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The James Webb Space Telescope

International collaboration NASA, ESA, and CSA

Next space observatory, largely seen as ‘the successor
to Hubble Space Telescope’

To be launched at the end of 2018, for a minimum
mission duration of 5 years (10-year goal)

Space Telescope Science Institute (STScI) will operate
JWST, with participation of 15 European staff
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JWST fact sheet: mirror

SPACE TELESCOPE COMPARISON
Mirror diameter (metres)
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Detectable spectrum

P Herschel
James Webb Il

B Hubble

(Nicmos)
X-Raya Ultraviolet Vigible Infrared Radio
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JWST fact sheet: sunshield

The Two Sides of the Webb Telescope

Hot side Cold side
185° Fahrenheit -388° Fahrenheit
(85° Celsius) (-233° Celsius)
Solarpanel — Science instruments:
Communications Detectors & flters
antenna

Mirrors
Computer

Steering:
Reaction wheels & jets

light from the sun

European Space Agency







s

JWST fact sheet: deployment {cesa
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JWST fact sheet: instruments

Wavefront Sensing

Multi-Object, IR spectroscopy
& Control (WFSC) ' =

Deep, wide field broadband-imaging

IFU spectroscopy

Coronagraphic Imaging

Fine Guidance Sensor Moving Target
- Support

=
oz

detactorpots (1)

oos

10 15 E =
wtactor pecat ()

Slitless spectroscopy

Mid-IR Coronagraphic
Imaging
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Integrated Science Instrument Module
(ISIM)




European contribution

European
scientists get
a minimum

share of 15%
of JWST
observing time

perational Support
15 staff
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NIRSpec delivery: 06 September 2013
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Jonathan Amos

More from Jonathan  Follow Jonathan on Twitter

James Webb telescope: First starlight'
instrument complete

ASTRIUM NIRSPEC®

Europe has reached another milestone in its contribution to Hubble's
successor - the James Webb Space Telescope. More fmr':‘

An industrial team led from Astrium in Germany has completed the build of

the Near-Infrared spectrometer, one of four instruments that will go in Mars rover

JWST. celebrates a year of
discovery

NirSpec's job will be to determine the age, composition, movement and UK government

distance of the objects in its field of view. excited by Sabre
engine

The expectation is that some of these targets will include the very first

stars to shine in the Universe. Space penetrator

passes icy test

That would mean picking up light signals that have travelled across space  Ariane sizes up for
for perhaps 13.6 billion light-years - something Hubble cannot do. competition

JWST will make it possible with a suite of next-generation
technologies, including a 6.5m primary mirror (more than double the
width of Hubble's main mirror), and a shield the size of a tennis court to
guard its keen vision against the light and heat from the Sun.

NirSpec is critical to this new capability, and represents 10 years of design
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OTE Testing
Chamber A, Johnson Space Center
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Ground Segment

L2 Lissajous Orbit

L

L2 Point °

M

L2 Transfer Trajectory

NASA Provided

Communication

Asset for Early
Orbit Phase

Launch
Segment

N

= S

Madrid  Goldstone Canberra
JPL D
Deep Space -
Network
(DSN) | |

NASA Integrated Services Network (NISN)

Ground Segment

A
STScl Science & Operations

Center (S&0OC)
A

Observatory
Simulators

v

v

GSFC
Flight
Dynamics
Facility (FDF)

>

(OTBISTS)

Flight
Operations
Subsystem

(FOS)

A
Data
Management
Subsystem
(DMS)

Operations
Script
Subsystem
(OSS)
A
Project
Reference DB
Subsystem
(PRDS)
A
Wavefront
Sensing &
Control Exec
(WFSC Exec)
A
Proposal
Planning
Subsystem
(PPS)
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Observatory features {cesa

Autonomous Operations Ecliptjc

Continuous
Coverage
ne North

Orbital constraints, target visibility
Roll constraints

1.
2.
3.
4.

Slew speed and accuracy

v

Continuous
overage
Zone South




Observatory features

Autonomous Operations
Orbital constraints, target visibility
Roll constraints

Slew speed and accuracy

s W E

Data volume, uplink & downlink

a. Deep Space Network antennas in California,
Spain, and Australia

b. downlink contact 4h every 12h

o
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Observatory features {cesa
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Autonomous Operations

Orbital constraints, target visibility
Roll constraints

Slew speed and accuracy

Data volume and downlink

o bk W

Momentum management
a. radiation pressure on sunshield and trim flap

b. must be compensated by reaction wheels spin-up

c. eventually, reaction wheels must be slowed via thruster firing
7. Orbit maintenance

a. L2 is saddle point =2 unstable orbit

b. “station keeping” through periodic thruster firings
8. Wavefront maintenance
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JWST Ground Segment Operations

JPL Deep Space JWST
Network

Astronomers
Grant

Notification

Science Data

— 1 Phase?2
Phase 1 Acceptance  Constraints l Status
v | |
Phase 1 .| Proposal .| Phase 2 |Long o Grants
licitation Selection Preparation

"|Management

Notification

Sci Data
Archive

Calibration
Proposals

Short Term
Scheduling

Obs. Plan
___Science Operations e || [ rSeneration

Sci Data
Calibration

Real-Time
Operations

.| Calibratio




Event-driven Operations

Command execution status determines when to
execute the next command in a sequence

Failed activities can be skipped = efficient

Implies strictly sequential operations = large overheads

v
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Proposals and Observation Planning

Proposal > Likely ~1year before launch
Solicitation |» Phase 1 & Phase 2 merged

and
Preparation

» TAC (20% European) recommendation to STScI Director
Proposal » First year operations, ~50/50 GO and GTO

Selection

Long-range :
L S ot | 4 Flight

Schedule Operations

> 'On-the-fly’ calibration
used to distribute data,
Data Release

only raw data are archived
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Science Operations Desigh Reference

