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S. Schumann, H. J. Frischkorn, R. Kluge, D. Rosich, J. Schader, K. 0. Groeneveld 

I n s t i t u t  f a r  Kernphysik der Universi tzt  Frankfurt/M, Germany 

g6sum6. Des p ro j ec t i l e s  moleculaires d'energie 1 MeV sont  tres ionises  e t t r e s  excite% par int6ract ion 
avec des c ib l e s  gazeuses ou solides.  Aprss l a  cb l l i s ion ,  les fragments mol6culaires, charges positivement 
explosent pat  r~pulsion.Coulombienne et imposent l eu r  cin4matique au rayonnement de  desexcitation par ef-  
f e t  Doppler. Nous reportons ic i  la  premi+re observation d'explosion Coulombienne af fec tant  l a  desexcitat ion 
par  emission d '6lectron Auger. 

Abstract. Molecular p ro j ec t i l e s  of ca. 1 MeV energy a re  highly excited and highly ionized by the  inter-  
ac t ion  with gaseous o r  so l id  targets .  After the co l l i s ion  the positively-charged molecular fragments 
explode by the i r  Coulomb repulsion and impose the i r  kinematics on the deexcitation radiat ion v i a  a Doppler 
e f fec t .  This paper reports  the  f i r s t  observation of Coulomb explosion effect ing the  deexcitation by Auger 
electron emission. 

INTRODUCTION from the  target;  t h i s  y ie lds  information on meta- 

The experimental observation of Coulomb s t ab l e  s t a t e s  with a l i fe t ime t in  the order of 

explosion of molecules a f t e r  co l l i s ions  i n  the t = V/X (Fig. 2). 

energy range around 1 MeV with matter has been 

reported recently: 1. From molecular ta rge ts  a f t e r  

heavy-ion impact detecting the Auger electron 

emission [1,2], 2. from molecular beams measuring 

the kinematics of the  exploding molecular fragments 

with high energy-and angular-resolution [3]  and 3. 

from molecular beams recording the  electromagnetic 

deexcitation radiat ion [41. This paper r epo r t s  4. 

from Coulomb explosion observed i n  Auger electron 

spectra of beam f o i l -  and beam gas- excited 

molecular pro jec t i les .  

EXPERIMENT 

Auger electron energy spectra from mono- 
+ + atomic (N ) and diatomic (N2 ) nitrogen p ro j ec t i l e s  

(57 keV/amu and 71 keV/amu) were measured a f t e r  beam 

fo i l -  and a f t e r  beam gas- excitat ion.  A cy l indr ica l  

nirror  analyzer in connection with a channelelectron 

-.SmeCZS ei~CTXiKTnerg y-spPicProiileB€ e r  

[5]. The p ro j ec t i l e s  interacted with a carbon f o i l  
2 (5 t o  10 ug/cm ) o r  gas t a rge t s  (He, N2, Ar a t  ta rge t  

pressure 10 mTorr). The chatge d is t r ibut ion  of the  

pro jec t i les  was measured a f t e r  t h e i r  in terac t ion  

with t h e  gas t a rge t  a s  a function of ta rge t  pressure 

i n  order t o  assure s ing l e  co l l i s ions  conditipns and 

s ingle  charge s t a t e  pr ior  t o  the  ta rge t  interact ion.  

Auger electron spectra were recorded from 

both N+ and N: a t  the  same p ro j ec t i l e  velocity v 

(Pig. 1). fn addition, spectra w e r e  taken from 

Auger electrons emitted a t  a distance x downstream 

RESULTS 

Figure 1 presents a typica l  prompt ( i .e .  

x = 0) KU-Auger electron energy spectrum of mono- 

and diatomic nitrogen ions excited under s ingle  

col l i s ion  conditions by N2-gas target .  

Since too many d i f f e r en t  Auger t rans i t ions  

overlap it is  d i f f i c u l t  t o  determine quanti tat ively 

t he  l i n e  width AE especial ly from the  N2-data i n  

Fig. 1. Therefore, the  delayed spectra ( i . e .  x # 0) 

a s  i n  Fig. 2, have been used t o  ext rac t  the  l i n e  

width AE since here, only few ra ther  well-separated 

l i n e s  a r e  observed [5]. However, i n  both cases 

(Fig. 1 and Fig. 2) we observe c lear ly  t he  much 

broader l i n e  width from molecular p ro j ec t i l e s  (N2) 

than from mono-atomic p ro j ec t i l e s  (k) . The experi- 

mental l i n e  width AE is composed of ( i )  na tura l  

l i n e  width, ( i i )  instrumental and geometrical l i n e  

broadening, ( i i i )  r e c o i l  l i n e  broadening and, i n  

the  case of molecular Auger electron emitters, (iv) 

Coulomb explosion broadening. Analytical d e t a i l s  

have been compiled e.g. i n  [2]. It is assumed tha t  

the t o t a l  width AEcalc can be calculated by quadra- 

t i c a l l y  summing over the  individual contributions. 

Also, we obtain the  experimental contribution of 

the Coulomb explosion a s  displayed i n  Table I by 

Quadratically subtract ing AE (N2) and AE (N), without 

t h e  de ta i led  bowledge of the  contribution ( i ) ,  

( i i )  and ( i i i )  . 
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Fig. 1. Auger e lec t ron  spectra  observed under 4Z0 
+ + 

from N2 and from N a t  71 keV/AMU excited 

by N,-gas t a rge t .  
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Fig. 2. Auger e lec t ron  spec t ra  observed under 42' + 

from N ~ +  and N a t  71 keV/AMU ca. 1 nsec 

a f t e r  exc i ta t ion  by N gas t a rge t .  
2- 

TABLE I 

Auger e lec t ron  l i n e  width contr ibut ion by Coulomb 

explosion 

Target Gas Solid 

A E ~ ~ ~  ( eV) 4.6 + 0.5 3.9 + 0.4 

The calculated contr ibut ion t o  t h e  l i n e  

width by t h e  Coulomb explosion i s  given i n  Ref. [2]. 

We f i nd  a very s a t i s f ac to ry  agreement between 

AEcalc and Al3 f o r  beam gas exc i ta t ion  (Table I). 
exP 

The AE values i n  so l i d s  and gases should be t he  
exp 

same i n  s traightforward considerations. Surpris- 

ingly, however, t he  LIE i n  s o l i d s  tends t o  be 
exP 

more than 15% smaller than the  value i n  gases. We 

explain t h i s  by t he  wake po t en t i a l  [3] which tends 

t o  a l i g n  t he  l i n e a r  molecule N2 i n to  the  d i rec t ion  

of t he  beam, thus yielding a kinematic broadening 

by t h e  Coulomb explosion which o r i g ina t e s  onlyfrom 

t h e  pro jec t ion  of t he  molecular fragment ve loc i t y  

vec tors  i n t o  t he  d i r ec t i on  of t h e  e lec t ron  detector. 

Assuming a complete alignment of t he  molecules we 

obta in  t h e  value given i n  brackets  i n  Table 11. 

CONCLUSIONS 

Beam f o i l -  and beam gas- Auger e lec t ron  

spectfoscopy of swif t  molecular ion  beams y i e ld s  

r a t he r  detai led-information of t h e  Coulomb explo- 

s ion  i n  gases and i n  so l ids .  Also, t h e  e lec t ron ic  

configurat ions of t h e  exci ted s t a t e s  involved 

(here mostly from Be-and B- l i k e  systems) and t h e i r  

i n t e n s i t i e s  can be s tudied t o  understand t h e  

exc i t a t i on  mechanisms i n  d i f f e r e n t  c o l l i s i o n  

systems. 
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