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47°x47" (5x5 pixels) FOV
rearranged via an image
slicer on two 16x25
detector arrays

spectral dimension
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5 x 5 pixels o m
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spectrograph _-~~
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OBSERVATORY

spatial dimension

16 x 25 pixel detector array



« Simultaneous 51-105 &
102-220 um spectroscopy

 Performance:
NAAN ~ 1500
Sensitivity:
~5x107""W /m* (50, 1h)
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[O1] @ 63 pm

460 pc

Line Emission
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) tCII]@ 158 pm |

M82 PACS

line imaging

from the

SHINING team
(Contursi et al. 2010)
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Flux density [Jy]
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Spectroscopy with PACS
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PACS
spectral bands

Spectrometer effective spectral resolution (velocity)
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Spectrometer sensitivity

Recalculated 10 continuum- and line sensitivities from actual exposure time to

HSPOT exposure (~450sec per 1nod and 1up- down)
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Spectrometer resolution

Measured resolution in fair agreement with lab test and calculated resolution
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Spectrometer wavelength calibration
and instrumental profile

* Wavelength shift + skew with source offset from slit center (cross-slit direction)
« Characterization + corrections underway
» Do not over-interpret line shapes in maps
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Spectrometer wavelength calibration:
dependence on slit position

Calculated wavelength offsets for point source positions: at the slit border (solid
colour lines), for typical pointing errors up to 2" (dashed colour lines) and
measured line centre offsets for £1.5" (dashed black line and crosses) and slit

border (black crosses) for three spectral lines on the point like planetary nebula %
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Pointing match chop/nod

* From (still limited) statistics,
no problem for small chopper

throw ,

- With large chopper throw N "JL e, e e
(£3’), APE seems to apply for ,

“Nod A” and “Nod B’ ; J S :

. . . . ’ﬂ ) ) |

individually - sometimes ok, _j“\ A _J{,\&

sometimes a problem

Note the pointing related effects - f A
on Nod A/B data (blue/red '
profiles):

- Line centres are shifted

- profiles may be skewed

- Inconsistent A/B fluxes per
module

= ~5-15% spectrophotometric
error (in integrated line flux)
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Leakage due to early dichroic
cut-off and order-sorting filter
transmission

=> Interpretation of spectral
features in the leakage regions
requires special attention

=>» More limited flux calibration
accuracy
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Spectrometer flux calibration

e Pipeline uses nominal absolute and relative spectral

response from ground tests

e In-orbit measurements of flux calibrators (asteroids,
Neptune, Uranus, fiducial stars) give first correction
factors to ground calibration, yielding a 30% absolute

error

OBSIDs: £4681,84682, 0D141

b R1 (100-220um)

eSa
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Wavelength [um]
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Spectrometer Astronomical Observing
Templates (AOTs)

Signal modulation techniques

Line Spectroscopy Range Spectroscopy >
AOT AQT Q
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Spectrometer Astronomical Observing
Templates (AOTSs)

* Line Spectroscopy AOT: observation of individual narrow lines

-

— Chopping/nodding
— For isolated sources and rasters < 5 arcmin
— Variable grating sampling for faint and bright lines
— Unchopped grating scan
\ — For observations of crowded fields and extended objects > 5 arcmin
— Mandatory off-position

Signal modulation
Techniques
A

« Range Spectroscopy AOT: observation of broad lines, extended ranges or continuum

— SED mode for full-range continuum

— Nyquist sampling same as SED mode for restricted ranges for long-range continuum and
bright lines

Range
definition

{ — Range scan (same concept as Line Spectroscopy) for broad lines

— Chopping/nodding
— For isolated sources and rasters < 5 arcmin
— For broad lines, multiple line coverage or continuum studies
— Unchopped grating scan
— For observations of crowded fields and and extended objects > 5 arcmin
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Chop/nod vs. unchopped grating scan

Chop-nod: PACS standard mode, classical approach when a reference
field is observed all the time, alternated with the target.

Unchopped: a simple but fast (4x) grating scan along wavelength with a
reference background observed at a different time. This — still
unreleased - 2"? generation mode superseeds the wavelength-
switching mode. Follow release guidelines:
http.//herschel.esac.esa.int/AQ TsReleaseStatus.shtml

The chop-nod is applicable only when the reference target is distant less
than 6' from the target. This is a physical limitation due to the chopper. The
mapped area cannot be bigger than 5'x5’.

