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Aims of this meeting
1. Review technical status of the

 array options
- Test results
- Readiness for final test phase
- System design

2. Plan the final phase of the array
 test programme

3. Prepare for the Warm Electronics
 Review in early December

4. Review status of instrument
 modelling and simulation work

- Major results so far
- Agree programme leading up

to detector selection meeting

This is the last meeting of the Detector Array
Group before the Array Selection Meeting in
January
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Status of FIRST and SPIRE

FIRST
• Available data rate (averaged over 24 hrs) per instrument is

now 100 kbs (not as high as the 200 kbs that we hoped for)

• Dornier Cryostat Interface Study has started

- Limited scope - no radical re-examination of the cryostat
 design

- Study will examine problems with interfaces associated
 with the detector options ⇒  important that we participate

- Study progress meeting in Munich October 20

SPIRE
• July PDR Phase 1 was a success overall

Review Board report has been received and SPIRE has
responded to it

• PDR plan has been revised (see Ken King's presentation)

• FTS options narrowed down (see Bruce Swinyard's
presentation)

• Detailed optical design and layout now available

• Division of focal plane between the three FIRST
instruments is now finalised

• Areas in need of urgent attention:

- Electronic system designs of array options

- Operating modes and their implications for the
warm electronics
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Schedule of future meetings

• Warm Electronics Review Dec. 6, 7 Rome
(PDR Phase 2)

• Detector Array Selection Jan. 31/Feb. 1 RAL
Meeting

• PDR Phase 3 March 2000 TBD

• Detailed Design Review Sept. 2000 RAL
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Agenda Item 7
Electronic system design updates

Detailed information for

• The Warm Electronics Group and the Systems Team
(preparation for the December Warm Electronics Review)

• Cryostat/instrument interfaces study.

Presentations to include all requirements on and
specifications for (and as much detailed design
information as possible) on:

• Cryoharness requirements

• Requirements for the grounding scheme
• RF filter box
• BAU
• Detector sampling and synchronisation
• Detector data reduction

- What needs to be done to convert the raw data
stream to the value assumed in the data-rate note?

• Glitch recognition
• Colin's "noise diagram" filled in
• Proposed/suggested warm electronics implementation

(block diagrams/circuits/components to be used etc.)

• Warm electronics power
• Anything else that you think may be relevant to the work

of the Warm Electronics Group (before it's too late . . . )
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Response to PDR Review Board Report

1. Capability to meet science goals

• Effect of pointing errors on scanning mode observations
and need for simulations of FTS observations:

Will include in simulations.

• Extraction of astronomical spectra from FTS data:

FTS simulations must be done.

• Need for stray light modelling and experimental
measurements

- Build up increasingly detailed APART model.
- Possibly build ground calibration facility early and
 use as test bed.

• Data rate problems

- Aim is to avoid any on-board averaging if possible
- 100 kbs limit may require some compromises

• Urgent need to make progress on the FTS design

- Already being addressed
- Working towards full review in March
- FTS must not distract consortium attention from the
 photometer

• 3He cooler redundancy:

- Study group set up and is working.
- Assessment and report by end 99
- Will present proposed scheme to establish high

reliability to ESA
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2.  Development Plan

• Structural design, BSM:

Preparing for full PDR in Mar.

• Thermal design:  

Full thermal model to be established (will be discussed at
Systems Team meeting)

• Shutter:

- Design can’t start in detail until the workpackage has
 been accepted and funded.
- Canada only option now; funding status uncertain
- Cold cryostat lid or retroreflector MGSE should be
 studied by ESA.

• Detector selection:

- Agree that it cannot be delayed.





