Space Physics Cosmic & Heliospheric Data Evaluation Panel ReportRobert E. McGuire (Chair)John F. CooperPaul GazisNASA/Ames Research Center, Sunnyvale CAWilliam S. KurthAlan J. LazarusFrank B. McDonaldK. Roger PyleBruce T. TsurutaniNASA/JPL, Pasadena CAJuly 1995 (Revised)

July 1995 (Revised)TABLE OF CONTENTS..............................................................................1..................................33. ANALYSIS AND DETAILED RECOMMENDATIONS......................................................53.1 General Areas and Issues......................................................................................53.1.1 Communities Who Have Interests in C&H Data..................................53.1.2 Qualifications on Scope of the Evaluation Effort.................................63.1.3 Currently Important Missions..................................................................63.1.4 Summary General Recommendations..................................................93.2 Community-Held Data Sets....................................................................................93.2.1 Proposals Identified in the April 1992 Restoration Summary...........93.2.2 Detailed Analysis of Key Data Restoration Sources........................3.2.2.1 Data from Voyager 1/2............................................................3.2.2.2 Data from Pioneer 10/11........................................................3.2.2.3 Data from Helios 1/2.......................................................................................................................................................3.2.2.5 ISEE-3/ICE................................................................................3.2.2.6 Other Data Sources.................................................................3.2.3 Summary Community Recommendations/Priorities.........................3.3 NSSDC-Held Data Sets.......................................................................................3.3.1 Select Recommendations on Larger NSSDC-Held Data Sets......3.4 Full Telemetry Resolution vs Higher-Level Data Products.............................3.4.1 Summary Low-Level Recommendations/Priorities..........................APPENDIX A1992 DATA SET RESTORATION PROPOSALS......................................................APPENDIX B....................................................................................

July 1995 (Revised)1. SUMMARY OF RECOMMENDATIONS

The Cosmic and Heliospheric (C&H) Data Evaluation Panel (DEP) was charged withthe task of identifying and prioritizing important C&H data sets. It was requested toprovide C&H community input to the Space Physics Division (SPD) for a program ofrevitalizing data holdings. As detailed below, the panel has identified substantialareas of concern and generally assigned highest C&H priority to Voyager, Pioneer,Helios, IMP-8 and ISEE-3 data in that order.The following set of recommendations should be viewed as only partial. To date, thepanel has found a wide range of data of long-term archival value but will not claim tohave been able to conduct a �comprehensive� review. It is our conclusion thatsignificantly more community-held data should be restored and subsequentlypreserved, although there is clearly an inconsistency between this need and theNASA funding available for this purpose at this time.We expect an ongoing effort over the next few years to update, extend and completethis analysis under the auspices of the Space Physics Data System (SPDS) C&HDiscipline Coordination Team (DCT). The evaluation work should eventuallyencompass a very broad range of C&H data sources (Shuttle, balloon, ground,historical flight missions) as well as relevant models and software.Recommendations of the C&H DEP to date are:The most important C&H missions are Voyagers 1 and 2, Pioneers 10 and 11,Helios 1 and 2, IMP-8 and ISEE-3 (ICE). Preservation of data from thesemissions is the highest archival priority in the C&H discipline. Data from oldermissions and other data sources have the potential for substantial value but aregenerally of lesser priority than data from these primary missions.Restoration and/or archiving activities for Voyagers 1 and 2 and for Pioneer 10and 11 are important but should possibly be project-funded at this time.Several specific Helios-related recommendations are:Funding to the University of Iowa to assure archive of an appropriatesubset of Helios 1 and 2 plasma wave data, coordinated with archiving ofother priority magnetospheric plasma wave data, should be a highpriority data restoration effort.The panel strongly advocates the generation and acquisition of reducedHelios plasma and field data from the primary magneto-optical disks thathave been created by the non-NASA PI.

July 1995 (Revised)NSSDC should complete validation and archiving of the high-resolutionNASA fluxgate magnetometer data that have been now submitted.-Data beyond what is already archived from other Helios instruments (e.g.the cosmic ray instruments) should be a high priority for archivalArchival submission of all key IMP-8 data and select IMP-7 data is criticallyimportant. Although IMP-8 is operating and currently funded for operations /data reduction, it is so minimally funded that it should be considered aseffectively unfunded by the project for further data archiving (in the same waydata activities for Helios 1/2 and ISEE-3 must be viewed).Other satellite, balloon and ground-based data, such as the ONR-604 cosmicray isotope experiment on DoD�s CRRES satellite and the Chicago/Bartol LEEseries of balloon experiments for galactic electrons, area of significant value forC&H studies. Provisions for timely and complete archiving should beconsidered. Data from other data sources (older missions, neutron monitors,cross-sections) should be considered where an appropriate proposal justifyingthe specific value of restoration can be produced.It is an urgent requirement that current missions such as SAMPEX and Ulyssesand new missions such as Wind and ACE assign appropriate priority toplanning for effective and timely data archiving.As the C&H field has unique needs for long-term access to telemetry-resolution(highest time and/or raw pulse height) data for some classes of data, the paneladvocates feasibility studies and testbed activities to define cost/benefit-effective archiving approaches for such data.

July 1995 (Revised)2. CHARTER OF THE COSMIC AND HELIOSPHERIC (C&H)

DATA EVALUATION PANEL

One of the many problems of concern to the Space Physics Division (SPD) is the issueof data archiving, in particular whether extant and still valuable older data has beenappropriately archived and whether there are data in the present archives that are nolonger worth keeping. The problem is complicated in that a significant amount ofvaluable data, both in the field and in archives such as NSSDC, are in real danger ofbeing lost if resources are not expended soon to �restore� and properly archive suchIn 1992, the Information Systems Branch at NASA Headquarters began what wastermed the �Data Management Initiative� to assist the various science disciplinedivisions in the identification and restoration of the most valuable NASA data or data ofNASA science interest which were in danger of loss. Because SPD has the formalNASA science division responsibility of assuring appropriate management of data,SPD created a series of Data Evaluation Panels in each of its four major sub-disciplines to supply peer review and advice in identifying and prioritizing data sets forrestoration work.The definition, general scope and direction of the SPD Data Evaluation Panels(DEPs), as extended to the specific issues initially confronting the DEP for C&H dataare as follow:The broad charter of the (possibly multi-year) effort was to:identify important community-held data sets not now archived,prioritize the assignment of resources to archive such data according totheir overall science value(c)assist the NSSDC in identifying its most important older data sets (so thatNSSDC can focus its resources on data of greatest future value), andadvise SPD on the importance and form of additional appropriate dataactions that might be part of a �revitalization� effort (e.g., reformatting,extended documentation, value-added processing) for space physics.In response to a �Dear Colleague� letter originally sent by SPD in 1991soliciting interest in data restoration and to various informal interactions, therewere already four funded restoration efforts (one in C&H) in progress in thecommunity and a list of other ideas for efforts submitted. Perhaps five of thesewere of reasonable concreteness in C&H at the time of formation of this panel.SPD requested some validation that the initial funding choices were reasonableand a sense of priorities among these and other activities on the existing list thatmight be applied to further efforts.

July 1995 (Revised)NSSDC has also requested guidance in prioritizing its internal data restoration,in particular for the larger data sets (say >20 or >50 tape data sets) in question.However the NSSDC archives hold much less C&H data than e.g.magnetospheric data, so the list of data sets to be initially considered by theC&H DEP is actually fairly short.SPD originally desired to have all of the panels finish with the first phase of theirevaluations by the time of the Space Physics Data System (SPDS) workshop atRice in June 1993. For a variety of reasons, this did not prove possible for theC&H DEP. An interim C&H report was issued in time for the first full meeting ofthe new Space Physics Data System (SPDS) Discipline Coordination Team(DCT) in September 1994.

July 1995 (Revised)3. ANALYSIS AND DETAILED RECOMMENDATIONS

The following sections are a summary of the issues raised thus far in data paneldiscussions and the analysis performed to date, with draft recommendations for datarestoration activities where appropriate. It should be realized that at this time, theanalysis of the full C&H data picture is not yet complete, and significant concernsremain to be addressed.3.1 General Areas and IssuesUnder the heading of general concerns, the panel was concerned with the scope of itsactivities in general and particularly those activities relevant to the work now underwayby the SPDS C&H Discipline Coordination Team (DCT). As discussed in succeedingsections, the panel also felt it important to discuss and define a high-level frameworkas to how it is prioritizing its work (by mission or data source) on the basis of bothintrinsic importance and our current understanding of missions still reasonably well-supported by project-specific funding.

