
16, or 32) and PS-dendr-(NH,)" (n - 2. 4, 8, 16, or 
32) was performed with 'H NMR, 13C NMR, and 
infrared spectroscopy. For example, PS-dendr- 
(CN),,: 'H  NMR (CDCI,) chemcai shift 6 0.54 to 
0.78 [br, 6H. CHI+-CH,-CH(CH,)-(CH,-CHPh),, 
(Ph. phenyl)], 0.78 to 2.74 (CH,-CH,-CH(CH,)- 
(CH,-CHPh),,-CH2-0-CH2-CH2-CH2-N), 1.52 to 
1.68 (br. 60H, N-CH,-CH2-CH2-N). 2.30 to 2.62 
(br, 122H, 0-CH,-CH,-CH,-N N-CH,-CH2- 
CH2-N), 2 45 (t. J = 6.6 Hz. 64H, N-CH,-CH2-CN). 
2.82 (t, J = 6.6 Hz. 64H, N-CH,-CH,-CN), 3.13 to 
3.45 (br, 4H. CH,-CHPh-CH,-0-CH,-CH,-CH2-N), 
6.25 to 7.32 [(CH2-CHPhJ,]; I3C NMR (CDCI,) 6 11 .0 
to 11.4 [br, CH3-CH2-CH(CH,)-(CH2-CHPh),]. 16.8 
(32x, N-CH,-CH,-CNI. 18.8 to 20.0 [br. CH,-CH,- 
CHGH3)-(CH,-CHPh),,]. 23.7 (2CLAC+8C. N-CH,- 
CH2-CH,-N), 24 6 (16C. N-CH,-CH,-CH2-N), 26.5 - 
( l C ,  0-CH,-CH,-CH,-N), 28 1 to 30.2 [br, CH,- 
CH,-CH(CH3)-(CH,-CHPh),J. 31.3 [CH,-CH2-CH- - 
(CH,)-(CH,-CHPh),,], 40.1 [CH3-CH,-CH(CH,)-(CH,- 
CHPh),,], 39.8 to 46.6 [br, CH,-CH2-CH(CH,)-GH,- - 
CHPh),,l. 49 0 (32C, N-CH,-CH2-CN), 52.0 to 50.4 
(br. I C ,  0-CH,-CH,-CH2-N, 2CL2C+4C+ACL8C 
+8C+16C+16C. N-CH2-CH,-CH,-N), 69.6 to 69.2 
[br, (CH2-CHPh),,-CH,-0-CH,-CH2-CH2-N]. 75.2 to 
76.2 [br. (CH2-CHPh),~-CH,-0-CH,-CH2-CH2-N], 
1 18.7 (32C, CN), 125.2 to 127 0 (br, CH,-CHPJ ,,,, ), 
127 1 to 130.0 (br, CH,-CHm ,,,,_,,,,:, ) ,  145.1 to 
146.6 (br, CH,-CHPJ ,,,, ); IR: frequency I, ,,,, 2246 
rm-1 

13 The dendrmer part IS conflned In space, but avarlety 

of PS cha r  conformatons IS possible; we show an 
extended chan, similar to the representations of tra- 
dltlonai surfactants. 

14. The aqueous aggregates were prepared according 
to the f o o w ~ n g  procedure: the amphphes were 
dssoived In 2 mi of toluene or tetrahydrofuran. After 
the addtion of 25 ml of water, the organic solvents 
were evaporated and stable aggregates were 
formed. The PS-dendr-(NH,),, system even gave a 
clear solution in water, thereby ndca tng  a remark- 
ably low Krafft temperature for t hs  structure. 

15. The observed vesicular structures show a resem- 
blance to the structure proposed by Kuntake et a/ .  
[T. Kun~take, N. Klmlzuka, N. Hlgashl, N. Na- 
kasliinia. J. Am. Cliem. Soc. 106, 1978 (1 984); T. 
Kunitake. M. Naaa. H. Yanaai. K. Takarabe. N. 
Nakashma, J. ~ & r b m o l .  Sci. h e m .  21 (no. 8-9), 
1237 (1 984)l. 

