Straylight Splinter Meeting

Overview

1.) ASAP SPIRE model

2.) Geometry in the center of telescope mirror (M1-baffle, cone baffle)

3.) Results: Tables on fluxes and irradiances onto SPIRE objects
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ASAP-SPIRE-MODEL(: made compatible with the data in the SPIRE design description

result: much better imaging quality, especially pupil imaging

footprint pictures (distributed by e-mail) should enable confirmation of validity of present ASAP model by RAL

[image: image2.png]



rays from rim of secondary mirror imaged onto cold stop

the cold stop (outer blue annular ring) is larger than the image of the secondary mirror 

Backward trace from SPIRE detector via cold stop to the telescope secondary mirror: ( also part of the hexapod surfaces can be seen by the detector
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ASAP-SPIRE-MODEL 

Within SPIRE the entrance box ('FP_UNIT') has great influence on the radiation transported towards surfaces and edges, if the walls are reflecting.

The tables on results contain values for 

· wall reflectivity 0.7 (as received)

· wall reflectivity 0.0 (as comparison to the ideal situation)

M1-baffle and Cryostat-baffle

Present M1-baffle (as delivered in the ASAP telescope model) has 

· An inner tube with diameter 325 mm, length 176.2 mm

· A flat disk filling the gap to the telescope mirror M1 nearly completely

· A tube at the inner rim of M1 with length 80 mm

The transition to the cryostat objects is not designed yet (therefore has to be considered in the calculations with increased emissivity, listed in the tables as ‚grey cone‘).
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M1-baffle 

‚grey cone‘).

cryostat baffle

CVV

radiation shields
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Alternative:

cone baffle

conical shape wherever possible,

large radius

(cutouts for cyrostat cover etc.)

CVV

radiation shields



Advantages of M1-baffle

smaller opening in the center of M1 w.r.t. moon/earth (smaller moon/earth straylight to be expected)
Advantages of cone baffle

the cone sends a fraction of the thermal radiation outwards (towards +X, see sketch)

reduced thermal radiation onto focal planes because:

the emitting surfaces have a larger radial distance to the telescope axis, so a larger part of the solid angle is occupied by the cold space

reduced specular path from the telescope focal plane via cone baffle via M2 towards the sunshade and the gap between sunshade and M1 (see sketch)
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all rays in this plot have an initial direction downwards

the cone baffle redirects some of the radiation upwards

(of course, the cone in Herschel will not be contiguous)



specular paths:    sunshade(M2(M1-baffle(focal plane
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specular paths:   sunshade(M2(cone baffle(focal plane
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Results.-> Scattering within SPIRE.

Thermal filter 1 (PFIL1) is that object which receives the largest irradiation 

(within SPIRE within the field of view of the detector).

Thus scattering by this object has the largest effect.

No scattering function was delivered, a tentative calculation with the scattering function for the SPIRE mirrors leads to negligible irradiance onto the detector.

Example (the irradiance onto PFIL1 is 'realistic', not worst case):

detector irradiance by thermal radiation of telescope mirrors set to
100

thermal irradiance onto PFIL1
64

BSDF for scattering by PFIL1
0.1/( 1/sr

irradiance onto detector
0.069

Thus BSDFs approaching 0.01 may be important, the present BSDFs for SPIRE mirrors are not important. Therefore the following tables do not contain any further scattering function for SPIRE objects.
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(670 micrometer)

Results.-> Diffraction within SPIRE.

The backward trace within SPIRE shows that the SPIRE detector can see the edges of

M9   cold stop   M8   (M6)   (M4)   (objects in () only marginally or not at all).

The objects irradiated by strong sources (thermal, moon/earth) are

input edge (FPIN), thermal filter 1 (PFIL1), M3, output edge of the FP_UNIT (FPOUT).

There is no correspondece, so relevant single diffraction paths do not exist (within SPIRE).

For double diffraction the situation is favourable too. The strongly irradiated FPIN-edge can see M4 only marginally (if at all). Radiation from the edges of PFIL1, M3, and FPOUT can see M4. It depends on the reflectivity of the walls of the FP-UNIT how much these objects are irradiated. Double diffraction is expected to play no important role, if the reflectivity is not high.

If the FP_UNIT has significant specular reflection, then the diffraction calculations will be very difficult. Reason: there is a mixture of angles of incidence onto the edges (except the first one), so the angles of diffraction are difficult to select.

