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Just before Earth passed through Saturn's ring plane on 10 August 1995, the Hubble 
Space Telescope Faint Object Spectrograph detected ultraviolet fluorescent emissions 
from a tenuous atmosphere of OH molecules enveloping the rings. Brightnesses decrease 
with increasing distance above the rings, implying a scale height of about 0.45 Saturn radii 
(R,). Aspatial scan 0.28Rs above the A and B rings indicates OH column densities of about 
1 Oq3 cm-2 and number densities of up to 700 crnp3. Saturn's rings must produce roughly 
l o z 5  to 10'' OH molecules per second to maintain the observed OH distribution. 

T h e  ii~sco\,ery of the icy colnposltlon of signlf~cant quantities of gas (9 ) ,  incluiiing 
Saturn's rings (1 )  lei1 to the prediction of a water vapor and other oxygen-hearing spe- 
tenuous at~nosphere of n-atcr 1,apor anil o th-  
er gaseous \\-ater dissociation products (in- 
cluiiing OH, 0, anii H )  en\.eli)ping the ring 
system ( 2 ) ,  ~ n ~ ~ c h  like the coma that en- 
s h r o ~ ~ d s  the ~ c y  n ~ ~ c l c u s  of a comct. Wi th  
the  ailvent of rocket-borne and spacecraft 
~lltraviolct Instruments, this pre~liction \\-as 
confir~neii hy thc  detection of hydrogen 
Lvman-a radiation from the vicinity of thc 
rings, indicating an H atoll1 density of I 0 0  
to 600 cm- '  (3,  4) .  Subsecl~~ent chargeii- 
particle incasurements fi-om the Pioneer 
and Voyager spacecraft inLiicateJ that Sat- 
urn's inner niagnetosphere is populated 
with water-group ions partially iicrived from 
ionization of the neutral gas in the ring 
atmosphere (5. 6 ) .  Thcse spacecraft also 
revealeil a s~~listantial  influx of water into 

cies (1 P-12). Becausc these osygcn-hearin,o 
gases are unlikely to or ignate  froin Saturn's 
atmosphere, measuring thcir density and 
ilistribution provides a less amhiguo~~s  mea- 
sure L i f  the erosion ratc of the icy ring 
particles hy meteoritic impacts and other 
processes. This is an  important consider- 
ation kecausc, although outer solar system 
ineteorltic impact rates are extremely ~111- 

certain, i~npac t  erosion can in principle lim- 
~t thc  l ikti lnc ijf Saturn's ri~lg.; to much less 
than the  kno\~rn age of the solar system (9 .  
l P ,  1-3). 

Shemanskv c.t i d .  (14)  first uaed the  
Hubble Spacc Telescope (HST) to iietcct 
OH A'S ~'--X21I (0,O) band einlsslons ( 15) 
from the  Saturn system at an equatorial 
distance of 4.5 Saturn radii i 1 R, = 60.330 

by les. than 36 hours, the Fault Object 
Spectrograph (FOS) acquircd spectra at five 
locatlona above Saturn's ring planc (Table 
1) .  T h e  FOS RED iletector and G270H 
grating pro\,iiled ~va\,elength coverage from 
2220 to 3280 A, 1~1th :n c f f c c t l ~ ~  spectral 
resolution of about 24 A tor diffuse sources 
filling the aperture, well sulteil to measure 
the OH ?I'It-XLFI (0 ,0)  band, ~vh ich  has 
e~nisslon lines extending from 1070 to 3 110 
A (15) .  T h e  largest a\,ailable spectrograph 
aperture (3.66 ,ire sec hy 1.29 arc sec) was 
~lseii for maximum throughput. T h e  five 
targcr locatiiins xere  sclected to proviiie 
scans of the  emission 1 ~ ) t h  ~erpcnilicular to 
the ring plane (1 ,  2, and 1) a n J  parallel to 
the  ri11g plane (1 ,  I, and 5) .  Target posi- 
tio11s 1, I, and 5 were selecteil to measure 
the emission as close to the  ring plane as 
posable and to prevent the  rlllgs or any of 
Saturn's satellites from enterlllg the  aper- 
turc; the relatively inteilse reilectci-1 sun- 
light from thew ohjects n o ~ ~ l i i  have con- 
taininatcil thc  spcctra, sc\,crelv re~iucing the 
chance of dctecting the faint fluorescent 
einiss~on iron1 thc  riilg atmospherc. 

