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Dust in our own Galaxy
& -

PACS and
SPIRE parallel
mode
observation of
the galactic
plane

Two colors
from two
PACS bands
and one color
from three
SPIRE bands.
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The SPIRE Instrument

Telescope Beam Beam Steering Mirror
Spectrometer SPIRE Optical Bench
Cover PLW
PMW Sorption
Cooler SLwW

Beam Splitter Ot|ca| Bench

Spectrometer
Detector Box

SSwW

PSW FTS Mechanism S-Cal
Photometer Cover

Optical Sub-bench

N Cone Support Photometer Detector Box

_ Imaging Fourier Transform
Imaging Photometer Spectrometer

Simultaneous observation in 3 bands

) Simultaneous imaging observation of the whole
139, 88, and 43 pixels

spectral band

Wavelengths: 250, 350, 500 um 37 and 19 pixels
o MAX ~ 3 ) ) ) Wavelength Range: 194-313, 303-671 um
FOV 4'x 8, beams 18.1", 25.2", 36.6 Resolution: 0.04, 0.24, 0.83 cm™!

Circular FOV 2.0 diameter,
beams 17-21", 29-42”

’
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SPIRE in the Herschel Focal Plane

_ +Z (always towards the Sun)
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Components of the BDA

Single Bolometer Pixel Dark Pixe|  Bolometer Pixels

Absorber (Spiderweb)

Heat Resistance Thermistor Base Plate Load Resistors
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as shown by the perfect correlation of thermistor
pixel T1 and detector signals. The resistor pixel R1
does not vary with temperature.
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Bolometer Detector Array (BDA)

Feedhorn
array
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Beam Steering Mechanism

Includes also PCAL

ChOPH calibration source that
+/- 130 e illuminates all
Py detectors

Jiggle +/- 30”| simultaneously.

FWHM beams on the sky

2 ’4 Beam
’ “ “‘ separation

vvr'vv vaV) 4 _
QQ{%’%‘;‘QQ ~ 2M/D » Point source photometery
AL A v - 7 point jiggle, chop/nod
et * Spectrometer mapping
Beam FWHM ~ A/D - No chop/nod
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Slow Detector Arrays

Noisy +7
Dead +Y $
O Overlap Note: Projection down focal plane not onto sky

Overlapping
Detectors
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Photometer Sensitivities

N

Wavelengths (um) 250 | 350 | 500
Point Source (mJy, 7-point mode, | 7.0 | 7.0 | 7.0
one repeat ABBA)

Small and Large Map (mJy, 10, 90 | 7.5 |10.8
one repeat A+B scan, nominal

speed)

Extragalactic confusion noise 5.8 | 6.3 | 6.8

(mJy 10)

HSpot provides more specific values depending on parameter selection
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Photometer Flux Calibration

« SPIRE uses Neptune as primary flux calibration standard for the
photometer.

* Neptune model estimated absolute accuracy = £ 5% (correlated
over the SPIRE range — i.e., whole spectrum moves up or down)

« SPIRE measurements are reproducible to better than 2%.
« The current overall absolute calibration accuracy is £ 7%.

« This calibration with consistent linearization and array flatfields
became available with HIPE V5. The newest released version of the
data reduction software is HIPE V7.

« See SPIRE Observers’ Manual for further details
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Beam Profiles

(CARke Q

Band Major Axis FWHM Minor Axis FWHM Mean Ellipticity
(um) (arcsec) (arcsec) (%)
250 18.3 17.0 8.1
350 24.7 23.2 6.6
500 37.0 33.4 10.9

* Very close to Gaussian
* Modeled and empirical beam profiles available
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some saturation in center
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Far Field Beam PSW 0D136

caussian
¥

SPIRE: DIR COS SFPACE

Ghost as
expected

”

5.50e-001
3.14e+000

Amplitude: ~0.74 (+/-10%)

Extent, as fitted FWHM of the
long dimension distribution:
~34.9arcmin (+/-10%)

Width: ~6.5arcmin (+/-10%)

logFLUX / STERA

=
2
I
o
£
=l
o

« Hot Spot “I” verified with Jupiter in all 3
SPIRE wavelengths and by PACS with
2x2deg map in parallel mode.