16. For the techniques used to observe spherlcai ml- 
ceiies wlth TEM, see 0 .  Reqev, C Kang, A. Khan, J. 
Pliys. Chem 98, 661 9 (1 994). 

17. We thank E. M. M, de Brabander-van den Berg for 
discussions on dendrimer synthess; J. Joosten and 
A. Moussad for performing the DLS measurements: 
H. van Nunen, H. Geurts, and Y Engeen for asss- 
tance with the TEM measurements: and A. van 
Kraay for the molecular modeing. This research was 
supported under a DSM Research unrestr~cted re- 
search grant. 
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EUVE Observations of Jupiter During the 
Impact of Comet Shoemaker-Levy 9 

G. Randall Gladstone, Doyle T. Hall, J. Hunter Waite Jr. 

The Extreme Ultraviolet Explorer (EUVE) satellite conducted extensive observations of the 
jovian system before, during, and after the impact of the fragments of comet Shoemaker- 
Levy 9 in July 1994. About 2 to 4 hours afterthe impacts of several of the largerfragments, 
the brightness of the neutral helium (He I) resonance line at 58.4 nanometers temporarily 
increased by a factor of about 10. The transient 58.4-nanometer brightenings are most 
simply explained by resonant scattering of sunlight from the widespread high-altitude 
remnants of the larger impact plumes. Other possible sources of emission, such as 
electron impact excitation of He or radiative recombination of He+, may contribute to the 
observed signal. 

Observations of extreme illtraviolet (EUV) 
emissions from the  neutral helium reso- 
nance line at 58.4 nm were recognized years 
ago as a n  excellent means for studying the  
upper atmosphere of Jupiter ( 1 ) .  T h e  H e  1 
58.4-nm line o n  Jupiter is principally excit- 
ed by resonant scattering of sunlight (2 ) ,  
and its brightness depends primarily o n  the  
relative alx~ndances of helium and hvdro- 
gen in the  jovian upper atmosphere. Both 
molecular and atomic hydrogen are strong 
absorbers of 58.4-nm radiation; because 
they are both lighter than helium, their 
relative abundances increase in the  region 
above the  well-mixed part of the  atmo- 
sphere, and the  probability of absorption for 
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a 58.4-nm photon increases likewise. T h e  
altitude separatillg the  a~ell-mixed lower re- 
gion of the atmosphere (where all long- 
lived species share a colnnlon altitude de- 
pendence or scale height) from the  diffu- 
sive-equilibrium upper atmosphere (where 
each long-lived species has a different scale 
height, accordillg to mass) is k n o ~ v n  as the  
homopause. T h e  homopause level depends 
on upper atlnosphere dynamics. Wi th  vig- 
orous circulation, the  homopause will be at 
high altitude; with more sluggish circula- 
tion, it will drop to a lower altitude. 
Through absorption by the  overlying col- 
umn of H and H,, the  brightness of the  He  1 
58.4-nm emission o n  Jupiter provides a di- 
rect indication of the  alt i t~lde of the  homo- 
pause and thus provides illformation about 
the  dynamics of the  jovian upper atmo- 
sphere. T h e  strength of the  solar He  1 58.4- 
llln line (3)  and the  chemical inactivity of 
heliunl (4)  make the  58.4-11111 brightness an  

ideal diagnostic of vertical mixing in  the  
upper atmospheres of the  giant planets. 

T h e  Pioneer 10 EUV photometer mea- 
sured a 5.1-rayleigh (R)  (5) signal in late 
1971 that was attributed to  the  He  1 58.4- 
n m  feature (6), although in retrospect, the  
observation may have been contaminated 
by EUV emissions from s~llfilr and oxygen 
ions in the  then ilnk~lown Io plasma torus. 
T h e  ultraviolet spectrometer (UVS)  exper- 
iments o n  Voyager 1 and 2 measured He  1 
58.4-nm brightnesses of 5.2 and 4.4 R, re- 
spectively, averaged over much of the  day- 
side disk, during the  1979 encounters (7). 
T h e  brightness differences between the  two 
Voyager U V S  measurements are most prob- 
ably caused by solar cycle variations in the  
solar He  1 58.4-nm line (3) .  

