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The SPIRE Instrument

Photometer Side Spectrometer Side

Telescope Beam Beam Steering Mirror
SPIRE Optical Bench

Optical Bench

Spectrometer Beam Splitter

Spectrometer
Detector Box

Cover

SLW

SSw

PSW

FTS Mechanism S-Cal

Photometer Cover

Optical Sub-bench
Photometer Detector Box

SLW

Cone Support . .
Imaging Fourier Transform Spectrometer

Simultaneous imaging observation of the whole spectral
band

37 and 19 pixels

Wavelength Range: 194-313, 303-671 um

Resolution: 24.98, 7.207, 1.193 GHz

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

Imaging Photometer
Simultaneous observation in 3 bands
139, 88, and 43 pixels

Wavelengths: 250, 350, 500 um
MNAN~3

FOV 4'x &', beams 17.6", 23.9", 35.1"

Highly stable Spider-web bolometer arrays
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SPIRE Science
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GOODS-North as seen by SPIRE

JHERMES
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JHERMES

* Sub-millimetre (Herschel)

Near-Infrared ['Keck] :

Millimetre (PdBI])[\C

Riechers, D.A. et
al., 2013.

A dust-obscured
massive maximume-
starburst galaxy at a g
redshift of 6.34.
Nature, 496(7), pp.
329-333.

»

©ESA/HerscheI/GTC/Ke'cI;/IRAM' .
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Riechers, D.A. et al., 2013. 1) :
A dust-obscured massive LT P o e e 0 o J_?_ WUSPIVLIA Sl T TORAL LT ) ' SR

maximume-starburst galaxy 30 F 7 v | . - . — v
at a redshift of 6.34. F @ HFLS3 (2z=6.3369) ©n foy
Nature, 496(7), pp.329— 25 [ P s RSO EF |
333. e sl k. = {wi] oH g
Comparison of HFLS3 with Arp220 =20 [ o | e | MJI k
and the Milky Way: £ fest | | | Je 3 ]
* Much larger dust and gas masses at -4 15 L \ad | \ ‘IU _-
comparable stellar masses. T ) o | \} L ol Ll“ 1
« In HFLS3 40% of the baryonic mass 3 r — I | (; ﬁ || 1
is in the ISM. =10 - | R ol o F{ZP&O ' | NH -
- SFR > 2000 times that of the Milky ; 41 ) " :
Way already at only 880 Mil years o ; Ha00H " 2
after Big Bang. [ k |L J : ]
s Azt Mo by kL, myno
redshift 6.3369 0.0181
1000 1200 1400 18600 1800 2000 2200
Mges (Mam)® | (1.04+/-0.09) x10°1 | 52x10° 25x10° Vows |GFZ smail ponels x—axis: velocity ofiset [km,/s]
Mot Msw)® | 131%32050x10° | ~1x10° | ~6x107 —1" ol Rba 3] ~=¥3¢-¢2:’0' "1 Tonti. /e 172 X ]
M- (Maw)® ~37x101 ~3-5x1010 | ~64x10%0 1 <k e "."’ e e 11:° ]
Magn (Msur)d | 27x 1012 345x1010 | 2x10% (<20 kpo) 1= 1 ﬂﬂﬂ ﬂ | ni
- J{‘\M\J IOV T
Lo (Leun)t 286032,5:x10° | 18x10% | 1L.1x 100 I‘r{r =t o "
SFR (Maunyri)e | 2,900 ~180 13 o me e owmm oo
Taust (K) 55.993.15¢ 66 ~19
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Mean IR SEDs (stacking) of interacting & normal galaxies
at different redshifts

mSFGs in S+S pair, 0.2<z<0.6 ]
ASFGs in S+S control, 0.2<z<0.6 Xu+2013 ]
$SFGs in S+8S pair, 0.6<z<1.0

%SFGs in S+S control, 0.6<z<1.0

NGC 6181 ! ]
(normal Sc)

10 100 1001
rest-frame wavelength (um)

« Interacting galaxies at z=0.4+0.2 (red): can be fit by merger SED.
* Interacting galaxies at z=0.8£0.2 (blue): con be fit by normal SED.
(same as that of normal galaxies in the control sample).