3.1.1 Communities Who Have Interests in C&H Data

The primary customer community with which this panel is concerned is theNASA science research community. The essence of the science community�sconcern, beyond issues of balance of funding for data archive/access versusdirect research support that fall outside the DEP charter, is data that can beused to support further science. It was a recommendation of the Rice SPDSworkshop that restoration and archival funding should be focused on data ofgreatest likely scientific utility. The DEP accepts that recommendation with theadditional observation that the correct use and interpretation of previouslyunrecognized features in data in the form of physical quantities may not bepossible without archive/access to lower-level data products.The DEP also recognizes that the customer community for C&H data, bothpresent and future, extends to mission/spacecraft/instrument design andengineering elements of NASA and other US government agency programs. Ofparticular interest is a continued evolution in understanding of the spaceradiation environment, including its statistical characterization for risk-factoranalysis and hazard prediction (energetic particle events) for both electronicsystems and humans in space for extended periods. Some relevant long-termdata sets are now at risk and not yet archived (e.g. Helios 1/2, IMP-8). It wouldbe irresponsible to allow the final/total loss of otherwise irreplaceable data eventhough immediate funding for programs to use that data are presentlyinadequate. Other key data in some sense �orphaned� include high-energymeasurements from CRRES/ONR-604. Design and engineering studies alsoimply importance for various kinds of laboratory measurements (e.g. cross-

July 1995 (Revised)

3.1.2 Qualifications on Scope of the Evaluation Effort

The DEP will not address any issues of online/off-line storage and cost tradeoffsfor C&H in SPDS; that issue belongs to the SPDS DCT.The panel has not generally concerned itself extensively with more recentlylaunched missions (e.g. SAMPEX, Ulysses, Wind) nor with upcoming missions(e.g. ISTP generally, ACE), although the data from these missions will be of verysubstantial long-term importance. Some recent information on SAMPEX andUlysses archiving to date is included for reference.It is the hope of this panel, and it should be the direct concern of both SPDSand the NASA Space Physics Division at Headquarters, that adequateprovision is being made NOW to assure that data from these missions do notneed to become the concern of a future data evaluation/data restoration effort.

3.1.3 Currently Important Missions

The panel discussed the importance and general status of each of the followingspacecraft. While the order in which these missions are listed reflects a rough senseof their uniqueness or overall importance, it should be understood that these missionsform in reality a coherent set because many C&H studies are typically dependent on acombination of data from multiple sources. This list excludes the most recentlylaunched missions (e.g. Ulysses and Wind), although their data will clearly be equallyimportant to the missions below in the long-term.It appears Voyager may be well enough funded that it might be able to handlean appropriate level of archiving within its own budget, although a detailedanalysis of any project budget is well beyond the scope of this panel�s activities.There is uncertainty however as to full extent of the Voyager data plan, witharchiving progress made to date and with future Voyager MO&DA funding. Thepanel feels strongly a full range of Voyager data sets is extremely important.SPD and the Voyager project must monitor the situation and take thenecessary steps to assure all these data are properly archived and soon.Pioneer 10/11 is nearing the end of a fairly massive archiving effort. Membersof the DEP believe this effort may leave Pioneer in pretty good shape, althoughat some later point a review of what�s really been accomplished will beappropriate (but is not presently an action item).There was a general sense that Helios 1/2 were very important spacecraftwhose data have not been appropriately archived. Helios was selected as firstfocus for more detailed DEP review.IMP-8 is the next most important spacecraft. Some IMP-8 data restoration andarchiving was funded under the Explorer data restoration effort of several years

July 1995 (Revised)back. The DEP nonetheless notes that despite this limited funding and the factthat IMP-8 remains a funded project, IMP-8 investigator funding has been solimited for so many years that full and appropriate archiving of these data willprobably require additional and possibly significant resources.For some experiments, IMP-7 and even IMP-6 constitute closely-related datasources whose inclusion with IMP-8 could extend the time basis of thesemeasurements back at least from late 1973 to early 1971. Capture of the olderIMP data may however now be difficult and will need detailed analysis case-by-ISEE-3/ICE is the next most important spacecraft to C&H. A major issue forISEE-3 / ICE is that only certain time periods were the focus of the Explorer datarestoration effort a few years back. Not all data sets identified in the plan nornecessarily all ISEE-3/ICE data important for archiving are yet collected. Note that definitive ephemeris is essential for all above missions.Older spacecraft generally fall below these initial priorities.As resources allow and/or data sets are identified by the community to be atrisk/inadequately archived, further review of their status may be appropriateafter the higher priority spacecraft have been addressed. General criteria thatwould apply are the uniqueness/complementarity of the data andquality/information content relative to data produced from the missions above,and other special values.The panel also notes:CRRES measurements are generally important but in substantial measure fallinto magnetospheric physics (including trapped radiation). Data of specificC&H importance however are those from the University of Chicago High EnergyHeavy Ion Experiment (ONR-604), and are important to capture into the NASAarchives. The C&H panels should otherwise work cooperatively with themagnetospheric panel to assure other appropriate CRRES data are not lost.¥ISEE 1/2 are viewed as important spacecraft but should be of primary concernto the Magnetospheric Panel.PVO/PV1 is viewed as an important spacecraft, probably in pretty good shapewith respect to archiving, but primarily a PDS concern. There is someremaining uncertainly however about the adequacy of arrangements for thePVO cruise data sets.¥There is a current effort to capture Mariner-10 magnetic field data into NSSDC,initially 42 second averages and later high resolution (25 samples/sec) data.These Mariner-10 data are certainly appropriate to the archive and logically atrisk due to the age of the data but might not be high priority for special funding

July 1995 (Revised)¥Older missions key to establishing the long-term solar cycle dependence ofgalactic cosmic rays and solar fields/plasmas in the inner and outer heliosphere(e.g. some of the earlier IMP and OGO measurements, Pioneer 6/7, Mariner 4)and various NOAA spacecraft/instruments (e.g. GOES) may need attention. Akey element in assessing proposals for such data would be an ongoingscientific effort to maintain continuous cross-calibration among older and newerinstruments to form an extended baseline.The panel further noted that several key data sources of C&H importance (possibly ona par with some of the spacecraft data cited above) include:Neutron monitor data and other long-term ground-based cosmic ray data (e.g.ionization chambers, 1936-1975; muon monitors, extensive air shower arrays);¥Solar monitoring data both ground and space-based including visible and X-rayimaging, flare reports, radioheliographic measurements of solar radio burstssuch as made at Culgoora and other key sites, coronagraph data including thatfrom the NRL experiment on P-78). These data should be addressed by thesolar evaluation panel but may be appropriate for later C&H review;Laboratory measurements of nuclear and atomic properties;Select instruments on recent or other non-NASA spacecraft (e.g. the Shuttledeployed and retrieved LDEF); and¥Special-purpose multi-mission, multi-spacecraft data sets e.g. aimed at studiesof the Heliospheric Current Sheet (HCS) tilt and radial/latitudinal gradients inthe galactic cosmic rays.Data of C&H importance but whose long-term archival value is not well establishedVarious balloon and rocket measurements flown over the years.Select spacecraft measurements directed at e.g. galactic cosmic ray ultra-heavyions (e.g. HEAO-3).The underlying issue in the data above is whether the nature of the data (e.g. limitedtime duration and/or overall statistics) and intensive initial analysis covering the fulldata set imply at best limited residual value for new science. Counter-views wouldinclude (a) analyses are in many cases only partial and (b) for completed but uniquemeasurements, preservation of the data for cross-check analyses later has someintrinsic value.

July 1995 (Revised)

3.1.4 Summary General Recommendations

Missions of generally primary C&H archiving importance are Voyager 1/2,Pioneer 10/11, Helios 1/2, IMP-8 and ISEE-3 (ICE). Data from older missionsand other data sources have the potential for substantial value but are generallyof lesser priority than data from these primary missions.Recommendations are not made presently for restoration and/or archivingactivities separate from project funding for Voyager 1/2 or Pioneer 10/11. IMP-8although currently funded for operations, is operating at such minimal fundinglevels it may be considered effectively unfunded with respect to new dataarchiving along with Helios 1/2 and ISEE-3.3.2 Community-Held Data SetsThe panel has tried to deal with two different problems, the first an already identifiedlist of data restoration/preservation �proposals� extant as of April 1992 and the second,working from the list of missions and data sources above, an analysis by mission ofwhether adequate data are now archived. This work is not completed in this report,although enough is done to define a reasonable set of priorities. Sections belowaddress only data sources thought at this time to be important and at least at some riskof loss without additional direction and/or funding.

