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Fabrizio Villa and Maura Sandri (INAF-IASF Bologna) for material on
optics

Gianluca Morgante (INAF-IASF Bologna) and JPL team for material on
Sorption Cooler

ESA for material on orbit and scanning strategy
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Telescope
Feed horns

High Frequency Instrument
Low Frequency Instrument

Passive thermal design
Active cooling
The Planck sorption cooler
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Overall description of Planck
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Overall description of Planck

Focal plane instruments
LFI (20 K)

HFI (4 K - )
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Overall description of Planck
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Overall description of Planck

LFI 44 GHz
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Overall description of Planck

HFI 143 GHz
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From the scientific goals to technology requirements

From science to technology
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From the scientific goals to technology requirements

Angular scale
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From the scientific goals to technology requirements

Angular scale
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1(1+1)C, /21 [pK?]

From the scientific goals to technology requirements

At high multipoles the accuracy is

Angular scale
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size
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From the scientific goals to technology requirements

- total Galaxy flustuations: o

Optimal foreground subtraction with
wide range of frequencies spanning
more than 1 order of magnitude in
frequency
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From the scientific goals to technology requirements

A. Mennella (UniMi)

Systematic effects must be controlled
- at the level of ~3-4 1K on the final sky
- pixel
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Orbit and scanning strategy

Orbit Around L2

1 r.p.m. spin

2.5'/hr repointing

Anti-solar spin axis

Field of view at 85° with respect to
spin axis

2 full sky surveys

2.5 arcmin/hr

Lissajous orbit around
L2

ADVANTAGES
* Full sky view
* Optimal thermal stability
* Minimum straylight from Sun-Earth-
Moon
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Optics Telescope

Spin axis
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Optics Telescope

Spin axis
””” 'y
§
Primary aperture of 1.5 m
provides ~ 9 arcmin
- . angular resolution at 100
. GHz
s
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Optics Telescope

Spin axis

Line of sight

Line of sight inclined at
85° from spin axis
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Optics Telescope

Spin axis

Ellipsoid (almost parabolic)

7

Aplanatic design
minimises beam
Ellipsoid aberrations

0:
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Optics Telescope

Telescope realised in CFRP
= (Carbon Fiber Reiforced Plastic)
¥ for optimal weight and best
thermal performances
Hexagonal cell structure
Surface made of aluminum
coated by silicon oxide

Emissivity < 1%
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Optics Feed horns
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Optics Feed horns

Underillumination — poor angular resolution
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Optics Feed horns

Overillumination — improved resolution but...
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Optics Feed horns

Telescope-feed coupling
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Optics Feed horns

Dual profiled corrugated horns have
been selected as the best solution in
terms of:

level of cross polarization
level of sidelobes

return and insertion losses
shape of the main lobe
low weight

compactness
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Optics

Feed horns

Feed-horns [R.Nesti (LFI), B. Maffei (HFI)]
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Instruments High Frequency Instrument

Array of 52 bolometric detectors
cooled at 0.1 Kin 6 frequency
bands between 100 and 857 GHz

Focal plane feed horns cooled at
4K

Sensitive to polarisation at four
lower frequencies

Developed by consortium lead by
IAS-Orsay (P.I. J-L. Puget, I.S.
J-M. Lamarre)
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Instruments High Frequency Instrument

Back-to-back horns
(4 K)

Spider-web
bolometer

Filters

100 mK/ L -
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Instruments High Frequency Instrument

HFI PERFORMANCE GOALS?®

CENTER FREQUENCY [GHz]

