Draft May 8, 1999

CRE AM

Science Req uirements Document

This Science RequirementsDocument isa preliminary version. The instrument configuration isin the definition stage, and many of the specifications represent an educated guess at what the final numbers are likely to be. Actual numbers will be available when a detailed design is completed.

1.0 Introduction

1.1 Scope

TheCosmic Ray Energet ics And Mass (CREAM) investigation was approved in 1998. This document establishes thescientific requir ements for theCREAM mission. It is divided int o six sections, including this introduct ion. A brief description of themission and scient ific object ives is provided, followed by thesciencer equir ements for mission design, ballooncraft configuration, mission operations, and data handling.

1.2 Related Documents

Additional infor mation can befound in thefollowing relat ed documents:

· ^Cosmic Ray Ener getics And Mass~ ˘ NASA NRA-98-03-ULDB Proposal.

· ^TheCREAM Balloon Experiment~ ˘ NAS A NRA-98-03-CRP Proposal.

· ^An ULDB Mission to Study High Ener gy Cosmic Rays~, E.S. Seo et al., Proc. 26 th ICRC

(Salt LakeCity), OG.1.2.30.

· ^Cosmic Ray Ener getics And Mass (CREAM): A Det ect or for Cosmic Rays near theKnee~,

J.J. Beatty et al., Proc. 26 th ICRC (Salt LakeCity), OG.4.1.16.

2.0 The CREAM Mission

2.1 Scientific Objectives

TheCosmic Ray Energet ics And Mass (CREAM) project will measuretheener gy spectra and elemental abundances of H to Feover theenergy range10 12 eV ˘ 10 15 eV. Thegoal is to observe spectral features and/or abundancechanges that might berelated to a supernova acceleration limit. TheCREAM instrument will consist of a sampling tungst en/scintillator calorimet er preceded by a graphit etarget wit h scintillator layers for trigger and track-reconstruction purposes, a transition radiation det ect or (TRD)for hea vy nuclei, and a segment ed scintillator-based charge det ector. A key featureof this instrument is thesimultaneous measurement of theener gy and chargeof a subset of nuclei by complementary techniques, allowing int er-calibration of the calorimet er and TRD ener gy scales. A large exposur ecan beaccumulat ed in a series of ULDB flights of ident ical instruments. Thedifferent flights could becarried out at essentially any latitude, including t hepolar regions of eit her hemisphere. Theoverall CREAM object iveis to accumulat eat least 500 particles each for protons, helium, CNO, Ne-Si, and F egroup nuclei above10 14 eV, wit h a statistical accuracy of 30% above 10 15 eV. This requir es an exposureof about 300 m 2 -sr-days for protons and heliumnuclei and about 600 m 2 -sr-days for heavy nuclei.

Wit h threeULDB flights CREAM would accumulate100 m 2 -sr-da ys for an energy reach of about

5 ´ 10 14 eV. CREAM can also perfor ma sensit ivemeasurement of secondary nuclei produced in

Draft May 8, 1999 theint erstellar medium, allowing det ect ion of a changein ener gy dependenceup to about 10 12 eV/ nucleon, an order of ma gnitudeabovethereach of existing data.

2.2 MissionStrategy

TheCREAM mission strategy is to push for longer duration flights even at thecost of reduced likelihood of payload recover y. The exposurewould beaccumulated in a series of 100 day (or longer) flights of identical instruments. A single100-day flight of CREAM would givemor e statistics than all thecurrent ly existing high-energy data. Threeflights would reach 5 ´ 10 14 eV and ther efor eprovides a significant over lap wit h ground-based air shower data. Thedevelopment of theinstrument could begin in late1999, and thefirst ULDB flight could occur as early as the late2002. A LDB flight in thewint er of 2002 is planned as a fallback option in casetheULDB programis delayed.

2.3 Instrumentation

Themain components of CREAM, theinst itutes responsibleand thecomponents´ funct ion are list ed in thefollowing table.

Instruments Responsible

Institution

Performance

ChargeDet ector (QDET) Penn StateU Ident ify incoming particlecharge

Transition Radiation Det ect or (TRD) U of Chicago Measurevelocit y of cosmic ray nuclei Z ³ 3

Calorimet er (CAL) U of Maryland Measure ener gy of cosmic ray Z ³ 1

2.4 Detector Performance Objectives

Thefollowing perfor manceobjectives must bemet for full project success.