3.2.1 Proposals Identified in the April 1992 Restoration Summary

As one preliminary to formation of the various space physics data evaluation panels, asummary list of �proposals� submitted to NASA for space physics data restoration, bothunsolicited and in response to a �Dear Colleague� letter sent by SPD in 1991, wasassembled and supplied to these committees. The proposals were roughlycategorized by sub-discipline and grouped preliminary as �prime� and �secondary�,based mainly on whether the initial information submitted seemed of sufficient detail /specificity that it could be understood and the proposal seemed properly relevant to a�restoration� effort. Key sections of the full report are included in Appendix A.In the initial categorization of proposals, six (cf. H1, H9-H13 in Appendix A) wereidentified as higher-priority and appropriate at this stage for further consideration.Three more (H25-H27) were also thought relevant but intrinsically of lower priority.Several of the above may have become less relevant since their original submission,as subsequent project/PI efforts have been made to better capture the data. In theearly part of 1995 and somewhat in response to the ongoing deliberations of thisgroup, three additional proposals (N1-N3 for numbering convenience) have been

July 1995 (Revised)A summary of these various �proposals� (titles and investigators) is:

Compression and restoring ISEE-3 cosmic ray dataRestoring Cosmic Ray Record (IMPs from 1962 and OGOs)Archive Low Energy Particle Fluxes from Voyager-1Restore and Archive Low Energy Particle Fluxes from IMP-8Archive Plasma Wave Data from VoyagerGurnettArchive Hi-resolution SW plasma data from Helios 1/2Archive Hi-resolution magnetic field data from Helios‘Archive Voyager and Mariner-4 SW plasma data

(Archive) Cosmic Ray Data from IMP 7/8(Archive) Cosmic Ray Data from ISEE-3(Archive) Cosmic Ray Data from Voyager 1/2(Archive) Cosmic Ray Data from HEAO (3)Archive Voyager Cruise DataArchive ISEE(-3) remaining data

New (1995)

Helios, IMP-6, S3-A Plasma Wave Spectrum Analyzer DataArchiving the CRRES ONR-604 Experiment Data Set

Restoration/archiving of electron spectra from LEE and ISEE-3

As discussions progressed, the committee did not actually try to work its way downthese proposals in this specific organization but rather approached the issue by way of(a) prioritization by mission (section 3.1.3 above) and (b) discussion/consideration ofspecific areas of concern.

3.2.2 Detailed Analysis of Key Data Restoration Sources

3.2.2.1 Data from Voyager 1/2

All Voyager cruise mode experiments, except one, on Voyager 1 and 2 remain fullyoperable, the Voyager 1 Plasma Science (PLS) experiment being partially operable.Remaining RTG power resources and limits on deep space tracking should provideanother twenty years of life for both spacecraft. The downlink telemetry rate is 160-600bps dependent on spacecraft operation mode.Archiving arrangements for the Voyager experiments have been formalized only forplanetary data through long-standing agreements for data submission to the PlanetaryData System, which now holds much of the key parameter encounter data. The statusof Voyager cruise data archiving has been in a state of limbo for some time now. Somedata from some instruments will indeed be coming into NSSDC from PDS in PDSformat. The archiving of data from other instruments is awaiting further negotiationswith PIs. The panel noted specific concerns with the fate of Voyager magnetometerand spectral wave data.

July 1995 (Revised)Summary of Key Voyager 1/2 Cruise Data Sets at NSSDC through May 1995S/C Ephemeris09/77 -08/77 - 09/77 -08/77 -Experiment (PLS)08/77 -09/77 -08/77 -09/77 -06/79 -Low Energy Charged09/77 -09/77 -09/77 -09/77 -09/77 -08/77 -A. L. Broadfoot,UVS SpectrometerStatus for select specific Voyager instruments:PWS: It now appears that archiving of the high-resolution (and hourly-averaged)PWS data from Voyager will occur through PDS and will be in PDS format and willbe in PDS format, available both in CD-ROM and on-line from the PDS PPI node.The hourly cruise data are on-line (WWW) at the P.I. site and under review by PDS;the high resolution data have been submitted to PDS via WWW but are notgenerally accessible yet.LECP: Negotiations are in progress for what LECP cruise data will be archived atNSSDC, other than the daily average data set. An early cruise-mode data set (pre-Jupiter) was archived but has subsequently been re-calibrated a number of times.The daily average data are on-line at NSSDC.PLS: Reprocessed hourly average data sets are on-line (WWW) at MIT and havebeen submitted to PDS and NSSDC. It may be desirable to archive higher-

July 1995 (Revised)resolution data and/or to create an archive of PLS spectra, but there have been nonegotiations with the instrument team and an optimal strategy needs furtherdetailed analysis.MAG: The on-line data NSSDC now has are hourly averaged and have the samelimitations as cited above for the PLS hourly-averaged data. The data set has beenrecently updated to 1989 but could be kept substantially more current for bestutility. The instrument team maintains an internal archive of higher resolution databut has no plan presently known for submission of this data to NSSDC.

3.2.2.2 Data from Pioneer 10/11

The Pioneer 10 and 11 spacecraft are both operational with power sharing plans forcycling of instruments to conserve power loads with respect to the declining poweroutputs from the spacecraft RTG’s. Both spacecraft are expected to return usefulscience data from one or more instruments at least through 1995, and Pioneer 10 maylast longer. Due to minimal power consumption Van Allen’s Geiger Mueller Telescope(GTT) experiment will likely be the last instrument to take data on either spacecraft.Data return is currently at 16 bps with 8-15 hours per day of tracking for Pioneer 10and 5-9 hours per day for Pioneer 11. Pioneer 10 trackings are forecast to be 6-12hours per day in 1997. This corresponds to about 2 MB of ground telemetry data permonth per spacecraft.Data archiving at NSSDC is proceeding in accordance with documented goals andassumptions agreements worked out in 1989 between the Pioneer Project, theexperimenters, and NSSDC. This agreement called for submission of completearchive data products from launch onward with data encapsulation and documentationin Standard Formatted Data Unit (SFDU) format. Most experiments have submitteddata to NSSDC within 2-3 years of data acquisition. Complete Pioneer 11 datasubmittal by the Ultraviolet Photometer experiment is still pending. Estimated datasubmission rates for 1995-1997 are about 0.8 MB/month for each spacecraft. Selectedkey parameter data from many of the already archived data sets have been promotedon-line in the Coordinated Heliospheric Observations (COHO) data base at NSSDC.The Planetary Data System (PDS) has taken responsibility for promotion of NSSDC-held data to CD-ROM’s for Pioneer 11’s Saturn encounter. PDS has obtained copiesof Saturn encounter data sets on tape from NSSDC, and may obtain other datadirectly from experimenters.

July 1995 (Revised)Summary of Key Pioneer 10/11 Cruise Data Sets at NSSDC through May 1995A. Barnes04/72 -04/73 -04/72 -04/73 -03/72 -04/73 -03/72 -04/73 -D. L. Judge03/72 -04/73 -UV Photometer (UVP)03/72 -S/C Ephemeris03/72 -04/73 -03/72 -04/73 -03/72 -04/73 -J. A. Simpson03/72 -04/73 -03/72 -04/73 -03/72 -04/73 -NASA JPL03/72 -04/73 -Helium Vector03/72 -04/73 -03/72 -04/73 -03/72 -04/73 -03/72 -04/73 -J. D. AndersonNASA JPL12/81 -05/82 -06/78 -06/78 -

July 1995 (Revised)

3.2.2.3 Data from Helios 1/2

Based on our general sense of urgency among important C&H missions as explainedabove, more specific work on the instruments and data of the Helios 1 and Helios 2spacecraft was undertaken. For this analysis, the instruments/data were divided into 5general categories.One plasma (densities, spectra) instrument (German) was flown on each Helios.The PI at time of flight was H. Rosenbauer at Max-Planck Lindau; the scientistnow most involved with this data is Reiner Schwenn.All data from this experiment have now been copied by the experimenters tomagneto-optical (erasable optical) disks (19 disks of about 600 MBytes each fortotal 12 GBytes), including 1-d plasma parameters at as good as 40 secresolution and 3 million spectra, magnetic field data from the Neubauer fluxgatemagnetometer averaged to 40 second resolution, relevant orbital informationand all raw telemetry data. These data continue to be held by the Investigatorteam. The raw data are fully documented but that level of documentation is inGerman. New hourly averages have been and/or are being produced and willbe sent to the WDC in the near future.� The team has no current plans tosubmit the high-resolution data to NASA/NSSDC but intends to continuesupporting use of the data.Presently, it appears that both the Helios plasma data and the Helios IMF dataare being well maintained. A very important next step, upon which the Lindauteam is working, is to get the most recent hourly averages out to the spacescience community at large, and to get the basic plasma parameters (the’condensed version’ referred to above) online.� Higher resolution data wouldbe valuable if more widely accessible; the data are nonetheless German andnot NASA data.Plasma WavesOne plasma wave instrument (NASA) consisting of multiple subsystems wasflown on each Helios. PI is D. Gurnett at University of Iowa, with RogerAnderson now playing a major role in the handling of this data.Microfilm plots that were submitted to NSSDC are felt to be of little use, sothere�s a substantial issue to capture these data digitally. One of numerousspecific science problems to which these data could be relevant would bestudy/confirmation of an apparent heliocentric radial inverse dependence ofwave intensities inside 1 AU.The Iowa group is currently trying to archive (by digitizing and formatting)wideband plasma wave data from various Earth-orbiting missions such as DE,IMP, ISEE, Hawkeye, Spacelab PDP, Injun V, etc. This activity is entirely

