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CONTENT OF THE UNIVERSE




How IMPORTANT IS
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SCIENCE’S TOP QUESTION:

“WHAT IS THE UNIVERSE MADE OF? ... WHAT IS DARK
ENERGY? THIS QUESTION, WHICH WOULDN'T EVEN HAVE BEEN
ASKED A DECADE AGO, SEEMS TO TRANSCEND KNOWN PHYSICS

MORE THAN ANY OTHER PHENOMENON YET OBSERVED.




DARK ENERGY 70% OF UNIVERSE
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CURRENT DESTINY STATUS

AWARDED JDEM CONCEPT STUDY BY NASA 8/06

PURSUING DOE GRANT TO AUGMENT NASA GRANT
ACTIVITIES

TEAMS IN PLACE:

— TECHNICAL PEOPLE AT GODDARD HARD AT WORK.

— SCIENCE TEAM WORKING ON CALIBRATION, SURVEY
DEFINITIONS, ETC.

WORKING WITH INDUSTRY::

— LMCO FOR SPACECRAFT
— GOODRICH FOR TELESCOPE
— TELEDYNE FOR DETECTORS

TARGET MID-2008 FOR HIGH-FIDELITY DEFINITION
PREPARED FOR AO TO FLIGHT LATE 2008




DESTINY FACTS & DESIGN

1.65M TELESCOPE AT L2
SN1A SURVEY OVER 3°2 - FIRST TWO YEARS

IMAGING SPECTROGRAPH WITH
MNOA~75. OVER 0.85UuM < A < 1.7um

WL SURVEY 1000°2 - THIRD YEAR
R~5 IR FILTERS FOR WL SURVEY

GOAL OF W, TO 0.05 AND W, TO 0.20

HERITAGE: NO TECHNOLOGY DEVELOPMENT

SPACECRAFT, INSTRUMENT, COST DEFINED IN TWO
INDEPENDENT STUDIES (GSFC & LMCO)

SCIENTIFICALLY UNIQUE CONFIGURATION OF PROVEN
TECHNOLOGY




DESTINY PHILOSOPHY

DO ONLY IN SPACE WHAT MUST BE DONE IN
SPACE - LEVERAGE GROUND BASED
OBSERVATIONS.

USE THE MINIMAL INSTRUMENT REQUIRED —
MAINTAIN HIGH HERITAGE.

HIGHLY AUTOMATED SURVEY - NO TIME
CRITICAL OPERATIONS.

ALL SPECTRA ALL THE TIME. COMPLETE
SPECTRO- PHOTOMETRIC TIME SERIES ON ALL
SN EVENTS.




DESTINY SCIENCE TEAM

Pl: ToD R. LAUER (NOAO)

DEPUTY PIl: DOMINIC BENFORD (GSFC)

MATTHEW BEASLEY (COLORADO) ToOM MATHESON (NOAO)

CHRIS BURNS (OCIW)
KENNETH CARPENTER (GSFC)
DouGc CLOWE (OHIO U)

IAN DELLANTONIO (BROWN)
MEGAN DONAHUE (MSU)
CHRIS FASSNACHT (UC DAVIS)
WENDY FREEDMAN (OCIW)
CHRIS FRYER (LANL)

JAY HOLBERG (ARIZONA)
AIMEE HUNGERFORD (LANL)
ROBERT KIRSHNER (HARVARD)
LLOYD KNOX (UC DAVIS)

LORI LUBIN (UC DAVIS)
SANGEETA MALHOTRA (ASU)

PHILLIP PINTO (ARIZONA)
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JAMES RHOADS (ASU)
YONG-SEON SONG (CHICAGO)
GEORGE SONNEBORN (GSFQC)
SUMNER STARRFIELD (ASU)
NICHOLAS SUNTZEFF (TAMU)
FRANK TIMMES (LANL)
THOMAS VESTRAND (LANL)
MIKE WARREN (LANL)
ROGIER WINDHORST (ASU)
ROBERT WOODRUFF (LMCO)
ANN ZABLUDOFF (ARIZONA)




DETF FINDINGS

“A MIX OF TECHNIQUES IS ESSENTIAL FOR A
FULLY EFFECTIVE [DARK ENERGY ]| PROGRAM.”’

