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LiteBIRD spacecraft overview

;
. are used to provide the Payload module
frequency coverage LED HET MET V-grooves
1. (low frequency telescope) (for radiative cooling)
2. (middle frequency telescope)
3. (high frequency telescope) e, Sus system

: . . . (or service module, SVM)
* Multi-chroic transition-edge sensor (TES)

cooled to

* Polarization modulation unit (PMU) 1n each
telescope with (HWP),
for 1/f noise and systematics reduction

* Optics cooled to

shield N
* Mass: 2.6t =T
 Power: 3.0 kW Star )
* Data: 17.9 Gb/day tracker
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LOW Frequency Telescope (LKT)

- O tical'
LLl Sekimoto+ SPIE 2020 PMU P

Frame

Secondary 3
reflector (5K) g —

e Lront hood

| . design

* Field of view:

* Aperture diameter:
* Frequency range:
* Angular resolution:
* Weight <200 kg

Primary reflector
(5K)
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Middle-High Frequency Telescopes (MFT/HFT) g)

' L. Montier+ SPIE 2020

i

: Spin axis :
i

' L] Lamagna-+ SPIE 2020 ’ :
i

i

Baffle HFT (5K) | , HFT : 55

HWP HFT (<20K) . :

: i

i

Cold stop HFT (5K)

|st lens HFT (5K)
* Refractive optics

2nd lens HFT (5K) * Each telescope has PMU

Baffle MFT (5K)

i
i
i
i
. & & ' .
Magneri > HWP MFT (<20€) 4 Opuicsat:
¥\ Cold stop MFT (5K) 4 Fl?ld of VIEW: |
HF Sensor i« High heritage from ground experiments
Modules Ist lens MFT (5K) :
HF-FPU (0.1K) '+ PPlenses + ARC
Mechanical Structure ' o Weight 180 kg
: MFT HFT
MF Sensor -
Modules 2nd lens MFT (5K) : v (GHz) 100-195  195-402
MF-FPU (0.1K) : Ap. diameter (mm) 300 200
.__________________________ _________________ ! Ang. res. (arcmin) 38-28 29-18
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MFT/HFT main contributions

Spin axis
A
|
Baffle HFT (5K) i , HFT
HWP HFT (<20K) .

Cold stop HFT (5K)
Ist lens HFT (5K)

2nd lens HFT (5K)
Baffle MFT (5K)

Magnetic

Shielding HWP MFT (<20K)
Cold stop MFT (5K)
HF Sensor
Modules Ist lens MFT (5K)

HF-FPU (0. 1K)

Mechanical Structure
MF Sensor
Modules 2nd lens MFT (5K)
MF-FPU (0. 1K)
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HWP Mechanism
Cold Aperture Stop
FPGA Warm Readout Electronics
HWP

Front Baffles
Lenses / Filters

Sensor Modules
Delivered by QUP Japanese
Collaboration with US teams

Magnetic Shielding

Thermometers readout electronics

*. * Warm Readout Electronics

European MoE driven by CNES
System Responsibility
Mechanical Structure 5K

Focal-Plane Structure + FPU Integration
DPU

Sub-K cooler

AIT + Calibration

Calibration




Polarization Modulation Unit (PMU)

* Rotating a birefringent plate to modulate polarization

* The first sky-side optical element

HWP
bir efrip g ent 6) Telescope I/F Flange
axis
: : .—'\HWP Launch Lock (x3)
Polarization Stator Chassis ‘
angle (gray) - = TR ‘ |
MAGNETIC BEARING NN : |
Stator & Rotor (Yellow) . A j
Input light Output light Magnetic
Motor Coils (x54) =
Clamp & Release
1/ . . HWP IIE  Encoder (x3)
2 OOIL?G Unpolarized signal Flange  Slit Ring
&
g Demodulated signal
5
73
E * Rotation test of superconducting magnetic
L bearing system 1n the 4K cryostat

* Stable rotation at cryogenic temperature (< 10 K)
Frequency
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Focal plane Sensor Modules
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e TR, =

320 mm
89GHz MFT (2,5; 1) 225 GHz
2074 detectors
2 x 183 Trichroic TES
2 x 244 Dichroic TES
Lensed coupled detectors

Lenslets

oo

w [

_ HFT (2.7:1)

