions 

of 1 - 2A and l i n e  posi t ions were known t o  f Go These observed spectra,  

and the  measured decay times from both accelerators a r e  discussed below. 

Spectral  l i n e  ident i f ica t ions  were Fade from Hallin's measurements of 

N IV and N V, 15 and aJso f roa  tables .  I3 , l e  

N I  

Fourteen N I t rans i t ions  were observed i n  the  wavelength range 

+ k1050-2000.... from a O,5 XeV beam. All but the  strongest l i n e s  at 

+ 
14 l~1134L and k 2 d i  had disappea*e=d a t  beam energies of 0-7'5 MeV per  N 

ion. 

lines at U.238, m d  AI2542 by t he  energy dependence i n  t h i s  wavelength 

region. 

at low energies (less t'nan 0.5 MeV per  W 

at high energies a doublet of 

N I mean l ives  have'been reported i n  another paper. 

The strong N I l i n e  at h124$ can be resolved from t he  N V resonance 

A t  an in temedia te  energy t h e  spec t ra l  in tens i ty  decreases while 

14  +) 'it i s  a strong s ingle t  and 

Four measured separation can be seen. 

3.6 

N I1 

Seventeen t r i p l e t  and s ingle t  t r ans i t i ons  i n  N I1 were observed, 

+ 
14 * 

The m a x i m a  in tens i ty  of N I1 Pines occurred a t  about 0-75 MeV per  N 

The t r ans i t i on  at A1843 overlzps with a possible N 111 t rans i t i on  and 

t h a t  .zit @31& with possrible IT 111 and N SV t rans i t ions ,  

depenaence of t he  observed in tens i ty  suggests t h a t  a l l  these t r ans i t i ons  

were present. 

e 

The energy 
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- The decay t i n e  of it t r ans i t i on  a t  X1276-z. ~ r z s  a t t r ibu ted  to the  

2s2p3 3Do - 2p3p t r ans i t i on  of I? 11- A t  higher energies a N IV 

t r m s i t i o n  a t  kl272-z- p z r t i z l u  obscured it. 

cading contribution t o  t h i s  do&le electron juT-, which has a me&n l i f e  

measured as 6,7 f 0 2  nsec. The t rans i t ion  a t  1345-t i s  due pr'tl?y to a 

t r ans i t i on  i n  iiJ 111 a d  t h e  2s2p D 

CoTopzrirlg the  vzia- l lons of i n t ens i ty  of this t r m s i t i o n  as a function 

There is no q p z e n t  cas- 

3 3 0  - 2p3p 3D t rans i t ion  in IT 11. 

of be&% energy a d  o-lher howm 1: I1 m d  N I11 t rans i t ions ,  we can 

estimate the  contributions of each rsultiplet. A t  low enerm the N I1 

contribution is  evidently much la rger  a d  we a t t r i b u t e  the  fast decay 

t o  the  Ofem life of Vne 223p s D a u l t i p l e t  o f  N I T ,  

The deczy time of t'ne N I1 resonance l i n e  at xro85i has been 

-previously rreasured, once by Jxmrence a d  Samge 

beam for excitation, and a l so  by Herou_xs using t he  beaa-foil technique. 

17 using :- y111-ed electron 

O u r  r e s u l t  deCuced from the s t r a igh t  l i n e  slope of the  e - q e r h e n t a l  curve 

of 3.15 4 0,2 nsec vas s l i g h t u  higher but agreed within the estiraat.ed 

error, 

cascacles. The terns 3p 3P a d  2-p3 3D c a  populz-te the 2p D level 

through the  transitios at 12276 arid 1345.t whose l i fe t imes a r e  reported 

We hzve czeefully e x m k e d  the  data for possible influence of 

3 3 0  

above. Figure 2 shows the  computed corrections due t o  these t w o  cascades. 