29/30 Sept 1999 SPIRE Bolometer Array Group Meeting

Instrument Design Update

Bruce Swinyard
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Instrument Design Update
• No major changes to the opto-mechanical layout

– Design consolidation and interface specification
– It all still fits - just!
– Difficult to accommodate the detector arrays (see

proposed i/f drawing)
• Attention is now on the detailed design of the FTS

– A carriage mechanism has been proposed by GSFC
– This is presently the baseline
– The Heidenhain Moiré fringe device is baselined for the

position sensor
– The position of the system stop is being finalised
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Instrument Design Update
• FTS issues affecting the arrays

– Decision to keep to two arrays for the FTS
– Extension to lower wavelengths difficult - possible to

achieve some sensitivity by profiling filter
– Sensitivity at longer wavelengths (up to 670 µm)

dependent on detector
– Backup “step and integrate” operation mode will be

implemented if possible
– Envelope is very tight
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Instrument Design Changes
• “External” issues

– Telescope design has changed - now have a thick
telescope (~200 mm). F/# and focal position w.r.t.
optical bench remain the same (more or less)

– ESA have started a cryostat study with Dornier to
revisit the instrument interfaces.

• We are asking for the interface temperature to be significantly
lower (<6 K) as this would very much simplify the design

• Dornier fax indicates they won’t be radically changing the
design

• They have highlighted the large thermal load from the GSFC
wiring - they only want to study one detector option

• We have responded “robustly” to this suggestion
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Instrument Design Update
• Outstanding issues:

– BAU requirements
– JFET/Filter box requirements
– Grounding scheme and EMC requirements
– Interface definition

• Electronics/operations - N kHz to 40 Hz - synchronisation -
bias and control lines etc...

• Thermal - how do the straps get/on off
• Mechanical - MSSL concerned about the amount of space
• Accessibility



















































































































QMW Progress & Array Test
Update



Progress

• 3 CEA devices tested so far
• Heat switch designed & integrated
• BACUS cool-down cycle well characterised
• Dewar reconfigured for stray light tests

– Blanked VI’s as F(temp.) & noise as F(bias)
– ISO illuminator tests
– Stray light tests - next week



Progress (2)

• Building parts for testing stray light from
FTS position sensor (Moire fringe )

• All filters, windows & mounts now built &
distributed to groups

• Ruthenium oxide thermometers mounted &
calibrated

• Blanking plates complete & distributed -
test data to be distributed by Raul Hermoso



Progress (3)

• QMW lab almost completely equipped
• Illuminator tests

– Stalled due to NASA admin. - Four devices
were sent 2 months ago, but they are still held
up in the shipping dept. - problems with ITAR
regulations

– Ready for integration in BACUS - test with
NTD pixel.



Test Plan Update

• CEA tests continue at QMW
– Next device to be tested 4/10/99

• GSFC
– Shipping to QMW 8/11/99
– Campaign starts 10/11/99 - ending 19/12/99

• JPL/Caltech
– Arriving 1/11/99 for 1 month campaign



Test Plan Update (2)

• All dewars now have correct
filters/windows to allow “open” operation

• FTS & telescope simulator interfaces &
operational modes will be finalised at the
splinter meeting
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Detector meeting Saclay 28/29 Sep. 1999

Structure-Detector

Contents:

• Mechanical requirements
• Geometrical requirements
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Mechanical environment (1)

Quasi Static levels Case 1 Case 2 Case 3 Case 4
x-direction (ref. sketch)
Longitudinal 22.5 g 22.5 g    -   -
y-direction (ref. sketch)
Lateral 3 g   - 6 g   -
z-direction (ref. sketch)
Lateral   - 3 g   - 6 g

QUALIFICATION (TBC)

Incomming ‘InfraRed’

YZ
X
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Mechanical environment (2)

Sine vibration levels (all directions)

Frequency range Input at base

5-18 Hz 22 mm (peak-peak)
18-100 Hz 15 g

QUALIFICATION (TBC)
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Mechanical environment (3)
PSD input for qual. random vibration (TBC)

0.0001

0.0010

0.0100

0.1000
10 100 1000 10000

frequency [Hz]

g²
/H

z
RMS 7.4 g

QUALIFICATION (TBC)
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Mechanical environment (4)

QUALIFICATION (TBC)

Frequency response of 3 connected mass spring systems
sys1:            Hz, 2% struct.   Sys2:           Hz, 2% struct.

    Sys3:          Hz, 2% struct. 
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Mechanical environment (5)

QUALIFICATION (TBC)

Frequency response of 3 connected mass spring systems
sys1:            Hz, 2% struct.   Sys2:           Hz, 2% struct.