Parameter Performance Objective

Element Coverage FromZ = 1 through Z = 26

Absolut eEnergy Calibration Bett er than 10%

Collecting Power ³ 10 protons above10 15 eV

ChargeDet ector Resolut ion Individual elements Z < 15; individual or element groups Z ³ 15

TRD Element Coverage Z ³ 3

TRD Velocit y Resolution 15% carbon; 7% iron (for g > 3000)

Calorimet er Ener gy Resolut ion Bett er than 50%

2.5 MissionS uccess Criteria

2.5.1 Desired Project Success

· To meet sciencegoals CREAM needs >10 good prot on events at ener gies > 1000TeV.

· Minimumtotal exposure> 860 days (to obtain 300 m 2 -sr-days) wit h altitude> 110,000 ft.

· Multipleflights over mult ipleyears.

2.5.2 MinimumProject Success

· At least 10 good proton events at energies > 500TeV.

Draft May 8, 1999

· Minimumtotal exposure> 265 days (to obtain 100 m 2 -sr-days) wit h altitude> 110,000 ft.

· 3 or moreULDB flights.

2.5.3 Desired Performance per Flight

· 100 ˘ 200 days wit h altitude> 124,000 ft.

· All det ectors fully operational.

· Telemetry of all data.

2.5.4 MinimumPerformance per Flight

· 60 days with altitude> 110,000 ft.

· 90% of chargedet ect or area operationa l, S1 and S3 hodoscopes operational, calorimet er layers number 3 through 16 operational.

· Recover y of data fromtelemetry or flight recorders.

3.0 Science Require ments onMissionDesign

3.1 LaunchSite and Flight Path

Thedet ect ion of cosmic ray particles in theener gy range to beinvest igat ed by CREAM is not dependent on geographic location, or day/night conditions, providing a great deal of flexibility in launch sit es and times. Theflight path does not affect thecollection of data, so any flight path consist ent with operational requir ements is acceptable.

3.2 LaunchWindow

Ther eis no scientific requir ements on launch window, ot her than thosedictated by mission requir ements to optimizeflight duration and altitude.

3.3 Duty Cycle

It is desirableto maintain 100% duty cyclefor all instrumentation. Reducing thenightt imepower consumpt ion by operating portions of theinstrument during dayt imeonly is not a viableopt ion, as this would requir ea significant incr easein overall flight operations and/or sciencemass.

3.4 MissionL ifetime and BalloonPerfor mance

Themost important requir ement is to maximizet hecollection of particles t o producestatistically mea ningful data. This can best beaccomplished by multipleflights, and opt imization of the geometric factor of theinstrument in accordancewit h thetradeoff in altitudet hat is likely to result fromtheincr eased mass. Theopt imal configuration is estimat ed to bea 1200 kg instrument. A nominal altitudeof 115,000 ft with flights of at least 100 days would yield good statistical results wit h this configuration. Each flight would ext end thecapabilit y to det ect a kink in theproton spectrumto higher energies. Studies haveindicat ed that reduction of mass cannot effectively becompensated by incr eased flight duration, as relatively sma ll mass reductions requir esubstantial increases in flight duration. Alt itudeis important, particularly for thehea vier nuclei, and thehighest possiblealtitudeis thebest, but it may bepossiblet o reducet herequir ed altitudeif it would result in a longer duration flight. Attitudecontrol is not requir ed, sincet he

Draft May 8, 1999 ent irefield of view is essentially equal and symmetrical about thevertical axis. Coarse knowledgeof attitude(+/- 1 degr ee) and altitude(+/- 1%) is required.

Parameter Desired MinimumAcceptable

Float Alt itude(ft) 124,000 110,000

AltitudeStabilit y (ft) ± 5,000 ± 10,000

Flight Duration 200 days 60 days

AttitudeControl N/A N/A

3.5 Telemetry Data Rates

Theinstrument processes data on a per-event basis. Each trigger ed event will producea quantit y of data which varies according t o thecomplexit y of theevent, and could beas much as 66

Kbyt es. Thet ypical event record size, however, will beabout 3 ˘ 4 Kbytes. The expect ed trigger rateis about 1.5 Hz. Thetotal averagedata ratewill not exceed 50 kbps, including instrument housekeeping data, which consists most ly of t emperatureand high voltagemonit oring. The sciencedata will betransferred to theballooncraft flight comput er through a standard MIL-STD-

1553B int erface.

3.6 End-to-E nd Data Accuracy

A maximumbit error rateof 10 -6 is required. Error checking infor mation, which ident ifies bad or pot entially bad data, is desirable.