Stage—IV figure—of—merit (normalized to Stage-II)

SN+ WL SN+WL
+BAO




'1 : E '1

B - | |
" SUPERNOVAE ‘

{ e o

[~ &
|
m
.. -y

&




SUPERNOVA HUBBLE DIAGRAM
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PRECISELY DETERMINE THE
DARK ENERGY EQUATION OF
STATE.
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HUBBLE DIAGRAM (DIFF.)

Relative to Empty (QQ=0) Universe
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SN LIGHT CURVES REQUIRED FOR
“STANDARD CANDLE” USE

as measured
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SPECTRA NEEDED FOR SN REDSHIFTS &
CLASSIFICATION

|

Spectra of SNe near
maximum light (~ 1 week)
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WHY GO TO HIGH REDSHIFTS?

DARK ENERGY HAS BEEN
WELL DETECTED AT Z<0.5. TO
DETERMINE WHAT IT IS

— AND NOT JUST THAT IT IS —
DEMANDS MEASUREMENTS AT
EARLIER EPOCHS.
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NIR AVAILABLE ONLY IN SPACE

CRUCIAL NEAR-INFRARED OBSERVATIONS ARE IMPOSSIBLE FROM
THE GROUND FOR THE REQUIRED PHOTOMETRIC ACCURACY

SKY IS VERY BRIGHT IN NIR: >100X BRIGHTER THAN IN VISIBLE

SKY IS NOT TRANSPARENT IN NIR: ABSORPTION DUE TO WATER IS
VERY STRONG AND EXTREMELY VARIABLE
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ACS GRISM IMAGES OF SN2002FW (z = 1.30)
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RIESS ET AL. (2004)




Torngasek at z~1.3 RIESS ET AL. (2004)
_ T ACS GRISM SPECTRA OF
Keck 4 hours 1N l Z ~ 1 .3 S N IA
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SUPERNOVA OBSERVATIONS

Simulated Galaxy Field Image
’ -

1. BROADBAND: LOCATE SN & HOST GALAXY
2.DISPERSED: SPECTRAL TIME SERIES
S.DIFFERENCE & EXTRACT SN SPECTROPHOTOMETRY




SUPERNOVAE SURVEY SCHEMA

Timeline {1 3m 6m 9m 1yr 15m 18m 21m 2yr

Compare l’?—E:ﬁ
Spacecraft
Roll
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SURVEY AREA IS A CONTIGUOUS
MosAIC OF DESTINY FOVSs.
ORIENTATION ROLLS BY 90°
EVERY 3 MONTHS.

DITHERING WILL FILL IN CHIP
GAPS AND ENSURE NYQUIST

SAMPLING.




SN PHOTOMETRIC CALIBRATION

OBTAIN HIGH FIDELITY EXTERNAL AND INTERNAL FLATS IN
GROUND TESTS.

MONITOR WITH INTERNAL FLATS ON ORBIT, PLUS FIELD STARS.
ABSOLUTE PHOTOMETRIC CALIBRATION WITH DA WHITE DWARFS.

SN SPECTRA ISOLATED WITH DIFFERENCING. AD HOC SPECTRAL
FLAT EXTRACTED FROM DATA CUBE OF MONOCHROMATIC FLATS.




SUPERNOVA SPECTRA

SIMULTANEOUS
SPECTRUM &
PHOTOMETRY =
REDSHIFT &
BRIGHTNESS

REDSHIFT FROM
615NM SIlIl LINE

EQUAL PRECISION
MORE ACCURACY
THAN BROADBAND
FILTERS ALONE
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SUPERNOVA LIGHT CURVES

e ALWAYS GET
PHOTOMETRY
AROUND MAXIMUM
LIGHT

SAMPLE EVERY 5
DAYS

SN IA ARE ‘“MOST
DIRECT & PRECISE
APPROACH” TO STUDY

DARK ENERGY L T ST S ST

Time From Maximum (Rest Frame Days)
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SUPERNOVA SURVEY

PRESENT DAY &
ONGOING SURVEYS FIND
HUNDREDS
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SUPERNOVA SURVEY

PRESENT DAY &
ONGOING SURVEYS FIND
HUNDREDS

DESTINY WILL FIND
>3000 SN IN 2 YRS.

