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1 Introduction

This document discusses the straylight results obtained during the EQM tests.

In HP-2-ASED-TN-0076, 2.69% respectively 5.76% of the telescope straylight are
predicted for PACS respectively SPIRE (for scattered straylight only, not including
diffracted straylight, and independent of wavelength). During the EQM tests, excess
straylight was found by PACS (see PACS-ME-TR-059), when compared to these
predictions. The excess factors reported by PACS are 46 at 88 um (i.e. measured
124%) and 26 at 177 pm (i.e. measured 70%). SPIRE also reported excess straylight
(SPIRE-RAL-NOT-000, dated 31/01/06).

Specified is < 10% of the telescope straylight.

Following these findings, some specific straylight tests have been performed by
PACS on EQM in December last year (see PACS-ME-TR-060). Various
temperatures and irradiations have been changed in order to find the straylight
source.

Also new straylight calculations have been made, with some important changes
compared to previous calculations.
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2 EQM straylight tests performed

In order to find the reason for the excess straylight, various thermal emissions have
been changed, mainly by changing the temperature of the emitting source, and
looking whether the straylight on PACS changes. During this testing the thermal
emission from the cryocover as an intended source was suppressed, by cooling the
cryocover to below 20 K.

The EQM straylight tests concentrated on items which could be varied easily. In total,
four potential sources have been tested.

1.

The one open LOU window has been illuminated with a lamp. The other
windows are replaced by Al-flanges on EQM and therefore could not be
removed for this test. No change in straylight was observed.

A cable on the optical bench has been excessively heated by leading a
current through it. No change in straylight was observed.

In order to exclude, that contamination on the cryocover mirrors lead to
excess straylight, the cryocover mirrors have been heated to around 220 K
for about 10 minutes. This should remove any water contamination from
these mirrors. No change in straylight was observed, after the cryocover
mirrors were down to below 20 K again.

However, it turned out that these cryocover mirrors have been at 220 K for
a longer period up to only 3 days before. This is too less time to build a
significant contamination layer. An influence of potentially contaminated
instrument mirrors, mainly at the instrument entrance, cannot be excluded
from this. These mirrors were at low temperatures already several months,
and the straylight impact can go with the square of the contamination
thickness.

The temperature of the Entrance Baffle cylinder was varied. This showed a
large effect on straylight. At least half of the straylight can be explained by
this. The reason nevertheless is not a higher emission from this source, but
a better transport of this straylight by scattering on cryocover mirrors
(PACS) and by structural parts of the instruments (SPIRE).

It should be noted, that in TN-0076 also about half of the straylight is
expected from the Entrance Baffle cylinder. The other part mainly comes
from the warm CVV.
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3 Observed differences compared to calculated straylight in
TN-0076

As already mentioned in the introduction, PACS measured a factor of 46 higher
straylight at 88 ym and a factor of 26 higher straylight at 177 ym, compared to the
calculations for straylight in TN-0076 of 2.69% of the telescope straylight. It must be
mentioned, that these 2.69% are scattered straylight only, there is an additional
contribution from diffraction, which is treated separately in TN-0076 (chapt. 4.2). It
also must be noted that these calculations are for ideal configuration. Misalignments
as to be expected might contribute another factor of 1.2 to 1.3 (calculated for the
case of a cryocover mirror tilt of 40 arcminutes as an example in TN-0076, page 29).

The values measured by PACS correspond to 124% of the telescope straylight at 88
pm and to 70% of the telescope straylight at 177 ym, whereas the specified value is
< 10%.

In relation to the nominal telescope contribution (=100%), the measured total
straylight except the cryocover mirrors itself therefore is about 124% at 88 ym and
about 70% at 177um.

SPIRE also reported excess straylight and give some hints where it could come from
(SPIRE-RAL-NOT-000, dated 31/01/06). The calculated straylight in TN-0076 here
was 5.76% of the telescope straylight.
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Observed differences EQM-configuration versus (old)
straylight model

Entrance Baffle flat aperture is missing in EQM.

On +X side of Entrance Baffle cylinder there was an elongation made with Al-
foil (glued to the baffle cylinder). The elongation in +X direction was about 16 —
18 mm. The gap between CVV bottom and Entrance Baffle cylinder top is 14.5
mm in the model. Therefore this elongation goes somewhat into the CVV hole,
but anyway does not touch the CVV, because the opening in the CVV has a
somewhat larger diameter. The temperature of this elongation could not be
determined. From the attachment point of view it should have about the
temperature of the Entrance Baffle. However, it turned out that the attachment
was not very good. The (worst case) temperature of this elongation therefore
is assumed to be in the middle between Entrance Baffle temperature and CVV
temperature, which is 180 K. This elongation also covers about the upper 14
mm of the Entrance Baffle cylinder.