The unchopped scan is, for this reason, the only choice available when
observing extended sources or structured, crowded fields.
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Considerations about chop/nod mode

Source flux is derived applying the double-differential scheme:

F(observed) = [NodA(on-off)] + [NodB(on-off)] / 2 = [(T2+F(source)-T1] + [(T1+F(source)-T2] / 2 = F(source),
where T1 and T2 are the telescope background fluxes at the two chopper
positions

Differential on-off signal is very stable even after instantaneous response
changes (glitches), very efficient de-glitching of the raw signal

The chop-nod mode is suitable for faint- as well as bright targets, PACS
offers this mode in the entire dynamic range (i.e. flux calibrated)

Continuum can be recovered, as well as line fluxes
On-source positions are not identical for Nod A and B (explained later)

The chop-nod technique could be used for very extended regions IF the
sky background has a constant gradient over the scale 2x the chop throw,
and it is homogeneous at the scale of the spectrometer footprint (i.e. the 25
spaxels see very similar background levels)

HERSCHEL ozsckvarory
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Advantages of unchopped scan

The unchopped scan has a certain number of advantages wrt the Chop-nod:
« of course, makes possible observing lines in extended sources

» the same region of the telescope mirror is observed and the same optical
path is used when the grating is moving, so that we don't need any
nodding (...but we need off-position)

« transients are usually negligible (except in case of very bright lines)
while, in chop-nod, the continuous chopping produces transients. Flux
calibration will be different in the two modes.

» the observations are time-efficient: the off position is observed for a shorter
time in case of long observations.
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« itis possible to map strips at any sky angle



Disadvantages of unchopped scan

The unchopped scan mode has also a certain number of disadvantages wrt the
chop-nod technique:

« not recommended for faint lines, target lines needs to be above typically
~1 Jy peak-to-continuum and the continuum level can be recovered in a
reliable way only for bright sources, i.e. at a minimum continuum level of
~ 20-30 Jy (>10-20% of the telescope background)

« dark is computed from the calibration block, while in chop-nod a simple
subtraction on-off gets rid of the dark in a more accurate way (there are
transients, anyway ...).

» itis not possible to follow the response variation with time in unchopped
scan as in chop-nod where there is a constant reference to the off-position.
So, the background subtraction is not precise as in chop-nod.

HERSCHEL ozsckvarory

* Anyway, in case of faint background, a more precise estimate is probably
available from broad-band photometry.
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Chop/nod AOT blocks: 3 lines

START
observation Nod
On-target slew Nodding “A” position slew Nodding “B” position |
Calib. Line1 x 1 Line2 x 1 Line3 x 2 5
93 sec 192 sec 192 sec 344 sec ~
S
I

A\

grating up-down scan

1623 sec

Repeat N times (number of cycles)

END

... move to next raster position observation

and repeat

Pointing layout example of a nodding
3x2 raster observation:

Point step i START

P R
i i tslew
/ Nod “A!!

Nod “B”

-
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Chop/nod AOT blocks: grating
.....and chopper movements

j Standard (faint line) mode: Grating step sizes are
3n 48, 46, and 43 in B3A, B2B, and R1
= i

| | | | | | |
59.76 59,82 59,88 59.94 60.00 60.06 60.12 60.18 60.24
Wavelength (microns)

~1/3 FWHM for every pixel (spectral res. element)

* Position 2
* Poslitizn &
* Positien 10
* Positien 14
* Positien 18

Bright line mode: only the 10 central positions

T Not every pixel could see the entire line
profile oo

Observing Mode Settings

Choose one of the modes below.

o

Po

Po

Po

* Po

Po

o

Po

0 Po

ating

Positizn 46

S
v
T
U
A
&
W
T

g — ! None selected ~ Pointed = Pointed with dither Mapping )
3 Observi de selecti
- ol serving mode selection
'é £ (*) Chopping/nodding
3 R- (O Chopping/nodding (bright lines)
s 8 - R 1 O Unchopped grating scan
=8 Qbserving mode parametess
_e o | Chopper throw Chopper avoidance angle
< O small
ey | . Angle from (degrees) 0.00
g m O Medium
T o4 ® Large Angle to (degrees) 0.00
= Off position
o Type By offset *) By position
T | T T T T T T . (
2040 2043 2046 2049 2052 2055 2058 206.) Raciieselacming i 0.00
Wavelength (microns) Dec offset (arcmins)  0.00
— LI RA (degrees) 0.0000
* Position 3
= Position 7 Dec (degrees)
o Choose Position
* Position 19
« Position 21
* Position 27
* Position 31
* Position 35
* Pusition 39

S T T TTTeEoiis =A== E = O EE =

C hY ( )
(_ Cancel ) ( ok )