A n  iinportant consideration in observa- 
tions of Saturn-system O H  f l~~orcscencc is 
light from nearby I ~ i g h t  objects (not  n i th ln  
the  spectrograph entrance aperture) that is 
.;tattered inside the HST optical assembly 
into the  FOS instrument (14.  18).  \When 
Saturn's rings arc not v i e l ~  lei 1 ei  1, ue-on, scat- 
tered light from the  rings produces a large 
contaminat~ng signal p r c c l ~ ~ ~ l i n g  m e a s ~ ~ r c -  
incnts in the \,icinity of the rings. T h e  HST 
Wide Field PlanctarL- Caincra 2 IWFPC-2) 

i' 

Saturn's ~onosphere from the  rings (7). kin), a location l i c t~ \~een  the  orhits of the images acqulreil iluring the 1995 ring-plane 
Early supgestions for the sourccs of the satellites Enccladus and Dlone, \~-cl l  outside crossing events reveal that thc  largest , ,~,,, 

ring atmosphere ~nclucleii sublimation, 
charged-particle sputtering, and photosput- 
tering of Saturn's icy ring particles and in- 
ner satellitcs, but these processe.; failed to 
explain quantitatively the  c)hscr\~ed H den- 
sity near the rings (5). In additLon, the 
questLon of hyiirogen gas source rate< is 
complicateii 1'y the existence of a larger H 
clouii e x t e n ~ l i n ~  from outside Titan's orbit 
inward ncarlv to Saturn 14, 8). This c l o ~ ~ i l  

tllc ~na i i l  r ~ n g  syste~n. Possible sources for 
this cxtendcd OH gas clouil include mi- 
crometeorite i~npact  (14),  chnrgci-l-particle 
s p ~ ~ t t e r i n g  (1 6 ) ,  and collisions of E-ring 
grains with the  icv satellites (1 7). Here n-c 
extend the study o t  thc  Saturn-system OH 
cllstrih~~tion using HST ohservatlons sched- 
~ ~ l e i l  to coincide with a Saturn ring-plane 
crossing event, l-rrol-iding a rare opportunitv 
to mcasure O H  tluorescence directlv ahove 

source of .;cattercil light is Saturn, although 
the inner satellites and eilgc-on rings con- 
tribute as well (1 9 ) .  Becauae the sl-r;ctra of 
thcse ohjects in thc 2990 to 1200 A Kale-  
lcngth range are iio~ninateii hy rcflecteil 
sunlight, the  scattered light was moilelcd by 
convolv111g a reflected solar spectrum with 
thc  FOS line-spread f~lnct lon for a dift~lse 
source that fills the aperture (1 4 ,  18) .  M o ~ l -  
elcil scattercil-light slpcctra were scaled to - 

~ierlves its inaterial fl-om reveral sources, thc  ring plane. fit the ohserved spectra in t ~ v o  ~vavelength 
incl~~i l ing the uppcr atmospheres of Ti tan L3uring six H S T  orbits that preceiied thc ranges that hracket the  O H  cinisslon and 
and Saturn (8), and lnakes it difficult to 10 August 1995 ring-plane crossing c\,ent were then suhtracteil horn the ohscrved 
cicterlnine the H gas production rate froin 
the rings alone. However, iietailcd moiiela 
have demonstrated that meteoritic hoin- 
har~lment anii vaporization of thc ring par- 
ticles and inncr satellites should p r o d ~ ~ c c  
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Table 1. Saturn ring atmosphere OH A'I--X'rT (0.0) band obsenlatlons. The dates are universal tmes 
(UT) spanned by the obseniations. The posit~on of the center of the FOS aperture IS measured by x 
(parallel to rng plane) and z (perpendicular) relative to the center of Saturn. The brghtness is based on the 
ntegrated flux n the 3060 to 31 10 A range. The quoted uncertainties are the estmated 1u errors due to 
both s ta ts tca  uncertainties and scattered-light subtracton. 
- - -  

Target Date Durat~on (s) x (R,) z (R,) 5 (R) 
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lations (8, 1 1 , 1 2 ,  14 ,  26) indicate that the  
OH di\tributic~~i 1s n c o ~ ~ i p l i c ~ ~ t e i l  funcr io~i  
of the rate< at ivhicli the ring. ani{ inner 
satellite. produce gas, the  L1irtrihur~on ot 
e~iergie< i1npartc.J to nelvl\- prod~~cei l  i i~ole- 
cules, anil the OH mc~lecule llfetillie in tlie 
Saturn sv.tem. 

REFERENCES AND NOTES 

1. C. B P~lctier C R. Chapman L. A. Lebofsk;: H. H 
K~effer. Sc:ense 167 1372 11 CiOi; R. iu Clark 1ca,.ifs 
44. 388 :1980! 

