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Destiny Philosophy

1. Help to keep JDEM in the schedule!

President’'s FYO05 budget request to delay NASA Beyond
Einstein initiative and possibly JDEM launch

— JDEM priority and schedule currently under scrutiny

« Echo decadal reports (e.g., Q2C) and media assessments of
Importance of dark energy to fundamental physics

« HST-SM4 cancellation has created a new sense of urgency

2. Help to bridge NASA and DOE communities

e Interagency cooperation is a high priority at OSTP and OMB
— Agencies differ in administration methods
— Science communities approach from different perspectives

3. Possibly promote explicit role for NSF in JDEM

« Ground-based facilities will contribute to our understanding of
dark matter and dark energy
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Destiny Implementation

e Do from space only what must be done from space
— Simplify!
» “Better Is the enemy of good enough”
» Develop mission concept based on cost and schedule, not just
performance
— Leverage related investigations

« Significant space-based and ground-based assets (e.g., JWST,
LSST) that will address dark energy and related science

o State of the field a decade from now

« EXxplicit coordination with ground-based facilities to enhance
space observations
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Destiny Implementation

e Science objectives and some aspects of observing strategy
are similar to SNAP
— Repeated monitoring of ~7.5 sqg-degree survey field near North
Ecliptic Pole with ~5-day cadence
o “Grism mode” concept focuses on distant SN la

— Obtain light curve, SN type, and redshift information simultaneously
— No k-corrections

— Also obtains same data for SN Il and SN Ib/c
— Calibrates photometric redshifts from LSST
— R~100 spectra of every object in field
* “Imaging mode” to do weak lensing is possible but TBR,
pending JDEM Science Definition Team (SDT) discussions
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Destiny Implementation

Strategy based on long-term affordablility” — Sean O’Keefe

Simplify the mission
— Choose minimum mission capabilities
« “Test what you fly. Fly what you test.”

e Smallest aperture necessary

» Fewest detector pixels necessary
— Single detector readout electronics
— Single detector technology

— Draw on previous missions
« Hardware and data handling: HST, Swift, Kepler, JWST, etc.

— Choose L2 orbit
» Best for pointing stability, thermal control, target visibility

« Minimize power consumption
— Passively cool focal plane

« Biggest challenge is data volume and telemetry

— Automate the survey
» Reduce mission operations costs (scheduling, data analysis)
» Take out the time critical “human factor”



Destiny Implementation

e Maximize the science return

— Derive results from both SN la and SN I

 Even if SN Il results are not as precise, significant deviation
from agreement with SN la may signify gaps in understanding

« Extensive theory component is a cheap way to maximize the
science return
— Make the data available to the community as soon as
possible
» Coordinated follow-up observations
 Verification of results
« Ancillary science
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Next steps...

« NASA Dark Energy Probe concept study
— $200k over 2 years

— Mission Definition Team:
Robert Kirshner (Harvard), David Spergel (Princeton),
Tod Lauer, Nick Suntzeff (NOAO), Philip Pinto (Arizona),
Adam Riess, Marc Postman (STScl),
Chris Fryer, Tom Vestrand, Mike Warren (LANL),
Robert Woodruff (LMCO)

— DOE/LANL and LMCO partners

 Phase A study (~18 months, budget ~1-2% of
total mission cost) to develop sufficient maturity
In technical implementation
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NASA Panel Review Comments

Overall Evaluation:;

March-04

. The grism approach of DESTINY is an alternative to the

Imaging/spectroscopy approach of the more fully developed SNAP
concept for a dark energy probe, which has been described in a
number of papers and DOE proposals. The simpler design allowed
by having only a single detector system is DESTINY’s major
strength, offering potential advantages of robustness and cost
relative to the SNAP design.

.. DESTINY appears at this stage to be a viable alternative to SNAP

for addressing the properties of dark energy, and it merits more
complete study to see whether it is indeed competitive. However,
the SNAP collaboration has been studying a space-based
supernova probe for several years with substantial DOE funding,
and they appear well ahead in understanding the technological
challenges and the potential systematics of their approach. The
IDESITINY team has a lot of catching up to do to reach the same
evel.”