« PACS found attenuation 5*10+4

5.50e-001
-2.86e+000

-5.50e-001 5.50e-001

C direction - Good and Bad news: Measurement
Simulated sky map over ~66degx66deg consistent with telescope model
around boresight (log scale) of hot  Low probability for Moon to enter, but
spots/stray paths observers should be wary of other bright

sources close to telescope hot spots.
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The Confusion Challeng
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Photometer AOT

7 point jiggle (point source)

small map

scan (large) map

126" chop + nod

single sté}'p
~ 6"

7-point jiggle for point source
photometry, to compensate
pointing error and under-
sampling. Chopping and nodding
at each jiggle position.

Fully
sampled
region

Single cross scan at 84.8°
replaces Jiggle map. Scan map
at speeds of 30 and 60 " /sec.
Full spatial sampling in center of
scans.

Overlap
region

Scan map at speeds of 30 and
60 " /sec is most efficient mode
for large-area surveys.
Parameters are optimized for full
spatial sampling and uniform
distribution of integration time.
Cross scan capability (84.8°)
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The SPIRE Photometer in HSpot

RE

SPIRE Photometer
aea SPIRE Time Estimation Summary
Unigue AOR Label: SPhoto-0000 - -
Band Point Source  Point source 1-o Extended Sou... Extended Sou... Extended Sou...
{pm} Flux SIN instrument n... Surface SIN 1-o
Target: Arp220 Type: Fixed Single DE,:‘“SIIY {mly in beam) B;L‘guhtrle:s mst[:umelm’n...
Position: 15h34m57.125,423d30m11.5s kL LIS YiE
250 9.0 0.8
{ Mew Target } (MumfyTarget —\ ( Target List... ) 350 i 0.3

10.8 0.2
Mumber of visible stars for the target:Mone Specified

500
Sensitivit
R t- t [ Instrument Settings On-source integration time per map repetition (s) 3051

e p e I I O n S Source type Number of map repetitions 1
O Point Source AO M d . . .
I O e Total on-source integration time (s) 3051 (=1*3051)
O Small Map

(*) Large Map Instrument and observation overheads (s) 951
e . . - " Observatory overhead (s) 600
Repetition factor Source Flux Estimates and Bright Source Setting T
Repetition | 1 Source Flux Estimates I | I I e Total time (s) 4602 (=3051+951+600)
\araeMip Barameters Note: to change the observation time, change the repetition factor on the AOR main screen.
9 P . It multiplies the on-source integration time per map repetition to give the total on-source time.
N = Map Size
Height (arcmin) 60.0 Confusmn noise estimation summary

S Ca n S peed Select the speed [ Nominal = Note: the predicted confusion noise level is higher

than the estimated 1-o instrument noise level!

Scan Direction | ScanAngles AandB %
e ——— Band Est. 1-o Est. 1-o Est. 1-o
Map centre offset ¥ (arcmin)  0.000 C u {um} Confusion Moise Confusion Moise Confusion Moise
O n fu S I O n Level for Level for Level per Pixel
O ffS et Map centre offset Z (arcmin) | 0.000 Point Sources Extended Sources mly)
[mly) MJy/sr}
Orientation - 250 7.0 1.1957 6.4
Map Orientation [ Array with Sky Constraint | 5 | N O I Se 350 8.2 0.6793 7.8
500 101 0.4308 5.2

Orientation 5o

Angle to (degrees) 360

( Updarte Confusion Noise Estimation ) ( Confusion Noise Estimator Messages )

® Cancel oK )
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Parallel Mode SPIRE and PACS

« Scan maps at speeds of 20 and 60" /sec with PACS and SPIRE active in parallel are useful for
large-area surveys.
» The distance between PACS and SPIRE apertures is 21 arcmin.
» Two almost orthogonal (84.8°) directions for cross scanning are available.
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SPIRE Geometry

PACS Geometry

O
Considerable redundancy for SPIRE

due to smaller scan distance needed
by PACS arrays. Sample rate lowered
from 16 to 10Hz.