Mission (SODRM)

http://www.stsci.edu/jwst/science/sodrm/

Distribution of SODRM Distribution of SODRM
Programs by Science Category Programs by Instrument NIRCam Imaging 200.1 30.8%
NIRCam Coronagraphy 25.2 3.9%
NIRSpec Multi-Object Spectroscopy 102.2 15.8%
SolarSysem Caltvason NIRSpec Integral Field Slit Spectroscopy  43.5 6.7%
MR NIRSpec NIRSpec Fixed Slit Spectroscopy 487 7.5%
Froanes NIRIS Slitless Wide Field Spectroscopy ~ 10.2 1.6%
Distant Galaxied
& Cosmology NIRISS Slitless Single Object Spectroscopy 17.3 2.7%
NIRISS Aperture Mask Interferometry 227 3.5%
NIRISS Imaging 1.7 0.3%
e NIRISS MIRI Imaging 94.6 14.6%
Nearby Galaxies NIRCam MIRI Coronagraphy 28.7 4.4%
MIRI Low Resolution Spectroscopy 18.8 2.9%
MIRI Medium Resolution Spectroscopy 35.0 5.4%
Total Imaging 296.4 45.7%
Total Coronagraphy 76.6 11.8%
Total Spectroscopy 275.7 42.5%
Total 648.7 100.0%
Distribution of SODRM European Space Agency

Programs by Observation Template




Astronomer’s Proposal Tool (APT)

Example: MIRI
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Astronomer’s Proposal Tool (APT)

Download: http://www.stsci.edu/hst/proposing/apt

74

orm Editor Spreadsheet Editor  Orhbit Planner  Visit Plann;

er Viewin Aladin

New HST Praposal = |& New Observation Folder | <@ New Observation | New V\s\[‘

% JWST Proposal (v838-jwst.apt) i

» (D Proposal Information I

@ Observation 1 of JWST Proposal (v838-jwst.apt)

[ 3 l@ Targets

v (4 Observations Mosaic
¥ & Observation Folder - [ Pattern Size
> = i 5
Rows: 4 D Cols: 5
Pattern Controls.
Row Overlap (%): e_ 0.0
Col Overlap &) FP=———== T
Mosaic:
SkewX (Degr === (13
SkewY (Degx === (o0
Orient: == (678
( Reset
.
-
lEd\t(]hsErvatlm‘\ Folder ("JlNew =3 J t = Edit Visit 1 (Obs I)J
av -
Observa.. &| Number | Instrument |Instrument..| Coming So...| Object Type | Subarray |  Filters | Total Time | Dither Patt...  Dither Point
Observati... 1 MIRI MIRI Imagi... Gyro, BRIGHT FULL [FS60W 2... 2001.12 Dither Pat... [edu.stsci...
| & =3 e

Show: Observation

Image
servers

Alad
mayg

© Multimission Archive at STScl (MAST)

Catalog
servers

Targelu s | 07:04:05.21 -03:50:48.5

Grab coord

Radius. 15.48'

L%ky\liew

mission/instrument ..... [ ALL - Search all missions

15.08'x J4.29' »

ol W
grid _ multiview _match

pan

zoom

iH = d

G]

>

X

D i T4 = Tue 10:08AM Q
Aladin v5.0
x » [ers 13 Pixel [4570.0 e
y - - ¥
BOT  MSA  PDF Preview Submission Errors and Warnings Run All Tools  Stop 21-03:50:48:5 " oy e . N ; e e
ii e '-. \ Y ,‘ > . . .

BULLLLLLLDEDERLDD @

FEEEEEEE

{)1999- 2008 ULP/CNRS - Centre de Donnees astronomiques de Strashourg

O sel / Dsrc




NIRSpec: first MOS in space

> 4 x 365 x 171 microshutters (0.2” x 0.46" over 3.4'x3.5")
» Up to ~100 objects observable simultaneously
» Prism + 6 grating covering 0.6 - 5 um

Active MSA Area

Mounting Frame /

Detector Array b 3.6

\ 4

Direction of Dispersion

Signal A = SE2 Date :7 Sep 2004 2 o5

Bhoto No. = 2060 Time 14:13:24 European Space Agency




Observing Scenario
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Planning NIRSpec Observations {zesa

\ Accurate relative coordinates needed NIRCam images might be
for both targets and target acquisition needed beforehand
\ High accuracy in target acquisition SUfﬁC'e':gZOI?]?ignEasttigLs LA

\ Set of targets that can be observed
with a single MSA configuration
depend on roll angle

Limited range of possible
orientations

\ Targets with overlapping spectra
cannot be observed with a single
configuration

Subsets of targets observed
within same pointing

VNV

}_\ MSA and FPA do not provide

ﬁ’ g‘-' continuous spectral direction // Lange dithers might be needed
5 n Space Agency
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Typical Observing Strategy

Challenges:
SUSHEIEES > Grid of MSA shutters is ‘fixed’
» Too many targets to choose ‘by-hand’

Rejected » Fixing a pointing based on one target,
Science Target .
rule out observing many others

Fiducial
Field Point

(ct0,0)
Reference Star

Failed Closed Shutters Failed Open Shutter
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X I Need for an automated way to maximize
I \ observations of as many targets as possible
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MSA Planning Tool

Priority 1 catalog

Master Catalog Priority 2 catalog

Fillers catalog

Evaluate orients Loop over pointing families

Find rough grid, optimize : Analyze score by
configuration, count targets user priorities

Remove observed targets

Try new exposure setup
or candidate list?

Termination criteria reached?




APT and the MSA Planning Tool
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Thank you

Catarina Alves de OIiveira, JWST Instrument and Calibration Scientist (ESA)
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