Chop/nod AOT blocks: grating

Duration per grating position: [8 integrations] x [1/8 sec integration time] x [2 ABBA cycles] =

and chopper movements

— -980

Chopper T T T | T T T T | T T T | T t
. ] |t e| 1 486000
1900 :_+ Gla Ing.st p E
C 1+ 484000
£ 1800 - BBB@ |BBB = o
. p—] - ] o
2 00E +++|§J’§2_P4_I++++¢**§k|++ 482000 5
(@) C | | ] 8—
B 1600 - | I + - F{480000 2
© g I I ] S |
2 1500 5K AA @AAA I%A T 478000 H-
2 1400 - X K 5-
O EoN 7'\\1/| I | - @)
. S N X ¥ 476000 ~ _|
1300 |- ! | ¥
- 1{a74000 |
1200 ' P ma R W L 131 L 1 1—‘ 7]
3425 3430 3435 3440
Readouts
+  Chopper position + Grating position % Signal

=
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Z
Z
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1ww0'g 1 readout takes 1/8 second I
1o =« 2 chopper ABBA cycles U
-1080 m



Unchopped AOT blocks: 1 line

START
observation

On-target slew

Slew

On source _|to off Off source

n
> 7|

Calib.

93 sec

AAN

Line1 x 1 Line1 x 1
150 sec 150 sec

B —

Repeat N times (number of cycles)

404 sec

A 4

If mapping... move to next raster
position and repeat off-position
after nth raster point (here n=1)

/\ = grating up-down scan

“@esa__

= oIl Il ENINII TS E o sl

In unchopped scan, the minimum
observations consists of a calibration
block, two up-down wavelength scans
on source and two up-down scans
off-source.

END
observation

NOTE: the number of grating steps
is fixed 75 in all bands!
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Wavelength coverage

The wavelength coverage is slightly broader in unchopped scan

The number of grating steps is 75 in unchopped scan, while it is 48, 46, and 43
in B3A, B2B, and R1, respectively, for chop/nod.

wavelength wavelength
This allows a better coverage of the continuum around the line and better data

reduction. In the example, an asymmetric line has been observed with
unchopped scan.

-CSa

CP 32 wav coverage Unchopped Scan wav coverage E
20 | ! | l ! 18 T I T I T §
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Unchopped AOT blocks: 3 lines

START
observation Slew
On-target slew On source position to offl Off source position

\ 4

n
>

AN IVAYAN I VAVAYAYA

Calib. Line1 x 1 Line2 x 1 Line3 x 2
93 sec 150 sec 150 sec 300 sec

2]

SE—
/\ = grating up-down scan Repeat N times (number of cycles)
1379 sec
. END
If mapping... move to next raster observation

A 4

position and repeat off-position
after nth raster point (here n=1)

In the off-position, all lines repeated
only once (two internal scans)!
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Time efficiency

The time estimator provides a conservative estimate of the time spent
On source. It does not know about the subtleties of data reduction.

For instance, in chop/nod for each 17 ramps which correspond to a step
Of a grating scan, the first is considered as overhead but can be used.
In the case of unchopped scan, the initial ramp of each grating step is
considered as overhead, although it can be safely used.

The following estimates give in brackets the values using the
“‘overhead” ramp not considered by the time estimator.

ON [s] Total [s] Efficiency (on/total)
chop/nod 1repeat 172(180) 582 0.29 (0.31)
2 repeats 344(365) 948 0.36 (0.38)
3 repeats 516(547) 1314 0.39 (0.42)
unchopped 1repeat 150(187) 582 0.26 (0.32)
2 repeats 300(374) 769 0.39 (0.48)
3 repeats 450(562) 957 0.47 (0.58)

eSa.._. . _
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START
observation

On-target slew

n

>

AOT calibration block

» On-target slew calibration block(s) on key wavelengths
» Calibrate the response and dark on one point of the RSRF, we believe

the RSRF does not change (a lot) over the mission lifetime
» Chopping between the calibration sources (no grating movement)

« Homogeneous dataset over the entire mission lifetime

» One key wavelength per diffraction order:

» close to the most frequently used lines

Key wavelengths

on the Relative Spectral Response Function (RSRF)

-40

-30

Calib.
93 sec
= flat part of the RSRF
_ Chop between calibration sources (~15’)
Spedrometer Fislds
0.78 x 0.78
A & /'(
i
8
.é. CS2 35x175 o~ CS1
B .
: BB =ield 1 Bolometer Field 1 e Bolomsier Fisld 2 BB Fieid 2

Response [ADU / .25sec Jy]
-20

T
‘ 5 3
.

+21200 +664 21350

¥ Direction [arcmin]

X 4

-10

T T T T
100 120 140 160

Wavelength [pm]
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How to do it in Hspot?