, PACS

Overlap
region

: 155" orth.
)\ 2 168" nom.

Even field coverage for PACS.
Additional frame averaging needed
to keep data rate down. Blue array
frames are averaged by additional
factor two compared to PACS only
mode.
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Parallel Mode SPIRE and PACS
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© ESA and the SPIRE consortium
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FTS Optics (simplified)

SMEC

spectrometer mechanism

Telescope
input

SSW

Filter

Beam Splitter Beam Splitter

Filter
SCAL

IR source to null
telescope background

SLW

Mach-Zehnder type design
broad band intensity beam splitters (200-700mm)
two input ports and two output ports
no sensitivity to polarisation of incident radiation
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FTS Scan Mechanism

« Double parallelogram carriage
with toothless gear

* Moiré fringe position
measurement system (0.1 mm
accuracy)

« Continuous scan ability used
« Nominal speed: 0.5 mm s
« Signal frequency range 3 - 10 Hz

« 3.8-cm travel
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Noisy Detector Arrays
Dead
Vignetted ,
Overlap SSW SLW 2 _
%@C@a@
OCLY @\\OQ
Or@@ O@\O
b 00 9 GP
. O@O O@I N
/ = N O@‘%‘)
Overlapping
Positions
194 — 313 microns 303 — 671 microns
Beam = 17"- 217 Beam = 29”- 42"
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SMEC Scans & Spectral Map Coverage

o
»

C ! 1
. : ) | E > High
Differences in E < ; o
(7] 1 1
SMEC scan ¢ |e— g > Medium
pattern for [ ; ;
] U ) 1
different spectral 2 < > Low
. 2 = ; R
resolutions. 0 Optical Path Difference
Sparse Intermediate Full

no jiggling 4 point jiggle 16 point jiggle

O FSW';\“ﬂV EVEA\AN BSM used to increase filling factor (no chopping)
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Spectral Resolution

TTTT TTT 1T TTT1 TTT11T TTTT TTTT I TTTT TTT1 TTT1 TTTT TTTT . . .
Unapodized Line Profile
1000 — |
~ F Ac = 0.04 cm-! . Tprrere ' '
;i i ] aile .
*E - i : Sinc Function 1
2 Ac =0.24 cm™” !
oy 100 - :
= E 2
R ]
3 R Ac =0.83 cm™! ] , . , . .
§ = . os 02 Waren:r[\)nl:er relaliv:(t]ool.'nc c:ntrs Ecm—l] 02 o3
Apodization will convert
_LllllllllllJllIJJIJ]IIIilllllllllllllllllJJJ!JJJIIJIIJ_ " 11 1) M .
mlsu 200 250 300 350 400 450 500 550 600 650 700 into “normal” line proflle but
WavElengeiam) spectral resolution will be
lost.
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N

HR, Ac=0.04 cm’

MR, Ac=0.24 cm™!

Spectrometer Sensitivities

LR, Ac=0.83 cm’

Band | Wn | A AF,5c;1h | AF,50;1h | AF,50;1h | AF,50;1h
[cm=] | [wm] | [107W m~] [Jy] [Jy] [Jy]

HR HR MR LR

51.5 | 194 2.15 1.79 0.28 0.083

SSW | 46.7 | 214 1.56 1.30 0.22 0.063
355 | 282 1.56 1.30 0.22 0.063

320 | 313 2.04 1.70 0.28 0.082

SLW | 2555 | 392 0.94 0.77 0.13 0.037
14.9 | 671 2.94 2.20 0.37 0.106

« Sensitivities substantially better than pre-flight estimates.