MOST AT Z~1; REQUIRES
3.2 DEG? SURVEY AREA

DESTINY DOES 0.4 < Z
<1.7 - COMBINE WITH
GROUND OVER O < Z
<0.8

GOAL: 100 SN IA IN
EACH Az = 0.1 BIN
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WEAK LENS]NG
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Q . = IN WEAK LENSING, WE
0 oq | MEASURE THE SHAPES OF
GALAXIES.

True Background

DOMINANT NOISE SOURCE
IS THE RANDOM INTRINSIC
SHAPE OF GALAXIES.

LARGE-N STATISTICS
EXTRACT LENSING
INFLUENCE (““SHEAR”)
FROM INTRINSIC NOISE.
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DARK ENERGY AND WEAK LENSING

DARK ENERGY EQUATION OF
STATE:

w= P/ (w=-1 FOR A)
MODIFIES:
* ANGULAR-DIAMETER
DISTANCE
* GROWTH RATE OF
STRUCTURE
* POWER SPECTRUM ON
LARGE SCALES

A(T)

— W CAN BE MEASURED
FROM THE LENSING POWER
SPECTRUM




DESTINY PERFORMANCE




ONGOING WORK CONTINUES TO REFINE DE
& COSMOLOGICAL PARAMETERS
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UNDERSTANDING DARK ENERGY

Albrecht & Skordis potential
exponential tracker potential

two D3-Brane potential
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WEAK LENSING MEASUREMENT

DESTINY WILL
CONDUCT A WEAK
LENSING SURVEY AS AN
INDEPENDENT,
COMPLEMENTARY
TECHNIQUE FOR
INCREASED ACCURACY
AND PRECISION ON THE
DETERMINATION OF THE
DARK ENERGY
EQUATION OF STATE.

H{z)

Cret = | dz
: Di(z)

Wal2)Wy(z)P**t(k = £/Day: 2)




PREDICTED SURVEY RESULTS
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ASSUMING A FLAT UNIVERSE




PREDICTED SURVEY RESULTS

rr=rrprerrrprrrryprry\l
‘s
.
‘.

lIlIIlIIllIIIInl'*.II
-1.05 -1 -0.95

W

NOT ASSUMING A FLAT UNIVERSE




DESTINY DESIGN




SN SURVEY REQUIREMENTS FLOWDOWN

Science Goals

Science Investigation

Measurement Capabilities

Implementation

To Characterize and
Constrain the Nature
of Dark Energy

Determine the expansion history
of the Universe to 1% accuracy
over the past 10 billion years of
cosmic history, constraining

theequation of state constant term

w, to within 0.05 and its time
derivative w, to within 0.20.

Measure photometry of SN la
in four A-5 band-passes

with S/N >7 to 20 days (rest
frame) after maximum. Each
point on light curve from 8 hrs
or less of exposure time.

Measure redshiits of the SN
to an accuracy of Az 0.005.

Obtain precise photometric light
curves and redshifts of >3000
I'ype la supernovae to provide
luminosity distances with
sufficient statistics (>100 SN) in

gach Az= 0.1 bin over the redshift

range 0.4 <z<1.7.

SN la occur at the rate of
1.5%x10-4 Mpc-3 yr-1 at 7 ~1.
Repeatedly monitor ~3 sq-degs
with ~5-day cadence to detect
SNe and measure their light
curves and redshifts. The

3 sq-deg survey is split into
two sky regions of ~1.5 sq-degs
near the NEP and SEP.

Combine Destiny constraints
with results from other ground
based and space-based
techniques.

Use 1 broadband imaging filter
and grism to obtain precise
positions, photometry, galaxy
morphology, redshifts, and

SN type.