July 1995 (Revised)separate from any Helios activity since Helios has no wideband data. Iowadoes, however, have Helios spectrum analyzer data from the Gurnettinvestigation in-house; this data has been copied from 7-track digital tape to4mm DAT. However, the group used a Univac 418 for the original data analysisfor Helios. Hence, all of their software is in Univac 418-compatible Fortran andthe read routines expect a 7-track format.A high-priority activity might be an effort to port the original analysis code to theSun/Unix environment so as to be able to read 4mm DAT (and perhapsproduce a CDROM versions of this data plots). Without this software, a potentialuser would have to figure out the tape format and reproduce all of the originaleffort in designing the analysis software. However, if Iowa did this work once,then any user could gain almost instant access to the data in a usable form.Three magnetometers were flown on each Helios, a search-coil and fluxgate(German) with H. Neubauer as PI and a fluxgate (NASA) with N. Ness PI (F.Mariani of Italy and A. Roberts at GSFC also currently involved with this data):Six-second magnetic field data from the NASA magnetometers on Helios 1(1974-1980) and Helios 2 (1976-1980) have recently been submitted via 4-mmDAT tape to NSSDC. NSSDC is archiving this data and plans to move it to theNDADS near-line system.Hourly average data in COHO database and new NSSDC helio-CD-ROM isfrom the Neubauer fluxgate on Helios. Interactions with Schwenn (see above)indicate they have already produced erasable optical disks with 40.5 secresolution Neubauer fluxgate data, although these data are not planned to bepublicly archived in the near future.In context of the plasma data discussion, concern was expressed that data fromall magnetometers are important. The DEP has reached no conclusion at thistime whether 40 second averages from the Neubauer instrument (the data arenonetheless German and not NASA data) and 6-second data from the NASAinstrument would then be sufficient for any foreseen studies. In any event, themost critical action is to simply obtain the hourly average data.Energetic ParticlesThree energetic particle instruments were flown on each Helios: one (German)with E. Keppler PI (electrons and protons 20-80 keV to about 1 MeV), one(German) with H. Kunow PI but major association of the data with G. Wibberenz(ions >1 MeV/nuc, electrons >0.3 MeV) and one NASA with J. Trainor PI butmajor association of the data with F. McDonald (ions >3 MeV/nuc, electrons 2-8MeV and solar X-rays).

July 1995 (Revised)These instruments are complementary in energy ranges and species covered inmany ways, so all three are actually important. Coverage on the Germanexperiments was better than the NASA experiment (due primarily to thedecision to operate the Helios spacecraft in what was originally a forbidden�data mode much of the time). These data are not presently well archived atNSSDC at either high-resolution or fully-reduced comprehensive data productseven for the two German experiments. Low resolution, hourly average dataproducts have been archived at NSSDC from all three experiments.Energetic particle/cosmic ray data in particular are a complex C&H problembecause some studies require careful and customized attention to calibrationsand background corrections used in reducing combined rate and pulse-heightdata to physical fluxes. The software for such reduction is PI-specific generallyand usually quite complex. Instrument documentation is also complex,consisting of some combination of the instrument / telemetry documentationincluding calibrations with the reduction and analysis codes themselves (withboth in-line and external documentation but often not complete nor carefullyreviewed nor kept consistent with the actual software). See discussions relatingto this topic in other sections of this report. Even the good higher-level productshave not been generated/archived at this time by many of the PIs.Nonetheless, these data are intrinsically important and a unique resource forheliospheric studies. Those of the panel in this field could certainly neveradvocate allowing such data (including primary pulse-heights) to be lost. Abetter understanding of possible approaches to handling data and betterunderstanding of real state of this data at PI sites is required. The NASA low-level� data are believed to be in no immediate danger of direct loss but face avery serious challenge in a forced migration of key software and the databasefrom an IBM/MVS system to a new operating system platform and a newdata/media physical base with no existing project as a source of funds.Orbit/AttitudeHourly position in heliographic (RTN) coordinates is included in severalfield/plasma data sets at NSSDC (including online COHO data). Spacecraftwere nominally spinning normal to the ecliptic, so attitude is nearly fixed.NSSDC may not have the full extent of the so-called SEDRs�, but theexperimenters (e.g. Schwenn) do and have included them in their data productsas appropriate/necessary in at least several cases. So the community appearsto be in good shape here.

July 1995 (Revised)Summary of Key Helios 1/2 Cruise Data Sets at NSSDC through May 19958-Second Average Interplanetary Magnetic Field Vector12/74 -01/76 -Fluxgate Magnetomtr.12/74 -01/76 -12/74 -01/76 -12/74 -01/76 -Fluxgate Magnetomtr12/74 -01/76 -12/74 -01/76 -12/74 -01/76 -Fine Frequency12/74 -01/76 -12/74 -02/76 -12/74 -01/76 -12/74 -01/76 -H. R. Rosenbauer12/74 -01/76 -12/74 -01/76 -E. KepplerEnergetic Elec/Protn12/74 -01/76 -C. Leinert12/74 -01/76 -12/74 -01/76 -H. Fechtig12/74 -

July 1995 (Revised)

IMP-8 continues to operate as a uniquely long-lived 1 AU solar wind field and plasmamonitor, a baseline for low and high energy particle observations in the heliosphereand a spacecraft giving an additional data point in resolving the time/spatial structuresthat are one target of the ISTP/IACG international suite of missions.A summary of the instruments and their current archiving status, with at least somenotes, is possible based on recent IMP-8 project reporting. An IMP-8 Archiving Planwas prepared in 1989 but only partially funded. Other relevant points:The IMP-8 spacecraft remains alive (launched in October 1973!) and generallyhealthy, although a very slow degradation in power output from the solar panelscontinues. The battery has long ago died, but IMP-8 to date has survived allEarth shadows. IMP-7 data were acquired from Oct 1972 through Sept 1978,when the spacecraft was commanded off for budgetary reasons. IMP-7 data arecompromised by the failure of the magnetometer 6 months after launch.Current IMP-8 acquisition is 60-70%, all direct (no on-board data storage), withprimary (VHF 137 MHz) telemetry acquisition from stations at Wallops andRedu, secondary but important coverage from Hawaii and the University ofTasmania, very limited coverage from Santiago. Data to date is always handledas analog tapes that are then shipped to GSFC for digitization etc. and eventual(CCT) shipment to the investigators. Test implementation of a low-cost groundacquisition site at McMurdo with data return to GSFC via the Internet is nowunderway, which if successful could boost IMP-8 coverage to the range of 90%.¥IMP-8 has 10 Principal Investigator teams project-funded for MO&DA. All teamscontinue to provide data to NSSDC, with some range of lags (1-3 years,typically) and with some range of submission frequency and regularity. NSSDCdoes not archive IMP telemetry data or "level 0" in most cases but does archivemagnetic field and plasma parameters at the highest resolution at which theyare continuously generated by the PIs.Several IMP-8 instruments (magnetometer and MIT plasma instruments) aresupplying ISTP �Key Parameters� (KPs). IMP-8 magnetometer data is reducedto KPs in the CDHF more or less as if it were a �core� ISTP spacecraftinstrument; IMP-8 plasma data is electronically pulled to MIT where KPs aregenerated and returned to the CDHF in a mode that is then more like that ofISTP ground-based and other ISTP-supporting spacecraft (GOES, LANL).Recently this same process has been extended to handling data from theUniversity of Chicago experiment (although no KPs are returned at this time) tosupport analysis of data from the Ulysses pole passes in 1994 and 1995.