After the  Voyager flybys, there were no  
further observations of EUV emissions from 
Jupiter irntil the launch of EUVE in June 
1992 (8). T h e  EUVE observations are made 
a ~ i t h  three spectrographs that cover a wave- 
length band from 7.0 to 76.0 nm with a 
resolving power (h/Ah) of about 200 to 400 
for point sources. T h e  spectrographs share 
the same grazing-incidence mirror, have cir- 
cular fields of view about 2" in diameter, and 
are capable of imaging ~nonochro~nat ic  emis- 
sions (9).  For moving sources (such as plan- 
ets), the  photons may be remapped into a 
target-centered frame of reference by using 
the  arril~al times and appropriate ephemeri- 
des for the spacecraft and the target (10). 

Observations of the Jupiter system were 
made by EUVE in April 1993, and a rich 
spectrum of the Io plasma torus was ob- 
taineii. However, no  excess He  1 at 58.4 nln 
that could have been associated with J~rpiter 
\vas found ( 1  1).  Ohserving jovial1 H e  1 emit- 
ting at 58.4 llln is difficult from EUVE's 
520-km altitude because of the  resonant 
scattering of sunlight by Earth's extended 
helium atmosphere or geocorona. T h e  He  1 
58.4-nm geocoronal foreground emissions 
are mildly optically thick and depend pri- 
marily o n  solar zenith angle, but they 17ary 
rather sloa~ly with look direction at the alti- 
tude of EUVE (12).  T h e  darkest part of the 
sky to look toward is antisuna~ard at orbital 
midnight. During EUVE's all-sky survey, this 
part of the sky was examined routinely for 6 
months, from July 1992 until January 1993. 
A stildy of the  geocoronal brightness in the 
antisolar direction from 25 July to 19 Augirst 
1992 yielded an  average brightness of 1.3 R 
(13). In other directions, the 58.4-nm air- 
g loa~ is us~rally larger. In particular, observa- 
tions rnade from within the Earth's shadow 
at 90" to the Earth-sun line (approximately 
the geometry during the week of the comet 
impact" generally show helium geocoronal 
airglow brightnesses about twice those in the 
ant is~~nward direction. T h e  geocoronal H e  1 
58.4-nm brightness was 2.2 R during the 
April 1993 observations, and the corre- 
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sponding 20 upper limit to the He 158.4-nm 
brightness from Jupiter was 1.8 R. The de- 
crease since the time of the Voyager mea- 
surements is attributed to the variation of 
solar He I 58.4-nm flux from solar maximum 
to solar minimum conditions, although 
changes in the helium abundance of Jupiter's 
upper atmosphere are also possible. Because 
previous EUVE searches for a jovian signal 
at 58.4 nm were negative, we were surprised 
when the helium showed up strongly in spec- 
tral images obtained during the impacts (Fig. 
1). The He 1 58.4-nm emissions are in fact 
faintly detectable even before the arrival of 
the first Shoemaker-Levy 9 fragments. This 
is probably a result of a decrease in the 
geocoronal He 1 58.4-nm foreground, which 
dropped from 2.2 R during the April 1993 
opposition measurements to about 0.8 R 
throughout the July 1994 measurements. 
The enhanced helium emissions clearly orig- 
inate from the disk of Jupiter, although the 
low spatial resolution of EUVE limits our 
ability to investigate the brightness distribu- 
tion in more detail. By constructing a light 
curve for 58.4-nm observations. we were able 
to demonstrate a strong correlation between 
the enhanced 58.4-nm signal and the times 
of the fragment impacts (Fig. 2). Before the 
impacts, in the 13 to 16 July time period, the 
58.4-nm signal was quite low (but signifi- 
cant) at a level of 2.9 2 0.9 R. After the 
impacts of what were thought to be the 
larger comet fragments, a marked increase in 
the helium emissions occurred. The stron- 
gest signals (actually only about 8 to 12 
photons detected per 13-min observation in- 
terval) follow about 2 to 4 hours after several 
of the major impacts. The low count rates 
observed with EUVE require that we use 
Poisson statistics to estimate their signifi- 
cance (1 4). The error bars for each measure- 
ment in Fig. 2 show the 90% confidence 
limits for the number of counts from Jupiter, 
given a mean foreground of 3.57 5 0.05 
counts for each 13-min period (determined 
by averaging 260,000 s of foreground data 
taken by EUVE between 13 July and 12 
August). In this analysis, the most signifi- 
cant event occurred after the impact of the 
Q1 fragment. The brightnesses correspond- 
ing to the 90% confidence limit count rates 
for this event were 25 to 70 R. about 8 to 25 
times the average brightness of Jupiter just 
before the impacts. Notable brightenings 
were also seen (although with considerably 
less significance) after some of the other 
fragment impacts. For instance, there is a less 
than 5% chance that the He1 58.4-nm 
brightness of Jupiter after the F, G, and K 
events was less than 12, 7, and 10 R, respec- 
tively (Fig. 2). 