» First select target
« Choose which “blue” order? 3rd+1st or 2nd+1st

Note that if you have target lines in all three orders you will need 2
separate AORs

« Choose a line (manual or from list)

» Enter continuum and line flux — saturation will trigger capacitance change
to adjust the dynamic range — warning in PACS time estimator message

« Select the Observing Mode

« |If applicable: set up the mapping parameters
— raster step sizes (follow guidelines of the PACS Observers Manual)
— map orientation
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Step by step...

Once opened HSPOT, choose the AOT (PACS Line- or Range Spectroscopy)

File Edit Targets — Tools Images Lines Overlays Options Window Help
.| HIFISingle Point...
B o | e

| & Observations ;| HIFI Spectral Scan... S ‘o

:22 :::x:;m,_ Observation Requests (AORs)

| Label | T| PACS Range Spectroscopy.. |[T[G[[F]Instrum..[ Mode Information |Durati...|Stat|On ™

SPIRE Photometer...
SPIRE Spectrometer...

SPIRE PACS Parallel Mode...

Total Duration (hrs): 0.0

®
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Step by step.

The AOT pup-up window appears.
We can choose a name for the
AOR, then select the wavelength
band to observe one or

more lines.

See Hspot general presentation on
target selection...

=
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PACS Line Spectroscopy

Unique AOR Label: PSpecL-0000

Target: None Specified

[ New Target ) Modify Target ( Target List... )

Number of visible stars for the target:None Specified

Wavelength Settings

Selection of wavelength ranges

Wavelength ranges | [70-220] microns (2nd + 1st orders) =

PACS Line Editor

Line Id Waveleng... Redshifte... Line Flux

(" Add Line Manually ) ( Add Line From Database ) Modify Line Delete Line

Redshift selection

Unit | Redshift (2) + | Value 0.000000

Observing Mode Settings
Nodding, grating scan or mapping cycles

Source type, chopping and unchopped scan Number of cycles |1

(" set the Observing Modes )

To control the absolute sensitivity consider
adjusting the number of integration cycles.

( ObservationEst... ) ( Add Comments... ) [ AOR Visibility )

( Cancel ) ( oK

@

Line Flu... Continuu... Line Width Line Wid... Line Repe...
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Step by step...

One can add a line manually or
using the database. In this example,
we use the database and select the
C I+ line. Remember to select the
box. Only highlighting the line does
not select it.

Add lines to the Observation Request

Origin Name Transition |Wavelength...| Line Width Selected
DEFAULT OH 2M1/2)=3/... 163.122 1 L]
DEFAULT SH 2MN3/2)=5/... 216.784 1 L]
DEFAULT Ho H1Sa 169.412 1 ]
DEFAULT Ho Hl6o 204.412 1 L]
DEFAULT cll C+ 157.741 1
DEFAULT HD 1-0 112.07 1 L]

Z=
=
=
i

—

[

"

/—-
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f

(

You can add transitions and modify spectral line attributes via the HSpot Line

Manager facility: HSpot Menu - = Lines - > Manage Lines
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Step by step...

000 PACS Line Spectroscopy

Unique AOR Label: PACS Line Spectroscoby AOR example

BaCk In the AOR WIndOW’ Target: NGC 7469 Type: Fixed Single

the selected line appears Position: 23h03m15.62s,+8d52m26.4s

In the IISt At thIS pOInt, ( NewTarget ) ( Modify Target.. ) ( TargetList.. )
FI” the PACS Llne Edltor table, Number of visible stars for the target: 13

and Insert the redSh|ft Of the Star tracker target: Ra: 165.815 degrees Dec:-8.874 degrees

ObjeCt. Wavelength Settings

Selection of wavelength ranges

Wavelength ranges | [70-220] microns (2nd + 1st orders) v

To change the number of PACS Line Editor

Line Id Wavelengt... Redshifted... Line Flux Line Flux... Continuu... | Line Width Line Widt... Line Repeti...
repetltlon On One Ilne’ Cll C+ 157.74;, 160.31 213.00 10A-18... 4,900.00 200.00 km/s 2 :
dOUbIe CIiCk On the Iine. O 13P0-... 145.520 147.89 15.36 10A-18... 4,900.00 200.00 km/s 3

N Il 3P2-...121.900 123.89 51%2:3 10A-18... 4,900.00 200.00 km/s 2

Ol 3P1... 88.360 89.80 128.07 10A-18... 3,300.00 200.00 km/s 2

(" Add Line Manually ) (" Add Line From Database ) Modify Line Delete Line

Redshift selection

Unit | Redshift (2) ‘4] value 0.016317

Observing Mode Settings

Nodding/wavelength switching cycles

HERSCHEL 5zscrvarory

Source type, chopping and wavelength switching Number of cycles |2

(" Setthe Observing Modes ) o )
To control the absolute sensitivity consider

adjusting the number of integration cycles.

k\k\\\\t (" ObservationEst... ) ( Add Comments... ) ( AOR Visibility )

-eSa.._,..
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Step by step...