« Sensitivities are limited by systematic noise associated with
channel fringing and imperfect RSRF removal.

V2 for at least ~4h (100

* Noise currently integrates down as N

repeats back and forth).

Reps
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Flux Density Calibration

Primarily based on Uranus

— 7% absolute accuracy based on consistency with Neptune
model (achievable for >100Jy sources)

Telescope/lnstrument background subtraction

— Dominant factor for continuum accuracy, especially at long
wavelengths

— More systematic uncertainty at long wavelength end
— Continuum accuracies of ~1Jy are typical (SLW)

Spectral Mapping
— Additional 10-15% uncertainty from flatfield

Telescope pointing accuracy
— 6" deviation from point sources reduces flux by 20-30% for SSW
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Beams

FTS Beams Broad-band Average
EWHM Measured A |
SSW D4 19+ 17 17.4 0.8 Broadband | |
- Ailahe FTS Beams [/} —
SLW C3 35+1.5 33.9+44 f’ \
gy , !

Beam FWHM (")

18

10

|h|----------
20

2 30 35 40
Wavenumber (cm™)

5 S0 55

45

sLtwces |/

Multimoded feedhorns cause structured
response function and beam profiles

Extended sources will need special care
in that respect
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Spectrometer AOT

example 3 x 3 map

Spectral Resolution

10
200 300 400 500 600 700
Wavelength [um]

Pointing Mode

Overlapping 2
spectrometer * High 0.04 cm-"
amays projected | + Medium 0.25 om
unvignetted beam on the sky 5 e Low 0.83 cm-!
Image Sampling 2 * High & Low 0.04/0.83 cm”
O
o Sparse (_g SSW SEW
* Intermediate 9 S E——
@® - 2 —
° FUH % ; g 100\-‘ intermediate
g ﬁ % T low
O : T———
>
C ]
®

* Single Pointing

Each color shows the unvignetted
beams of the same array for all sampling

» Raster Pointing
positions (jiggles) at one raster position.

l“f‘ ~
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The SPIRE Spectrometer in HSpot

000 SPIRE Spectrometer S e n S i ti V i ty

Unique AOR Label: 55pec-0000

060 SPIRE Time Estimation Summary
; B . Wavelength 1-0 line 1-o continuum Unapodised
.T.arQEt Arpzzo Type. Fixed 5II'Ig|E {umi flux sensitivity sensitivity resolving power
m a e Position: 15h34m57.125,4+23d30m11.5s (10417 W /mA2} I AN

194 16 13 1288.7

( New Target \] (M odify Target —) ( Target List... \ 200 LS. 12 1,250.0

. 250 0.7 0.6 1,000.0
ampling Spectral
Mumber of visible stars for the target:None Specified g2t i e i
400 L0 08 625.0
. 550 11 0.9 4545
Resolution =

L] ]
P0|nt|ng Instrument Settings
Spectral Resolution Number of raster points 1

Image Sampling
Pointing Mode g Al @ High H Number of jiggle positions per raster point | 1
ode © e
@ Single Pointing O Medium M On-source time per FTS scan (s) 66.6
() Intermediate
O Raster

() Full

O LowL Number of FTS scans per jiggle position 4 (=2* repetition factor)

O High and Low H+L Total on-source integration time (s} 266 (= 1*1*66.6%4)

236

Instrument and ohservation overheads (s)
Repetition factor Source Flux Estimates and Bright Source Setting
. tory overhead (s) 180
|:> Repetition 2 ( Source Flux Estimates ) I l I l e ToraMme is) 682 (= 266+236+180)

Note: to change the observation time, change the repetition factor on the AOR main screen. This factor increases
the number of scan pairs made per jiggle position, hence changes the total on-source integration time accordingly.

(" Observation Est... ) [ Add(umments...) (" AOR Visibility ) Comas ) ( ok )

® (" cancel \ ( ok )
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