BN

.
L LU

Horn coupled detectors

Platelets
s w0 3w e

1354 detectors
2 x 254 Dichroic TES
2 x 169 Monochromatic TES
166 GHz
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448 GHz
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Focal Plane Assembly

g

5K Interface Ring &
Structure

2K Hood & Filter

N L7
1IN

100mK Plate
& FPSA

. g ,‘,N / ;'“\
b4 ’ SN

'b'?
TLA Nut
to ADRs

SBF

300mK Plate

Thermal Strap

SBF

2 3 2
g 8 &
2 & 3

./

3 2 3 2 8 2 @ 3 2 3
& &8 £ £ £ & 8 5§ % 3

|| . =} =

2 8 83 8 8 2 2 2 32 2 2 2 3
E ¢ 2 2 ¢ 8§ = 2 & & & 8 B8
[ | S E—§ =3

S S 2 2 2 B RS R B 8 8 8

e B 5 2 8 8 2 9 8 > 8 8

$E 8 ¥ 8§ 8 2 8§ £ 2 g =2 g g

FPSA Wafers
(2mm Si)

FPSA W6

S I8 * Mechanical & Thermal modeling
L S * CAD design
T R * AIT

.

ST

T1 Stage h 1.8K Hood | 1.8K Filter
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Mechanical Structure we @Irap

des 2 Infinis astrophysique & planétologie

g

sm1 | Modale

Interface 5 K

* Mechanical modeling
* CAD design
* AIT
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LiteBIRD readout system

Demodulation
and Synthesis

FPGA: Control | Carrier DAC | : [,

b

MNOTWOrk analycic

* Digital frequency multiplexing (

fewer co

< 1
T +~ — s }M) ‘ EUE u il
_D\_J\/\/\, W @ | [ m H| "ll " L ‘ l='= -.. ﬁ:;-""} ,{ M';!!}.\%.J‘)’.‘Al‘ JIII'J\!!;}S!JI\‘\\M ui;' .Jud.‘ﬁ(bcg'h \ ULQ:&};LL
| l, 1"‘”“‘ Cold Readout LC
Nuller DAC+—AN\N = ﬁlters fOI' MUX

mponents and a low wire count, with no increase of system noise (= detector performance)

* Superconducting resonators are used to assign unique frequency channels to the

* The signal 1s read out using a low-noise and an
SQUID controller SQUID controller Digitizer Signal
board assembly assembly Processing Unit

) il
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Digitizer assembly

) readout technology enables the readout of many Transition Edge Sensors (TES) with




Data Processing Unit @A

Medium- and High-Frequency Telescopes Low-Frequency Telescope

[ ] Science specific

i Polarization \:::n Warm Polarization V'\:aFr; Warm i i Polarization v\L/::n Warm E On_board SO ftware :

i ontrolier ec. :C ntrotier ec. ecC. ; ; ontrolier . ec. ecC. E :> Hypervisor from Fentis S (XNG)

| => (Generic payload generator (LVCUGEN) from CNES.
i Temperature MHFT - ICU i E LFT - ICU Temperature i

M&C — mission =
specific Ei g o %
| 5. ;
Generic code ® g g o
D o =
Mission power Data Recoder Mission power MSW é o} ®
dISTribut. unit SVM dISTribut. unit e Partition(s) ® Q,
s it [ ] I'é\(;\(/jzpt-:*cmc ‘ 2 s g
~ PUS OPISS = 5
HW — mission library library §
specific [ . . : Al [}
— - ()
Partition : Partition . a
: i B LithOS :
. | OS (optional) ||| oS 0S 3
— | - Standardised AP| #{——»{asaasssasssssssannd f - « (szf,\'}f'savrvd';fgﬁ':'zgz
ot , : i P RS (SW/SW interface) XtratuM Core
y S : Ty ' ;__" ot P b i1yr,0s — ;
. Sy - i AR i -_—— r 1 I/Q|drive
-2 s B s N ; R T XtratuM plug-ins (HAL) L
B__;; r rp‘rn}nosr\nj - '.‘ ¥ : < s | i
2 | T i lf_o.fu JgiiN; amw |Gk | » AP S5 PS ISR . ﬂ
B =2 1 Pt T ] " | |
i —— g : R CPU core (hardware) : I/O core (hardware) -
; = | b Ccnes