    Sys3:          Hz, 2% struct. 
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Geometrical environment
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Geometrical environment
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Geometrical environment
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Geometrical environment
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Conclusions

• Mechanical environment
– severe sine vibration spec
– eigenfrequency structure > 120 Hz
– eigenfrequency detector boxes > 150 Hz
– eigenfrequency detectors > 300 Hz
– relaxation of sine spec.
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Beam Profile Modelling

Bruce Swinyard
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Beam Profile Modelling
• Telescope design has changed - not included in latest

model results from Martin
• Tony is concentrating on the FTS design in order to

correctly size the exit apertures
• Beam sizes and distortion of field passed to simulations

folk as IDL routine and table of positions
• ASAP model now includes real size of detector pixel for

bare arrays
• Single Gaussian mode used for simulating feedhorns

• FWHM 250 - 17.56 arcsec
350 - 24.73 arcsec
500 - 35.36 arcsec
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Beam Profiles

250 µm
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Beam Profiles

350 µm
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Beam Profiles

500 µm
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Operating Modes

Bruce Swinyard
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Operating Modes
• Operating Modes Document in its infancy
• It will try to define the requirements on the WE; OBS and

Ground segment for all operating modes of the SPIRE
instrument

• Concentration is on the Observing Mode for the time being
• First draft has 7 (ish) “Observatory Functions” defined for

the feedhorn option
• Try to use these to define the “Instrument Functions” and

“Data Configurations”
– These then set the requirements on the WE; OBS and

Ground segment.
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Operating Modes

Observation
(FSC) AOT

For example:
Source
Area to be mapped
Observation Type (chopped etc)
Desired signal/noise or observation
time

For example:
RA,Dec
Observatory function
Observation Parameters

Observing
Sequence

(FSC/MOC)

Spacecraft
Functions

Instrument
Functions

For example:
Line scan

Raster
Nodding

Instrument Data
Configuration

For example:
Photometer chop

Photometer jiggle etc

For example:
Full field of view

Reduced field of view
Raw data

Data Sampling

Instrument
Command
Sequences

On-Board
Software

Commands

Astronomer

.

Observatory
Function
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Operating Modes
• Observatory functions - examples

• POF1 : Chop Without Jiggling
• POF2 : Seven-Point Jiggle Map

POF3 : Sn-Point Jiggle Map
• POF4 : Raster Map
• POF5 : Scan Map Without Chopping
• POF6 : Scan Map With Chopping
• POF6 : Photometer Peak-Up
• POF7 : Operate photometer internal calibrator
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Operating Modes
Table TBD:  Photometer Observatory Function POF2: Seven-Point Jiggle Map

Instrument Function: Photometer Chop
No. Parameter Range of values Nominal value Comments

1 Prime detector One of the two
triple-overlap
positions in the
centre of the arrays

TBD This position on the array is
aligned on-source for nod
position 1.
Common with POF1.

2 Chop frequency 0.3 (TBC) - 5 Hz 2 (TBC) Common with POF1.
3 Chop direction Any direction in the

Y-Z plane
Parallel to the
Y-axis

Common with POF1.

4 Chop throw Any value within
the BSM range (4
arcmin. in Y; 0.5
arcmin in z)

126" on the sky
parallel to Y-
axis

Common with POF1.

Instrument Function: Photometer Jiggle
1 Jiggle pattern 7-point (central +

hexagon) with
separation θ

θ  = 6 arcsec.