July 1995 (Revised)Operational IMP-8 instruments and their current operational status are:

Magnetic Fields (Lepping)DC Electric Fields (Aggson)Intermittent Since 12/76; Not SupportedAC Elec. & Mag. Fields (Gurnett)Wide Band Mode Lost; Not SupportedCosmic Ray (McGuire)LED (4-22 MeV/nuc) Anti Problem;VLET, MED and most LED modes OKCosmic Ray (Simpson)Energetic Particles (Williams)Charged Particles (Krimigis)Electron Isotopes (Stone)Partial Failure 1992Ion & Electron (Ipavich)ULET Inop 12/15/78; El’static Analyzer OKLow Energy Particles (Frank)Normal (For Magnetotail)Plasma (Gosling)Mag�tail Mode Lost 1985; Solar Windparms now derived from electronsPlasma (Lazarus)Self Calibrations Interrupted

Summary of Key IMP-8 Data Sets at NSSDC through May 1995 (part 1)15-Second Magnetic Field Vectors10/73 - 07/911-Minute Magnetic Field Vectors07/91 - 12/931-Hour Averaged Magnetic Field Vectors10/73 - 06/94H. S. Bridge10/73 - 01/9511/73 - 01/94.11/73 - 12/92Electro. Analyz01/75 - 12/7801/79 - 12/9211/73 - 12/9201/78 - 12/82

July 1995 (Revised)Summary of Key IMP-8 Data Sets at NSSDC through May 1995 (part 2)Electron & Proton Expt.20-Second Merged Hi-Res Counting Rates10/73 - 09/90.20-Second Merged Hi-ResCounting Rates10/73 - 09/9001/74 - 12/9010/73 - 04/9508/75 - 07/90Full-Telemetry-Resolution Rates and Pulse-HeightsJ. A. SimpsonNucl. Comp. Expt.10/73 - 06/94Elect., Prot., & Ion Isotope1-Hour Averaged Counting Rates10/73 - 12/9010/73 - 12/81T. L. Aggson12/73 - 10/74Ambient Electric FieldHigh Resolution E-field Events - Plots12/73 - 10/74The IMP-8 magnetometer team has done a particularly outstanding job in theirarchiving efforts. Also noteworthy is the effort spear-headed at APL (but led in largemeasure by Pat Briggs of the Citadel and Tom Armstrong at University of Kansas) tocreate a merged 20-second database of fields and (low energy) particles and theongoing efforts of the MIT plasma team. However as noted above, IMP-8 archivingunder project auspices has been very difficult within the limited budget. The existingbudget barely supports continuing data reduction, let alone science analysis or specialreduction/archiving costs. Various instruments over the years have also encounteredproblems when they were forced to migrate software and/or databases toaccommodate the retirement of old technologies.

July 1995 (Revised)

3.2.2.5 ISEE-3/ICE

The ISEE (International Sun-Earth Explorer) program was an international cooperativeprogram between NASA and ESA to study the interaction of the solar wind with theearth’s magnetosphere. The program used three spacecraft, a mother/daughter pair(ISEE 1 & 2) and a heliocentric spacecraft (ISEE 3, later re-named ICE). ISEE 3initially was kept at the Lagrangian point between the earth and the sun, 0.01 AU fromthe earth. ISEE 3 was moved from this orbit and made transits through the earth’sgeomagnetic tail from September 1982 until December 22, 1983, when it made a veryclose swing-by of the moon and began its cometary mission (and new name ICE forInternational Cometary Explorer) to the comet Giacobini-Zinner (G-Z). ICE flewthrough the plasma tail of G-Z on September 11, 1985. It remains in a heliosphericorbit at approximately 1 AU. Some support is currently being provided for ICEoperations through the Ulysses project.ISEE-3 data archived at NSSDC consist of ISEE 3 pool data sets (which contain a fewselected parameters at low time resolution from most instruments) and of specific datasets submitted individually by the ISEE PIs. The pool data sets are useful for obtainingrough surveys of the observations encountered, but are not to be considered definitivedata. Due to the lack of a central ESA data center, many of the ESA PIs archived theirdata at NSSDC, to fulfill the archiving requirements of the NASA/ESA MOU.An ISEE/ICE archiving plan was prepared in 1989. It defined a set of specific timeintervals on which better PI data submissions would be focused, namely:Prime operations phase from ISEE 1/2 launchDeep tail phase of ISEE-3 operationsGiacobini-Zinner encounter, ICE (ISEE-3) onlyPROMIS campaign, ISEE1/2 onlyA table follows on ISEE-3/ICE data sets submitted to NSSDC. Only the principal(usually the longest time span) data sets are included. The panel has been notifiedby the MEH experiment co-investigator, P. Evenson of Bartol Research Institute, of aneffort continuing to analyze the MEH high energy electron data in correlation with along series of balloon measurements by the LEE (Low Energy Electron) experiment ofP. Meyer and P. Evenson (see description below).

July 1995 (Revised)Summary of Key ISEE-3/ICE Data Sets at NSSDC through May 1995 (part 1)08/78 - 09/85168-Second SW Electron Moments02/80 - 06/9202/80 - 06/9212/82 - 12/8308/78 - 12/8301/80 - 12/8108/78 - 12/8308/78 - 02/87K. A. Anderson08/78 - 11/79Burst Expt.08/78 - 02/8708/78 - 02/8708/78 - 02/87NASA JPL.08/78 - 12/90Magnetic Fields Expt08/78 - 02/87T. T. Von Rosenvinge08/78 - 02/87P. A. Evenson08/78 - 02/87Nuclei Expt.08/78 - 12/85(600 tapes)

July 1995 (Revised)Summary of Key ISEE-3/ICE Data Sets at NSSDC through May 1995 (part 2)12/78 - 01/8208/78 - 12/78(270 tapes)M. WiedenbeckNASA JPLNSSDC08/78 - 04/8108/78 - 10/86Energetic Protons256-Sec. OmniDir & Sectored Fluxes08/78 - 12/7809/85 - 09/9208/78 - 01/87J. L. Steinberg08/78 - 02/8708/78 - 02/87B. J. Teegarden11/78 - 12/80

3.2.2.6 Other Data Sources

A variety of experiments and data fall outside our original rough ranking either asindividual C&H instruments on missions not primarily of C&H science interest orground-based data (including in both cases and as above, non-NASA experimentsproducing data of potential NASA SPDS C&H scientific interest.There was extensive discussion on the importance of long-term neutron monitorand other ground-based data bases (international in scope), both theirpreservation and (for note only, by definition above outside the scope of thispanel�s concerns) online access. The general sense was that these data maybe under-appreciated by NASA but form a very important basis for significantvery high energy solar and galactic cosmic ray studies.US data sets have been typically funded by NSF, but there is no specificarchiving plan for them. The Air Force Phillips Lab informally collects andarchives high-time resolution neutron monitor data for GLEs. The officialarchive for hourly cosmic ray data is WDC-C2, which has a project incollaboration with NGDC which is generally to put all historical data on CD-

July 1995 (Revised)ROM in common format. The situation with respect to higher-time resolutiondata is unclear but appropriate efforts to maintain such databases shouldprobably be encouraged.Various kinds of cross-section measurements were noted as of extremeimportance to the interpretation of galactic cosmic ray data.¥The University of Chicago has submitted a proposal to archive CRRES/ONR-604 �C2E� level-1 data on CD-ROM along with higher level data containingcalculated fluxes and comprehensive user documentation including sourcecodes. This experiment in particular as noted is clearly of C&H concern; otherCRRES instruments are important but may be more relevant to other spacephysics disciplines. CRRES data may be a more general issue to NASA andSPDS, given the potential shutdown of the Air Force Geophysics Laboratorywhich was the primary sponsor of the CRRES mission.A question was raised from the community about neutrino data. There is apreliminary sense, in the absence of proven solar neutrinos, that perhaps thosedata sets are more relevant to astrophysics (and maybe NSF concerns) thanNASA at this time. There was also a general note about ground-array (veryhigh energy) data, which is Space Physics/C&H relevant but also crosses intoastrophysics area. Utility of this data versus effort to collect and make usefullyavailable needs more careful consideration. Prioritization of such an effortwould probably depend on the details of what might be proposed and at what¥Other sources include data from manned space missions (US and Russian)and sub-orbital balloon and rocket experiments. In the current review, suchdata have not yet been assigned priority for special attention. A proposal hasbeen submitted by P. Meyer (University of Chicago) for restoration and analysisof Low Energy Electron (LEE) balloon experiment data at 200 MeV to severalGeV from flights from 1968 through the present. There is a general sense of thepanel that these kinds of measurement are most likely to have archival valuewhen tied together into a longer database.¥For reference, the following information is available on SAMPEX:The SAMPEX spacecraft was launched in July 1992 to monitor energeticcosmic rays and high energy electrons in the inner magnetosphere. Emphasiswas on the anomalous component of the cosmic rays in the C-N-O group withlower than usual ionization states. The energetic electron detectors enablesurveillance of the impact of the electrons on stratospheric ozone and otherCurrently NSSDC has Level-1 data (i.e., Level-0 + ephemeris) on rewritableoptical disks with a data volume of about 50 MB/day (implying 12 days/disk),from July 92 to the present (18 GB/year). Data are in Tennis format written bya VAX; a Tennis library of routines have been procured, but satisfactory "read"codes remain to be written or procured so that when Level-1 ceases to be a