Interaction induced SFR enhancement decreases against z!
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Why CO Spectral Line Energy Distribution (SLED)?
Starburst vs. AGN Gas Heating

Wavelength [pm]

700 ZTDIB(IIO , 5(|)0 , 4|00I S 3(70 , 2(|)0 .
SB i NHE
500 M82 8 é § 3 107} ]
= g § 1 ]
S E s 5 E Mrk231
S 300 5. g, 25 2 7 = =
moF £3 g EIEE ¢, : AGN
2002 88 8§ 77 V¢ = £10°}
F 00 ¥ 4 . S
1003—?? L:g, _f o
0E T 1 1 1 IT[C!] 1 1 I 1 1 1 I 1 1 1 I 1 1 JI| 8
400 600 800 1000 1200 1400 1600
Frequency [GHz] 10° PDR2: log(n) =5.0, log(G,) =3.5
co o B/ () —  PDRI1: log(n) =3.5, log(G,) =2.0

* emission ! — XDR:log(n)=4.2, F  =28.0 erg em ™2 7!
line ladder. 0_ 20 50 100 - 200 300 400 500 : — TOTAL; PDRI:PDR2:XDR =6.4:1.0:4.0

* Radiative 25t L0 | Warg ol ek o Th 6 s 10 12 1 s
transfer ﬂ“E 20k M82 D@ ] Upper J level
modeling. 5 o T :

« Warmgas = !5F o 3 * Detected: CO ladder, H,0, OH*, H,0*, CH*, HF
~500K in = - & @ ] « X-ray driving excitation and chemistry out to 160pc.
addition to = 1'0; o . ] « X-rays probably from central AGN.

~osf ) ] L
known CO'C: 0 7 Striking difference between CO SLED of SB
component. . : - - - :
P o 2 4 6 8 10 12 14 and AGN!
T
Upper J level (Van der Werf et al 2010)
(Panuzzo et al 2010)
9 esa [Hifijcc D
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- Investigation of dust heating in M81 oo o

M81, M83 and NGC 2403 i | g | '
« Using MIPS 70um, PACS 70/160um : T L@ T D@

70-160um, SPIRE 250-500um LML ML
data, 1.6um 2MASS and Ha =, il

Dednation |12000)

CCD images. P P e '.c— — '
. i 4y 4]
« 70/160um ratios strongly 160/250um {7 ('@ ] (e ’,.»
influenced by SFRs. 1 wr 1 @ : | _
* Emission > 250um from cold - _ : =—
component that is rather % 1
unaffected by SF but more by  250/350um {“"7 {8 | @
the total stellar population. & i 3—;/ I i _

* Impact on radiative modeling.

+ Bendo etal. 2012, MNRAS ~ 3°0/°00um ¢ 1 1) :
41 9, 1833 T Mar T ¢ MBl T - ¢ MET T
Lt iﬁi‘&‘l__. “conaroted | ' roscusis | & (350580 |

R-;m?\i o ua:-:cf “ Rght ﬂfa u.cog‘f Rigre Eﬁ" 0954 H.rr':\‘i cansion (42 a-':u H
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HiGal Survey

|b|<1deg covered by
square tiles, scanned
In two directions.

Covering entire
Galactic plane.
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Dwarf Planet 136472 Makemake

Difference of two
- observations of dwarf planet
Makemake Makemake that were made
44 h apart on 01-Dec-2009.

Negative

/ " b Thanks to the proper motion
- Pi"m":'g:e of the object it appeared as
-y / a pair of negative and
| positive images with fluxes:
F(250um) = 9.5+/-3.1mJy
F(350um) = 7.1+/-1.8mJy

This technique beats very

efficiently confusion noise
Lim et al. 2010, A&A 518, L148 (~6mJy)

7“:'l;esa HiFi ICC @ PACS ( sé)?ae
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Many more topics:

* Lensed galaxies

« M31

« Water and CO in Arp 220

» Spectroscopy of evolved stars
e efc....

il
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Instrument Detalls
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SPIRE in the Herschel Focal Plane

_ +7 (always towards the Sun)

