headed for rendezv ou with Jupiter in 1995. Supp ort for the studies of the ev en will coming from man sources. Within the United States, supp ort is pro vided NASA, the National Science oun dation, and man observ atories whic op erate under priv ate or state-univ ersit budgets. Around the orld, studies are eing supp orted national go er nm en ts, univ ersities, researc so cieties, and arious in ternational organizations suc as the In ternational Science oun dation, the Europ ean Space Agency and the Europ ean Southern Observ atory u r t h e I n f o r m a t i o eople an ting further information ab out opp ortunities for the general public should con tact the Planetary So ciet Address inquiries to The Planetary So ciet 85 North Catalina Av e., asadena CA 91106, telephone (818) 793-5100. Up dated information will published regularly in the mon thly magazine Sky and elescop and the mon thly magazine Astronom These can obtained at newsstands or libraries as ell as subscription. Accredited press rep orters can con tact the Press O�cer of the American Astronomical So ciet (Dr. Stephen Maran, AAS Executiv O�ce (202) 328 2010) or the Press O�cer of the Division for Planetary Sciences of the AAS (Dr. Nadine Barlo w, Lunar and Planetary Institute (713) 280 9021). This fact sheet will up dated, erhaps once er mon th, as new dev elopmen ts dictate. It is distributed through the American Astronomical So ciet and other distribution mec han ism s. Lucy McF add en Mic hael F. A’Hearn Departmen of Astronom Univ ersit of Maryland Plans for observ ations of the hem istry of Jupiter’s atmospher as it is a�ected the colli sions will carried out in the ultra violet, visible, near-infrared and radio elength regions. Because the predictions are uncertain, it is imp ortan to observ for all predicted sp ecies. Molecules con taining eigh di�eren elemen ts are reasonably exp ected to app ear. Helium emission migh detected the Extreme Ultra violet Explorer and pro vide information ab out the amoun of atmospheric heating in the upp er atmospher e. ele- scop es lo cated in Ha aii, exas, Chile, Australia and Russia will monitor near-infrared atmospher ic hem istry Ions of and are observ able near 3.5 microns and will diagnostic of ionospheric pro cesses. The 7.8 micron band of methane is exp ected to yield the est measure of temp erature hanges in the atmosphere. ariations in abundance of ethane (C or eth ylene (C migh also induced the impact and could pro vide constrain ts on the ph ysical pro cesses op erating during and immed iately follo wing the impact. Infrared telescop es in Ha aii, exas, and Arizona will observing in this sp ectral region. An increase in the abundance of stratospheric amm onia is predicted if heated parcels of gas are transp orted in rising plume. Multi-w elength studies of the amm onia molecules will carried out in the and micron region and at millimeter and cen timeter-rad io elengths. If material is transp orted to the stratosphere in hot plume as predicted ydro dynam ic mo dels, temp orary increase in molecules of phosphine (PH ), phospho- rous, (P ), german (GeH and arsenic ydride (AsH ), migh seen. Normally these sp ecies are depleted photo disso ciation at the cloud tops. The orld’s infrared telescop es lo cated on �v con tinen ts including An tarctica will monitoring temp erature hanges induced oth surface es and refracted in ternal es. The small ariations in temp erature predicted to induced the colli sions are just at the edge of our tec hnical capabilit of detection. Ho ev er, scien tists ha decided to attempt the observ ations in case the mo dels are signi�can tly in error. the orksho at the Univ ersit of Maryland, in Jan uar 1994, the rings study- group suggested monitoring of the rings at near-IR elengths for brigh tening induced the impacting dust tails. The 5-m Hale telescop at aloma Observ ator will concen trate signi�can ortion of its observ ations measuring ring brigh tness efore, during, and after the impacts. This team is headed Phil Nic holson of Cornell Univ ersit elescop es lo cated atop Mauna Kea, Ha aii and at McDonald Observ atory exas, will also supp ort these ring studies. High sp eed har ged-coup led device (CCD) imaging and photometry will used to detect ashes from the impacts re ected o� of Jupiter’s mo ons. Observ atories in Australia, Ha aii, exas, California, Chile, Brazil, India, Italy and Indonesia will atc h ing for these ashes, as will the ager spacecraft lo cated er 40 astronomical units (the distance et een the Earth and Sun) from Jupiter and the Galile spacecraft whic is Although the impacts will ccur on the far side of Jupiter, some estimates indicate that the rising hot plume of gas