July 1995 (Revised)Project office responsibility, NSSDC may assume the distribution responsibilitysatisfactorily. L-1 archival arose at the final phase of the PDMP.SAMPEX has further agreed to supply to the NSSDC Level-2 data to NSSDCand is planned to be converted by the Project into the ISTP-standard CDFformat with SFDU detached labels. Estimated volume of data, expected tobegin in a few months are: 30-s Flux averages: Polar cap averaged fluxes/rates 98/500 KB/day 2.5/13.0 MB/yearFor reference, the following information is a current Ulysses summary:The Ulysses spacecraft completed the first overflight of the south polar region ofthe Sun in 1994 and is continuing on towards an overflight of the north solarpole in 1995, to complete the goals of the prime mission as defined prior tolaunch. NASA and ESA have formally agreed to extend the mission for asecond solar orbit through the year 2001 when Ulysses will have completedanother pair of polar passes. A formal PDMP, called the Science DataManagement Plan, was updated by the Ulysses Project this past year and setsgeneral goals for archiving of data at NSSDC by all Ulysses investigators,including those based in Europe. At the Ulysses Science Working Teammeeting in November 1994, most investigators agreed to submit previouslyproprietary data, to NSSDC as initial archival products.Currently NSSDC holds hardcopy plots from URAP and digital data throughvarious end dates 1991-1994 for most of the onboard experiments includingsolar wind plasma, magnetic field, energetic particles, dust and gamma rays.Many Ulysses data sets are being submitted and updated through the UlyssesData System (UDS), an otherwise proprietary network managed by ESTEC forESA and NASA Ulysses investigator teams. NSSDC also receives monthly CD-ROM’s from the Ulysses Project in the same EDR format as provided to theUlysses investigators, the understanding being that NSSDC will hold these CD-ROM’s as proprietary data, except that NSSDC may distribute the SEDRephemeris data files after extraction from the CD-ROM’s. Including the CD-ROM’s, NSSDC expects to receive about 680 MB per month of digital data fromUlysses, and 70 MB per month of this would be available for open distributionduring 1995-1997.

July 1995 (Revised)Summary of Ulysses Interplanetary Cruise Data Sets at NSSDC through May 1995A. BaloghMagnetic Fields1-Hour Averaged Magnetic Field Vectors & Magnitudes10/90 - 02/921-Min. Averaged Magnetic Field Vectors & Magnitudes10/90 - 02/9211/90 -12/93(SWOOPS) Expt.h11/90 -12/9211/90 - 09/9410/90 - 03/94144-Sec. Avg. Radio Astronomy Receiver Intensities10/90 - 03/9410/90 - 03/94Ulysses ProjectNASA JPLData Contact: J. Johnson, NASA JPL11/90 - 10/9112/93 - 02/95Data Contact: J. Johnson, NASA JPL11/90 - 10/9112/93 - 02/95Dust Expt.Dust Particle Event Listing10/90 - 12/920.5-Second Omnidirectional Integrated Counting Rates10/90 - 09/94

July 1995 (Revised)Summary of Ulysses Interplanetary Cruise Data Sets at NSSDC through May 1995L. J. Lanzerotti 11/90 - 09/94Low Energy Ion &Electron Expt.11/90 -12/931-Hr. Sectored & Spin-Averaged Counting Rates -UDS11/90 -12/93Univ. of Bern, Switz.12/90 -12/93J. A. SimpsonLow Energy Telescope (LET)12/90 - 12/93Particle Expt.Energy Telescope (HET)10/90 - 12/9310-Min. Avg. Sectored & Omnidir. Fluxes from the KielElectron Telescope (KET)10/90 - 12/9310-Min. Avg. Sectored & Omnidir. Fluxes from theAnisotropy Telescopes (AT)01/91 - 12/9310-Min. Avg. Sectored & Omnidir. Fluxes from the High10/90 - 06/94E. KepplerEnergetic Part.Composition Expt.10-Min. Avg. Sectored & Omnidir. Electr. & Prot. Fluxes10/90 - 12/94Univ. of Bonn, Ger.B. Bertotti

July 1995 (Revised)

3.2.3 Summary Community Recommendations/Priorities

Funding to the University of Iowa to assure archive of an appropriatesubset of Helios 1 and 2 plasma wave data, coordinated with archiving ofother priority magnetospheric plasma wave data, should be a highpriority data restoration effortSPDS should strongly advocate the generation and acquisition intoNSSDC of reduced Helios plasma and field data from the primarySchwenn magneto-optical disks that have now been produced. At sometime in the near future, space physics data restoration/NSSDC shouldpursue capture of the primary Schwenn magneto-optical data archive.NSSDC should complete archival ingest of the remainder of high-resolution Helios magnetic field data from the NASA instrumentSPDS should pursue the earliest possible acquisition more completeenergetic particle data.SPDS should strongly advocate and consider supplemental funding ifnecessary to assure full and correct archival submission of all IMP-8 data.

July 1995 (Revised)3.3 NSSDC-Held Data SetsThe panel was supplied a very long list of currently NSSDC-held data sets of possibleC&H scientific interest, much from older missions. Since NSSDC has been and willprobably continue to be a primary C&H data archive site (and for overall SPDSinformation services, deep archival storage, bulk data dissemination and select near-line/online archival data access), the NSSDC holdings are of great importance. It hasbeen noted to SPDS as a whole and the C&H DEP that NSSDC is generallyconcerned about the expenditure of resources to restore or preserve data that may beactually of very little remaining scientific importance.

3.3.1 Select Recommendations on Larger NSSDC-Held Data Sets

As is a general problem with the space physics holdings in NSSDC, there are manysmall data sets from older missions that a panel such as this simply lacks resources toanalyze in depth. Clear recommendations to discard data sets were unlikely(relatively little data has no potential science value) and the effort for NSSDC to holdsuch data sets is relatively small at the per data set level. As a compromise then, thepanel attempted to review the NSSDC holdings only for larger (>50 tape) C&H datasets. This review yielded only a very few conclusions, the first two of which are nowirrelevant because NSSDC has already restored the data in question.The Pioneer 10/11 EUV EDRs held by NSSDC are more complete than theselected new data to be submitted from Pioneer and thus should be saved.C&H viewed Pioneer 10 and Helios Asteroid Astronomy as out of C&H scopePDS is interested in this science but has no known active work in progress.We believe PDS plans to handle or already has well in hand all relevantephemeris, field and plasma data (including interplanetary portions) from PVO.NSSDC probably would best work directly with PDS to coordinate any deletion(or continuation) of duplication of overlapping archival holdings.

July 1995 (Revised)3.4 Full Telemetry Resolution vs Higher-Level Data ProductsA topic of specific concern to C&H is how to handle �full telemetry resolution� (FTR)data. By this term (which we will try to use consistently throughout this section), werefer to an instrument data product from which no critical information from the originaltelemetry stream has been lost or processed away. Information in an FTR data setmay be (and preferably has been) time-tagged, edited to remove bad data, and evenreformatted to e.g. expand compressed telemetry words to full lengths and/orstandardize the format in some way for easier future use. In the case of an energeticparticle instrument e.g., an FTR data set would probably include all the individualpulse height events and full time resolution rates instead of e.g. only the "fluxes"computed from those events and normalizing rates at some(even fairly high resolution)time scale. Such data sets might also be termed Level-0 or Level-1 (depending on theprocessing actually performed), telemetry or full resolution.The heart of the FTR question is the inherent contradiction among several factors:There is a concern throughout the space physics community and certainly in theC&H DEP that potentially uniquely valuable and irreproducible data should notbe discarded. We might call this a concern of �stewardship� on behalf of theNASA science community. But it is also stewardship on behalf of a wide rangeof other NASA and US government interests, as one example spaceengineering concerned with the long-term space radiation environment.Much of this uniquely valuable and irreproducible data is also and inherentlywhat might be termed�low frequency of use� (and likely to remain so)because it is also usually�very difficult (resource-intensive) to actually use.�FTR data are typically unusable without specialized software and expertise. Tofully capture current or past FTR data requires substantial effort for each suchdata set in full documentation (including source codes) and may requireappropriate format and software conversions/re-engineering with some ongoingprogram of software maintenance. Attention to archiving issues early in the lifeof a project/instrument system will of course substantially reduce these costs,but this has not been a typical nor funded practice for most existing C&HAt the same time, there is a concern by the community to focus resources ondata of current or greatest interest and utility to the science community, whichalmost by nature tend to be reduced data that have been processed to the levelof physical quantities rather than low level data sets. The low level data