Click on a line: all the information
about the selected line appears.

Values entered here are copied into
the Line Editor

Update a line

Spectral line parameters

Line ID O 1 3P0-3P1
Wavelength (um) 145.520
Line flux unit ’ 10A-18 W/mA2 = ‘

Line flux 15.36

Continuum flux density (mJy) 4,900.00

Line width unit " km/s 3

Line width (FWHM) 200.00

Line repetition factor

Line repetition 3

The relative line strength (fraction of on-source time per
line) can be set by the line repetition factor for each line.
Note: the sum of line repetition factors affects the
on-source time per integration cycle.

 E——  —
[ Cancel ) . OK )
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Step by step...

Once back in the AOR window, you are ready to choose the observing
mode. Click on the button and a new window appears.

==
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Observing Modes

Observing Mode Settings

Choose one of the modes below.

0

[ None selected = Pointed = Pointed with dither Mapping ]
Observing mode selection
(*) Chopping/nodding
(O Chopping/nodding (bright lines)
(O Unchopped grating scan
Observing mode parameters
Chopper throw Chopper avoidance angle
I
N Small Angle from (degrees) 0.00
(O Medium
® Large Angle to (degrees) 0.00
Off position
Type By offset *) By position
RA offset (arcmins) | 0.00
Dec offset (arcmins) 0.00
RA (degrees) 0.0000
Dec (degrees) 0.0000
Choose Position
Cancel ) oK )

eSa
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Observing Modes

Observing Mode Settings

Choose one of the modes below.

[ None selected

Pointed = Pointed with dither = Mapping ]

Observing mode selection

)

-/
0O
J

s
o

Chopper throw

Small

Large

Raster Map
Map reference frame

*) Instrument Sky
Raster point step (arcseconds)
Raster line step (arcseconds)
Orientation angle (degrees)
Number of raster points per line

Number of raster lines

N
A
() Medium
®

Chopping/nodding
Chopping/nodding (bright lines)

Wa
Wa

ngth switching

Unchopped grating scan

Observing mode parameters

Chopper avoidance angle

Angle from (degrees) 0.00
Angle to (degrees) 0.00

Off position

Type *) By offset By position

RA offset (arcmins)  0.00

Dec offset (arcmins)  0.00

RA (degrees) 0.0000

Dec (degrees) 0.0000
Choose Position
Repeat off-position after nth raster position

Number of raster position 2

( Cancel ) ( OK
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Part |l tomorrow:

» Spectrometer focal plane geometry

 Mapping strategies

* Range spectroscopy: use of parallel
ranges

* Sensitivity estimates, use of repetitions
and cycles

 Flux estimates and saturation limits
 AOR design: hands-on session
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Spectrometer focal plane geometry

Nodding skew angle has been optimised for the central spaxel (spatial pixel)
Other spaxels do not see along the same LoS for the two nod positions

- either use the central spaxel only and apply point-source correction factor

- or recover flux from the resampled Nod A+B/2 cube %
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Focal plane geometry

Spectrometer FOV fingerprint

: 1 Blue/Red spectrometer
o Apparent field-rotation increasing with | v e | e
chopper throw o "
- Use “Small” (1.5’) chopper throw if o S
possible (for point sources) o L. 5
« If you suspect your source is not a © v ;
point-source or you are very unsure of | .. A I
its position to 1-2”, probably best NOT :
to use POINTED mode, but a fully T R
sample mapping mode.

chopper 0 position

chopper “-" position

chopper “+" position

{-esa
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Spectrometer PSF

-

e Modeled/measured at

-
N

62um and 124um /on R
Neptune g,
e “Trifoliate” structure, z°
also seen in 2,
photometer 0

40 60 80 100 120 140 160 180 200
wavelength [pm]




Spectrometer “beam efficiency”

* Fraction of PSF seen by (centered!) 9.4°x9.4” spatial pixel varies with
wavelength

 Point source correction table available in HIPE

Fractional Signal
O
o

0.4F

S0 100 150 200
Wavelength [um]
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Mapping strategies

 Raster map step sizes have been optimized, based on the focal plane
geometry and PSF

« Sky mosaics:

For raster maps with stepsize greater than 30" (i.e tiling the sky rather than oversampled
rasters) there are no particular recommendations for step sizes. Typical step sizes are
47" (no overlap between the different raster positions) and 38" (approximately one row or
column of spatial pixels overlap between the different raster positions).

