2.ObservationandReductionTable1:Datesofthethreevisitsofprogram8218VisitDateTritonCentralMeridianLongitude119Aug288219Sep1249319Sep13130TritonwasobservedusingtheSTISinstrumentontheHubbleSpaceTelescope(HST)inlate19aspartofprogram8218(E x p l o r i n g T r i t o n i n t h e a c t o f G l o b a l C h a n g e ) .Table2:Exposurestakenduringeachvisitofprogram8218DataproductDetectorGrating/FilterWavelengthExp.Time 1spectrumMAMAG230L1570-31801153s/spectrum4ditheredimagesCCDF28x50OII3737 5 0 s / i m a g e4 d i t h e r e d i m a g e s M A M A F 2 5 C N 2 7 0 2 7 1 0 1 5 0 s / i m a g e18090180270-30-603060Visit2:CML=249Visit1:CML=8Visit3:CML=129Sub-Earthlatitude=-50(allthreevisits)*1.IntroductionNeptune s largest satellite, Triton, has proven to be one of the mostcomplex and fascinating bodies in the solar system, with a cryogenicatmosphere, and a morphologically complex surface (see Smith et al1989;Broadfoot et al. 1989; McEwen 1990). Triton s atmosphere is dominated byN2 gas (Broadfoot et al. 1989), with a surface pressure of ~16 bar (Tyleret al. 1989). Voyager 2 discovered detached hazes, and active ventsgenerating plumes kilometers into Triton’s atmosphere (Smith et al.1989;Broadfoot et al. 1989). Triton’s surface, at a temperature near 38 K (Tyler etal. 1989; Conrath et al. 1989; Tryka et al 1993), contains the volatile frostsN2, CO, and CH4, as well as less volatile CO2, coloring agents, andabsorbers (e.g., Thompson and Sagan 1990; Quirico et al 1999 1999;Brown & Cruikshank 1997 and references therein). The atmospherestrongly affects the appearance of Triton s surface, through plume streaksand the sublimation/recondensation cycle.Adding to the scientific interest in Triton, surface imagery obtained byVoyager 2 in 1989 show a distinct lack of craters; owing to this, Triton ssurface is widely thought to be geologically younger and more active thanalmost any other planetary satellite (e.g., Smith et al. 1989; Strom et al.1990; Stern & McKinnon 2000). The source of this geologic activity is notknown (e.g., McKinnon et al. 2000), but it is known that volatile transportdrives additional change on Triton’s surface. The volatile transport is drivenby Triton’s orbit and Neptune s obliquity, which together cause Triton toexperience extreme seasonal variations in subsolar latitude (Harris 1984).Because of the exponentially sensitive temperature dependence of thevolatility of the frosts, this leads to dramatic seasonal effects, includingwidescale frost migration and dramatic changes in atmospheric pressure(e.g., Trafton 1984; Spencer & Moore 1992). As volatile frosts migratefrom sunlit to darker areas on Triton, they likely expose underlying layersand modify the optical properties of the surface (e.g., Trafton 1984; Spencer1990), affecting Triton’s albedo, color, and spectral signature. Because ofTriton’s high bond albedo (A=pq=0.89; McEwan 1990), the surface energybalance is extremely sensitive to these photometric changes.Planetary astronomers have expected detect observable effects of thesepredicted changes as Triton approaches a seasonally-driven, majorsummer around the start of the 21st century. And indeed, evidence is nowmounting that Triton is undergoing a significant period of global seasonalchange. One key indicator is the Elliot et al. (1998, 2000a, 2000b) reports,based on stellar occultations, that Triton s atmospheric pressure has beenincreasing since 1989 (with most of the increase occurring in the last 5years), implying that the surface has warmed. Another key indicator is therecently-reported reddening in Triton’s color detected by Buratti et al.(1994, 1999).In addition to these secular changes that are likely to be forced by theseasonal major summer, transient changes in Triton’s color and albedo havealso been observed (Buratti et al. 1999); these changes induce temporarybut dramatic reddenings of Triton’s visible spectral slope, during which theratio of U to V albedo changes by factors of 2. Because of the sparsity ofexisting observations, it is unknown how quickly or frequently thesechanges occur.Based on the increasing pace and diversity of changes being observed onTriton in the mid-to-late 1990s, and the fact that the UV is usually moresensitive to contrast changes on icy surfaces than are other spectral regions(e.g., Stern, Buie, & Trafton 1997), we conducted a first look for changes inthe UV photometric appearance of Triton using HST s STIS spectrometerin HST Cycle 8, in program 8218. This effort consisted of a program of 3mid-UV spectroscopic and concurrent 3 mid-UV imaging observation setsin Aug/Sept 1999, which we report on here. In what follows we describethese observations, present reductions of the data gathered, and thencompare the results we obtained to previous observations, including othermid-UV HST observations obtained in 1992/1993 (Stern et al. 1995),Voyager 2 UV photometry (Lane et al. 1989), and groundbased workobtained by others in 1999 (Buratti & Hicks 2000).PreprintsignupTheUVAlbedoofTritoninLate1999fromHST/STISSpectraandImages.L.A.Young,S.A.Stern(SwRI),M.W.Buie(LowellObs),M.D.Hicks,B.J.Burratti(JPL),L.M.Trafton(Univ.TXatAustin),J.Stansberry(StewardObservatory) 4. SpectroscopyThespectraweretakenwiththeG230Lgratingandthe52 0.5arcsecslit,withanominalspectralrangeof15703 1 8 0 a n d a n o m i n a l d i s p e r s i o n o f1 . 