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Several years ago, Cladis and D e ss le r1 p re ­
dicted the possibility of detecting brem sstrah lung  
x ray s  at balloon altitudes in the region of the 
Cape Town anomaly, originating in electron  p re ­
cipitation from  the outer radiation belt. L ater, 
sa te llite  m easurem ents by Vernov et a l . 2 located 
a region over the east coast of B raz il and ad­
jacent Atlantic Ocean with high radiation intensity, 
a ttribu ted  to partic le  precipitation  from  the inner 
rad iation  belt. These m easurem ents w ere con­
firm ed by D iscoverer 29 and 31 flights3 indicating 
the “South A m erican anom aly” to be located m ain­
ly over the Atlantic Ocean between 0 and 70°W 
longitude with maximum fluxes at about 30-35°S 
latitude. Finally, m easurem ents on trapped e lec ­
tro n s from  pro ject S tarfish showed that th e ir 
m aximum approach to the e a r th ’s surface oc­
cu rred  in a region centered at about 35°S and 
40°W .4

B rem sstrah lung  flux estim ates, using the D is­
co v e re r 29 electron  C spec trum ,3 indicated that 
an x -ra y  intensity enhancement might be de tec t­
able at balloon altitudes in the South Am erican 
anom aly. A se r ie s  of balloon experim ents was 
c a rrie d  out between 7 and 13 D ecem ber 1963, 
over the Atlantic Ocean, about 900 m iles east of

Buenos A ires. The principal aim  was to verify 
the existence of such an additional x -ray  flux, 
and to determ ine its atm ospheric absorption.
Six successful launchings were perform ed from  
aboard the oceanographic ship “Comodoro La- 
s e r re .  ” Three flights ca rried  x -ray  equipment. 
This included a three-channel scin tilla tion  counter, 
a Victoreen 1B85 G eiger-M uller counter, and 
p re ssu re  and in ternal tem peratu re tran sd u cers . 
Energy lo sses in the l | - i n .  x ^ -in . Nal(Tl) c ry s ta l 
w ere in the nominal ranges 20-60 keV, 60-150 
keV, and >150 keV. The G eiger-M uller counting 
ra te  provided an accura te  estim ate of the atm o­
spheric depth at high altitudes. The to tal payload 
weight, including gondola and parachute, was 
2 .8  k ilo g ram s. Each payload wai c a rried  by a 
single neoprene balloon (Darex J 1 1-2400; with 
valve stabilization of a ltitu d e . 5 Floating altitudes 
up to 38 000 m w ere attained. Flight duration 
was lim ited to a p re-fixed  in terval by a cut-down 
m echanism . Three flights, carry ing  standard  
G eiger telescopes, w ere perform ed to m onitor 
the co sm ic-ray  background.

D etails of the th ree  x -ray  flights a re  sum m a­
rized  in Table I. Flight No. 31 descended shortly  
afte r reaching maximum altitude. Flight No. 32

Table I. D etails of the three x -ray  flights.

Flight No.
Balloon launch 

(Local time)
Geographic position  

at launch
Cutoff rigidity  

(GV)
Minimum atm depth 

(g /cm 2)

31 1250, 10 D ecem ber 1963 3 5 .5 ° S 
4 0 .0°W

10.6 3. 5

32 1620, 11 D ecem ber 1963 35.5-S  
36. 7°\V

10.4 4 .5

35 1324, 13 D ecem ber 1963 37. 7°S 
47. 0°W

10. 5 4 .0
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FIG. 1. Counting rates vs time for flight No. 35.

was launched In the late afternoon reaching the 
highest point shortly before sunset, In order to 
obtain good Intensity vs altitude data during the 
very slow descent due to balloon cooling. Flight 
No. 35 stayed at a fixed level of about 4 g/cm* 
for several hours. This llight was launched where 
D iscoverer 29 detected the highest flux in the 
anomaly. Figure 1 shows counting ra te  vs time 
for flight No. 35. After having passed through 
Pfotzer maximum, the 20 to 60-K channel count • 
ing rate  Increases again during the las t part of 
the balloon ascent. This process appears in a 
reversed  way during the f irs t minutes of para­
chute descent. The other two x -ray  flights showed 
a s im ilar behavior.

Figure 2 shows intensity vs depth plots for the 
high-altitude range. Counting ra tes  token during 
descents a re  marked with crosses; for these, a 
correction was applied in order to take into ac­
count the influence on the discrim ination levels 
of the tem perature, which towards the final parts 
of the flights was decreasing to very  low values, 
specially in flight No. 32. Higher energy channel 
counting ra tes  corresponding to flight No. 35 are  
added for comparison. There is some indication 
for the 60- to 150-keV channel to show a small 
additional flux too, below 10 g/cm*. In Fig. 3 we 
have represented the x -ray  enhancement in the 
20- to 60-keV interval, i . e . ,  the difference be­
tween the m easured x -ray  flux and the linearly 
extrapolated atm ospheric secondary photon flux

389

FIG. 2. Counting rntes vs atmospheric depth in the 
high-altitude range.
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FIC. 3. Additional x-ray  flux in the 20- to 60-keV in­

terval, for flights Nos. 31, 32, and 35.

(solid lines in Fig. 2). A geom etrical factor of 
7.13 cm* was used. A p^xently, flight No. 31 
showed the strongest effect, although it reached 
only 8.7 g/cm a atmospheric depth. Only the knowl­
edge of the energy spectrum  of the additional flux 
will enable us to decide whether the differences be­
tween the three flights are  due to a geographic 
dependence or to small differences in the chan­
nel widths. The mean absorption length for the 
additional flux is 3 .0 ± 0 .5 g/cm 2.

In summary, there seem s to be no doubt about 
the existence of an additional flux of low-energy 
x rays in the region cf the South American anom­
aly, detectable above 30-km altitude. We sug­
gest that this x-ray  flux enhancement originates in

electron brem sstrahlung. These electrons 
might precipitate from the inner radiation belt, 
or from the rem ainder of the “Starfish" fission 
electron belt. A more detailed interpretation 
of data in order to estim ate the precipitating 
electron flux and spectrum  is under progress.

The fact that secondary effects of the electron 
precipitation in the South American anomaly can 
be detected at balloon altitudes makes it possible 
to study in a ra ther simple way the behavior of 
electrons trapped in low L shells as a function 
of time.
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