These difficulties led us concentrate on the specular paths (up to now) considered more important.

Results.

All results are presented as relative numbers w.r.t. the thermal radiation of the telescope mirrors M1 and M2.

Their contribution has been set to 100 so:

the violation of the 10% thermal emission requirement occurs if the numbers exceed 10.

the violation of the 1% moon/earth requirement occurs if the numbers exceed 1.

The tables shall give an overview on the real situation, so the same temperature has been assumed for telescope, baffles and cryostat.

A worst case assumption has to use a lower temperature for the telescope mirrors and a higher temperature for the other objects. Then all thermal emission cases have to be multiplied by a factor of 1.9 for 80 micrometer wavelength (1.3 for 670 micrometer).

For the sunshade case a multiplication has been done already with a factor of 6.0 allowing for a temperatue 200 K (sunshade) / 80 K (telescope mirrors).

If emitting objects have been considered as grey bodies, then the emissivity ratios are listed.

The tables contain reflectivites of the walls of the SPIRE FP_UNIT of 0.7 and 0.0.

FLUXES AND IRRADIANCES ONTO SPIRE OBJECTS (SPECULAR REFLECTION)






intercepting object

FP_UNIT absorbing
FP_UNIT reflecting

in SPIRE
area (mm^2)
flux
irradiance
flux
irradiance

M1 as emitting object

PFIL1
5095.4


96.161
17.023

DETECTOR
902.0
45.682
45.682
45.899
45.899

M2 as emitting object

PFIL1
5095.4


102.616
18.165

DETECTOR
902.0
54.318
54.318
54.320
54.320

sum on detector

100.000
100.000
100.219
100.219

FLUXES AND IRRADIANCES ONTO SPIRE OBJECTS (SPECULAR REFLECTION)






intercepting object

FP_UNIT absorbing
FP_UNIT reflecting

in SPIRE
area (mm^2)
flux
irradiance
flux
irradiance

M1-baffle inner side as object emitting towards -X 






FPIN
10518.0
5924.004
508.029
5924.004
508.029

PFIL1
5095.4
256.151
45.345
1049.356
185.761

M3
8636.3
151.540
15.827
572.023
59.744

FPOUT
7619.9
115.599
13.684
305.909
36.212

M4+M4-APERTURE
6031.9
117.246
17.533
118.616
17.738

DETECTOR
902.0
0.00E+00
0.00E+00
0.121
0.121

FLUXES AND IRRADIANCES ONTO SPIRE OBJECTS (SPECULAR REFLECTION)






intercepting object

FP_UNIT absorbing
FP_UNIT reflecting

in SPIRE
area (mm^2)
flux
irradiance
flux
irradiance

M1-baffle inner side as object emitting towards +X 

PFIL1
5095.4
0.082
0.015
0.088
0.016

DETECTOR
902.0


1.40E-04
1.40E-04

M1-baffle flat as object emitting towards +X 

PFIL1
5095.4
1.688
0.299
1.920
0.340

DETECTOR
902.0
0.366
0.366
0.366
0.366

grey cone above cryostat emitting towards -X 
emissivity ratio w.r.t. M1&M2
30.0

FPIN
10518.0
229686.997
19697.440
229686.997
19697.440

PFIL1
5095.4
10349.949
1832.191
45982.072
8139.937

M4+M4-APERTURE
6031.9
2590.387
387.365
4170.422
623.643

DETECTOR
902.0
0.00E+00
0.00E+00
19.863
19.863

FLUXES AND IRRADIANCES ONTO SPIRE OBJECTS (SPECULAR REFLECTION)






intercepting object

FP_UNIT absorbing
FP_UNIT reflecting

in SPIRE
area (mm^2)
flux
irradiance
flux
irradiance

cavity, inner tube, inner surface as emitting object

FPIN
10518.0
14820.810
1270.999
14820.810
1270.999

PFIL1
5095.4
207.253
36.689
2046.894
362.350

M4-APERTURE
6031.9


118.360
17.700

DETECTOR
902.0
0.079
0.079
9.60E-06
9.60E-06

cryostat; grey surfaces as emitting objects
emissivity ratio w.r.t. M1&M2
10.0

FPIN
10518.0
112721.70
9666.76
112721.70
9666.76

PFIL1
5095.4
129.566
22.936
16625.87
2943.18

M4-APERTURE
6031.9


292.88
43.80

DETECTOR
902.0
2.46E-05
2.46E-05
0.48
0.48

FLUXES AND IRRADIANCES ONTO SPIRE OBJECTS (SPECULAR REFLECTION)