2. M Dennefed. n Exp,'orarror ofti le PB~:eta'ySys:e'-s, 
A '.'v'osczz;lc and C I~vansze~vslc Eds. I n t .  Astron 
Union 3;liip 65 Re~del 3ordrecht. 1274 pp "71- 
672, J. Blamont n T:?e P i q s  of Sarun: (NASA SP- 
343 Ll'ashington DC. 19741, pp. 125-130. For a 
dlscusslon that preceded the de'nt\<e deterlnnation 
of the cy  compos~t~on o' the rlngs see H Harr~son 
and R. I Schoen Scfe~:ce 157, 11 75 (1 9671. 

3 H. i'I!ese~. R. C \litz. H. '.'v'. Moos. Screqce 497 755 
l l 9 7 7 )  D. L. Judge. F ib l  '.'v'u, R VsJ Carlson, ro'o. 
207 331 ilC.80). 

; A L Broadfoot era!. roro. 21 2. 206 11 981 i 
5 See A. F Clieng, L. J Lanzerott \/ P~r roneo.  J. 

Geoo!~:s. Pes 87, ;567 11 282) a r~d  references 
there~n 

6. A. J. Lazarus and R. L McNutt Jr.. ;b:d. 88. 8831 
(1983) J 3 ,  Richardson. A. Ev~atar. G. L S~scoe, 
rbtd 91. 8719 ! I  986); R. E. Johnson er a,' lsafus 77 
31 1 (1989); A. Evatar and J. D R~chardson, AI:~. 
Geopriys. 8, 725 11990). G E M o r  0 .  Havnes C 
K. Goe~tz J Geopi-ys Pes. 98, 1 1285 i l993),  Z. 
Gan-Bar~~ch, A. Evatar J. 3 .  Richardson. R L. Mc- 
Nutt J r .  ,bfd. 99, 1 1063 11 924) 

7. - G No~throp and J R. Hill, J. Geopi-ys Pes 87 
6035 (1982); !"i H lp, 6 d .  88 81 C (1 283) J E. P. 
Conqerney aicr J ii. \?!ate. O!ai:,t.e 31 2, : 36 1 ~ 9 8 1 ) .  
J. E P. Co~inerney, Geooo,/s Res Lerr 13. 773 
(1 986) 

8 D E. Shetnansk; and 3 .  T Hal, J. Geooi7ys Res 
97 ;I13 11992 3 .  A H t o n  and D ibl Hunten 
Isar~is 73. 238 !1988): '.'v'. H. Stiiyth and M. L. i\~lar- 
coni 'old. 101 18 il 993), !"i,-H p Asnap17/s. J 
457 922 (1 296). 

C G. E M o r '  H. Fecht q ,  E Grun. C K Goe~tz !cafi;s 
55 439 (1983), P ~ . - ~ a f f  and A Ev~atar ,o,o. 66. 
258 11986). 

10. T G. Nonhrop and J. E. P Connerne;, toto' 70 121 
(1 987) 

11, ibl K. Pospleszalsra and 7.  E Johl-son, rbfd 93. ;5 
,:I 991) 

12 V5J.-H, p 'b#o'. 11 5, 295 ,:I CC5i. J Geopi7ys. Res 89. 
8813 (1 C8;'l 

13. J N. Cuzz and P. H 3ur1sen. IcarLis 84, 467 ,:I 99Oi 
L Dones. ,'o:d 92 193 11991) 

14. D. E. Sqemansv; P. Matheson, D -. H a .  H.-Y. Hu. 
T M. Trpp, ;\larL~-r 363, 329 11923) 

15 For a detaed d scusson o' the CH A ' I  -X'n fuo-  
rescence process and ernlsslon rates, see D G. 
Schlecher and M F A'Hearti Asrroot',/s. J. 331 
1058 (1 988i. 

16 R. E. Johnson. 3 .  E Grosjean S Jurac, R A Bara- 
g o a  Eos 94, 562 (I 223) M. S h  et a1 , J. Geopi:ys. 
Res. 100, 26387 (1 995) 

17 3 P Halrilton and J A. Burns ;\'a:,!re 365 198 
119931, also see Scte,?ce 264 550 11 993) 

18. D. E. St-ernansky and P L. Matheson, n Ca;'ora:r,>g 
H w o B  Space Teiessope. Posr Sevtcrrg Mtssroq. A 
Koratraf and C Le~therer Eds. (Space Telescope 
Science ns t t u te  Batmore. M3 ,  1 CC5i, pp. 88-93 

19. Tlie HS-U/FPC-2 team acq~ l~ red  mages ~ ~ s n g  the 
F3001.'v' titer dufng the 22 iL~la: 1995 rtig-plane 
crosslng event iHST rrages U2000101T and 
U2000103T) and the iO  A u g ~ ~ s t  ewent !Image 
U2000S031\111 De tas  oil the scattefed-11ght co:1- 
tent were descrbed in a prlvate c o ~ r r n ~ ~ n ~ c a t ~ o ~ i  
v!~th J -. Clarlte i e - m a .  clarlte&unsh~ne sprl 
L I T I C ~  ~ ~ L I I .  