FOV radius [ T
14.94 arcmin h
PR SPIRE spectrometer
/ \\ position
f'/ \
/ \. _ _
/ \, j \ " SPIRE photometer
/ ‘\\ - \  position
+Y 'I @ Q@ oo o, o . \
- < RN R e o ‘\+ L T S e S S R %

Approximate HIFI _
position \ -

Approximate PACS ~_ f -
position

u&@\l\l\\\g

il
16 - G
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SPIRE Wavelength Coverage

Wavelength («m) Wavelength (« m)
600 400 200 700 600 500 400 300 200
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Sanders & Mirabel
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Log VL, .
1
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Complementary to PACS
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Frequency (GHz)

3000 1500 1000 750 c00 500 450
<€ HIFI >
|?&6| |5| 4 | 3 | Band 2 | Band 1 |
| | | | | |

| SLW | | ESW |
| || |
PACS < SPIRE >

Continuous simultaneous coverage

1

420 km/s

280 km/s 33 K black body

100 200 300 400 500 800 g4p km/ 700
Wavelength (um)

{cesa Hifijcc LD Ypack Cstine
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Photometer AOT

7 point jiggle (point source)

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

Observations exist in archive but
-1 never used for science programs. -

19

small map scan (large) map
, 7/
~4 Overlap
region
42.4°
Fully

sampled ’ )I

region +Zcan Scan I

2.40 I
348

|

— ’ '

7z \ 4

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.

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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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.

SPIRE Geometry PACS Geometry
. PACS

Overlap
region '\
\ Scan' 155" orth.
V 168" nom.

Even fleld coverage for PACS.
Additional frame averaging needed to

Considerable redundancy for SPIRE keep data rate down. Blue array
due to smaller scan distance needed frames are averaged by additional
by PACS arrays. Sample rate lowered factor two compared to PACS only
from 18 to 10Hz. mode.

X

20 d=esa |MiFijcé ‘!Aé (e

//%
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A

Spectrometer AOT

Overlapping
spectrometer
arrays projected
on the sky

unvignetted beam

Image Sampling

» Sparse
* Intermediate

* Full

Pointing Mode

» Single Pointing

» Raster Pointing

example 3 x 3 map

any combination allowed

[

I
o 100F

craft Z dire

Spoce

200FGS

0

-100

-200F

Spectral Resolution

» High 0.04 cm-!
« Medium 0.25 cm!
« Low 1.0 cm-?

« High & Low  0.04/1.0 cm’

QQW A
DDVV» DLW
. v
-2 1000 P
3 —  — high
o f o r— T
2 —
3 v v ]
(=2
£ 100 ]
S .
g :
wn S —
—————_ low
*‘-‘___-

10
200 300 400 500 600 700
Wavelength [um]

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

-200

-100 0 100
Spacecraft Y drrection {arcsec)

200

positions (jiggles) at one raster position.

21
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Calibration




NHSC Data Processing Workshop — Pasadena
26'- 30" Aug 2013

[V]

45E10-3F

4680103
455103
4850103
484852105

45401073

48365109

a0eax10-%

B050x10-3F

6089107}

Most signal drifts come from temperature changes,

PS_R1

1391650107

391840103
3.91830x1073

381820109
3 3.91610x10-
13.91800x10-3
0 120 200 a4 4400 5(0[ ]
PE DIS  [V]
3.94870x103

D 100 200 X4 400 S0

| 3.04B80x1073

3.94B50x 1072
3.94B40x107%
3.94630x107=

13.94820x10-3

.| 3.94810x10-3

Detector Stablllty

Porie [V

< 100 200 300 400 5400

PS B15  [V]

< 100 200 300 400 5400

"1 a43saxioaf
8.4380x10-F

BA4I5Bx1070

B.435831C3F
3.4354x10-3F
84352x10F
BAJSDx10
L] BA34Bx1CE

2.9586x107Y

2.4584=103

346823103

pS_T1

a 100 200 300 400 500

Ps C14 V]

a 100 200 300 400 500

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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Signal is very stable after
correction with thermistor
signals (1/f knee < 10mHz).
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Av=1GHz

Flux Calibration

 The SPIRE flux calibration is
based on the planets Neptune,
for the photometer, and
Uranus for the spectrometer.