It is interesting to examine whether these 
large brightnesses can be reasonably ascribed 
to resonant scattering of sunlight. Using a 
resonance-line radiative-transfer code (15), 

Fig. 1. Images of Jupiter at 58.4 nm obtained by EUVE (A) before (13 to 16 July 1994) and (B) during 
(1 7 to 21 July 1994) the impacts of comet Shoemaker-Levy 9. The brightness of Jupiter at 58.4 nm 
during the impacts (averaged over 15.1 hours of data) increased by 3.4 times over its value before the 
impacts (averaged over 16.5 hours of data). A schematic illustration of the disk of Jupiter and the orbit 
of lo are overplotted at the expected position and orientation of Jupiter. The data have been smoothed 
by the EUVE point spread function to increase the signal-to-noise ratio. The relatively bright geocoro- 
na158.4-nm foreground emissions [which fill the aperture of EUVE's telescope and collimator, result- 
ing in a broad (about 2-nm FWHM) terrestrial feature] have been subtracted. 

Fig. 2. Light curve of the 
EUVE He I 58.4-nm sig- 
nal observed throughout 
the comet impact peri- 
od. The data (shown as 
crosses) represent the 
actual counts detected 
for each EUVE orbit dur- 
ing the last 13 min that 
Jupiter was observable 
(chosen to minimize the 
geocoronal foreground). 
The shaded region gives 
the 90% confidence level 
range for the source (that 
is, Jupiter) count rates 
given a mean foreground 
level of 3.57 2 0.05 --- 
counts per interval. The Dayoflggl 
scale on the right con- 
verts these source count rates to brightnesses, assuming that the emitting region is the size of the disk 
of Jupiter. The times of the fragment impacts are indicated as dashed vertical lines. Several significant 
brightening events are seen to follow 2 to 4 hours after the larger impacts, most notably after the Q1 
fragment impact. 

Fig. 3. Model curve-of-growth for the He 1 58.4- 100 
nm emission on Jupiter. Calculated with an iso- 
thermal model atmosphere at temperatures of 
200, 1000, and 2000 K, the vertical emission 10 
brightness for normal incidence sunlight is 
shown as afunction of the column abundance of 
He atoms above the level at which the absorp- 1 
tion optical depth of 58.4-nm radiation by H, 
reaches unity ( T ~ ~  = 1). The 90% confidence 
level range of the brightness observed after the 0.1 

Q1 fragment impact is indicated, as is the bright- 
ness observed by the Voyager UVS instruments 0,01 
(scaled by a factor of 0.65 to account for the 1011 1012 1013 loi4 loi5 loi6 
expected difference in solar flux between the Column of He above TH? = 1 (cm2) 
time of the Voyager measurements and the 
comet impact). The brightenings observed after the impacts of the larger fragments are consistent 
with the expected brightness caused by resonant scattering of sunlight from the high-altitude remains 
of the impact plumes. The limiting column abundance of about 2 x 1 016 atoms per square centimeter 
is reached when the helium in the upper atmosphere is well mixed at its tropospheric level off He = 