Primary Mirror—-1.65 m

Field of View and Image Scale:
* Angular Resolution
Diffraction-Limited at Tum to
1.2A/D=0.15 arcsecs
* Image Scale
0.15 arcsec/pixel
* Science Field of View
0.12 square-degrees
* Fine Guidance FoV
~100 square-arcmins with
0.15 arcsec/pixel scale

Broadband Near-IR Imaging
Filter:

A
A=—=5
7 AN h
J-Band Filter centered at
1250 nm

Low-resolution Near-IR

Spectroscopy:

Spectral Resolving Power
R=75at1.2um

Minimum Wavelength
Coverage
850-1700 nm

Optics

* 1.65 m monolith PM

* Three-mirror anastigmat
Telescope

* High reflectance coatings
(e.q., protected Ag or Au)

* High throughput imaging
filter and grism/prism

* Low scatter dispersive oplic

Detectors

* 16 2kx2k format 1.7 um
cut-off HgCdTe detectors

* 3- or 4-edge buttable

* >80% QE over bandpass,
optimized AR coalings

* >20 krad radiation tolerance

Miscellaneous

* Mission lifetime: 3 years

* Fine pointing/correction
10 mas (1o), using quide
camera 10 Hz feedback

* 37 GByles/day raw data,
1.8:1 compression,
Ka-band downlink




SCIENCE AND INSTRUMENTATION

DESTINY SN SURVEY MOTIVATED BY UNIQUE ROLE OF AN
NIR SPACE TELESCOPE FOR OBSERVING SN IA AT Z > O.8.

ALL SPECTRA ALL THE TIME GIVES A RICH DATA SET THAT
ALLOWS FOR FUTURE DEVELOPMENTS OF SN IA’S AS
STANDARD CANDLES. MINIMIZES MISSION COMPLEXITY.

WL SURVEY USES SHARP AND STABLE PSF; NIR FOR DEPTH.

INSTRUMENT FOLLOWS FROM HST/WFC3, JWST/NIRCAM.
ITS UNIQUE ASPECT IS THE LARGE MOSAIC OF H-2RG SCASs.

ANALYSIS TECHNIQUES WELL UNDERSTOOD FOR BOTH SN
AND WL OBSERVATIONS.

ABSOLUTE PHOTOMETRIC CALIBRATION OF SN SURVEY
DATA IS A CHALLENGE AND A MAJOR PART OF OUR
PRESENT STUDY.




MISSION DESIGN / OPERATIONS

SN AND WL SURVEY FIELDS LOCATED NEAR BOTH ECLIPTIC
POLES. NO TARGETING OR ACQUISITION OF SPECIFIC
OBJECTS. HIGHLY AUTOMATED AND REPETITIVE ‘“BLANK SKY”’
SURVEYS.

NO REAL-TIME OR TIME-CRITICAL OPERATIONS REQUIRED AS
PART OF SN OR WL SURVEYS.

STEADY-STATE OPERATIONS MAINLY COMPRISES MONITORING
OF DATA STREAM, SPACECRAFT HEALTH, OCCASIONAL
MAINTENANCE (ANGULAR MOMENTUM DUMPS, ORBIT
STABILIZATION).

LOCATION AT SUN-EARTH L2 GIVES STABLE SPACECRAFT AND
SIMPLE OPERATIONS.

DELIVERY TO L2 CAN BE DONE WITH ATLAS V (401) WITH
AMPLE MASS MARGINS.




PERFORMANCE

SURVEY TIME:
SN: 2 YRS; WL: 1 YR

SURVEY AREAS:
SN: 3.2 DEG?3;
WL: 1000 DEG?

SCIENCE FOV:
0.18° X 0.72°

0.85PM < A <1.7PM
. 0.4 < z<1.7

REQUIREMENTS

A /AA=75; R=5 NIR
BROADBAND FILTERS

RESOLUTION O.13"

POINTING: O0.01"”

STABILITY: 0.01"/ 900s

13 GB / DAY

THERMAL CONTROL:
PASSIVE; FPA 150K




PAYLOAD LAYOUT

, . Solar Array
Composite Baffle Tube

Tertiary

Aperture Plates

(1.65m
Primary 1.
5 DOF — y Filter Wheel

Secondary
Mechanism L1l

Science| Mech

Focal EBox
Plane

.l

N~ "
| | | Guide Camera
Tertiary  Focal Plane

Q '
—— FPA Radiator
Aperture Door Mechamsm\

DESTINY PHILOSOPHY: TECHNICAL FEASIBILITY AND A
SIMPLE, LOW-COST APPROACH WITH HIGH HERITAGE.