* NG-ULTRA component

» 4 cores, ARM processor at 600MHz
+ 1M x 32 Static RAM

3 GBytes DDR3

« 8 GBytes Flash storage

e

X444

Rk TCISE T

« 6Spacewire links =

5 Serial links

8 Warm Readout Electronic links Bl’ead BOaI‘d IIlO del
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LiteBIRD cryogenic system

V-grooves r | f
| 2K-JT 4K-JT
A . /”\ [\SK 160K sk 2ST o 2ST 2ST @

Shleld | f = 4K JT/st | - ‘ | H | ‘ | H I I H I ‘
cooler AL L_ZN L1 17N ) S5 S 3 S5

C{)})ler pedeit{al c:_E' g IC_) IQ 3 3 c:_;:l) c|_2| g g 8 8

- N
sﬁilgll q Upper part of T 1T T T [ ] [ ]
\ | | | [ | |
|
g ? . \- /
'.‘:-‘.’ il 2 . .
A i * Optimized to ensure of the focal planes and of the

optical elements of the telescopes
* Radiative cooling to 30 K with V-grooves
* Two 2ST are used for cooling V-grooves 2 and 3
* A4K-JT and two 2ST are used to cool the LFT and the MHFT

* A2K-JT, two 2ST, and a sub-K ADR are used for cooling the focal
plane down to
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Sub-K Cooler

TO:2.8 yW
4 ADR stages

2 intermediate stages
Mass < 10 kg

TI-S TI-C T0-S 10-C

1.8 K interface - ) \

o
~
3.
-~
®
=
Q
0
®

\

1.8K

Temperature
O
W
(00)
~
|
\

0,1 K wa

Continuous 0.1K, 2.8 uyw

4 hours cycles
2.7 K interface

>

/

~ 2 hours cycles

* Continuous cooling at |00 mK & 300 mK
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Thermal Links Ass

T2 TLA-instruments

4

staged_TLA-MHFT

MHFT T3
structure

~

staged_TLA-LFT

LiteBIRD MHFT Overview

T2_TLA-subK K T
2K JT ] T3_MHFT-TLA
’//TJLFT-TLA
MH LFT

embly g SBF

B thermal interfaces IF in MHFT thermal links

T3 (4.8 K) pre-assembly | /
B T2 (1.75K)

T1 (0.38 K) soft thermal links junction .
B 70 (0.1 K)

soft thermal junction

thermal link
pre-integreted on LFT

/ sub
mech. supports needed x/‘

?-Aﬁ’}FLFT thermal from LFT (30K PLM IF option)
in from PLM or LFT (5 K PLM IF option)
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'

PYC

Thermal Modeling

" 1 Radiative link | | Interface nodes with Thomas model
[ conduction link - ®  Boundary condition in temperature

Variable nodes

Simplified mechanical architecture of the MFT instrument

— Geometry used for calculations
— Location and name of thermal nodes ( @ )

.
4080 Magnet I
_ Shield
Isogrid o

2202 Filter 4201 : I 14201:
Fl l-.—i\K_]ilter_l.SK |—.—I| K_1.8K :
Tl T2 II:2 W _sky_filter NIRAE I :

al [~ |8 |
< - I
Baffle w00 L W_SQUID 14430y,
Sky Magnetic N 4_”60'“'( I :
1 Filter shield SINE L
= « = 15| €] |¢ |
4171 & e 4181 @ HWP stator [ S 1ome g™

0-4K /V 4400 = |
4070 \ W_sky_0.1K L — _I

2K cooler 4072 HWP 4201 4300 HWP rotor W._stator
4071 rotor W_rotor |y
I &
4070 HWP stator 2K 4200

2000

e Thermal model made on ThermXL

4K cooler

SubK cooler

2K TLA support

* Sub-systems-thermal models included

- el * Cold stages stability estimation

HFT architecture is similar to that the MFT

=> Cryochain oscillations
=> Sky heat load

LiteBIRD MHFT Overview
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d 2 | astrophysique & planétologie

MHEFT Optical Prototype Yee @Ira

 HFT like telescope
=> Same optical design
=> HDPP Lenses
=> Absorbers (CR110)
=> Aperture Stop
=> Detectors hood

* NF & holographic characterization done
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Conclusion

g

* Strong French technical / hardware contribution to LiteBIRD.

* Consolidation and justification of the design to be finalized.

* Consolidation of the organization and task sharing on-going.
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