 Nyquist sampling map of extended objects:

For extended objects, mapping with oversampling, i.e. with step size smaller than one
spaxel, may be very time consuming. Therefore this mapping strategy is suggested with
step sizes larger than one spaxel, but such that the beam is Nyquist sampled. Blue: point
step=16.0", line step =14.5" Red: point step=24.0", line step =22.0”

« Full PACS spatial resolution of compact objects:

In order to map the sky at full PACS spatial resolution, step sizes smaller than a spaxel
have to be used. Since this increases the observing time, this mode is strongly suggested
to be used only for mapping point-like or almost point-like objects. Blue: 3x3 raster with
step size equal to 3.0" in both directions Red: 2x2 raster with step size equal to 4.5"
in both directions
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Mapping strategies

ox5 “Nyquist sampling” (short-A) vs. 2x2 “Sky mosaic”
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3x3 “Nyquist sampling” (long-A) vs. 2x2 “Sky mosaic”

Mapping strategies
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Pointed vs. full resolution mapping

N M82 [O I] 63um

20

10

-10

-20

-10 0 10

s 2 10 0 10 20 » Map reconstruction under
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Map orientation angle

« The recommended raster step/line size settings have been optimised
only for zero degree map orientation in instrument coordinates. In case
of applying sky reference frame then optimal spatial sampling cannot be
guaranteed because the PACS footprint rotation with respect to the raster line
orientation depends on the position angle of the detectors footprint
(determined by the day of the observation). The sky reference frame can be
selected only in unchopped grating scan mode. Please note, in unchopped
grating scan mode the HSpot default option is 'sky' reference, but we highly
advise to switch to 'instrument' mode.

« SKY frame: In unchopped grating scan mode, if an AOR raster covers an
elongated area (e.g. a nearby edge-on galaxy) then the observer might
have no other option than using sky reference frame and turn the raster to the
right direction. If the target is at higher ecliptic latitude then you may select
instrument reference frame and put a time constraint on the AOR.

« INSTRUMENT frame: Chopped rasters cannot be rotated with a specific
orientation angle, the chop direction is hard-coded in instrument reference
frame with zero angle orientation (i.e. the chop direction is perpendicular to a
raster line). If the target is at higher ecliptic latitude then put a time constraint
on the AOR. This way the array and the whole raster can be rotated to the
desired angle by a time dependent array position angle.

HERSCHEL ozsckvarory
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Map orientation angle

Off
O position

~ Unchopped
scan can be
programmed
in sky coords

Chop-nod mapping is limited to instrument Unchopped grating scan

plane (chops along z axis). Limited ability in RA/Dec Coords. 38 x 38 “ 20 x 2
to map a feature without multiple AORs raster at orientation = 135 degrees
=4.1hrs 3 x (38 x 38" 5 x 2 raster) one line! | = 3.7 hrs clock time
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Range spectroscopy: use of parallel
ranges

Spectrometer effective spectral resolution

R | | | "1 You can only select in

: X 1 any one AOR either the R
1 fprd 1 { 2 or 34 order paired with 2
g "1 [ "I Either “Blue/RED” 1 1storder S
CBD 4000 ! I | - “&J
o ] | I % 4]
2/ 1 ) 1| You can select multiple lines 40
s Y . Green/RED 1| per AOR—for each line ~J
$ 200 IR 1| scanned you will get “for free” Lf

2000 ! ! ot ; 14| an observation in the blue or
1500] : 2nd X 1¥1s always sele d red band (e. g. If request 2nd/1st kJ
o] ! o 1| order modes and you observe | V)
& s 100 120 10 160 180 200 [C”]158Mm, you will &
wavelength “simultaneously” get “blue” Wy
observation at 158/2 = 79um I




Range spectroscopy: use of parallel

PACS Time Estimation
Instrument performance summary

Time Estimation Breakdown

ranges

On-source time (s)