11 %. 
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we simulated the subsolar br~ghtness of Jupi- 
ter at 58.4 nm for a variety of model atmo- 
spheres, producing character~stic curves-ot- 
growth (Fig. 3) .  The solar flux at 1 astro- 
nomical unit (AU)  was assumed to be 2.5 X 
10' photons cm-' s-' with a Gaussian line 
shape and a full width at half max~mum 
(F\XIHM) of 0.012 nm (16). The observed 
emission brightness occurs on the logarith- 
mic part of the curve-of-growth, so that the 
He I 58.4-nm brightness observed after the 
Q1 impact would require an increase in the 
column abundance of helium over the en- 
tire disk of Jupiter by about two orders of 
maenitude or more over the levels inferred 

u 

for the upper atmosphere from the Voyager 
UVS observations. Although this seerns to 

u 

be an extreme requirement, we can illus- 
trate its plausibility as follows. The plume 
from a 3-km-wide imnactor has been calcu- 
lated to contain an atmospheric mass of 
roughly 15% of the irnpactor mass above an 
altitude of 400 km, at which level its veloc- 
ity is about 20 km s-' (17). Assuming a 
deep atmosphere mixing ratio off,, = 1 I%, 
the amount of helium In such a plume 
would be roughly 6 X 10j6 atoms (assuming 
a 3-km-diameter irnpactor with a density of 
0.1 g c ~ n - j ) .  Spread over the surface of 
Jupiter, the column density of helium would 
be about 1016 atoms per square centimeter, 
which would.put the expected brightness 
within the limits imposed by the EUVE 
observations. At  20 km s-', the plume 
could conceivably spread laterally by a dis- 
tance equal to the radius of Jupiter (7 1,400 
km) in about 1 hour. Although we do not 
expect the plume to completely envelop the 
planet, it seems reasonable that a substan- 
tial fraction of the observable half of the 
planet would be covered w ~ t h  well-m~xed 
columns ot hydrogen and hellurn on the 
tlme scale requ~red by the EUVE observa- 
tions because the impact sites rotate into 
near sub-Earth position about 2 to 3 hours 
after they are created. We  thus conclude 
that EUVE obsermtions of transient bright- 
e n ing~  of 58.4-n~n radiation from Jupiter 
after the impacts of the Q1 and several 
other fragments of comet Shoemaker-Levy 
9 are consistent with resonantly scattered 
sunlight trom the high-altitude atmospheric 
remains of plumes created by the irnpact 
events. 

Other possible sources of He I 58.4-nm 
emissibns include electron impact excita- 
tion and recombination of Het ions, assurn- 
ing that energetic electrons or large abun- 
dances of He+ ions are generated by the 
impacts. To investigate the possible contri- 
bution from these sources, we constructed 
light curves for He I 53.7-nm emission (cor- 
resnondino to a resonance transition trom - 
the next highest energy level of helium 
above the state responsible for the 58.4-nm 
emission) and emission at 50.4 nm (corre- 

sponding to emiss~on expected during elec- 
tron recombination with Het ~ons ) .  Nei- 
ther of these light curves show stat~stically 
s ign~f~cant  events. Models of resonant scat- 
tering of the solar He I 53.7-nm line lead to 
brightnesses of ~ 4 . 5  R in the most generous 
case (well-mixed He at 2000 K) ,  which IS 

consistent with the lack of significant 
events in the 53.7-nm light curve. The data 
do not rule out the possibility of a minor 
contribution by electron impact excitation 
of He or radiative recombination of He+ 
ions after the large impacts. However, on 
the basis of measured values of the electron 
impact excitation cross sections for 58.4-, 
53.7-, and 50.4-nm (Rydberg) emissions 
( l a ) ,  the upper limit for electron irnpact 
contributions to the 58.4-nm signal is <16 
R. Radiative recombination is also improb- 
able (2 ) .  Thus, we believe that the most 
plausible explanation for the enhanced He I 
58.4-n~n emissions is resonantly scattered 
sunlight from a column of helium in Jupi- 
ter's upper atmosphere that was temporarily 
~ncreased across much of the planet's d~sk.  