5 8 / p i x e l . For each of the three spectra, weuse the calibrated data productsproduced by the version 2.0 ofstandard calstis pipeline, whichproduces files of wavelength-calibrated fluxes and errors (thex1dfiles).However, we found that observed albedos at 2710 derived from the spectrawere low relative to the MAMA images, by a factor of 0.05, 0.24, and 0.30 forvisits 1, 2, and 3 respectively. This is due to miscentering of the target, adiagnosis that is confirmed by the observed shift in Triton’s wavelength scalerelative to the solar spectrum. Fortunately, we can use the MAMA images tonormalize the spectra at 2710 . The only remaining question is thewavelength dependence of the out-of-center throughput.We calculate the out-of-center throughput as a function of offset by integratingthe LSF over an off-center 0.5 arcsec region, relative to the integral of acentered region. We used observations of spectra to measure the line-spreadfunction (LSF) in the cross-dispersion direction (taken as part of the calibrationproposal 7721). This allows us to calculate both the offset and the wavelengthdependence of the out-of-center slit throughput.The wavelength dependence of the slit throughput depends on the direction inwhich we offset our synthetic slit. We use this difference to estimate of theerror in the wavelength dependence of the slit throughput, based on thedifference between the LSF in the dispersion and cross-dispersion direction.We find that the throughput is nearly constant longward of 2710 , with smallrelative errors (~1%). From 2200 to 2550 , the shape of the slit throughput isalso independent of the direction of offset at ~1%. However, uncertainty in theslit throughput leads to a 11% uncertainty in the flux between 2200-2500 relative to 2710-3200 . Fig. 5: Flux from Triton and the SunFig. 6: Calculating out-of-center slit throughputFig. 7: Accuracy of slit-throughput correction3. Photometry3737 Images (CCD) We observed withtheF28x50OII filter,which has a centralwavelength of 3737.3, and a FWHM of57.0 .TheF25CN270 filterhas a central wavelengthof 2710.6 and aFWHM of 160.6 , anda redleak; counts fromTriton s visible photonshave to be subtractedfromCTritonbeforeapplyingEq.1.2710 Images (MAMA)The pixel scale for these images was 50 mas/pixel.We performed standard aperture photometry, withan aperture radius of 0.25 arcsec (5 pixels), and abackground annulus which ranged from 0.5 to 2.5arcsec (10 to 50 pixels). For point sources, thefraction of encircled energy for a 0.25 arcsecaperture through this filter is 92% (STIS InstrumentHandbook, v. 3.0, chapter 14). Convolution byTriton’s disk leaves the encircled energy essentiallyunchanged, even assuming no limb darkening.For all images, countrates are converted to geometric albedo using:The pixel scale for these images was 24 mas/pixel. Weperformed standard aperture photometry, with anaperture radius of 0.24 arcsec (10 pixels), and abackground annulus which ranged from 0.36 to 1.8arcsec (15 to 75 pixels). For point sources, the fractionof encircled energies for a 0.24 arcsec aperture throughthis filter is 85%. As before, convolution by Triton’s diskleaves the encircled energy essentially unchanged, evenassuming no limb darkening.To correct for the redleak in the F25CN270 filter, we calculated the expectedflux from Triton from 3250 to 7000 , using a solar spectrum obtained FTSfrom 2960 to 13000 and tabulated on a grid of roughly 0.005 (Kurucz et al1984), an albedo at the wavelengths sensitive to the redleak of ~0.7, and thenominal V phase coefficient of 0.027 mag/deg (Goguen et al 1989). The fluxeswere then converted to a countrate using the synphot IRAF routine, providedby the Space Telescope Science Institute. The redleak contributed 12-15% ofthe total observed counts, varying with visit. The uncertainty in the averagealbedo at the wavelength of the redleak leads to an uncertainty of 0.5% in theredleak-corrected countrate.whereDandDaretheheliocentricandgeocentricdistances,Ristheradiusofthetarget,andfaisthecorrectionfornonzerosolarphaseangle.CTritonistheobservedcountratefromTriton.WeusetheHST-suppliedIRAFroutinesynphottocalculateCSolar,thecountrateforatargetwiththesamefluxasthesun.Wedescribethereductionforeachofthetwofiltersbelow.