Destiny Organizational Structure

PSP — Participating Scientist Program
EPO — Education & Public Outreach

SOG - Science Oversight Group - NASA Center
PR S il Pl Aty A NASA-DOE B DOE/LANL
R iy T e Joint Oversight Grou Bl o
OPG  Olrvaton Flapnitg CAre I TBD

DMC - Data Management Center

' JDEM Mission Office
Science JDEM Project Management

office
Mission Project System
Assurance Engineering

Launch Flight FS System GS System Ground

JDEM SOG
JDEM Mission Scientist

Segment Segment Engineering M Engineering Segment
(KSC/NASA)

Instrument Spacecraft

Telescope
Optics
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Destiny Project Requirements Flowdown

NASA-DOE Level 1
SRD - Science Requirements Document
MRD — Mission Requirements Document
FS Spec — Flight Segment Specification
LSRD — Launch Segment Requirements Doc JDEM Science
GSRD - Ground Segment Requirements Doc Level 1.5
(SRD)
| |
DESTINY Mission Level 2 PSP EPO
(I\/l RD) (system)
| |
Flight Launch Ground
Segment Segment Segment Level 2-t5
(FS Spec) (LSRD) (GSRD) (egmelits)
|
Level 3
OTA Instr S/C ATLO (elements) SOC OPC
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Destiny OTA & Instrument Roles and Responsibilities

FS System

) : Instrument
Engineering

Instr.
Alignment Alignment

Optics Support Thermal Optical

(PM/SMITM) Structure Control Bench

Optics
Baffles Mounts

Aperture
Door

CMOS
Coatings

CMOS B FPA
Charact. Electron.

FPA Data
S/IW Storage
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Destiny Ground Segment Organization

Ground Segment Manager
(T. Vestrand, LANL)

GS System Engineer JDEM Project
(J. Bernardin, LANL) GS System Engineer

Observation Planning Science Ops Center Data Management Center

Center (T. Vestrand, LANL) (P. Wozniak, LANL)
(E. Fenimore, LANL)

Participating Scientist
Program

Mission Ops Center
(D. Roussel-Dupre, LANL)

SN Classification Follow-up Obs Ground-based

Ground Station Program Program SN Obs Program
System (C. Fryer, LANL) (T. Lauer, NOAO) (N. Suntzeff, NOAO)
(J. Sutton, LANL)

Other LANL activities:
M. Gallasi (Data Pipeline Architecture)

- - Sustained Engineerin M. Warren (Database Structure, Theory)
F“ght Plannmg LIl J J C. Ho (On-board S/W, Data Compression)

D. Palmer (On-board Computing)

& Ground Testing Program

(D. Palmer, LANL) TBD (LMCO, S/C) C. Fryer (SN calculations, Theory)
K. Borozdin (Analysis Pipeline)
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Destiny Phase A Design Study Outline

. Science Investigation
- Science Goals and Objectives
- Destiny Science Investigation
. Mission Requirements
- Destiny Performance Requirements
= Mission Implementation
. Technical Approach
- Optical Telescope Assembly
- Science Instrument Implementation
- Component Integration & Test
- Spacecraft
- Assembly Test & Launch Operations
- Mission Operations
- Facilities
- Safety and Mission Assurance
- Mission Verification & Validation
. High-Confidence Cost Estimate
= Affordable, Low-risk Dark Energy Mission
- Manufacturing, Heritage, Integration, and Test
. Management Plan
- Organization and Responsibilities
- Management Processes and Plans
- Schedules
- Risk Management
- Government Furnished Property, Services, and Facilities
- Milestones, Reviews, and NIAT
- Reporting
- Independent Verification & Validation
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Motivation for Destiny

The poor understanding of Dark Energy, and diverse
hypotheses for its explanation, motivates observation of
the widest possible redshift range.

Severa ground-based surveys will obtain rich SN |a
coverage for z < 0.8, but are limited to within z ~ 1.
Observation of SN laat z> 1 reguires a space mission.

Observation of SN laat z > 1 requires NIR
|nstrumentation.

Spectra of SN la are required for redshifts, classification,
and physical understanding.

Complete spectral coverageof arich SN lasampleat z> 1
demands large resources, motivating a multiplex spectral
capability.