REFERENCES AND NOTES 

1. R.  W. Carlson and D. L. Judge, Planet. Space SCI. 
19. 327 (1971). 

2. The contr~buton from photoelectron mpact exc~ta- 
t on  of neutral hehum was est~mated at 0.03 R [J. J. 
Ol~vero, J N. Bass, A. E. S. Green, J. Geophys. Res. 
78, 281 2 (1 973)l. The contrbut~on from radatve re- 
comb~nat~on of He+ ons IS also very low because of 
the ~neff~cency of the radatve recomb~naton pro- 
cess compared w~ th  other react~ons avaabe to on -  
ospher~c He+ Ions. 

3 The ne-ntegrated solar flux at 1 AU vares over the 
solar cycle by a factor of roughly 3, from about 1.5 x 
l o 9  photons ~ m - ~ s - '  at solar minmum to about 
4.2 x l o 9  photons cm-' s- '  at solar maximum, 
and the vafat~on over a 27-day solar rotat~on at solar 
maxlmum IS about ?20% [W. K Tobiska, J. Atmos. 
Terr. Phys. 53, 1005 (1991)l. 

4. The much brighter UV resonance n e  of atom~c hy- 
drogen at 121.6 nm (Lyman a) is less useful than the 
He I 58.4-nm n e  for these studies because the 
chem~stry of H n Jup~ter's upper atmosphere IS not 
adequately understood, Instead, we can use models 
of vert~cal m ~ x n g  based on He I 58 4-nm observa- 
tons n analyses of Lyman a observatons to prov~de 
constrants on the sources and snks of atom~c hy- 
drogen n the homopause region. 

5. The raye~gh (R) IS a un~t  of surface br~ghtness equv- 
alent to an ntensity of 1 0 ~ h o t o n s  ~ m - ~ s - l  per 4.rr 
sterad~ans. The flux rece~ved at a detector from a 
source w~ th  br~ghtness B (In rayle~ghs) IS F = 10" 
Bw:4~ (In photons per square centmeter per sec- 
ond), where w IS the sold angle of the source as seen 
from the detector (In steradians). 

6. R. W. Carson and D, L. Judge. J. Geophys. Res. 79, 
3623 (1 974). 

7. J. C. McConne. B. R.  Sande. A. L. Broadfoot, Plan- 
et. SpaceScl. 29.283 (1 981). The br~ghtnesses quot- 
ed are from a recent reanayss of the Voyager 1 and 
2 He 158.4-nm data [R. J. Vervack Jr., B. R.  Sandel, 
G. R. Gladstone, J. C. McConne, C. D. Park~nson, 
lcarus 11 4, 163 (1 995)l. The solar flux at 1 AU of He I 
58.4-nm radlaton during the tmes of the Voyager 1 
and 2 flybys are est~mated to have been 4.0 x l o 9  
and 3.5 x 10"hotons cm-' s-', respect~vey. 

8 S. Bowyer and R. F. Mal~na, n Extreme Ultraviolet 
Astronomy, R. F. Malna and S. Bowyer. Eds. (Per- 
gamon, New York, 1991), pp. 397-408; A. M~ller, 
"EUVE Guest Observer Handbook." NASA Res. An- 
nounce. 9 -OSS-73  (Office of Space Scence, Na- 
tonal Aeronautcs and Space Admnstraton, Wash- 

ington, DC, 1994), append~x G. 
9. The two longer wavelength spectrographs are c o -  

imated in the dispers~on direction to 20 arc min to 
minimze diffuse Earth airgow contaminaton The 
spectrograph gratings have variable line spacings 
to mantain a sharp focus while dispersing the EUV 
photons The on-axis angular resolution IS about 24 
arc sec for point sources at 58 4 nm, and ndvidual 
pixels span 4.4 arc sec n the spatial direction. The 
point source spectral resolution at 58.4 nm is 0.2 
nm. After broadband filtering to exclude contami- 
nating non-EUV emissions, the dispersed and fo- 
cused EUV photons are collected by microchannel 
plate detectors that record the two-dimensional 
location and arrival time of each photon. For an 
extended object havng an emss'on line spectrum 
(such as Jupiter or the lo torus), the detectors 
record a series of monochromatic images of the 
object. The resulting spatialspectra image is com- 
monly referred to as an "overlappogram." 