SPIRE surfaces from the entrance plane up to the filter 1 were modelled black,
with reflectivity 0.05. It turned out that this entrance section is metallic, with
much higher reflectivity, except for a small section of estimated 30 — 50 cm?
area. The actual average reflectivity of the entrance section therefore is
assumed to be 0.95.

HiFi is modelled with flight configuration. In the EQM, only channel 3 is in flight
configuration, the other channels are covered by a tilted Al-plate, which,
however, leads some less straylight from the LOU windows into HiFi via other
holes. It also could bend more light from the LOU windows towards the path
between instruments and Instrument Shield, but this is minor and is covered
by the model assumptions.

Only Thermal Shield 1 was polished internally to have a high reflectivity,
whereas the other thermal shields and the Instrument Shield surfaces were
untreated surfaces, leading to higher absorption. In terms of straylight this
improves the situation slightly, because more straylight is absorbed by them.

The boundary between PACS and SPIRE cryocover mirrors is slightly curved
in the Y-Z-plane. In the model this is approximated by a straight boundary.

Temperature of Entrance Baffle cylinder during straylight measurements was
higher than expected (67 K instead of 57 K in calculations)
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Further potential impacts not considered in the straylight
model

Contamination of the entrance mirrors in both PACS and SPIRE could cause
additional scattering not considered in the model. Contrary to the CVV mirrors,
which have been heated up to remove contamination, but were at cold
temperatures only for a period of 3 days before, the instrument entrance
mirrors were at cold temperatures for about 3 months, and therefore could
have collected much more water contamination (factor of about 30) than the
CVV mirrors. Note also that the straylight effect (TIS) goes with about the
square of roughness. If the roughness goes with thickness, then the effect
onto straylight could be about a factor of 900 higher for the instrument mirrors.
However, PACS also explained that severe contamination would probably
cause other effects, which would be noticed by PACS. And SPIRE reported
verbally, that it would need very thick contamination to make an effect. So in
total this explanation is unlikely.

The 3" straylight inspection showed, that some light goes also through the
inactivated HiFi channels, but significantly less than through the nominal
channel No. 3. In the analysis, the Flight Model HiFi is contained with 7 active
channels. This represents a worst case for HiFi.

The filling port of the Tank is at 300 K. There are small slits in the MLI
surrounding this filling port at each feed through of the thermal shields. This
could lead some 300 K emission towards the instruments, via paths between
Thermal Shield 1 / Instrument Shield and between Instrument Shield /
Instruments. However, these slits are small compared to the openings in the
LOU baffle, where 300 K emission goes through directly towards the space
between Thermal Shield 1 / Instrument Shield and between Instrument Shield
/ Instruments. This filling port therefore has been neglected. The same apply
to the fixation struts between CVV and He-tank.

Structural surfaces are contained not completely in the models for SPIRE,
PACS and HiFi. This makes calculations with reflecting internal structural
surfaces questionable to a certain extend, at least for the high reflective
surfaces of SPIRE.

The contribution from the blank horizontal surface next to the cryocover
mirrors has been neglected so far. The reason is that this surface transports
much more straylight from other objects than it emits itself. Only the
contribution from the tilted black section of the cryocover has been considered
therefore.

The emissivity of surfaces is assumed to be according to Lambertian law. This
is not the case for low reflective surfaces. Example of high polished gold
surface shows expected low emissivity only for angles up to about 70 — 80°
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from normal, whereas for grazing angles the emissivity goes to quite high
values (see fig. 5.1-1 below).

£}
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Fig. 5.1-1: Emissivity of gold surfaces as a function of angle against surface normal.
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6.1

New ASAP calculations

Changes in the model

Due to the large discrepancies, new ASAP calculations have been performed, in
order to calculate with more actual design and in order to detect potential calculation
errors. The new calculations up to now have been made with the following changes,
in order to better reflect the EQM:

Better search strategy (revealed some additional straylight paths).
Entrance Baffle flat aperture was deleted, because not in the EQM
Entrance Baffle cylinder temperature changed from 57 to 67 K.

The BRDF for the cryocover mirror was detected to be too low for PACS by a
factor of most likely 10 to 15 at 88 ym, and a factor of most likely 2.5 to 3.75 at
177 uym. Therefore the cryocover mirror BRDF was increased by a factor of 15
for 88 um and a factor of 3.75 for 177 ym. For SPIRE, the previous BRDF was
about o.k. at 230 ym respectively even overestimated at longer wavelengths,
here no change was made.

It should be noted, that the new BRDF values are theoretical values only, and
should be substituted later by measured values, if possible.

Introduction of an additional surface with 95% reflectivity on the +X side of the
Entrance Baffle cylinder, covering also the upper 14 mm of the Entrance Baffle
cylinder itself.