3.7 Real Time Data Requirements

Two issues driver eal-time requir ements. First and foremost, housekeeping, pedestal and some fraction (e. g. 0.1%) of sciencedata is required t o monitor instrument healt h and make adjust ments to any element showing anomalous behavior (e.g. overheat ing, significant shifts in pedestals and/or gains). Monit oring data will bekept under 100 bps. Second, sciencedata recovery is a mission critical requir ement. Sincepayload recovery is not assured, real-time telemetry is desirableas thebest mea ns to assureminima l data loss if thepayload is lost. If that is not available, a reduced set could betransmitt ed that includes high priority events (e.g. above50

TeV and/ or Z > 6) and (e.g.) 1% of all events. In lineof sight, during ascent, real-timet elemetry becomes mor eimportant as temperatures and pressures changemor erapidly than during float.

Instrument comma nding is anticipated to beno moret han several times per day at float altitude.

Comma nd sequences should beless than 1 Kbyt e, with 100 bps deemed sufficient. In somecases

(e.g. overheating) r eal-time or near real-time transmission of comma nds would beneeded.

4.0 Science Require ments onBallooncraft Configuration

4.1 Instrument Alignment and Field ofView

Theinstrument needs to look upward, wit h no further requirements for orientation. Alignment with r espect to azimut h sensor should beknown to better than 0.25 o . Theballoon itself being in thefield of view is not a concer n at theseenergies.

4.2 Contaminationand Interference Control

Draft May 8, 1999

Theinstrument uses sealed det ect ors, and is not particularly sensitivet o conta mination. Many of theplastic fiber components can beaffect ed by vapors fromsolvents, so reasonablecautions should be exercised to avoid theuseof solvents near theinstrument. Int erferencefrom ballooncraft equipment is unlikely, however chargesensit iveamplifiers areused throughout the instrument and may beaffect ed by some of theballooncraft equipment, particularly transmitting devices. If int erfer enceis det ect ed during int egration, it will bemit igated by relocation of offending emitt ers and/or addit ional shielding of suscept iblecomponents.

4.3 Power Requirements

Theinstrument is expect ed to draw less than 620 watts fromtheprimary 28 volt supply, while operating wit h a duty cycleof 100%. Thetablebelow details thevarious power consumers and their estimat ed needs. Thesenumbers arebased on thepr esent design of CREAM det ect ors and ma y changeas designs mature. Wearecurrent ly aggr essively pursuing designs that will reduce power consumpt ion fromtheselevels. Addit ional power of TBD ma y berequir ed for heat ers during nighttimeoperations, but our therma l design goal is to keep t emperatures wit hin the specified ranges without heat ers. Theballooncraft will providepower switching (on/ off) capabilit y for theinstrument. Thereis a minimal power requirement for survival.

Consumer Power Requirement (S urvival)

ChargeDet ector 100 W (0 W)

Transition Radiation Det ect or 35 W (3 W)

Calorimet er & Target Scintillators 240 W (0 W)

Trigger Electronics 20 W (0 W)

Housekeeping Electronics 20 W (0 W)

Data Comput ers 30 W (0 W)

Subtotal 445 W (3 W)

Convert er Losses (80% Efficiency) 111 W (0 W)

Cont ingency (10%) 62 W (0 W)

Total Power Requir ement 618 W (3 W)

4.4 Data and Command Interface Requirements

Theinstrument will int erfaceto theballooncraft flight comput er through a standard MIL-STD-

1553B int erface. Both data and comma nding will betransferred through this int erface.

4.5 Mechanical Requirements

Thegondola design will bean int egrated one, accommodat ing both instrument and ballooncraft subsystems. Thelargeinstrument mass and complexity of subsystems will betheprimary drivers of thegondola design. Thegondola will haveprovisions for attachment of all ballooncraft subsystems and all ther mal control subsyst ems as described below.

4.6 Thermal Requirements

Thether ma l design will bean int egrated design, which includes bot h theinstrument and the ballooncraft subsystems. It will benecessary to locateheat generators at appropriatelocations to prevent sensitiveassemblies frombecoming too cold during night operations, and provide adequateheat flow to radiators during da ytime operations t o prevent it ems frombecoming too

Draft May 8, 1999 hot. A design which uses a basepanel with heat sources attached to it, and a ther mal bla nket enclosing theentir egondola is themost likely configuration. Int ernal reflectivesurfaces on the ther mal blanket and adequatespacing away fromtheinstrument will promot e effect ivereradiation of heat to upper components. Heat pipes will beused to isot her malizet hebasepanel, and variableconductanceheat pipes (VCHP) will beused t o transport heat to theradiator. The following tablelists thema jor instrument subassemblies and theappropriatetemperatureranges for each.