20 -0 model tlie scattered Ight. ,we used a solar spec- 
t r ~ ~ m  acc:u~red n March 1995 by tile Soar Stellar 
rradance Comparison Expertnent on the Upper At- 

,iiospher~c Research Sa te te  (28) T i e  solar spec- Unverst: o' Mar:,land. College Park 11 983) 
t ~ ~ ~ r i i  n the 2920 to 3200 A regon y!as t i i ~ ~ l t ~ p l ~ e d  c: 22 The rayle~gh s a u n t  of sLlrace br~gtitness eyuvaent 
afactorP, that accounted'or acedovariatons t i  the to one m o n  oliotons per square centmeter per sec- 
s p e c t r ~ ~ ~ n  of the source of the scattered g l i t  and 'or ond per 4ri stera:lans T l i e f l ~~x  receved at a detector 
any cliromatc alteration that occurred as the g h t  'rom a un~'orrm dl'luse source with brightness B n 
>v!as scattered vi~thin the telescope assembl: '.'v'e ra\e~glis 1s F = 10" B0:4ri iphotons cm-' s-'I, 
used the ools:no~r~al form ~vhere 0 is tlie aoerure's solid a~iale n steradans. 

A .  = C a . , ~  - 11:). 1 1  I 

= 8: 

~vliere h s tile v!avelengtli, !lie a , ~  are poI;:nonial 
coe71cents and h ,  = 2290 A Tlie s o a ~  spectr~~r-.i 
y!as shtted n wavelength by Ah to account 'or shtts 
ntroduced cy tile gradent o' scattered Ight across 
tlie ape~ture, Dopple~ slif+s 'rom the dffe~ent veoc- 
t e s  of Saturn and Earh at the ~ I I - i e  of the ocser;a- 
tons, and any ielat~;,e FOS and SCLSTCE ,wave- 
length cacra ton errors. Atter con\flo\fltig the scat- 
tered-ight n o d e  b t h  the FOS ne-spread 'unction 
for extended sources, Ah and a , ~  were 3eterlnned by 
a east-s3~1ares anal:s~s to 'ind the best '~t to tlie 
obsened FCS spectra n tu!o ~*/avelength cands 
12990 to 3060 and 31 10 to 3200 A) that cracret the 
CH A z I - X ' n  iO.0) emisson. Ths procedure was 
performed 'or each ta~get and each model scat- 
t e redc~h t  specifurn ,was subtracied frorn the cove- 
spond~ig  FOS spec t l ~~m.  The def~ved A, u n e s  
havegfadientsjrom -2  5 to -7 5% pel 1 0 0 A n  t lw 
2990 to 3200 A ,vave!etigtli range -o est~mate t l ~ e  
tnagn t ~ ~ d e  of the error ntroduced by the scattered- 
Ight removal process, nea r  and c:uadratc'orrrs'o~ 
A, v!ere ~ ~ s e d ,  and tlie d ffererces t -  the res~:!~~al 
en~ssons  for tliese tv,o cases ~vere used as cn  id- 
catol o'the ~lnceratib; o'the cier~,:ed CHA21--XzI I  
(0 0) br~ghttiess Table 1) 

21 Fl~~orescent OH A 2 1  -%'I1 (0 0) band sl~ectral d s -  
t r b ~ ~ t o n s  :;ere taren 'rotn D G Scliecher, thess. 

23. See J. K.  ~ u z z i e t a i  , nP~a~?e :a ,~R%~s ,  P. Sreencerg 
and A. Brat ic Eds. 1Un1v o' Af~zona Press Tucson. 
A2, 1984) pp. 73-1 99, and re'erences therein 

24 Apert~lre-averaged criglitnesses for ~ndivdual target 
spectra v!ere calculated b: ntegiating model crgtit- 
nesses over the 3 66-arc sec b: 1 2 9 a r c  sec FOS 
apenwe The postion angle of tlie long dimenson of 
tlie aperture  measured eastv!ard from Sa t~~ rn ' s  tionh 
pole directon was 76.4" for targets 1, 2, and 3 and 
88 0' for targets 6 and 5. 