(K)

temperature

Antenna

 \We use radiative models
provided by Rafael Moreno.

PR " n Il " L " | L L L L
500 1000 1500 2000

« The models are estimated to
be accurate to ~4%.

200

2 150F

 Filter spectral resolution is ~3.
—> Color correction is essential! ? 10of

50

SRF
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Linearity Calibration

 The SPIRE Spiderweb bolometers are

very well understood and good model s T
descriptions exist. slaieRaBstabutniuintnbabatntntuiatnintal
322~ ., el e st e e L e T
- Still, empirical calibration offers the ey N T A I S (R Y R |
highest level of accuracy. g | |
>
320*- 1 [ 1 . b . T . ! [ I I . i . ) [ ) L] I . T " ! L] ! '] I - I [ T L ) . I -4
. . . (S ) = b b b bm b b = b [
* Aninternal calibration source (PCal) o o == ="
provided highly stable and reproducible gL 1L
H . . . 0 20 40 60
infrared flashes illuminating all detectors Time (s
simultaneously on top of the celestial
background.
11547 w w w {"'n."b.. x *";‘A
L P = & N
« These flashes allow to measure a ;__.-’ RIS RN AT DU RRREE
relative detector responsivity at the g el RERENRERN ]
current total flux level that is a sum of PR AN SREEY
sky and telescope emission. - USRS RN R SRR PR L Y
S 1450, L T w L..".". " w
L e w LT W W ]
. - &9 4
« for details see Bendo et al. 2013, | pswE2 (oright ]
1.148 L 1 | . |
MNRAS 433, 3062 . - N " -
Time (s
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A

Linearity Calibration

Each SPIRE
observation contains
a sequence of
calibration flashes.

Special observations
in bright regions were
performed to increase
the statistics of data
points at bright fluxes.

Thus the flux range
for each detector was
serendipitously filled
in and linearity curves
were derived for both,
nominal, and bright
observing modes.

Declination (J2000;

-30||||||||:||||||:|
PSWE2 (nominal) j
v g .
2850 [ E
A < 40
<
20 -50||||||||§|||||||§||
2.6 2.8 3.0 3.2 3.4
V (mV)
-29:10 s
\i“‘: ||||||||||||||||||E |:|||
4 5 .300L. PSWE2 (bright)
l. s
-29:20 e g
= -400f
: Loz
17:47:00 1 ;{:éﬁ:togscengon (J20001)7:45:00 -500 | |
||||||||||||||||||I:|I:III
0.8 0.9 1.0 1.1 1.2 1.3
. V (mV)
The diagrams show data
from the photmeter from Bendo et al. 2013,
calibration, however the MNRAS 433, 3062

spectrometer linearisation
is done in the same way.

See also Swinyard et al. 2013,
in prep.

Cesa Hifiicc QD Yoagh obie
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Photometer Flux Accuracies

Photometer Reproducibility: Neptune

L 102 « Repeatability is ~2%
>
i o
- L4
Th i o *g * Absolute accuracy of
€ 100 o 8% o% flux standard is 4%
~ O &
< &) >
= 0.99 o e : :
= 4 ® « Conservative estimate
S og | © % of absolute flux
s U . . .
% A calibration accuracy is
£ 0.97 6%
300 500 700 900 1100

Observational Day

Ratio Standard Deviation:
PSW=0.005, PMW=0.011, PLW=0.008 (Lim et al. 2013 in prep.)