J u s t  behind t h e  f o i l  t h e  t rmsi t ions at AI276 and 1345;. are  about 30 and 

20 t k e s  weaker thzn tiiat at  ?dO@-i, The corrections m e  s n a l l  (about lo$) 

and not ap2arent on the experimental d e c q  curve because the two cascading 

mean l i ves  a re  of tk szTe order of magnitude as the  pr incipal  decay, 

3 3 0  The corrected mean l i f e  of t he  2p D l e v e l  i s  2,8 f 0.2 nznosec. 



7 

. .  N I11 .. 

Thirty-eight t r ans i t i ons  i n  N I11 were observed. These a r e  sh0i.m 

in the  Grotrian diagram of Figs. 3a, b. 

at 1.0 - 2-0 MeV per lIlb 

produced. i n  t he  f o i l  exci ta t ion (except 2p3s 

Their opthum exci ta t ion was 

A l l  2p3p ai-nd 2p4p quzrtet  levels  were seen 4 

4 0  P which has no decay 

t r ans i t i on  in  t h i s  w2velengLh region), Most doxblet l eve ls  of s imilas  

energy were also seen, but wit'n sonewhat lower in t ens i t i e s ,  

Of the  six N I11 measured deczy times, only one a t  h2C64k had been 

previously reported. There was good agreement. The resonaince l i n e  a t  

A11841 agreed with theorIL8 t o  2G$ but  the  2p 

at h1749.z- d i f f e r s  from theory by a fac tor  of four.  

r e s u l t s  have been reported f o r  leve ls  excited in this work, 

time measured at  All768 was a t t r ibu ted  t o  the  5s 2S level .  

8 

3 2 0  D l i fe t ime measured 

15 N o  other t heo re t i ca l  

The decay 

However, t he  

in t ens i ty  dependence on energy of this l i n e  wits 

and therefore t h i s  label ing cannot be cer ta in .  

C 111 t r ans i t i on  at 1175.7i with the  s m e  decay 

This m s  strongly excited i n  a carbon bean-foil 

possible or igin of t h i s  l i n e ,  

unusual its noted e a r l i e r  

Herom has observed a 19 

time, 0.80 f 0.04 nsec, 

experiment and i s  another 

Seventeen N N l i n e s  were observed at energies between 1.0 and 1.85 

MeV. One, observed at a p a r t i c l e  

energy of 0.25 MeV, w&s due to the  strong N I l i n e  already mentioned. 

Hoxever, a lrine at t h i s  wavelength remained strong everi a t  1 MeV, by 

which energy all the  other N I l i n e s  had vanished. 

showed long and short  coqonents,  

nsec, i s  a t t r ibu ted  to an inner-shell  electron t r ans i t i on  i n  N IV:  

2s3s 3S - 2p3s 3P0c 

Two decays were measured at  1134k. 

The decay curve 

The l a t t e r ,  measured t o  be 0.30 f 0.05 

The slow decay 7.0 -k 1.0 nsec i s  the  same as the  
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PJ I, but t'nis i s  considered t o  be accidental, t he  correct sowce  being 

a l e v e l  in Ti IV which cascades into the 2p3s 'Po leve l ,  such as t h e  

2p3p 3P or  3D l eve ls .  

%e a IV l i n e  at A23181 wzs measured i n  t h i r d  order where it 

coincides with a second order M IV line a t  h3@10-;-. 

measured by Denis e t  zle6 and Pinnington a d  Lin,* who obtained mean 

lives 8-2 aad 7*3 nsec, respectively,  These a re  i n  disagreement with 

our decay time of 1.30 4 0,l nsec. Howwer, the photomultiplier used i n  

our experiment was a n  ENR 54l-F, the  response of which is  very lox zbove 

3000i, 

The l a t t e r  has been 

Also the  l i n e  azpezred rin second order a t  h2318i w i t h  a similar 

Zntensity. 