migh observ able ab Jupiter’s lim as seen from Earth within ab out min ute after impact. Another theory predicts that the ashes ma brigh enough to observ ed from Earth in re ection o� the inner mo ons of Jupiter. Europa is ell-p ositioned for suc an observ ation on July 19, though only Australia and the aci�c region will in darkness at that time. The ashes will also directly visible from the Galil eo and ager spacecrafts. The Ulysses spacecraft will ositioned suc that the impact oin ts are just on the edge or lim of the planet, barely in view. The plume of material that ould brough up from Jupiter’s trop osphere (b elo the clouds) in to the stratosphere where it is observ able is exp ected to bring up material from the comet as ell as from Jupiter’s atmospher e. Carb on mono xide (CO) and silicon xide (SiO) migh observ able pro ducts from the comet. Emission lines of amm on ia (NH are exp ected to observ able. ater, eliev ed to exist, but previously concealed opaque clouds at higher altit udes, ma rise to an altitude where they are observ able. Di-h ydrogen sul�de, (H S), highly sough after ecause it is an exp ected coloring agen of the atmosphere, is exp ected to pro duced. Careful measurem en ts of methane (CH and molecular ydr ogen (H ould pro vide indications of the stratospheric temp erature hanges resulting from the collisi ons. Muc of the material will disso ciated and ev en ionized but the comp osition of this material can giv us clues to the hem ical comp osition of the atmospher elo the clouds. It is also widely though that as the material recom bines, some sp ecies, notably ater, will condense and form clouds in the stratosphere. The spreading of these clouds in latitude and longitude can tell us ab out the circulation in the stratosphere. The sho es pro duced the impacts are predicted to enetrate in to the in terior of Jupiter at the sp eed of sound and pro duce something analogous to earthquak es. Because the sp eed of sound increases with depth, the propagating es will refract and return to the surface ossibly leading to prompt (within an hour or so) enhancemen of the thermal emission er ery large circle cen tered on the impact. Observ ations using sev eral of the largest infrared telescop es, with the most sensitiv thermal infrared detectors, will attempt detection of the in terior oscillat ions. Larger estimates of the mass of the fragmen ts fa or detection of the predicted seismic es. Observ ation of these phenom ena can pro vide unique prob of the in terior structure of Jupiter, for whic no ha only theoretical mo dels with almost no observ ational data. P l a n t S t u d t h E e Nearly ev ery observ atory in the orld will observing ev en ts asso ciated with the im- pacts. These include Earth-orbiting telescop es (Hubble Space elescop e, In ternational Ul- tra violet Explorer, Extreme Ultra violet Explorer), sev eral in terplanetary spacecraft (Gali- leo, Ulysses, and ag er 2) and ground-b ased observ atories lo cated on ev ery con tinen in the orld including An tarctica. I t e r a c t i o n w i t t h J v i a M a g n e t o s p h e r a n R i n g In teractions of cometary material with Jupiter’s magnetic �eld ha een predicted to lead to observ able e�ects on Jupiter’s radio emission, the injecti on of material in to Jupiter’s auroral zone, and to disruption or additions to the rings of Jupiter. Somewhat less certainly the material ma cause observ able hanges in the torus of plasma that circles Jupiter in asso ciation with the orbit of Io, or ma release gas in the outer magnetosph ere of Jupiter. It has also een predicted that the cometary material ma after ab out ten ears, form new ring ab out Jupiter although there are some doubts whether this will happ en. Scien tists at Go ddard Space Fligh Cen ter predict that dust-plasma in teractions gen- erating harged particles could pro duce cyclotron radio emission. The break-up of frag- men ts fa or generation of these phenomena ecause the column densit of dust increases the probabilit of pro ducing an observ able abundance of harged particles. Due to ug uncertain ties in the mass of dust asso ciated with the tail of the comet, it is not ossible to mak reliable predictions of the e�ects of the dust impact on the rings. Observ er will monitor the brigh tness of the rings for observ able evidence of either brigh tening or dark ening of ring particles. T h I m p a c i t J u p i t e The predicted outcomes of the impacts with Jupiter span large range. This is due in part to the uncertain in oth the size of the impacting dies and the state of Jupiter’s atmospher e. An additional complicating factor is that planetary scien tists ha nev er observ ed colli sion of this