To calculatefa we use the linear phase coefficient ofb = 0.011 mag/deg (Lane et al. 1989). For the UV flux of the sun, we used the SUSIM UARS SOLSTICE solar irradiance spectra for 1999 Aug 31, 1999 Sep 14, and 1999 Sep 17

(Woods et al. 1996; Tom Woods, private communication, 2000). We used postdated spectra to account for the modulation in the solar spectrum due to the sun s 27-day rotation, since Triton sees a different face of the sun than an earth-orbiting spacecraft.

Fig. 1: Throughput for 3737 filter

Fig. 2: Typical CCD image and 0.25 arcsec aperture

Fig. 3: Throughput for 2710 filter

Fig. 4: Typical MAMA image and 0.24 arcsec aperture (1)

6. Conclusions

Comparing the mid-UV (2500 3200 ) spectroscopy obtained by HST/STIS in

Aug Sep 1999 to the mid-UV (2200 3200 ) spectroscopy obtained by

HST/FOS in Sep 1993, we find that Triton’s mean geometric albedo increased significantly, by 16 4% at 2550 and 30% 7% at 3110 . Between 2200 and

2470 , no change in geometric albedo was detected at the 12% level.Table3:Tritonbrightening,1993to1999WavelengthrangeRatioofalbedo,1999(STIS)/1993(FOS)

2150-2470 0 . 9 9 0 . 1 1 2 4 7 0 - 2 6 3 0 1 . 1 5 0 . 1 5 2 6 3 0 - 2 7 9 0 1 . 1 6 0 . 0 4 2 7 9 0 - 2 9 5 0 1 . 2 8 0 . 0 5 2 9 6 0 - 3 1 1 0 1 . 3 0 0 . 0 7 Note:ErrorsinTable3aredominatedbytheuncertaintyintheoverallscaling,namely:uncertaintyintheslitthroughput(2150-2630 a n d 2 9 6 0 - 3 1 1 0 ) o r t h e p h o t o m e t r i c s t a b i l i t y o fS T I S o r F O S ( 2 6 3 0 - 2 9 6 0 ) .The 2700 albedo obtained by HST/STIS in Aug-Sep 1999 (0.56 0.06) isconsistent with Voyager 2/PPS UV photometry at this same wavelength(0.59 0.06; Nelson et al. 1990).The combination of the HST/STIS data and the groundbased U albedo obtainedon 15 Aug 1999 (Hicks & Buratti 2000) indicate that Triton(i) was not in a reddened state from 18 August to 13 September 1999, and (ii)was likely photometrically stable at the few percent level during this timeframe.Between 1993 and 1999, Triton sUV spectrum has become redderbetween 2200 and 3200 .Furthermore, there is asuggestion of an absorption edgenear 2500 . Error bars indicaterandom errors only. Theuncertainty in the wavelengthdependence of the slit throughputis indicated by dashed lines.Fig. 8: Triton UV albedos, 1989-1999 5. Results The mean UV albedos of Tritonfrom 3 dates in Aug. and Sep.1999 from HST/STIS are plottedwith diamonds and thick lines inFig. 8. The dashed line connectsthe spectral measurements(2200-3000 ) with the CCDimaging measurement (3737 ).The MAMA imagingmeasurement is identical withthe spectral measurement at2710 , since the MAMAimages were used to rescale thespectra. Error bars indicaterandom errors only. Theuncertainty in the wavelengthdependence of the slitthroughput is indicated by thegray region.1. Triton has brightened by 16-30%from 1993 to 1999 at 2630-3200 .2. The slope of Triton s UV spectrum(2200-3200 ) has reddened from 1993 to 1999.Fig. 9: Change in Triton’s UV spectrum, 1993-19993. Triton s spatial contrast appears lower in1999 than in 1989 or 1993.Fig. 10: Triton lightcurve amplitudes As seen with Voyager andHST/FOS, Triton’s UV rotationallightcurve amplitude in 1999 islarger at 2710 than at 3737 .While the 1993 rotationallightcurve amplitude wasconsistent with the Voyager-derived model of Hillier et al.1991 (Stern et al. 1995), the 1999STIS data indicate that Triton smid-UV rotational lightcurve islower, by 32% at 2710 and 37%at 3737 . The sparsity of therotational sampling probablyaccounts for only 12% of thisdifference. Note that the sub-observer latitude observed fromHST in 1999 (-50 ) is similar tothat observed by Voyager 2 in1989 for most of the images usedby Hillier et al. 1991 ( 49 to55 ). The results we have reported here demonstrate that Triton’s UV photometricproperties have changed in several key respects between 1993 and 1999. Weinterpret this as a consequence of seasonal and/or transient changes, most likelydue to volatile transport, perhaps combined with a change in the photometricproperties of Triton’s hazes. As with visible-wavelength photometry andoccultation-based probes of Triton’s atmospheric structure, more frequent androtationally-denser measurements are required in the UV.