July 1995 (Revised)however may be essential to confirm discoveries seen in the reduced or higher-level data.Resources are and will probably remain very limited, with fairly direct tradeoffsto be made between funding analysis of space physics data and funding ofefforts to restore, archive and maintain specific data and/or enhance the utility ofsuch data to a level where they may be �correctly and independent used� by anon-PI investigator.After extended discussion, there was consensus by the panel that FTR data for C&Hmissions is at least sometimes appropriate and necessary to archive. The missionsinvolved are so unique at this point and their data likely to be subject to repeatedanalysis and re-analysis over time that no other strategy may suffice. There is ongoingconcern whether the investment of substantial Division resources in archiving mostsuch data is really sensible in the current fiscal environment, but deliberately allowingsuch unique data to disappear seems irresponsible also. Elements of an appropriateapproach to archival handling of FTR data may often make best sense as �shelf�storage of long-lived media (highly standard, very durable without specificmaintenance assuming storage under appropriate conditions - in current technology,CD-WO/CDR would be an example), along with a full electronic copy of all existingdocumentation (source codes, guides and descriptive materials, some even from�scanned� hardcopy pages, and appropriate high-level overviews).The committee notes that the cost of the necessary hardware is dropping rapidly andthere is already a precedent in the NSSDC�s handling of �Level -0� ISTP data for shelfstorage of telemetry CD-WO media against a future need. Since a key limiting factor inall these kinds of restoration activities is the availability of time on the part of theoriginal PI and knowledgeable data experts from the original team, effectiveinducements to participate in this kind of program are not just direct salary funding but(a) the assurance valuable data will be retained, (b) a minimized �up-front� workloadon the involved experts and (c) emplacement of CD-WO capability at each site thatwould remain after the restoration proper had been completed. An infrastructure ofdistributed capability in the community to create such standard media could also likelyto be of long-term programmatic value as a standardized method for media-baseddata exchange.There will remain a clear preference to get the highest level (most usable form) thatstill contains the full instrument information. SPDS should probably look for archivingproposals for FTR data that also include derived products more likely to be easilyuseful and of broadest interest. But details of whether higher-level data come beforeor after lower-level data has to be an implementation issue handled in the mode of"what makes sense."Documentation to make the data nominally independently and correctly usable (butadmittedly not easily usable) will be an ongoing issue. Expectation is to look forsource codes, electronic and/or scanned documents, appropriate overviews and "testdata" that could be used to validate the operation of the supplied source codes whenrecompiled/revamped by a new user. Review of the resulting data package is an areathat will need careful attention. To fully validate the completeness/usability of such a

July 1995 (Revised)package probably requires penetrating and testing what is supplied. Archiveadministrators probably cannot by themselves commit to doing more than a fairlycursory overview at best, but SPDS/C&H may be reluctant to commit resources toPDS-style peer reviews of data sets.Restoration proposals including FTR data should probably contain a "white paper"summary of exactly what would be intended to be supplied with data at this level tocheck plausibility and that could form a kind of checklist for some TBD combination ofSPDS/NSSDC review. There is however an element of risk that data will be archivedthat will prove ultimately unusable due to omission of key ancillary information that isunavoidable in this approach.A fresh perspective that the panel suggests is to look at such older archived FTR dataas a combined resource with the expertise of the original PI or team members forsome extended period past their analysis funding. So data in the archive could beheld for use by the team itself and by more general users but with the assumptionthose users might have to involve the PI to make any kind of efficient use of this data.This approach would retain the idea of �correctly usable� data that has usually beencalled out as an NSSDC goal but hedges the "independently " part of the traditionalstatement. NSSDC did note it does hold some such data (e.g. from various Caltechand University of Chicago experiments) and these have been essentially unused to

Summary Low-Level Recommendations/Priorities

One viable approach to handling data at Full Telemetry Resolution (FTR) (orany other comparable data that is �unique� but �low-level� with �low frequency ofaccess�) is to capture the data with as full a set as possible of associatedmetadata (code, electronic and scanned documentation, overview materials) tobe handled by the archive by whatever methods are minimum cost. Optionscould include CD-WO media, although technical advances in large mass-storage and data compression technologies may be competitive approaches.SPDS and NSSDC should conduct testbed activities involving selected datasets to evaluate the feasibility and likely costs of such an approach, as well as toassess the likely usability of the resulting data products from an end-user

July 1995 (Revised)APPENDIX A: 1992 DATA SET RESTORATION PROPOSALS

July 1995 (Revised)Appendix B presents the AIM Brief Descriptions for most of the experiments in the firstcut (in the case of related experiments, only one sample description is included),indicated by a * after the NSSDC ID in Appendix A.The full list, with an additional section containing the remaining items from the DataCensus Extension, is presented in the spread sheet at the end.H1. Meyer Compression and restoring ISEE-3 Cosmic Ray DataIn progress. He has about 600 ISEE tapes; NSSDC holdings are primarily raw dataand plots. Long term cosmic ray records are important to an understanding of theheliosphere.(He also has about 100 tapes from OGO-5 and Spacelab-2 each, whichmay be worth doing as well.)M 2. Russell Archiving the full revolution Magnetic Field data, ISEE-1, 2Extensive plan, in progress. Magnetic fields are top priority for understanding themagnetosphere. Here are most of the existing NSSDC holdings (excluding short time11977-11-071978-01-0111977-11-031979-01-0777-102A-04E1681977-10-221987-09-2677-102A-04G41979-03-221983-06-2877-102A-04L711980-01-131984-01-1077-102A-04Q51982-08-261986-07-0677-11977-10-221980-03-0177-102A-04VM3. Kurth Digitizing analog Plasma Wave data from DE-1, ISEE 1-2Trial run in progress, related to Item 4. NSSDC holdings are plots on microfilm forISEE; the nature of the optical disk contents for 3 months of DE data isn’t provided.Without digitization, these data are only minimally useful.M 4. Inan Digitizing and archiving Plasma Wave data DE-1 ISEE 1

July 1995 (Revised)This item and #1 are related, and common formats will be used.S 5. Michels Archiving digital coronagraph imagesDave B. suggested this because the NRL doesn’t have a policy of preserving dataWhether the SPDS wishes to include non-NASA data is a policy issue yet to beS 6. Chupp Restoring or archiving hard X-ray data from SMMDave B. mentioned this, and it’s in both the Data Census and the Extension. Chuppwill get back to me with a clarification of what is needed. These are among the X-raydata which should be available for solar cycle study.S 7. Hoeksema Archiving digital solar magnetic synoptic chartsThese digitized solar magnetograms, from ground based observations plus models,are valuable for correlations of the solar wind with the solar surface. Some tapes existand need only be copied for archiving, but they may not yet contain the complete set ofcharts.S 8. Acton Archiving of Mapping X-ray Heliometer Images OSO-8.The Data Census shows more SMM data are available, too. Documentation is scanty.NSSDC holdings are primarily OSO and SMM images on fiche. (Dave B. suggestedthis data set also.) These are among the X-ray data which should be available for solarcycle study.H 9. Simpson Restoring Cosmic Ray record.Experiments on all IMPs go back to 1962 and there are similar data from OGO 4, 6 andmaybe others. Simpson didn’t respond for most of his experiments in the Data Census,but even if it has all been archived, much of it is quite old, going back to the ’60s, andshould be restored. A continuous cosmic ray record is important, especially forheliospheric structure studies.H 10. Krimigus Archive low E particle fluxes from Voyager-1, restore IMP-8 dataData Census shows more data are available. All deep space particle and fieldmeasurements are unique and irreplaceable, and should be available. PresentNSSDC holdings are either for short intervals or long averages, with the exception of alarge number of "merge tapes" contributed by Gunther. Long term cruise data holdings1975-08-0173-078A-08B11972-09-2673-078A-08E21974-01-0173-078A-08G

July 1995 (Revised)11973-10-301974-01-1073-3541973-10-3073-H 11. Gurnett Archive Plasma Wave data from VoyagerData Census shows more data are available. This is a similar to Item 3, but in deepspace. Even as plots, very little cruise data have been archived:21979-01-191980-11-3077-084A-13AH 12. Rosenbauer Archive resolution SW plasma data from Helios 1, 2Ness Archive resolution magnetic field data from HeliosCan we get European data? Are data from all magnetometers on each s/c needed?These are the only inner heliosphere Solar Wind solar wind plasma and field data forthese years, and so are valuable for large scale structure studies. Only hourlyaverages are at the NSSDC for most of the time:11974-12-121980-12-3174-097A-09A11976-01-171980-03-0876-003A-09A41974-12-101976-04-3074-097A-0lA21974-12-101979-06-3074-097A-0lB11974-12-141977-12-3174-097A-02A11976-01-151979-06-2676-003A-0lA11976-01-171977-12-3176-003A-02AH 13. Lazarus Archive Voyager and Mariner Solar Wind plasma dataVoyager cruise data only. Restoring (and obtaining higher resolution) plasma datafrom Faraday cup and other exps. on Mariner 5, OGO-s, etc. as well as Voyager willsupport the long term records of SW plasma data. Only hourly averages for Voyagerare at the NSSDC, and not much of that:11967-06-141967-11-2167-060A-03B11967-06-141967-11-2111977-08-211985-12-2611977-08-21M14. Frank Recover and restore particle data, mostly from LEPEDEAsMuch of the Iowa particle data from LEPEDEAs on IMP 4-8, Injun 5, ISEE, OGO 1-5,and others exist only as microfilm/ slides of plots, or raw data on old tapes. DataCensus shows more data are available from IMP-G,H,I, Injun-5, and OGO 3, 5, andFrank is going to get back to me next week on how much they are interested inworking on. These data not only provide plasma moments for long periods in manyparts of the magnetosphere but can help trace energy transfer.M 15. Barnes Restore and archive plasma parameters from Pioneer 7, 12

