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PACS & JPL designs

o Both designs are practically
identical and refer to a Ritchey-
Chrétien telescope

e Focal surface as defined by
PACS leads to a defocus of
~ 3 mm at the field edge

e Focal surface as defined by JPL
(parabola) gives negligible
defocus error over the whole
field

ﬂ July 2000

Herschel Telescope PACS JPL
optical parameters
Entrance pupil diameter (0 deg) 3283 mm 3283 mm
Focal length 28500 mm 28500 mm
f-number .. B8
Prinury verex tobestfocws | 1050 mm
Aperture stop on M2 .
Field of view _+/-0.25 deg, circulir | +/- 0.25 deg. circulur
Primary rellecmr i
Radis of curvature 3500 mm omm, .
Useful dianeter 3469 mm M mm
Conic constant . -Lo0o129
Distance to M2 . 1588.969 mm
Se‘&;nd‘try reflector | .
Radis of curvature -345.264 -345.264
Conic constant -1.29218 129
Diameter 308.3 mm 308.3 mm
Image surface
Radius of curvature .-ie0 -167.17)
Conic constant _-0.8143 Y
[Diameter 246 mm 246 mm

© Astrium
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CACS & JPL designs (continued)

PACS JPL
Fela «deg: WFE Best focus | WFE at best tocus Feid «deg: WFE Best focus | WFE at best focus
gv L .. ‘E.!!I’ shifl»m‘m rg!l deg) ‘Eﬂ!' shift  mm [m
0 0.06 0.07 008 0 0.07 -0.07 0.06
005 01 004 009 .05 o013 | 005 013
0015 0.34 099 0.69 0015 07 0.09 071
2.2 153 FX U I < 02 L4 008 14
9.5 246 3.08 193 025 1.92 012 1.92
Note on defocus:
| um WFE is equivalent to:
- 2.1 mm shift at telescope focus
- 10 um shift for M2
<39 Juy 2000

© Astrium

Gerschel Telescope Definition (1)

o One can notice that the conic constant of the primary reflector is very
close to -1, i.e. that the primary is practically a parabola

e This means that the pure Ritchey-Chrétien is in practice very close to a

pure Cassegrain, with a parabolic primary refiector

The reason is that the optical WFE performance in the field of view is

driven by astigmatism (not by coma aberration) , which is identical for both

configurations

e Astrium recommends a parabolic primary reflector for simplifying its test
during polishing (and better mastering its performance)

@ July 2000

© Astrium




Herschel Telescope Definition (2)

Herschel Telescope M1 Parabola Ritchey-Chrétien Typical tole rance
loptical prrameters {Astrium proposal) of comment

Entrance pupd diameter (0 deg: 3283 mm 3283 mm specified rom {-number and focal length
Focal length 28500 mm 28500 mm _ specified with tolerance +/- 30 mm
f-nurmber {/8.68 . 368 specitied 8.68: tolerunce +/- 0.02
Primary vertex to best focus 1050 rmum 1050 mm specified with tolerance +- 10 nun
Aperture stop on M2 on M2 specitied

Field of view +i-0.25 deg. cwcular | ~/- 0.25 deg. crcuiar specitied

Primary reflector

Radius of curvawmre 3500 mm ... 3500 mem R +- 2mm

Usetul diameter 3469.5 mm 3469 mm beam moton +/- 93 mm for +i- 0.25 deg
Conic constant _ -1 -1.00102 _overal WFE 4 um rms
Distance to M2 1587.998 mm 1588.008 mm

Secondary reflector . ) e

Radius of curvamre 3452 mm 45,179 mm +/- 04 tm

Comc constant -1L.279 -1.2923 averall WFE 1.5 um ms
Diameter 308 12 mun 30844 mm +- 0.1 mm ctbe

Image surface . . .