2096

4000 ==
Calibration time (s) 124 |
3500 |
Instrument and observation overhead (s) 171 = 3000 "J‘| Exa m ple : 1 1 O_ 1 80 IJ m
Observatory overhead (s) 180 E ‘
2500
£ \ =>» 2 parallel ranges
£ 2000
( Range Sensitivity Plots ) PACS Time Estimator Messages ) §
@ 1500
1000
500 e e S :
HSpOt CaICUIateS the pa ral Iel ranges ’ 50 60 70 80 90 100 110 120 130 140 150 160 170 180
. . . . . Wavelength (microns)
Sensitivities are for individual ranges! rge Tromie — fonge el —onge ]
=>» take into account for observation design ok
®) &) Plot sensitivities @) Plot sensitivities
[ Continuum Spectral line | [ Continuum Spectral line !
Continuum 1-sigma sensitivities for a point source Continuum 1-sigma sensitivities for a point source
5500 ‘ | 1100
5000 ’ }' 1000 {0
4500 [ 1" 900
> 4000 | SED BZB f| = \ SED BZA
E}soo ‘ "’" g :Z ..“
g 3000 ; / g 600 \\\
g 2500 / £ 500 K :
» 2000 / @ 400 I M S & —
=
& 1500 et & 300
1000 /// 200
500 i 100
0 0

70

80 90 100 110 120 130 140 150 160 170 180 190 200 210 220
Wavelength (microns)

— sedb2b-nominal — sedb2b-freel |

OK

Plot sensitivities

[ Continuum = Spectral line |

Continuum 1-sigma sensitivities for a point source

65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145

Wavelength (microns)

— sedb2a-nominal — sedb2a-freel |




Repetition factors ... and how

blocks are defined in HSpot

Nodding blocks

(= PACS Line Spectroscopy

Unique AOR Label: [PSpecL-0000 |

Target: NGC7027 Type: Fixed Single
Position: 21h07m01.59s,+42d14m10.2s
Few Target | [ Modity Targer | [ Target st

Number of visible stars for the target: 23
Star tracker target: Ra: 136.757 degrees Dec-42.236 degrees

Wavelength Settings

Selection of wavelength ranges

Wavelength ranges ([73-98] and (103210 microns @nd + 1st orders) ||

PACS Line Editor

Line Id___| Wavelength (um) [Redshifted Wav. Line Flux Line Flux Unit_[Continuurn Flux .| Line Wicth | Line Wiciff Unit| Line Repetithg |
Line 1 |s7.000 97.00 0.00 [104-18 wymA2/0.00 0.00 km/s |
Line 2 |s0.000 80.00 10.00 {107-18 wm~2(0.00 [0.00 kmfs
Line 3 |158.000 158.00 0.00 {104-18 wymA2(0.00 0.00 km/s

Add Line Manually || Add Line From Database || Modify Line || Delete Line |

Redshift selection

PACS Line Editor

Unit [Redshift @) | vatue [0.000000

Observing Mode Settings

Nodding/waveldhgth switching cycles

Source type, chopping and wavelength switching Number of
Set the Observing Modes To control the ab¥glute sensitivity consider,

1o adjust the numb¥g of integration cycle:

| ovservation Est..| [add comments...| |visibitiy...|

7 NS—-"

[ cancer | e

Pointing blocks

Observing Modes
Observing Mode Settings
hoose one o the modes belaw:
None selected | Pointed | Pointed with dither | Mapping

Observing mode selection

O Chopping/nodding @right lines)
) Wavelength switching
Observing mode parameters
Chopper throw . .
e hopper avoidance angle
Angle from Weqrees) 0.00.
Angle to @egrees) [0.00

Raster Map.

[ _cancel |

- 25 pm, ngc7027 o X

ontrol

lAny | Shift-Left Button: Centre the Image at point
|

PSpecL-0000
ERERE

[m] PACS Range Spectroscopy

Unique AOR Label: [FSpecR-0000

Target: nge7027 Type: Fixed Single
Position: 21h07m01.70s,+42d14m11.0s

1

[ ew Targe Wodity Targr | [ Target tistr |

x|

Number of visible stars for the target: 23
Star tracker target: Ra: 136.757 degrees Dec-42.236 degrees

Wavelength Settings

Range scan or SED mode

Range mode |Range scan in [55-73] and [102-210] microns @Grd + 1st orders) |

PACS Range Editor

Range ID__| Blue Edge (um) | Red Edge (urm) |Reference wav...| Line Flux__|Line Flux Unit|Continuurn FI_| _Line Wicth |Line Jicth_ [Range Repet

Range 1 55.00 73.00 55.00 0.00 10A-18 W,
Range 2 102.00 210.00 210.00 0.00 10A-18 W..

0.00 0.00 kmj| 2
0.00 0.00 kmjs 1

Add Range || Modify Range Delete Range

Observing Mode Se¢
Nodding or p repetition cycles
Source type and chopping Repettion [1

Instrument Settings

PACS Range Editor

Sampling parameters

Range sampling density [Nyquist sampling | v| | Set the Observing Modes | 7o control th absolute sensitivity consi,
10 adjust the Ngmber of integration cyclgh.