Subsystem Operating Range ( o C) Non-Operating Range ( o C)

Charge Detector

Det ect or Assembly -20 to +50 -55 to +70

Readout Opto-Electronics -10 to +50 -55 to +125

TransitionRadiationDetector

Det ect or Assembly -10 to +40 -30 to +60

Readout Electronics -10 to +50 -55 to +125

Gas Makeup Supply -10 to +40 -30 to +60

Target Scintillators

Det ect or Assembly -20 to +50 -55 to +70

Readout Opto-Electronics -10 to +50 -55 to +125

Calorimeter

Det ect or Assembly -20 to +50 -55 to +70

Readout Opto-Electronics -10 to +50 -55 to +125

Support Electronics

Trigger Processor -20 to +70 -55 to +125

Flight Comput er 0 to +50 -55 to +125

DC-DC Converters -40 to +70 -55 to +125

5.0 Science Require ments onMissionOperations

5.1 Pre-Launch and Line ofSite (LOS) Command and Data Requirements

During ground checkout, flight linecheckout, and during theper iod after launch when theballoon is in direct lineof sit eof thelaunch sit e, real-time sciencedata and comma nd capability is requir ed. Thesciencedata telemetry rateof 50 kbps is desirable, but a reduced data ratenot lower than 10% of thefull data rateis acceptable. A comma nd instrument control data ratewill not exceed 100 bps.

5.2 Normal Command and Data Requirements

During nor mal flight operations, near real-timedata is requir ed to det er minet hehea lth and status of theinstrument. It is desirableto havethefull science data availablewit h no mor ethan a ten minut edelay, however theminimumr equir ement would beto havet hehousekeeping data

(approximately 100 bps) availablein r eal-time. Following any period of reduced t elemetry

(below 50 kbps) an incr eased transmission rate(above50 kbps) will berequir ed to clear out the back-log of archived data. Periodic adjust ment of theinstrument by comma nd uplink is expect ed to beno moretha n several times per day wit h comma nd sequences being less than 1 Kbyt etotal, at 100 bps. Comma nding will primarily beused for adjust ments of high voltagesettings, threshold settings, and gas pressureadjust ments wit hin theTRD. Comma nd and data capability fromhome inst itutions via networ k connections is highly desirable.

Draft May 8, 1999

Draft May 8, 1999

6.0 Data Handling Requirements

CREAM data will berecorded and transmitt ed to theground for real-timeeva luation and offline analysis. Readout cha nnels with pedestal-only cont ents will besparsified by theFlight Data

Systemt o reducedata volume. Compression of data beforearchiving and/or transmission will be consider ed if needed to accommodat ethe exper iment data rate.

6.1 Data Types

CREAM will generateseveral types of data recor ds. Each will haveits own TBD structure.

6.1.1 Science Data

Collection of sciencedata is themain mission objective. Theserecords will includea hea der and point ers to specific types of det ector readout data and addr esses. All above-pedestal ADC cha nnel cont ents will berecor ded wit h theaddress ident ifying therelevant ADC channel.

6.1.2 Housekeeping Data

This record typewill allow data quality control as well as verification of t emperatureand ot her paramet ers relevant for sciencedata analysis.

6.1.2.1 Software Status

Flags showing thestatus of all soft wareprocesses in the on-board Flight Data System. Examples ma y includedata-taking, data-archiving, power control, det ector control, housekeeping, etc.

6.1.2.2 Physical Environment

Records of temperatures, pressures and position froma rangeof sensors.

6.1.2.3 Power Control

Records of HV and LV settings and actual values.

6.1.3 CalibrationData

Records of det ect or channel cont ents and addr esses for LED flasher events, empty events and possibly non-int eracting particletraverses to allow theconstruction of a set of time-dependent correct ion functions to compensat efor pedestal and gain changes dueto changes in t emperature,

HV, et c.

6.2 Data Processing

Data processing will bea cooperativeprocess perfor med by theinstrument tea mat their home institutions. Thedata will beprocessed using hardwareand soft waretools that will beavailable at each of theinstitutions.

Draft May 8, 1999

6.3 Data Products, Archiving, and Distribution

The expect ed total data volume is about 50 Gbytes for a 100 day flight. Thesedata will besent by telemetry and will also bearchived on-board. Thedata set will bedeliver ed to thePrincipal

Invest igator on TBD media wit h for mat TBD. ThePrincipal Investigator will providecopies of thedata set to theCo-Invest igators. ThePrincipal Investigator will haveresponsibilit y for archiving and distribution of processed data.