INSTRUMENT CHARACTERISTIC 100 143 217 353 545 857
Spectral resolution o /Av . ... ....... .. ... L 3 k) 3 3 3 3
Detector technology . . ......................... Spider-web and polarisation-sensitive bolometers
Detector temperature ......................... 01K
Cooling system. ................ 20K Sorption Cooler + 4K J-T + 0.1K Dilution
Number of spider-web bolometers 0 4 4 4 4 4
Number of polarisation-sensitive bolometers . .. . . ... & 8 8 & 0 0
Angular resolution [FWHM arcminutes| ........ .. 9.5 7.1 5.0 5.0 5.0 5.0
Detector Nome—Equ.lvalent Temperature [uKs%5] . 50 62 91 277 1998 91000
AT/T Tntensity * (10 SuK/K] o 25 2.2 48] 17 147 8700
AT/T Polarisation (U and Q}” [10~ I.AK/K] .. 4.0 4.2 9.8 208 . .
Sensitivity to unresolved sources [mly] ............ 120 10.2 14.3 27 43 49
¥8Z per POV [10-6] ... .. . ... ... 1.6 21 615 65 26 805

2 Goal sensitivities. All subsystems have been designed to reach or exceed the performances of this table, which
are expected to be achieved in orbit. Sensitivity requirements are a factor of two worse, and would still achieve
the core scientific objectives of the mission.

b Average lo semsitivity per pixel (2 square whose side is the FWHM extent of the beam), in thermodynamic
temperature units, achievable after 2 full sky surveys (14 months).
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Instruments

High Frequency Instrument

'S

w
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FI PERFORMANCE (GOALS®

CENTER FREQUENCY [GHz]
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3
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Spider-web and polarisation-sensitive bolometers
01K

N, \ 0.095 \ ......... 20K Sorption Cooler + 4K J-T + 0.1K Dilution
1 R AN \ 0 4 4 4 4 4
1, 8 8 8 8 0 0
1 9.5 7.1 5.0 5.0 5.0 5.0
1 50 62 91 277 1998 91000
Loy \u \ ......... 2.5 2.2 4.8 14.7 147 6700
) . B 4.0 4.2 9.8 208 ces ces
¢ P - - o 120 102 143 27 43 19
YOL PET FUV |IU ™| L. 1.6 21 615 6.5 26 605

2 Goal sensitivities. All subsystems have been designed to reach or exceed the performances of this table, which
are expected to be achieved in orbit. Sensitivity requirements are a factor of two worse, and would still achieve
the core scientific objectives of the mission.

b Average lo semsitivity per pixel (2 square whose side is the FWHM extent of the beam), in thermodynamic
temperature units, achievable after 2 full sky surveys (14 months).
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Instruments Low Frequency Instrument

Array of 44 radiometric detectors
cooled at 20 K in 3 frequency
bands centred at 30, 44 and 70
GHz

Sensitive to polarisation at all

Focal Plane Unit frequencieS
(20K)
T el Developed by consortium lead by
L TRIEY INAF-IASF (P.I. R. Mandolesi, I.S.
M. Bersanelli)
— Thales Alenia Space (formerly

Laben) - Milan as industrial
partner @ . esa g@?
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Instruments Low Frequency Instrument
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Instruments Low Frequency Instrument
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Instruments

Low Frequency Instrument
The Planck-LFI pseudo-correlation receivers

4K
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Instruments Low Frequency Instrument
The Planck-LFI pseudo-correlation receivers

4K
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Instruments Low Frequency Instrument
The Planck-LFI pseudo-correlation receivers
4K

REFERENCE LOAD

4
REFERENCE LOAD

1/4096 sec
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Voltage

Instruments Low Frequency In:

LFI19 RODO SKY, OMT Main arm

1.192
1.190
1.188
1.186
1184

1.0x10° 1.1x10°

1.2x10° 1.3%x10°
Time (s)
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Instruments Low Frequency Instrument

LFI19 RODO SKY, OMT Main arm

S22
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Instruments Low Frequency Instrument

LFI19 RODO SKY, OMT Main arm

192
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.184
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LFI19 RODO REF, OMT Main arm

Voltage
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LFI19 RODO DIF, OMT Main arm

Voltage
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Instruments Low Frequency Instrument
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Instruments Low Frequency Instrument
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Instruments Low Frequency Instrument
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Instruments Low Frequency Instrument
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Instruments Low Frequency Instrument
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Instruments Low Frequency Instrument
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Instruments Low Frequency Instrument
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Instruments Low Frequency Instrument

LFI PERFORMANCE GOALS®

CENTER FREQUENCY [GHz]