25. R !A/ Carlson #',!ari~,e 283 661 11980). 
26. J. D R~chardson. Geophys, Fies. 97, 13705 

I 1922) 
27. S. A Budz~en M. C Festou, P D Feldman ;catas 

107, 164 119941 
28. G. J Rott~iian, T N. V~Joods. T P Sparn, J Geo- 

pnys Res 98 10667 (19C3i: - N. U/oods. G J 
Rott~man G. Ucrer, #bid.,  p. 10679. 

29. '.'v'e 'v!o~~ld like to thanr A. Roman. A. L~~benou!. and 
tlie Space Telescope iblovng Object S ~ ~ p p o r  tea~n 
at the Space Telescope Scence Ins t t~~ te  for rralting 
tlie 1995 S a t ~ ~ r n  r~r~g-plane crossing obser~ations 
lpossble and J Clarlte for provdt ig informatiomi on 
the scattered-glit content of Vs!FPC-2 mages Sup- 
lpo~t 'or this worr was proi'lded b: NASA t l i r o ~ ~ g l ~  
grant GO-0601 5.01 -944 ffom the Space Telescope 
Scence Ins t t~~ te ,  ,vb~Iicli s operated 13: the Assoca- 
tor? of U~i iverstes 'or Researcli in Astrono~n: under 
NASA contract NAS5-26555. 

19 3eceriiber 1995; accepted 13 March 1996 

Observations oB Seturkak inner Satellites During 
the May 1995 Ring-Plane Crossing 

Amanda S .  Bosh and Andrew S. Wivkin 

The 22 May 1995 Saturn ring-plane crossing was observed with the Hubble Space 
Telescope; the markedly reduced scattered light from the rings at this time allowed study 
of the small inner satellites of the Saturn system. Prometheus was further from its 
predicted location than expected based on uncertainties in the 1981 ephemerides prop- 
agated forward by 15 years. A body found orbiting near or within Saturn's F ring is either 
an F-ring shepherd or a transient clump of dust within the F ring; given its approximate 
brightness, the clump theory is more likely. 

o n  22 hlay 1995, tlie Earth passecri through 
the  plane of Saturn's r~ngs ,  alloivlng us to 
vien- tllelli 111 an edge-on configuration. 
D~lriiig this time, tlie usuall\- brlglit rings 
hecome Lunt, makin9 this a n  ideal tliile to 
study the  small inner satellites. These sat- 
ellites have uoorlv ileflned et~liemer~iles he- 
cause they liave rarely heenLcihserveii. Dis- 
covered with ground-based te1escL)pes clur- 
i ~ i g  tile 1966 an3 1939 Sa tum ring-pla~ie 
crossings ( 1 .  2 )  aiicl 1.v Voyagers 1 2 
(S ) ,  these ~ '~ te l l l t e s  inclut.ie Pan, nrbltlng 
nritliin the  Ellcke gap; .\tlas, just outside 
the outer edge of tlie A ring; Prometheus 

A S Eosli Lowell C b s e ~ ~ a t o r ~ ,  Flagstaff, AZ 86001- 
4499. USA 
A S R~vk~n,  Lo~vel Obse- story Flagstaff. A2 86001- 
1399, and Lunar and Panetay Labo ator;, Unverst; o' 
Arzolia -ucson. A2 85721, USA 

and Pa~idora,  tlie F ring shepherils; Janus 
and Epimetheus, the coorh~tal  satellites: 
Telesto and Calypso, a t  Tetliys's L., and L5 
Lagrange points; anil Helene, at Dione's L., 
poinr (4 ) .  Only Janus, Epimetlleus, Telesto, 
Calypso, aiiil Helene have been observeL1 
slnce 198C (5, h ? ,  leading to  l~e t t e r  ileter- 
l l~inat io~is  of lhi-ation parameters for tliese 
bodies. 

For Atlas, Prometheus, Paliiloi-a, Janus, 
Epimetlieus, Telesto, and Calypso! we ex- 
ainlne the  iliffere~~ces heta,een observed 
aiid pre~l ic te~l  locations in  images of tlie 
Saturn system taken witli tlie Voiile Fle13- 
Planetary Cninera 2 (WFPCZ) (7) 011 tlie 
H ~ ~ b h l e  Space Telescope ( H S T ) .  T h e  Sat- 
urn system ivns ohserveil on 22 A,Iay 1995 
for 11 hours spanning tlie tlme of the  Enrtll 
ring-plane crossing (8) and o n  22  Novem- 
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