EA t h e  2s5f "Po N IV s t a t e ,  

Therefore we a t t r i b u t e  our decsy t o  t h e  ?~318-k l i n e  or iginat ing 

i:i Bcfs. 6 and 8 the  beam w a s  not mass 

analyzed before entering the chmber which e m  produce some errors i n  

ident i f icat ions e 

A d .ecq  time of 1.22 0.1 nsec wes obtained f o r  the l i n e  at k&47K3 

i n  disagreement with t'ne value of 2.3 nsec of R e f ,  11, The line i s  strong 

at energies of 165 - 5.0 MeV and is ident i f ied  as due t o  the  l\r IV 4f 3F0 - 
5g G t raas i t ion .  

of t h e  N IV t r ans i t i on  at  &%&, a d  the  I\T V t r ans i t i on  3s 

at h&&, 4620-i. 

nsec agrees w i t h  the N N l i fe t ime measured i n  Ref, 6. 

the fast decay of 0.51 f 0-05 nsec is  the mean l i f e  of t h e  N V 3p "Po 

multiplet  and the  longer decay i s  t h a t  of t h e  M IV mult iplet ,  

3 The t r ans i t i on  observed at hKl0-i i s  a superposition 

S - 3p "Po 2 

The long l i fe t ime of t he  observed decay of 7+1 1,O 

We thus presvrae 
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RTJ 

Nine W V l i nes  were seen below 2000i fo r  pa r t i c l e  energies between 

1.0 and 1-75 MeV, t h e i r  i n t ens i t i e s  increasing w i t h  increasing beam 

energy. Yne Lifetimes of the  It V 22 P, l eve l s  at XE38, 324% 

have been previously measured both unresolved2’ amd resolved. 

2 

H 3 2  

OUr 21 

measurement i s  i n  zgreement with these ~:.TO r e s u l t s ,  

t r ans i t i on  a.t h4950i tms previously measured photographically by Fink 

The N TJ 6fgh-7 a9;li 

e t  ale7 and agrees wit‘n ow r e s u l t  of 1.6 5 0-1 nsec, 
-c 

None of t h e  other N V lifetimes had been previously measured, No 

theoretical estima5es f o r  t he  t r ans i t i on  probabi l i t i es  are h o r n  to 

ascer ta in  whether the  long or short-lived coqonent of some of these 

decsys i s  t h e  Lifetime of t‘ne n p p r  s t a t e .  

M VI 

One N V I  t r a a s i t i o n  was observed a t  h18S2 lg07a with a 1-55 MeV 

It i s  t h e  t r i p l e t  resonance t r zns i t i on  ls2s 3S - ls2p 3P0 4- 5 - 4  beara, 

and has been observed i n  a thetz-pinch plasna by Bockasten -- e t  a1.”” 

The tvo  coaponents were resolved, but the  component at xlgO7k was blended 

with a W I11 t rans i t ion .  

The decay time of a t r ans i t i on  of unknown origin i s  also given, 

The l i n e  at k2359i appeared s t rongly  excited i n  the higher energy range 

3-5 t o  5 NeV with energy be’navZor s i m i l a r  to t h a t  of other W I V  l i nes ,  

and hence i s  probzbly a N 1V t r m s i t i o n .  



It has been observed. t'n& the b e a m f o i l  exci ta t ion produces a 

large ntmber of nitrogen l i n e s  i n  t'ne vzcwm u l t r av io l e t ,  More thm 

9q0 of the stronger lines have beea ident i f ied ,  

ions up t o  DE" were excited at b e a  energies up t o  5 MeV. 

times of 21 of the strongest of these t rans i t ions  were neasured, 

Neutral nitrogen znd 

The decay 
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FIGUilE CAPTIONS 

Fig. 1, Beam-foil spectrz, of nitrogen i n  t h e  wzvelength region 

hU00 - 1350-4, a t  low and high bean energies. 

Decay curve f o r  the  N 11 1085k 2p2 3P - 2p3 3D0 t rans i t ion .  