SAGENAP Review April 14, 2004




Destiny Experimental Design

All NIR grism spectrophotometry, all the time. Do hi-z SN Ia from
space, combine with low-z from the ground.

Conduct a NEP “blank sky” survey comprising continuous observation
of 7.5 sg. deg. over 2 years nominal mission.

Basic sequence: Image 0.25éfields for 4 hours, repeating with a 5-day
cadence.

Hold roll stable for 3-months, then roll 90é Detect SN with image
differencing lyear later.

Tonry et al. (2003) ~2500 SN lawith0.5<z< 1.7 in 2-years (W. =
1,W=0.7,H.=72) ~200 SN la/ Dz = 0.1 bins.
In combination with rich ground-coveragefor 0<z<05 s (wo) =
~0.05,s (w" ) =~ 0.2. Combining results with WL, LSS, and CMB
from ground-based telescopes (e.g., LSST) and other space-based
missions (e.g., WMAP, JWST) will improve constraints significantly.
Data immediately public. Ground-based follow-up. 10 nJy 5s NIR
broad-band photometry available for entire field for ancillary science.
SAGENAP Review April 14, 2004
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» Evidence from Type la SNe for a decelerating, then

accelerating universe and dark energy

» Constraints on w and w’ from combining a large

ground-based weak lensing survey with space-based

SN la measurements.
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Destiny Instrument Design

Minimize instrument types/modes. Emphasize smple
operations. Use spacecraft/instrument heritage where
possible.

2m-class 3-mirror anastigmat NIR all-grism camera.

Obtain R~ 75 spectrawith 0.85mMm <1 < 1.7 nm over a
1°” 0.25eFOV.

64 Rockwell H-2RG HgCdTe arrays mosaiced to yield a
32k~ 8k pixel array. Pixel scaeis~0.1" Nyquist
sampled at 1.7 mm. A 0.13” pixel scale reducesthe
requirement to only 36 detectorsto cover the same area.

Operations at L2. Potential on-board image stacking and
CR-rgjection for telemetry reduction.

SAGENAP Review April 14, 2004




Destiny Optical Sketch

SAGENAP Review April 14, 2004




It’'s Tricky To Do Photometry with Grisms

The integrated background over the entire wavel ength
range fallsinto all pixels, and isthus greater than that for
standard broad-band filters.

The SN la spectrum is spread over several pixels, and thus
Incurs more background than does a direct-imaging PSF.

The grism spectral images change with orientation.
Grism spectra can overlap.

The chromatic mixture of light in any pixel is broad and
depends on source structure, thus “flat-field” calibration
cannot be done in advance.

SAGENAP Review April 14, 2004




A Grism Is a Great Way To Obtain SN la
Photometry and Spectra

Severa “bands’ can be observed at once, giving a
multiplex advantage.

The full SED is observed with fine sampling. Photometry
can be synthesized in arange of rest band-passes without
K-corrections (or just skip the bands).

Spectra are obtained at all times, allowing for event
classification, redshift estimation, event evolution, etc.

Multiplex advantage for spectra. All objects are observed
without special pointing reguirements or time-critical
operations. Simultaneous with photometry.

SAGENAP Review April 14, 2004




Overview of S/N Conclusions

Adequate S/N per spectral pixel can beobtanedat z< 1.7,
with ample reserve spectral resolution.

| ntegrating the grism spectrum to produce synthetic
“broad-band” fluxes shows that the basic exposure will
awaysgive SIN>20atz< 1.7.

Time dilation can be exploited at high-z: Sower time
evolution means multiple epochs can be readily combined.

The DESTINY grism does four R=5 “bands’ at once; it
has asimilar speed to agiven S/N to adirect imaging
survey using nine optical/IR bands.

HST/ACSgrism observationsof SN laat z> 1 serveasa

proof of concept. Adeguate spectra are obtained in four
hours, and ACS outperforms all 10m class telescopes.

SAGENAP Review April 14, 2004




Grism Spectral S/N with Redshift

8h Grism Exposures
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Broadband S/N with Redshift

4h Exposure, R=5 Bands
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Broadband/Grism Speed with Redshift
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ACS Grism Images of SN2002FW (z = 1.30)
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Some Requirements On a Grism Mission



Destiny Science Investigation Study