Change of reflectivity of SPIRE input section from 0.05 to 0.95.

Introduction of 95% reflectivity for the other SPIRE structural surfaces, apart
from the input section itself. This was not in the model before.

Calculation of additional paths and sources not considered before:
o Path from LOU windows through HiFi

o Path from LOU windows towards the gap between Entrance Baffle
cylinder and Instrument Shield (previous calculation considered only the
path from LOU windows towards the gap between Instrument Shield
and Instruments)

o Thermal emission from the gap between Entrance Baffle cylinder and
the Instrument Shield cylinder

The following important differences between new model / model geometry and EQM /
EQM geometry presently cannot be modelled, at least not in an easy way:

Thermal emission of white surfaces different from Lambertian law.
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¢ In the model, the boundary between PACS and SPIRE is a straight line in the
Y-Z-plane.

The following differences between new model / model geometry and EQM / EQM
geometry are negligible (e.g. against 300 K emission from LOU), and therefore are
not in the model:

e Filling port of the Tank
e Fixation struts between CVV and He-tank

Both sources could lead some 300 K emission towards the space between
Instrument Shield / Instruments via holes in the Optical Bench, and towards the
space between Instrument Shield / Thermal Shield 1, in a similar way as the 300 K
emission from LOU windows, but with much less cross sections.
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6.2 Results of new calculations
Emitting object temperature/ PACS detector SPIRE detector
emissivity

88 um 177 ym | 230 um | 670 pm
CVVring 295 K/0.05 2.59 0.35 4.76 3.70
Crown surfaces 293 K/0.05 1.80 0.24 2.15 1.68
Entrance Baffle (ENB) cylinder 67 K/0.50 25.12 6.74 85.41 86.77
elongation of ENB cylinder 180 K* / 0.05 1.04 0.15 1.38 1.12
short outer cone of Cryocover 75K/ 0.50 4.81 1.25 17.94 17.53
gap between ENB cylinder and 67 K/0.90 3.14 0.86 3.19 3.24
Instrument Shield cylinder
gap between Instrument Shield and 14 K/0.90 0.00 0.06 1.34 7.92
instruments
Tank via holes in OB 50 K/0.90 0.56 0.29 2.92 3.38
LOU- and alignment-windows via 295 K/0.90 0.04 0.01 0.92 0.71
HiFi
LOU- and alignment-windows via 295K /0.90 1.62 0.21 0.66 0.52

gap between ENB cylinder and
Instrument Shield cylinder

LOU- and alignment-windows via 295 K/0.90 1.70 0.27 2.22 1.72

gap between Instrument Shield and

instruments

sum scattered light without 42.4 10.4 122.9 128.3
diffraction / misalignment

additional diffracted light (5 % of 212 0.52 6.14 6.41

scattered light assumed)

misalignment (30 % of scattered 12.73 3.13 36.86 38.48
light assumed)

calculated total 57.3 14.1 165.9 173.2
measured during EQM test 124 70

Data for PACS and SPIRE are in % with 100% = telescope irradiation (70 K, total £ = 0.03)

* = best estimate only, no destination of temperature possible.

exact measured values during EQM test for SPIRE cannot be given, but also exceed the specification
of 10% by more than a factor of 10

Table 6.2-1: Calculated EQM straylight.
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Calculations have been performed for scattered light only, with ideal alignment.
Additional straylight caused by diffraction and by misalignment then have been
added coarsely by certain multiplication factors.

The main differences to the much lower calculation results presented in HP-2-ASED-
TN-0076 are due to

PACS: much higher cryocover BRDF
SPIRE: high reflectivity of SPIRE structural surfaces

6.3 Potential explanation of the sharp spot seen in the PACS FOV

In PACS-ME-TR-060 it is reported that there exist an up to now not explained relative
sharp straylight spot in the PACS FOV. In the following, it is shown that a larger
particle located on the entrance mirror (called TROG1 in the ASAP code) could
generate such a spot. It has been investigated with ASAP, how large this potential
particle must be, in order to explain the observed feature:

¢ A small emitting source of 1 mm? area close to TROG1 generates a sharp spot
on the detector, via reflection on the cryocover mirror (see Figures 6.3-1 to
6.3-3). The irradiation onto the detector is about 2.5E-3, if the source emits 1
into hemisphere.

¢ In a second step it was investigated how much irradiation this 1 mm? area gets
from the ENB, either directly or via scattering at the cryocover mirror. Result:
This 1 mm? receive about 8% of the light which the telescope emits onto the
whole detector area, for 88 ym wavelength.