INSTRUMENT CHARACTERISTIC 30 44 70
InP HEMT Detector technology . ..........c...... MIC MMIC
Detector temperature ......................... 20K
Cooling SYStem .. ..vu vt Ha Sorption Cooler
Number of feeds............ oo i 2 3 6
Angular resolution [arcminutes FWHM] ........... 33 24 14
Effective bandwidth [GHz]............ .ot 6 8.8 14
Sensitivity [mKHz=22]. . .......coiiiiii i, 0.17 0.20 0.27
System temperature [K].......coviiiiiiiiiinnnn 7.5 12 21.5
Noise per 30 reference pixel [pK] ................ 6 6 6
AT(T Intensity ® [1076 uK/K]......oovevnnnn.. 2.0 2.7 4.7
(AT/T) Polarisation (Q and U} ¥ [uK/K].......... 2.8 3.9 6.7
Maximum systematic error per pixel K] .......... < 3 <3 <3

# All subsystems are designed to reach or exceed the performances of this table.

b Average 1o sensitivity per pixel {a square whose side is the FWHM extent of the beam), in
thermodynamie temperature units, achievable after 2 full sky surveys (14 months).
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Thermal design Passive thermal design

A cold and stable environment is key for telescope, focal plane and
instruments:

High sensitivity requirements call for cold optics and detectors

Bolometric detectors need to be cooled at sub-K level to work (0.1 K for
Planck-HFI)

Stringent systematic effect control requires stable thermal conditions.
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Thermal design Passive thermal design

A cold and stable environment is key for telescope, focal plane and
instruments:

High sensitivity requirements call for cold optics and detectors

Bolometric detectors need to be cooled at sub-K level to work (0.1 K for
Planck-HFI)

Stringent systematic effect control requires stable thermal conditions.

Planck is an extraordinary technological challenge from the thermal
point of view
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VG2 VG3
~140K ~100K ~50K

Thermal design Passive thermal design

VG1
~270K
] - scs ]
2 il
w . P
A =
R =
M
RI| Gl
A 4K cooler
D
I
A
T
(]
R
Dilution cooler

A. Mennella (UniMi)

@ esah

Cosmology and astrophysics with Planck 25 Jul. 2007 27 /41



Thermal design Passive thermal design

About 16 m?
Open Honeycomb, black painted
Reflection of thermal IR to space

Cryocoolers heat exchangers on
V-grooves

Cryo structure support by fiberglass
struts

Parasitics interception of harness,
struts, waveguides
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Thermal design Active cooling

JFET box at 50K
(JFETSs at 120K)

Back to back
horns at 4K

Filters at 1.6K

Bolometers, horns
and filters at 0.1K

Flange at 20K
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Thermal design Active cooling

Mechanical compressor
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Thermal design Active cooling

J-T cold end

Vibrations active control
Heatlift 14mW @ 4.5K
Input power 60W

Total mass 40kg

A. Mennella (UniMi)
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Thermal design Active cooling

266bars /\ ' f\ /\
230bars Effective\__/ K

He 3| Hed
Mixture
300K T ??i\ﬁf]}l)ﬂrs
' Valve for Capillary dilution, open cicle
Bistable Valves ground .
Porous plugs T operations Heatlift 100 nW at 100 mK
I Precoolmé BUI|'[ by AII’ LIqUIde
Charcoal exchanger g
50K T Precooling at 50K, 20K, 4K.
Sintered Cu J'T eXpanSion at 1 6K
18K Temperature|
prone 4 tanks of 51 | at 295b (1 for 3He,
Exchanger 3 fOF 4He)
4K
16
Sintered Ag =D
t]-leat ) A\ JTvalve @ - esa C@;ﬁ

exchanger
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Thermal design The Planck sorption cooler

PLANCK JPL »
SORPTION g
COOLER
# ..  JPL has a pioneering heritage on
hydrogen sorption coolers:

>4 N / 10K prototype demostrator in
e ‘\\.. 1992 (single shot)
Using metal = - A
h%’c;i\l;;dgslu{vat[ ‘“M BETSCE 10K solid H2 tested on
gfvibralion frems s Triines Space Shuttle in 1996 (single
cooling at 19K -
i - shot)
o i Planck SCS first H2 continuous
I ey cycle chemi-sorption cooler used
e in space
- Engineering Breadboard & FM’s
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Thermal design The Planck sorption cooler

Each compressor element is a tube containing a metal hydride that absorbs
or releases hydrogen depending on its temperature
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Thermal design The Planck sorption cooler

Six compressors alternatatively warming up and cooling down generate a
constant high pressure hydrogen flow

Kby G0 o @ | 497 M ¥
LIRS RS ST 2 )
C ") | 2 L X i 2
e Y

) S ) ™
V]
§¢

d-ft ® esaap
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Thermal design The Planck sorption cooler

20K-LFI §§
18 K - HFI ¥
5 & 50 K Hydrogen flows in the Cooler
= g <> 4 h
TGN, piping from SVM to payload
100 K o\ % .
i N - Three thermal interfaces with
KR, ° V-grooves precool the fluid
e — Hydrogen expands and cool in

o=t

two heat exchangers connected
to HFIl and LFI

300 K
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Temperature (K)

Thermal design

The Planck sorption cooler

19.0 —

155 Nominal Conditions: Warm Radiator 270K & PC3c 52K

186 4m‘ : 2

1l AT ~ 100 mK

18.2 —

18.0

17.8

176 AT ~ 400 mK
i l i ‘

17.4 | i | Akl i

72 | ! L i \

17.0 .

T T T T T T D
: C

12:00 AM 12:00 AM 12:00 AM 12:00 AM 12:00 AMnme?’ esa -@gl
9/4/2004 9/5/2004 9/6/2004 9/7/2004 9/8/2004
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Data processing

LFI19 RODO SKY, OMT Main arm

Voltage
2 ©
s}

1.0x10° 1.1x10° 2x10° 1.3x10°
)

1
Time (s

LFIT9 RODO REF, OMT Main arm

240
238 ]
236 H

Voltage

1.0x10° 1.1x10° 1.2x10° 1.3x10°
)

¢
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Data processing

Synchrotron

Free-free
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Data processing

N
T — M)

A. Mennella (UniMi) Cosmology and astrophysics with Planck 25 Jul. 2007 38/41



Data processing

Data processing - ... to power spectrum

500 1000
Multipole moment
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Data processing

Level 1: telemetry processig,
generation of TOls, instrument
health checks
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Data processing

Level 1: telemetry processig,
generation of TOls, instrument
health checks

Level 2: TOI processing,
calibration and systematic error

I Cal TOI I

Level 2 I > Level 2 removal
L Freq Maps la

Cal. TOI Freq. Maps -‘ ’_ Freg Maps I I Cal. TOI

Y esah
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Data processing

LFI HFI Level 1: telemetry processig,
DPC DPC generation of TOls, instrument
Ef_l ﬁeven—_l health checks
— L Level 2: TOI processing,
Ty . calibration and systematic error

™ Cal TOI N T
| Level 2 = | Level 2 | removal
r—- PFreq Maps —:| .
Level 3: Map generation at
various frequencies, component

3
| |
Level 3 —— Level 3 .
| I: 1 | separation

Ca.TO!r Freq. Maps Freq. Maps Cal.TOT
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Data processing

LFI HFI
DPC DPC
Level 1 Level 1
I Instruments TC' I
Raw TOI Raw TOI
"—| Cd.TO! |—v
0
Level 2 I* | Level 2
Bl mopbtass
Cal.TOI Freq. Maps Freg. Maps Cal.TOI
A 3 2
| »l
| Level 3 r E—ye— Level 3
Cal TOI + Peq. Maps Cal TOI + Freg Maps
Level 4

A. Mennella (UniMi)

Level 1: telemetry processig,
generation of TOls, instrument
health checks

Level 2: TOI processing,
calibration and systematic error
removal

Level 3: Map generation at
various frequencies, component
separation

Level 4: Generation of final
products
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