+

Optical Bench |




OPTICAL DESIGN

1.65M PRIMARY,
ULE GLASS

THREE-MIRROR
ANASTIGMAT

MOVABLE SECONDARY

FOV FOR SURVEYS IS
0.72°X0.18°;
WELL-CORRECTED
DIAMETER OF 1.15°

FILTER WHEEL WITH
DISPERSER &
BROADBAND FILTERS




PLANE LAYOUT

o —————————————*

e SCIENCE FPAS:
2K X 2K ARRAYS,
2 X 8 MOSAIC

Science Channel Science Channel
Focal Plane Array 0.35° Off-Axis Field Entrance Aperture Plate
(FPA) A (EAP)
Guide Channel 0 3%0/(})/1-}‘ Axis Field Channel
[ G ) e o : TR Entrance Aperture Plate
G U l D E F PAS ° Focal Plane Array 0 09 i »

Field <+— _ (Two Openings)

2 K X 2 K ARRAYS ) Angular Dimensions
are for the field
2 X 2 SPARSE MOSAIC stops. located at
the Telescope focus.
The EAPs are

-—— (36— oversized

slightly for FPAs.




DETECTOR ARRAYS

Parameter Rockwell H2RG Raytheon VIRGO
lgarc (Ac=1.70m) | 0.1 e7/s at 145K 0.1 e/sat 139K

Loose et al. 2003) | (McMurtry et al. 2005

EXISTING TECHNOLOGY
CAN MEET REQUIREMENTS




MISSION PARAMETERS

MAss: 1972 KG (WET)
POWER: 785W

SIZE: 4.4M X 2.5M
DATA: ~13 GB/DAY
LAUNCH: ATLAS V 401
LOCATION: L2
TIMELINE: 2013




SPACECRAFT IMPLEMENTATION

TwO INDEPENDENT DESIGN STUDIES: 1) GSFC/IMDC
2) LMCO; DERIVE SIMILAR SPACECRAFT/IPARAMETERS
AND COST

HIGH MATURITY, HIGH HERITAGE, TRL 7 OR GREATER
FOR ALL SUBSYSTEMS

NO SIGNIFICANT RISKS
NO NEW SPACECRAFT TECHNOLOGY

HIGH STABILITY IS DEMANDED --> PRECISE POINTING
CONTROL.




LAUNCH AROUND 2013

~ ~1,500,000 KM
5 W’oon e

~

u ,500,000 K

/




MISSION OPERATIONS / DATA FLOW

50 Mbps Ka-Band, y DESTINY
2 kbps S-Band TLM S/C
2kbps S-Band CMD

S-band ranging geience & ::“ d)
(50 Mbps K&

CMD (S -Ba

Launch & Early Orbit
Operations Only

' il
,,'- .:‘ N smenﬁ e)
: = kHKSZNmpS Mission Ops Center
Deep Space AT A Lmes\ TR White Sands Complex

: / S 2 kbps TLM \
nd Ranging) 1 kbps CMD ‘

T\m
Network CMD \Rea\ Level 0 t 1
3aM g Store d) Data Coordination Level 2

Data
HK = House Keeping Data Science Ops Center Destiny Science Analysis Center
CMD = Commanding (STSel) Tovels (LANL)

TLM = Telemetry Data

LANL = Los Alamos National Lab
STScl = Space Telescope Science Institute . :
Astronomical Community




CLOSING REMARKS

e TEAM IS ENGAGED IN ADVANCING

DESTINY AS A LOST-COST BUT REALISTIC
JDEM.

e CURRENT TASKS:

— SERIOUS ENGINEERING WORK

— REFINED SCIENCE SIMULATIONS

e MAKING SUBSTANTIAL PROGRESS.
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