Radpus of curvature -165 mm _-165.1

Conic constant -1 -1 parabola

{Diameter 246 mm 246 mm corresponds to +/- 0.25 deg

s@ July 2000

© Astrium

Herschel Telescope Definition (3)

B

e

@ July 2000
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Telescope theoretical WFE: comparison between a pure Ritchey-Chrétien and
Qe proposed Cassegrain configuration

e The focal surface is well —

represented by a parabola over the ! Telescope Theoretical WFE
whole FOV i : Tcm > Rachey Qo) .
T e
e Both theoretical WFE are extremely g | gl
close, and are equivalent with g P74
respect to the overall telescope £ 10 / ;
WFE budget (goal 6 um , spec 10 RPN . -
”m) 1 050 / i
; 0 0.05 0.4 0.5 0.2 0.25 0.3
PFleid (deg)
7 Juy 2000 © Astrium

Qlickel coating as candidate for Herschel

e Coating reflectivity performance in the far infrared is
driven by the electrical resistivity of the coating metal.

o Ni coating may be interesting for its better cleanability
in comparison to Al

o Ni reflectivity is satisfactory in the far infrared and
shouid be > 0.99. This will be confirmed by emissivity
measurements on samples.

o Ni resistivity drops down with temperature faster than
Al: comparable performance expected in cold.

)  Juy 2000 © Astrium




Ci Electrical Resistivity vs Temperature

Eleetrical Resistivity (gObhm.cm)

T T

. : ! (== Cu E
) ' ; Au
— i I
: ‘ / : =g |
! ‘ : ! // {
% i ; ; |
: i ! i !

0 50 100 150 200 250 300 350

Temperature {K)

BB Juy 2000

© Astrium

Qli reflectivity measurement

LEMTA reflectivity measurements on SiC sample with evaporated Ni coating.

§® 200

Thickness 500 nm, measurement @ RT (accuracy ~2-3%)

Reflectivity

1

0.95 1/
0.9
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0.55

0.5
0 100 200 300 400 500

Wavelength (pm)
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© Astrium




RAL, 2%/3 /2001

PACS Beam Footprints above FPU

We show the PACS beam footprint geometry at various heights above the paraxial focal plane
of FIRST, as well as a graph with formulas for interpolation of the geometry parameters to
any height.

The telescope prescription is that from Sep 1999, FIRST Telescope Optical and
Optomechanical Report by A B Hull from JPL. For the purposes of this document, the
telescope prescription is functionally identical to the one used internally for the design of
PACS. The co-ordinate system used has as its origin the telescope paraxial focus, and is
parallel to the satellite system (X= toward telescope, Y= away from HIFI, Z= toward PACS).

The footprint geometry is given explicitly at the heights above the paraxial focal point
mentioned at the FIRST Instrument I/F Study Progress Meeting, 20 Oct 1999:
X=244

X= 385
X=771
X= 850 (back surface of primary mirror)
X=1050 (front surface of primary mirror)

The PACS beam profile is simply a rectangle with rounded corners. The starting size at the
focal plane is given by the extreme positions attainable by the PACS built-in chopper and our
combined spectrometer and photometer fields-of-view. The footprints are symmetrical with
respect to the Z-axis.

The net full width along Y, dY and along Z, dZ, the centre Z-co-ordinate, Zo of this rectangle
and the maximum allowed radii, R of the corners are given in the following table (+/- 1mm).

X (from focal plane) dY dZ Zo R
0 66 28 80 0

244 84 50 72.5 15

385 97 66 68 23

771 133 107 57 45

850 140 115 54 50

1050 160 137 48 61

These footprints were arrived at using purely geometrical optics.

To avoid diffraction losses, oversized apertures are required. A combined 20mm (TBC) full-
width oversize is adequate to prevent both, diffraction losses for beams near the edge of the
field, and diffractive scattering of stray light into the beam, and to allow for the relative
alignment margin between FPU and telescope (2-5 mm?).

Annex

3




The PACS Footprint is a rectangle at Zo=80, dZ=28,

dY=66 in the focal plane of the Herschel Telescope.

Above the focus, the footprint becomes a rounded « dy g
rectangle. < { &
All Geometrical Parameters vary linearty with height X PACS Footprint
above Focus. o7
They can be determined by evaluating Quantity=a X + b 2
Quantity a b \_ J v
Zo -0.030326 80 / 7
dZ | 0.048578 | 26 R a
dY 0.033415 66
R ] 0.058434 | 0 v
After finding the net beam geometry we then need to Telescope Axis | X Y
add 20 mm {10 mm radial “zone of avoidance") to quantities dZ an dY
to allow for diffraction and alignment margins.
160
154,18 o
1580 ;‘(' =
140 —— PACS Footprint Variation with Height X/ /’
130 / s
120 //
110 ////,v/
100 -
90 | / / ‘ Zo
g / / — 47 |
§4 80 / / - i dY
G A o R
> 70 / 5
60 -
” \
40 \
20 / B
rd
20 |
10 —g- |
\i
0 - :
500 1000 1500 2000 2500
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