10. The corrections to a Jupter-f!xed frame of reference 
were made by software provided by the EUVE Guest 
Observer staff, along with a detailed ephemeris for 
Jup~ter generated with the SPICE-NAIF software 
made available by the Jet Propulsion Laboratory [C. 
Acton, unpublished material]. 

11. D. T. H a  et a/., Astrophys. J. 426. 151 (1 994). 
12. The overhead geocoronal He I 58.4-nm brightness 

measured by an EUV spectrometer on the P78 
spacecraft in 1979 (at an altitude of 600 km) varied 
from about 500 R in the subsolar region [S. 
Chakrabarti, F. Paresce, S Bowyer, R. Kimbe, J. 
Geophys Res. 88, 4898 (1 983)] to about 2 R in the 
antisoar region [S. Chakrabart~, R K~mble, S Bow- 
ver ibid 89, 5660 1198411. 

13. 6. Jelnsky, J. V. Vallerga,'~. Edelsten, Astrophys. J. 
442, 653 (1995). 

14. R. P. Krafi, D. N. Burrows. J. A. Nousek. !bid. 374. 
344 (1 991). 

15. G. R. Gladstone, J. Geophys. Res 93, 14623 
(1988). 

16. The ne-ntegrated solar flux was estmated from (3). 
The n e  shape for the solar He I 58 4 nm line was 
est~mated from C. Y. R. Wu and H S Ogawa, ibid. 
91, 9957 (1 986). 

17 M. B. Bosough, D. A. Crawford, A. C. Robnson, T. 
G. Trucano, Geophys Res. Lett. 21, 1555 (1 994); 
D. A Crawford, M. B. Bosough, T. G. Trucano, A. 
C.  Robnson, lnt. J, Impact Eng., in press. 

18. The cross sectons for the emisslon of 58.4-, 53.7-, 
and 50.4-nm (pr~nc~pal quantum numbern > 5) rad- 
atlon through mpact exc~taton of He by 200-eV eec- 
trons are 7.94 x 2.05 x and 1 .I 1 x 

cm2, respectively [D. E. Shemansky, J. M. 
Ajeo, D. T. H a ,  B. Frankn, Astrophys. J. 296. 774 
(1985)) If the observed 53.7-nm signal of about 4 R 
or less were due entrely to electron Impact, the cor- 
respond~ng s~gnal at 58.4 nm would be at most about 
16 R (although probably less because of the larger 
absorpt~on cross sectlon of hydrogen at 58.4 nm 
compared w~ th  that at 53.7 nm). 

19. We would like to thank the EUVE team at the U n -  
versty of Ca~forn~a.  Berkeley, for the~r support n 
mak~ng the EUV observations of Jupter before and 
dur~ng the comet Impacts In partcuar,  we would 
like to thankG. Bevan, J. H~nchman, P. Jel~nsky, A. 
Keth. T. Ksdonk,  F. Kronberg, R.  Mal~na. J. Mc- 
Donald, D Mer~wether, E. Olson. J. Valerga, and 
G. Wong for the~r tremendous efforts n acquiring 
and processing the data n nearly real tme .  We 
would also like to acknowledge the other members 
of our EUVE proposal-F. Bagenal, J. Clarke, P. 
Fedman, M. McGrath, W.  Moos. N. Schneder, D. 
Shemansky, and D. Strobel-and espec~ay  the 
other EUVE Jup~ter-Shoemaker-Levy 9 campalgn- 
ers-F. Herbert, R, L~eu, and N. Thomas-for ther 
assstance and cooperat~on n pann~ng the obser- 
vatons. The comments of an anonymous referee 
were very useful. The support of NASA grants 
NAG5-2651 to Southwest Research nstltute, 
NAG5-2622 to Johns Hopk~ns Un~verslty, and 
NAS5-30180 to the Center for Extreme Utravloet 
Astrophysics at the Un~vers~ty of Cafornia at 
Berkeley are gratefully acknowledged. 

18 October 1994, accepted 15 March 1995 

SCIENCE \'OL. 268 16 JUNE 1995 