0 

- 

Fig, 2 

The l i n e  through the dots  

t h a t  through the pluses c is  the f i t  a f t e r  correction f o r  

t he  two cascades f r o m  t'ne 3p 3P a i d  3p 3D levels. 

is the  f i t  t o  the o r ig ina l  data; 

Fig, 3. The energy l eve ls  of N 111 l i s t e d  i n  Ref .23 ,  The doublet 

and quartet  wavelengths observed i n  the beam f o i l  spectrum 

m e  indicated i n  (a) and (b) respectively, 
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Table I, Observed t r imsi t ions A1050 - 30001! itt energies 5 2 - 0  MeV. 

o a  
Wavelength A Transition 

u_ 1151 168 . 2p3 2Do - 5d 'F 

13-34 2p3 &so - zP4 'P 

1143 zP3 2 ~ Q  - ?I as 

an68 

Eo0 

1226 

3.229 

1243 

1311 

1320 

81, 

2p3 'Do - 3d 2F 

zP3 '8 - 3s &P 

2p3 "Po - 4d 'D 

2p3 2Po - 4d 2P 
2 2p3 "Do - 3s' D 

2p3 'P* - 3d "D 

2pa 2P* - 3d 2P 
1330 2p3 - 4s 2P 

1412 I31 223 'PO - 3.9 'D 

1744 2p3 2 ~ o  - %J 

N I1 - 31. 

B10 

B1. 

zP2 3~ - 2p3 "DO 

2p3 3 ~ 0  - 32 'D 

2p3 3 ~ 0  - 3p 3~ 

2p3 "PO - 3p 3s 

2p3 3so * 3s 3P 

3s "PO - 4p 

2p3 3D0 - 3p 3P 

3s =Po - 4p 3D 



. -  

Table I (continued) 

OZ Wavelen.&h A . Transit ion 

M I1 
(cont ) 

2078 

2093 

zP3 3 ~ 0  - 4p 3~ 
3 0  3p 3D - 5s P 

2317 3p 3D - 1111 3F0 

23% 3p 3S - 4d 3P0 

2b52 3-p ID - 5 s  'Po 

2644 3d 3P0 - 6f 3D 
2689 3d 'Fo - 6f I F  

2823 zP3 'PO - 4p 'P 

j\T TI1 UO5 3s 3s - kg 2Po 
__r- 

13-16 2; 2 ~ o  - 3p 2D 

1121 3s "Po - 4p *D 

n76 3p s,po - 5s 2s 

u84 2pa 2P - 2p P 3 2 0  

1229 

1303 

1314 

1347 

1360 

1387 

1412 

B1. 

B1 

B1. I, IV 

B1 

B1. N 

111 

B1. I 

2 3p aPo - 3p s 

4p 'Po - 4f 'D 

a o  3s - 3s P 

32 'D - 4d *FO 

3p 'Po - 4d a D  

pP3 'PO - 4s 2~ 
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Table I (continued) 

ea FJxvelength A Transit ion 

1501 ? 

1722 

U 2 9  

1'750 

1804 

260 

2147 

2248 

2213 

2689 131, I1 

2866 

brf "Fo - 4f 

3p "P - 4d "Do 

4p 'Po - 4p 2D 

2p3 "Do - 3d "D 

3p "D - 4s &Po 

3d "FO - 4f 'D 

3d 4F0 - 4f 4G 

ap" 'P - zP3 'DO 
3P =Po - 4s 

3d "Do - 4f *F 

3d 'D .- 4f aFo 

3daD0 - 4f 'F 

3d 'Po - bf "D 

3p "P - 4s &Po 

ga a ~ Q  - 4f "D 

3d 'F0 - 4f 'G 

3d "DO,FO - hp "P,D 

3d2D - bp 

3d "Do - 4p 4D 

3d 4D0 - 4p "P 

4 3a *PO - 4p s 

3d 4Po - 4p 4D 

4d'D - 6f 2Fo 

4f 'F0 - 6g 2 G  



- _  

Table I (continued) 

o a  Wavelenczkh A Trans i t i on  

N I V  
y_ 

10% B1, I1 

u 3 4  B1. I 

3J-70. 