27
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Repeatability at Stellar Fluxes

20
18 ¢
16 &
14
12 9,
< 10 ®
X 8 °
©
£ ¢ %
oo ¢ Qe
“ 4 °% N
9 % ®
0 * %y
10 100 1000 10000 100000 1000000

Average Flux mly

2 Cesa |Hifijec ABD Yeach Cobike
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Spectrometer Flux Accuracies

Uranus Neptune
1'06_||||||||||||||||||||||||||||||||||||||||||||||||||||||_ 1'06_Il|||||||||||||||||||||||||||||||||||||||||||||||||||||||
1.04 3 1.04 FA
102 - A = ~ 102F °

= = ] i) P
Q 1004 - - -- -4 __A__ - - 3 '0100}—— s Al iy ———*
o) C ‘ ] =} c
S oosE E £ 098 F + z
g% (] m = o
St EI P
S 096 F ° = = E
3 c 3 T 094
= 094 ¢ — \E o
= o ] < 092
S 092 —] H C
= - ® - B 090 E o
Som=0.04 1% SLW ‘ 4 = " 2.6/41% SLW
= = = 0.88
0.88 . C o
-1 0.0 £1% SSW ¢ ] oss - \F-O}f 1% SSW
0.86 £ E ST e (P T T T SRR SRR PR PR PO
C . 0.84 )N N A A e v v
0.84_I""I""I""I""I'"'I'"'I'"'I'"'I""IL"I""I""_ 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 OD
OD
® SLWC3 ® SSWD4
® SLWC3 ® SSWD4 A SLWC3 with pointing corrected A SSWD4 with pointing corrected
A SLWC3 with pointing corrected A SSWD4 with pointing corrected Outliers A Outliers pointing corrected

Pointing offsets are more important for the spectrometer!

29




Spectrometer Flux Calibration Accuracy

* Flux Calibration Accuracy
— 1% reproducibility of planet measurements
— 4% uncertainty in planet models
— 3% pointing related accuracy (SSW)
* Repeatability:
— 1 -6% for line flux;
— 5 -7 km/s for line velocity.

» Continuum flux suffers an additive term of 0.4
Jy uncertainty due to larger uncertainties in
telescope emission subtraction.

0 @esa [Hifijcc CED Ypack Cstie
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Wavelength Calibration

* Wavelength calibration
was obtained from
observations of the CO-
ladder in the Orion Bar
and checked with PNs
like NGC 7027
(Swinyard et al. 2013 in

prep.).

* From these observations
the uncertainty is
estimated to be < 7km/s.

{cesa [Hifijcc QLD ¥pack Csrine

GL2688
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Standard Processing Pipelines (PHOT)

— —— « Level 2.5 and Level
@ 3.0 are products that
come from

Pre-Processing | combinations of
/. Raw D more than one
SPIRE - — Lol O/ | Row Data observation.

Data Product/ Products

Pipelin ‘
Delivered || Engineering |
to Users [ ,+ Raw ADU counts | ° Level 2.5: pairs of
I 5 I:rev;lrc?ésct// converted to parallel mode
‘ ara UucT, : : :
AOT Specific | 7/ meaningful units observations
| Levet 1/ Callorated . Level 3.0:
) Data Product/ combinations of
Advanced / )
overlapping clusters
|, level2 /°Imageand of observations from

SPIRE S o - - - Data pmduc}/ Spectral maps the same proposal.
Scan Ma i
ant P Quality Control Level 2 Quality Control \ \ T1is definition was different
P|pe||ne » Data Producf/’ in HIPE 10.
+QC / Level 2.5 was what is in Level 3.0
of HIPE 11.
Level 3.0 didn’t exist.
"'"\"\\@\l&%: '] o 7 7 ¥ i'\‘ P ;‘:g
32 &Gesa H’F' ,CC EEE]:? ,u m ((-S&E
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Standard Processing Pipelines (SPEC)

SPIRE C Pipeli
ommon Tpeiin® Level 0.5 products:
|l o
» detector time lines
1. Modify Detector Timeline V(t) e scan mirror time line
1 * house keeping time lines

2. Create Interferogram V(x)

/—

evel 1 products:

4. Fourier Transform V(x)->S(o) * unmodified interfergrams
1  average spectrum (apodized)

5. Modify Spectra S(0)  average spectrum (unapodized)
(extended source flux cal.) ) )
l Spectral cube if a mapping obs, or
/

a point-source spectrum for the
6. Create Level-2 products central detectors (SSWD4/SLWC3)

esa [Hifijcc Q@D Ypacs oo
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» Retrieve observation context from pool
* Look at Level 2 products

gc-esa HiFi ICC @ "pACé q sugl%ze

e