[Observaion Est] [Ad Comments.«] [Vt

Cancel Help

= =411

Depth of the observation is set via repetition factors:

= Line/Range repetition for relative Line/Range strength,
total number of repetitions is < 10 to limit the maximum
block duration

=2
Base Image:
CIXREE

rl

OBSERVATORY

<

[ Observations . S pm, ngc7027

Target: nge7027 Type: Fixed Single
Proposal - <No File> = X5 Netup

Total Duration (hrs): 2.47
Total AORs: 2 | Active: 2

HERSC

»  Nodding/grating/mapping cycles define how many times a
block has to be repeated. Adjust the absolute observing
depth.

= Overlap between pointing blocks (d1, d2 step size < 47”),

this is not taken into account in sensitivity estimation



Repetition factors vs. observing
cycle vs. complete AOR

If you have one weak line (say [NII]205mm) and one strong one [CII]158,
you can increase the number of repetitions on the [NIl] line at the expense
of the brighter line. e. g. 9 reps [NIl], and say 1 rep for [CII]. If you need
more time on both lines you can then increase the number of cycles.

« Single pointina mode 1 line, 2 repetions
Total ti @‘r source*=688s, cal=129s)
« Single pointing 1 line, 2 cycles
Total time = 985s (on source 688s) Extra inst. overhead of 33s!
« Single pointing 1 line, 1 rep, 2 AORs
Total time = 2 x 586 (on 688s; cal=2 x 129) = 1172s
but you get 2 cal blocks..very inefficient..

Repetltlons have less overhead than cycles.

~esa.
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Time estimation and S/N
calculation

o000 PACS Time Estimation GIObal AOT dlll‘atiOI'IS
Instrument performance summary AOT total duration: 567 [sec]
Time Estimation Breakd @ CalSlew (with overheads) 122 [sec]
ime Estimation Breakdown @ SRC+REF (with overheads) 445 [sec]
On-source time (s) 384 # AOT cost (includes time for slewing to source): 445 + 180 [sec] = 625 [sec]
Calibration time (s) 122

LINE setup and CAL summary

Instrument and observation overhead (s) 61

@ AOT prologue duration: 26 [sec]

Observatary averhead (z) 180 o KeyWave: 60.0 [pm]; CAL duration: 93 [sec]

Total time (s)

( PACS Time Estimator Messages Speche summary

O 13P1-3P2: 63.18 [um]:

# FWHM at current wavelength: 87.5 [km/s] or 0.018 [pm]

@ Continuum RMS: 572 [mly]

@ Continuum S/N: 1,746.46

@ Line RMS: 9.22E-18 [w/m2]

@ Line S/N: 62.88

@ Total duration (SRC+REF+PACS overheads): 420 [sec]

# SRC+REF (no overheads): 384 [sec] ‘

Attention!!
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The Capacitance has changed from the default value 0 to the higher value 4 due to high
flux density in one or several requested lines

IF ENTERED FLUX TOO LARGE: HSPOT
WILL REQUEST A NEW GAIN BY
CHANGING CAPACITANCE.
SATURATION OCCURS FOR VERY HIGH
FLUX > 2x1013 Jy!

This will cause a loss of sensitivity in the faintest lines. Please refer to the User's manual,
and/or to the PacsLineSpec Release notes for more informations

Observing time for O I 3P1-3P2

Estimated SRC+REF time: 384 [sec] for 63.185 [pm] with line repeated | time(s)
Accumulated SRC+REF time estimation 1




Saturation limits

Continuum limits with the smallest and largest integration capacitor:
saturation happens if the flux per resolution element is above limits for the
highest capacitor (telescope background is included)

PACS spectro saturation limit PACS spectro saturation limit
Capacitance 0 - telescope background included Capacitance 12 - telescope background included
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10 1 l L1l l 111 J 111 111 1 1 1 111 l 11 1 l 111 J 1 10 11 1 l L1 1 l | | 1 | L1l l L1l l 111 1 L1l I L 11 l 11
40 60 80 100 120 140 160 180 200 220 240 40 60 80 100 120 140 160 180 200 220 240
Wavelength [z m] Wavelength [u m]
[ R1 B2B B3A B2A | [— w1 B2B B3A B2A |

For range spectroscopy, the expected flux at the maximum response is extrapolated via a Rayleigh-Jeans law from the
reference wavelength and corresponding flux estimate. The appropriate integrating capacitance of the CRE is then chosen for
the entire observation to avoid saturation.
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