intercepting object

FP_UNIT absorbing
FP_UNIT reflecting

in SPIRE
area (mm^2)
flux
irradiance
flux
irradiance

sum for configuration with M1-baffle, thermal emission

FPIN
10518.0
363153.513
31143.228
363153.513
31143.228

PFIL1
5095.4
10944.689
1937.474
66784.016
11822.384

M4-APERTURE
6031.9
2707.633
404.898
4700.276
702.877

DETECTOR
902.0
0.445
0.445
20.834
20.834

sum for configuration with M1-baffle without grey cone, thermal emission

DETECTOR

0.445
0.445
0.971
0.971

FLUXES AND IRRADIANCES ONTO SPIRE OBJECTS (SPECULAR REFLECTION)






intercepting object

FP_UNIT absorbing
FP_UNIT reflecting

in SPIRE
area (mm^2)
flux
irradiance
flux
irradiance

conebaffle as object emitting towards -X 

FPIN
10518.0
12232.73
1049.051
12232.73
1049.051

PFIL1
5095.4
129.880
22.992
1772.678
313.807

M4-APERTURE
6031.9


18.297
2.736

DETECTOR
902.0
8.34E-06
8.34E-06
0.336
0.336

conebaffle as object emitting towards +X 

PFIL1
5095.4





DETECTOR
902.0


0.235
0.235

FLUXES AND IRRADIANCES ONTO SPIRE OBJECTS (SPECULAR REFLECTION)






intercepting object

FP_UNIT absorbing
FP_UNIT reflecting

in SPIRE
area (mm^2)
flux
irradiance
flux
irradiance

cryostat; grey surfaces as emitting objects

(copied from case M1-baffle)
emissivity ratio w.r.t. M1&M2
10.0

FPIN
10518.0
112721.70
9666.76
112721.70
9666.76

PFIL1
5095.4
129.566
22.936
16625.87
2943.18

M4-APERTURE
6031.9


292.88
43.80

DETECTOR
902.0
2.46E-05
2.46E-05
0.48
0.48

sum for cone configuration, thermal emission

FPIN
10518.0
124954.433
10715.811
124954.433
10715.811

PFIL1
5095.4
259.446
45.928
18398.549
3256.987

DETECTOR
902.0
0.000
0.000
1.056
1.056

FLUXES AND IRRADIANCES ONTO SPIRE OBJECTS (SPECULAR REFLECTION)






intercepting object

FP_UNIT absorbing
FP_UNIT reflecting

in SPIRE
area (mm^2)
flux
irradiance
flux
irradiance

moon at 13 degrees (M1-baffle)

PFIL1
5095.4


694.861
123.007

DETECTOR
902.0


0.006
0.006

earth at 23 degrees (M1-baffle)

PFIL1
5095.4


1781.820
315.425

DETECTOR
902.0


0.029
0.029

detector results preliminary: leak for specular rays detected (a few rays were transferred through a wall in SPIRE), thus detector results too large; investigation planned

FLUXES AND IRRADIANCES ONTO SPIRE OBJECTS (SPECULAR REFLECTION)






intercepting object

FP_UNIT absorbing
FP_UNIT reflecting

in SPIRE
area (mm^2)
flux
irradiance
flux
irradiance

moon at 13 degrees, conebaffle






PFIL1
5095.4


782.927
138.597

DETECTOR
902.0


0.001
0.001

earth at 23 degrees, conebaffle






PFIL1
5095.4


32053.630
5674.267

DETECTOR
902.0


0.004
0.004

detector results preliminary: leak for specular rays detected (a few rays were transferred through a wall in SPIRE), thus detector results too large; investigation planned

Summary on the tables with straylight results.

The cone baffle shows less thermal impact into the experiments than the present M1-baffle+cryostat baffle (although also a cylindrical baffle could be optimized).

The disadvantage of the cone baffle w.r.t moon/earth has to be weighted with the advantage w.r.t thermal emission.

The experiments should avoid reflecting internal walls as far as possible.

Further cases to be calculated (sunshade, CVV, radiations shields; PACS).

Some 'leaks' may have lead to an overestimation of certain straylight results, reason for leaks to be found.
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