2 Number of chop
cycles/jiggle position

Min = 5
Max = TBD

Such as to give
roughly 1 minute
per jiggle cycle

3 Number of jiggle
cycles/nod position

N = 1 - TBD 1

4 Total integration time Min = 2 jiggle
cycles
Max = TBD

None Only required for nodding OFF

Telescope Function: Nod
1 Nodding ON or OFF ON Nodding is optional
2 Telescope nod

period
Determined by the
time taken for N
jiggle cycles

Set to allow one
jiggle cycle per
nod position

3 Nod direction Same as the chop
direction

Parallel to the
Y-axis

4 Nod throw Same as the chop
throw

126"

5 Total number of nod
cycles

Min = 2
Max = TBD

TBD Specifies total integration time if
nodding is ON



Spire Simulations

Seb Oliver and Neal Todd



Overview
z Goals
z Overview of Simulation Method
z Current Status
z Latest Results
z Future Steps







Goals of SPIRE Simulations
z Assess Instrument Design Options e.g.
yFilled Arrays vs. Feed Horns
xImpact on confusion noise
xImpact on mapping speed

yFilter choice
z Assess Observation modes  & Strategies
z Assess Data Reduction Methods and Quality

of Data Products



Simulation Ingredients
z Synthetic Sky
z Instrument Model
z Observing Modes
z Data Reduction
yMaps
ySource lists

z Data Assessment



Synthetic Sky
z Point Sources
yModel Counts full range of valid models
yModel Colours to test multiλ capabilities
yModel N(z) & P(k) to assess clustering
yReal Sources for observation planning

z Background
yCirrus Emission espec. near Galactic plane
yZodiacal Light probably unimportant



Instrument Model
z Beam profile of detector on sky
yincludes coupling of detector to telescope

z Power absorbed by detector

z Noise Addition

νν δα BIyxf ∗),= (),(

detopttel
ηην∆= fAP

t
NEP

TOT

p 2
=σ



Current Status
z Sky Model
yN(S) models independent across bands
y Low resolution Cirrus

z Instrument/Observing Modes
y3 filters 250, 350, 500µm
yFeed Horn & Filled arrays
ySingle NEP & 2 detector Q. Efficiencies
yRaster & 64 pt. Jiggle Map
yChopped & Un-chopped
yScan mapping



Current Status (ctd.)
z Data Reduction & Analysis
yArbitrary map weighting function
yStatistics of intensity map, P(D)
xGaussian Fit mu &  sigma
xRMS trimmed at fixed “classical” confusion level
xFWHM
x Itterative Condon

yIntensity in map at position of input sources
ySource extraction, reliability and completeness

dNdNS ∫∫=
σσ

σ
3

0

3

0

2



Limits to Super-Resolution
z With no noise & infinite sampling  it is

possible to recover infinite resolution
z In practice noise & finte sampling provide

constraints
z Leon Lucy has calculated theoretical limits to

Super Resolution from photon counting
yPerfect Instrument: records exact possition of ν
yIdeal reconstruction:



Limits to Super-Resolution
(ctd.)
z Point Sources vs. Extended Sources

z 2 Point Sources vs. Extendended Source

4N
Super

Natural ∝
σ
σ

8N
Super

Natural ∝
σ
σ



Figures of Merit
z Images
yMeasure of dispersion in

P(D)
yMust be robhust
yMust be intuative
yMust measure confusion

z Catalogues
yCompleteness
yReliability
yPhotometric accuracy
yAstrometric accuracy





250µm  Horn vs Filled Array



250µm  Horn Vs Filled Array



250µm  Horn Vs Filled Array



250µm Un-chopped Vs
Chopped



250µm Un-chopped Vs
Chopped



250µm Un-chopped Vs
Chopped



250µm Beam Vs Square
Footprint



250µm Beam Vs Square
Footprint



250µm Beam Vs Square
Footprint



Conclusions
z Little Difference between horns & filled arrays

w.r.t. confusion noise
z Chopping significantly worsens confusion

noise
z Data reduction techniques crucial
z Trimmed RMS appears to be a reasonable

“figure of merit” for confusion noise



Future Improvements
z Sky Model
yCoherent Source lists at multi-λ
yGeneralised Source count models
yClustering of point sources
yHigh-resolution Cirrus maps

z Instrument/Observing modes
yMore bands (including PACS)
yFiner details...



Future Improvements (Ctd.)
z Data Reduction & Analysis
yHyper-resolution reduction techniques (e.g.

CLEAN)
yAssess completeness & reliability of extracted

sources
yRefine quality criteria



Simulations of filled
array observations

Harvey Moseley

















Matt Griffin
Viewgraph Summarising  Simulations Discussion