E29 BI, I, I11 

1248 ? 

12'72 

12 99 

132 4 

1439 

1446 

1687 

1719 

.a080 

2317 

2 430 

2 476 

26k-6 

B1, I11 

B1, I11 

3p 3P0 - 4s 

3s s - 3s "PO 3 

3d 'D - 3d 3D0 
2p3 "Po - 4d 3D 
3d 'F0 - 6g 3G 
3p 3P0 = 3p "P 

3d 'D - 3d 3F0 
3d 'F0 - 6g ' G  

3d ID - 3d 'Do 

2p I'P" >-  2p 2 1  D 

3d "Fo - 5g 'G 
4d '1) - 5f "FO 

4p 'PO - 5s 3s 
4d ID - 5f 'F0 

4f 'F* - 5g "G 

N V  - .. . 
a o  { 2s - 2p Pi 

2 Tz f-Z 

4 S 3 S  - 5p "PO 
5fJg - 8 fgh 

1549 4p 'Po - 5d 2D 
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Table I (continued) 

N V  
cont 

1617 

1698 B1. 111 

1860 B1, I1 

4d,f - 5afg 

- 
_ _  N VI 1896 { 2 s  "s - 2y 3P0 

3-907 B1. I11 

_I 

%S. = Blend. Roman numeral indicates other charge states involved i n  
blend, 



Table 11. Observed transitions above x2ooO.~ at energies 2 3.5 MeV, 
. 

Wzvelength -i , Transit ion 

N I1 22-31 3p 'D - 5d 'Fo 

N 111 2 6 4  - -  3d "Fo - llf aG 

3d "Po - 4f 2D 

3d 4P0 - 4p "P 

3d "Po - 4p 'S 

3d "Po - 4p 'D 

- 

2188 

2315-22 

2370 

2454-68 

2688 4d 'D - 6f 2Fo 

2862 4f a ~ o  - 6g ' G  

N T V  --- 2c80 3.d 'Fo - 5g ' G  

2318 4d 3D - 5f 'F0 

2431 4p 3P0 - 5 s  3s 
2478 4d 'D - 5f IFo 
2594 B1, V 3p xP - l o  P 

2647 

2885 5g 3G - 7h %? 

4f =F0 - 5g 3G 

3 x 7  3119 3 3p 'D - 4f 3F0 

3741 3s 'PO - 3p ID 

4058 3p 'Po - 3d I D  

4606 B1, V 5f 3F0 - 6g 3G 
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Table I1 (continued) 

0 

Wavelength A Transition 

N N  
c m t  

4707 

584J.4 5814 3 
5f 3Fo - 6g 3G 

3p 3P - 3d 'Po 

- R V  2 5 9  

2859 

2981 

299% 

3161 

4520 

4933 

4944 

4951 

Ble N 

5s " S  - 6p "PO 

5p "Po - 6d 'D 

5d2D - 6f aFo 

5f 'FO - 6g 'G 
6f,g,h - 8 g,i,h 

5p "pa - 6 s  "S 

3s " S  - 3p 'PO 

6 d 2 D  - 7f 'F0 
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a Table I11 e Unidentified transitions. 

Wave $en&'z Energy Pas s ib l e  
A MeV . Identification 

1-85 N 111, Iv 

U30 * 0-25 

ll76 * 
1395 

1208 * 

0.25 

1.85 

0 -25 

1263 * 0-75 

1334 * 0.25 

1372 

1394 * 
14433 * 
1524 

1535 

1591 

1651: 

1659 

1.5 

0.25 

0.25 

0.5 

0 - 5  
0 - 5  

EII 

N Iv, Tb 

N I  

c I1 
o v  

N I, 11 

N I, I1 

N I, I1 

m I> I1 

N I, 11 

N I11 
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Table 111. (continued) Footnote - 
2 Only those of nediuu t o  strong intens2ty a r e  included. The energy i s  

that of 10axiniUn inteasity. Tnose mzked with an aster isk (*) are 
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