The total result in terms of the usual %age of the telescope emission therefore is
0.02% for 88 ym, which however is concentrated in a small spot on the detector. The
spot size in PACS-ME-TR-060 is very roughly estimated by ASED to be about 1/2000
of the detector area (quite uncertain, should be confirmed by PACS, respectively
PACS should determine the relative amount of irradiation in this spot compared to the
overall straylight in the PACS FOV). If we assume that a 1 mm? particle generates
this, then the reflection of light with origin from ENB emission alone would be about
40% of the telescope emission on a 1/2000 fraction of the detector area, exceeding
the average level of the straylight from the ENB (25% in Table 6.2-1) locally by about
a factor of 1.6.

ASED cannot destine the relative height of the peak in Figure 2 of PACS-ME-TR-060,
respectively cannot destine the amount of straylight in this peak relative to the total
straylight, because it does not know the zero level.

A photograph taken before the 3™ EQM straylight inspection shows a particle on the
PACS entrance mirror (see Fig. 6.3-4).
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PACS noted that this peak nevertheless cannot be explained by this
mechanism, because it moves twice as fast with chopper angle as the other
straylight background, and therefore needs twofold reflection at the chopper.

Fig. 6.3-1:  General straylight path from particle on TROG1 via cryocover mirror onto PACS
detector. For reasons of better visibility of the straylight path only few of the
PACS surfaces are shown, and the emitting rays are limited to +/- 5° from
normal (not in the real calculation).
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Fig. 6.3-2:  Much enlarged cutout of Fig. 6.3-1. Shown are the emitting source (small pink
horizontal line) and a section of TROG1 (lilac-coloured tilted line)
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Fig. 6.3-3:  Tilted view of the PACS detector, with impinging rays
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Fig. 6.3-4 Particle on PACS entrance mirror.
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7 Summary and expected straylight for flight configuration

7.1 PACS

Based on the EQM test results, only part of the excess straylight (57 out of 124 at 88
pum and 14 out of 70 at 177 um) can be definitively explained by a higher BRDF for
the cryocover mirrors. This well may change after a potential measurement of the
BRDF at PACS wavelengths. Provided that the reason for the excess straylight really
is caused by the high BRDF of the cryocover mirror alone, the in flight straylight is
expected to be as in TN-0023, because the cryocover mirror then is not in the main
straylight path anymore.

If there is significant additional straylight caused by e.g. reflections from internal
structural surfaces (not very likely), or the PACS entrance mirrors are contaminated
much (also not very likely), or there are other reasons up to now not detected, then
the in flight straylight situation in orbit will be worse, when compared to results in TN-
0023. But it still should be lower than on ground, because much of the on ground
straylight is caused by these cryocover mirrors.

There also could be a further explanation. If revealed true, this could cause a much
higher BRDF especially at angles around 12° from normal: The artificial roughness of
the cryocover mirror is made such that a larger portion of the microscopic surface
seems to be tilted by about 6° against the macroscopic surface (see HP-2-ASED-TR-
0038). This also seems to be about the maximum tilt angle. The question is, whether
the long wavelengths still can see this preference in tilting or not. A BRDF
measurement therefore is important.

The spot like feature seen on EQM will not be present in flight, because it needs the
cryocover mirror reflecting back into PACS.

7.2 SPIRE

The most likely reasons for the excess straylight on EQM are reflections at the
SPIRE internal structural surfaces. Because the BRDF of the cryocover mirror is
much smaller at SPIRE wavelengths, reflection and scattering from this mirror
contribute only a small part to the total SPIRE straylight. A drastic reduction for FM
will come from the blackening of the input section. Whether this alone already will
reduce the straylight to the levels predicted in TN-0023 or whether further SPIRE
internal surfaces should be blackened to achieve this is unclear at present.
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8 Further Actions to reduce straylight and to clarify
discrepancies

Investigations and H/W changes presently are ongoing in order to

e possibly reduce straylight on STM and FM

¢ clarify discrepancies between measured and predicted straylight
Reduction of straylight for STM and for FM is foreseen by

e Polishing the cryo-cover mirrors for STM and FM (eliminating the artificial cryo-
cover micro-roughness). This will reduce the cryo-cover BRDF by orders of
magnitude and will reduce the PACS straylight quite similar. The SPIRE
straylight will be not much reduced by this.

e new design of the already existing LOU entrance baffle
e additional baffles between the LOU entrance baffle and HIFI FPU
¢ SPIRE will blacken the SPIRE FPU input section
Further clarifications of discrepancies between measured and predicted are foreseen:

e Measurements on sample of existing cryo-cover. BRDF measurement seems
to be not possible in this region of wavelengths. However, a TIS (Total
Integrated Scatter) value can be derived from reflectivity measurements. This
will lead to potential corrections of the calculated values.

e Further investigations of straylight paths through HIFI FPU.
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