magnitude and they do not kno whic ph ysical pro cesses will most imp ortan in absorbing the energy of the impactors. If the cometary uclei ha the sizes estimated from the observ ations with the Hubble Space elescop and if they ha the densit of ice, eac fragmen will ha kinetic energy equiv alen to roughly ten million megatons of TNT. If ablation (melting and ap orization) and fragmen tation dominate, the energy can dissipated high in the atmosph ere with ery litt le material enetrating far eneath the visible clouds. If the sho in fron of the fragmen also con�nes the sides, then uclei could enetrate far elo the visible clouds. In an case, there will an optical ash lasting few seconds as eac ucleus passes through the stratosphere u lik the brigh ash from olide or �reball as meteor passes through Earth’s atmosphere. The brigh tness of this ash will dep end critical l on the fraction of the energy whic is released at these altit udes. If large fragmen enetrates elo the cloud tops and releases u of its energy at large depths, then the initi al optical ash will fain t. hot plume will rise in the atmospher lik the �reball after an explosion, pro ducing second, longer ash lasting min ute or mor and radiating most strongly in the infrared. are displaced signi�can tly in to the dust side of the comet as seen in the Jan u ary images. sc hem a tic image of the Jan ua ry HST image, sho wing the nomenclature of the fragmen ts accompanies this rep ort. ur ther evidence of fragmen tation as observ ed in images acquired in Marc the Hubble telescop e. ragm en 8b is no resolv ed in to images. ragm en T=4 and 8a are barely discernible pu�s. It is unclear when the splitti ng ccurred in most cases. brigh tness spur in the sun ar direction at fragmen S=5, seen in the Jan uar images, is not visible in the Marc images and there is no evidence of an ticipated fragmen tation. Images acquired in Ma at the 2.2-m telescop in Ha aii and con�rmed HST rev ealed that fragmen G=15 is double. This had een the brigh test fragmen for time, un til these recen observ ations. Neither Earth-b ound nor Earth-orbiting telescop es ha een able to see through the immediate cloud of dust surroun ding eac fragmen t. Scien tists onder whether eac fragmen is cohesiv e, solid dy or rubble pile of small, round blobs of material. The coma extends at least 400 km from the cen ter of eac ucleus and is symm etric out to 2400 km. Reasonable assump tions ab out the spatial distribution of the grains and the re ectivit of the uclei imply diameters of few (2-4) kilometers for eac of the 11 brigh test uclei. Because of the uncertain ties in these assum ptions, the actual sizes are ery uncertain. No olatile gases, primary comp onen of comets, ha een detected from the comet. While measur em en of gas pro duction is routine for most comets, factors mak suc an observ ation hallenge in the case of P/Sho emak er- Levy 9. The ailable sunligh at Jupiter is insu�cien to pro duce an observ able signal from glo wing gases. Additionall the material from the comet is spread out, making the signal reac hing detector on telescop ery lo w. In addition to the indivi dual condensations though to represen solid fragmen ts, tail of dust is sw ept in the an ti-sun ard direction radiation pressure predominan tly from the Sun. more di�use fan of dust, but larger in exten than the tails as seen last ear and is eliev ed to the remnan of the original fragmen tation. This fan has di�used signi�can tly in recen mon ths. C o l l i s i o a r a m e t e r The time of eac of the ma jor impacts is no kno wn to within tens of min u tes. They will ccur on the bac side of Jupiter as seen from Earth, in an area that is also in darkness. This area will close to the lim of Jupiter and will carried Jupiter’s rotation to the fron t, illuminated side less than half an hour after eac impact. The grains in the tail of the fragmen ts will pass ehind Jupiter and remain in orbit around the planet. H i s t o r The comet, the nin th short-p erio comet disco er ed Gene and Carolyn Sho emak er and Da vid Levy as �rst iden ti�ed on photograph tak en on the nigh of 24 Marc 1993 with the 0.4-meter Sc hm idt telescop at Mt. aloma r. On the original image it app eared ’squashed’. Subsequen photographs at larger scale tak en Jim Scotti with the Spacew atc telescop on Kitt eak, ucson, AZ sho ed that the comet as split in to man separate fragmen ts. Before the end of Marc it as realized that the comet had made ery close approac to Jupiter in mid-1992. By the eginning of April, 1993, after su�cien observ ations had een made to determine the orbit mor reliably Brian Marsden found that the comet is in orbit around Jupiter. By late Ma it app eared