July 1995 (Revised)Solar wind plasma parameters from Pioneer Venus provide the only long-term innerheliosphere measurements, critical in understanding the large scale structure of theheliosphere. These data exist, but have apparently not yet been archived digitally.Data from some other older Pioneers might be worth retrieving, also, for near-Earth21978-12-061986-12-23M 16. McPherron Restore ATS-l Magnetic Field Vectors; maybe someother s/cData Census shows more data are available. Field data should be available from asmany s/c as possible, simultaneously, to understand how the magnetosphere66-llOA-02EM 17. Fairfield Archive remainder of Fairfield’s tape for Mag. field onFairfield told King that he had additional unarchived tapes for IMP-8 in his office.Magnetic field data are needed to understand how the magnetosphcre behaves.I 18. Whitteker Digitizing topside sounder ionograms from Alouette 1, 2;ISIS 1, 2These swept frequency ionograms presently exist in analog form on over 12,500 reelsof microfilm. Only a few percent of these have been reduced to electron densityprofiles, and these are stored on over 300 7-track tapes. The topside sounder providesthe only global image of the topside ionosphere.I 19. Meier Restoring Airglow data from OG0 1-4Data Census shows more data are available. At present, NSSDC has 50 books of stripcharts from OG0 4 Ly- and UV Airglow, "poorly documented". No digital data arelisted by AIM. This was among the few Ionospheric candidates. We need guidance asto the importance of such data.I 20. Knudsen Obtain plasma parameters from PVO (RPA)Data Census shows more data are available. This has the same rationale as Item 15.No Level 1 or higher (processed) data have been archived.S 21 Wu Archive spectrometer data from Spacelab l, AE, ground based.There is no information about the scope of this Data Census Extension proposal, butthe data seem worth preserving. Only one space data set is archived (from Spacelab1, on optical disk).

July 1995 (Revised)S 22. Dere Solar UV spectra, X-ray imagesVarious sources will be used, probably from HRTS program (rockets, shuttle), now onfilm and CCD. Short wavelength images are rare, and worth preservingS 23 Mariska Digitizing solar spectraDave B. says this is a collection of spectra from an assortment of sources (Solwind,maybe rockets, shuttle, SMM...) which would be valuable if digitized. Mariska is inJapan until the end of March.S 24. Novick Stellar, Solar X-tal Spectroscopy from OSO-8, STS-3/OSS-1Data Census shows more data are available. NSSDC has some of this already, asbelow. Consolidation may be valuable. Short wavelength data are rare.75-057A-03AH 25. Garrard Cosmic Ray data from IMP 7(?), 8, ISEE-3, Voyagers,Data Census Extension proposal. The Data Census shows that about 12 GB (150tapes) of IMP-7,8 full resolution count rates and 600 full-resolution HEAO-3 data exist.No Voyager Cosmic Ray data have been archived. It isn’t clear which experiments, ifany are relevant from IMP-7 and the HEAOs. Long term cosmic ray records revealmuch about the latitudinal structure of the heliosphere, and putting together a cohesivedata set would be helpful. A policy decision is needed on whether such voluminousdata sets are to be archived.H 2. Voyager Archive Voyager cruise data actively.There are very few cruise data in the NSSDC holdings. Here are the V-l holdings; onlysix experiments have sent anything for archiving, and none includes recent data (V-2is similar):11177-084A-07B4277-084A-13AH27. ISEE Archive remaining dataOnly about half of the ISEE time period is included in the archive plans, and some ofwhat was included has never been received The magnetic field data, however, areline item #3, above. The Data Census shows cosmic ray data in particular is still

July 1995 (Revised)M 28. McEntire Restore and archive magnetospheric field and particleData Census Extension proposal, for ion data from AMPTE/CCE, IMP-7, ISEE- 1, andmagnetic field data from MAGSAT, Triad, Viking, GOES, etc. MAGSAT has a lot of"data sets" which are programs, models, etc. Such a data set would be invaluable forstudying magnetospheric structure, by providing simultaneous measurements fromdifferent places, and under many conditions. This proposal might fall in the class ofmaking data more available, rather than restoring it.M 29. Spjeldvik Restore and archive Energetic Particle data from IMP-7,8, ISEE-lData Census Extension proposal. This seems to duplicate Item 30, but is proposed byan outside scientist, whereas the PI, in Item 30, has not suggested performing theM 30. Williams Archive additional energetic particle data IMP-H, J, ISEE-1, 2.Data Census shows more data are available. Spjeldvik, in Item 32, has proposeddoing the work.M 31. Habbal Collect and archive DE data (and some AE, Skylab)Data Census Extension proposal. This would appear to duplicate ongoing DE archiveefforts. Clarification is needed Certainly, the DE data should be archived, for a goodpolar view of the magnetosphere where much of the activity occurs.M 32. Gosling Archive fast plasma, SW data from IMP-H, J, ISEE-1, 3Data Census shows more data are available. Many NSSDC holding are old, andmight profit from restoration. (There are only 24 tapes at the NSSDC from these fourexperiments.) Solar wind plasma data is vital for both heliospheric andmagnetospheric studies.M 33. Gloeckler Archive Charge-Energy-Mass data from IMP-H,Data Census shows more data are available. Similar experiments have been flown bythis group for a long time, and only a small amount of data have been archiveddigitally (listed below). However, the nature of the experiment makes it difficult toarchive the data in a form an outsider can use easily. It is valuable for composition72-073A-03B4-088A-03B

July 1995 (Revised)I 34. Archive Visible Airglow data from AE-C, D, E and DE-2Data Census shows more data are available. This was among the few Ionosphericcandidates, similar to Item 19, but not as old. We need guidance as to the importanceof such dataI 35. McCormick Archive Aerosol data from ERBS, Nimbus 7, SAGEData Census shows more data are available. This was among the few Ionosphericcandidates. We need guidance as to the importance of such data There is also aquestion whether these data belong to the Earth Science division.Data sets proposed for improvement of accessibility:S 36 Kreplin Reformatting Solar UV, X-ray fluxes from SOLRAD 11.There are about 50 tapes which need reformatting from DEC10 to VAX words. Aprogram to do this needs final testing. These fluxes continue a long-term sequence ofexperiments on SOLRADS and provide a synoptic record.S 37. Gurman Archive all of SMM data on WORMData Census Extension proposal, to make data more accessible. Most of it is now onExabyte, although some (see below) is on WORM. It is held at the SDAC. The SMMdata are the most important solar data, since data at wavelengths shorter than thevisible are rare. (Note that some of the SMM PIs are directly represented here (Items 6,22), so there may be competing plans.)KV51980-02-141989-11-27S 38. Strong Archive hi-res. soft and X-ray solar images from SMM,Data Census Extension proposal. His raw data are on Exabyte, not easily accessible.(The NSSDC holdings are mostly fiche images.) The SMM data is valuable for solarstudies, since data at wavelengths shorter than the visible are rare.451980-03-231980-11-1880-014A-053

July 1995 (Revised)APPENDIX B: MEMBERS OF THE C&H DEP

NASA/Goddard Space Flight CenterGreenbelt, MD 20771Phone: (301)286-7794Fax: (301)286-1771Internet: mcguire@ncf.gsfc.nasa.govJohn F. CooperNSSDC/Hughes STXSuite 400, Room 4247701 Greenbelt RdGreenbelt, MD 20770Phone: (301)441-4188Fax: (301)441-9486Internet: jcooper@ncf.gsfc.nasa.govCollege Park, MD 20742Phone: (301) 405-4861Internet: fm27@umail.umd.eduNASA/Ames Research CenterMail Stop 245-3Building 245, Room 283Moffett Field, CA 94035-1000Phone: (415)604-5704Fax: (415)694-5495Applied Physics Laboratory/Johns Hopkins UnivRoom 24E-W174Johns Hopkins RoadLaurel, MD 20723-6099Phone: (301)953-5435Fax: (301)953-6670Internet: ralph_mcnutt@jhuapl.eduDept. of PhysicsPhone: (319) 335-1926Fax: (319) 335-1753Internet: wsk@space.physics.uiowa.eduK. Roger Pyle933 E 56th StreetChicago, IL 60637Phone: 312) 702-7673Fax: (312) 702-6645Internet: pyle@odysseus.uchicago.eduMassachusetts Institute of TechnologyRoom 37-687Cambridge, MA 02139Phone: (617) 253-4284NASA / JPLMS 169-506Pasadena, CA 91109Phone: (818) 354-7559Internet: btsurutani@jplsp.span.nasa.gov