that the comet as lik ely to impact Jupiter in 1994. Since then, the comet has een the sub ject of in tensiv study Searc h es of arc h iv al photographs ha iden ti�ed pre- disco ery images of the comet from earlier in Marc h 1993 but searc hes for ev en earlier images ha een unsuccessful. C o m e t a r O r b i Because the orbit tak es the comet nearly 1/3 of an astronomical unit 30 million miles) from Jupiter, the sun causes signi�can hanges in the orbit. Th us, when the comet again comes close to Jupiter in mid-July 1994 its fragmen ts will actually impact the planet as they mo almost due north ard at 60 km/sec aimed at oin only halfw from the cen ter of Jupiter to the visible clouds. Tw en y-o ne iden ti�ed fragmen ts as ell as smaller debris in the orbit, will colli de with Jupiter pro ducing series of explosions, one righ after the other, lik 21-gun salute. The region of Jupiter at its southern latit ude of -43 44 degrees will om b arded at in terv als prop ortional to the distance et een eac fragmen spread out er six da ys from 16 22 July 1994. The fragmen ts will approac the atmosph ere at an angle roughly 45 degrees from the ertical. If there is con tin uous distribution of fragmen sizes from the largest kilometer-sized ones to sand grain sizes, there will con tin u ous rain of debris hitting the southern hemisphere of Jupiter. T h N a t u r o t h C o m e Tw en y-t fragmen ts ha een coun ted from observ ations in July 1993 at Mauna Kea Observ atory con tin ue to �nd new fragmen ts while previously kno wn ones disap- ear from telescop e-view. Images tak en in Jan uar Marc and Ma 1994 the Hubble Space elescop (HST) and the 2.2- telescop at Mauna Kea Observ atory Ha aii sho hanges in the relativ ositions of some fragmen ts as ell as in their brigh tness and mor phology The fragmen ts designated J=13 and M=10, whic ere seen in July 1993 could not seen with Earth’s most er ful telescop es in Jan uary 1994. The fragmen ts designated P=8 and Q=7 are clearly resolv ed the Hubble Space elescop in to u ltiple comp onen ts, consequence of the Jan ua ry repair mission to the telescop e. Nine fragmen ts act Sheet: Com et P/Sho em ak er-Levy and Jupiter Up dated, July 1994 Com et P/Sho em ak er -Levy 9, heading to ard collision with Jupiter in July 1994 con tin ues to sho evidence of con tin uing fragm en tation through hanges in relativ brigh tness and ositions of som fragm en ts as observ ed from oth space-b orne and ground-based telescop es. This great "sp ectacle of the cen- tury" will ccur at the planet Jupiter at distance of 400 millio m iles from Earth, distance so far that will not a�ected on Earth. Scien tists con tin ue to m onitor the ph ysical prop erties of the comet and theoreticians on- der ho they exp ect these dies to in teract with Jupiter and its en vironm en t. Astronom er plan to observ the collisions et een July 16-22, 1994. formatted, prin ted cop of this fact sheet ma obtained from the press o�ces of the American Astronomical So ciet or the Divi sion of Planetary Sciences, or from the Astronom Departmen at the Univ ersit of Maryland, College ark, MD (301-405-3001). C o m e P / S h e m a e r - L e v a n J u p i t e comet, already split in to man pieces, will strik the planet Jupiter in the third eek of July of 1994. It is an ev en of tremendou scien ti�c in terest but, unfortunately one whic is not lik ely to pro duce sp ectacular visual displa for the general public. Nev ertheless, it is unique phenom enon and the e�ects of the impacts will sough after oth amateur and professional astronom ers. S i g n i � c a n c The impact of comet P/Sho emak er-Levy in to Jupiter represen ts the �rst time in um an history that eople ha disco ered dy in the sky and een able to predict the consequences to planet more than seconds in adv ance. The impacts will deliv er more energy to Jupiter than the largest uclear arhead ev er built, and up to signi�can fraction of the energy deliv ered the impact whic is generally though to ha caused the extincti on of the dinosaurs on Earth, roughly 65 million ears ago. Earth- ound observ er are taking this opp ortunit to observ and study the comet’s collisi on with planet to gain more understanding of one of the fundam en tal ph ysical pro cesses within the solar system, impacts. The disco ery has spa wn ed scien ti�c thinking ab out the frequency with whic comets fragmen and the implications related to the in en tor of small dies in the Solar System and ho they mo dify the surfaces and atmospheres of the planets. Scien tists in terested in the planet Jupiter an ticipate extracting new kno wledge of the comp osition and structure of the largest, most massiv planet in the Solar System.