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U Why do we need modulator for LiteBIRD? N

iP

v The continuous rotating HWP mitigates the low frequency detector noise and the
differential systematics. Great benefit to achieve ér < 10-3 !l

v The 1/f noise power spectrum is estimated for various spin rate w/ and w/o HWP.

v In case the spin rate of 0.33 rpm (maximum spin rate), the increase in the power
spectrum is a factor of 4 for fknee = 150mHz.

The LiteBIRD baseline desigh employs continuous rotating HWP
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LiteBIRD telescopes \
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Baseline of the LiteBIRD Polarization Modulator:
Refractive Achromatic Half-wave Plate (Sapphire) +
Cryogenic continuous rotation mechanism
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ﬁ: Representative Requirements ‘N
ltems Requirement (LFT)
HWP Transmittaince > 90% in 34GHz - 270GHz
HWP Modulation Efficiency > 98% in 34GHz - 270GHz
HWP diameter ~ 450 mm
HWP temperature <10 K in 24hour (ADR recycle time)
Total heat dissipation <~35mW
Rotation frequency 1.2Hz (88RPM)
Encoder specification < 0.001 degs

Broadband HWP
4K stable continuous rotation
Minimum heat Dissipation
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IPMU Developing items \”"’\
¢ 400mm flight representative
demonstration model

Anti-Reflection (AR)
Achromatic HWP (AHWP)

o SEY

Cryogenic Synchronous Motor

Encoding System

Superconducting Magnetic Bearing
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IPMU Broadband AR structure N

v The AR structure is introducing an extra-layer AR Structure
to match the impedance mismatch.

v We are developing moth-eye based sub-
wavelength structure to cover 34 - 270GHz.

9 layered AHWP

v We started with the simplest pyramid design.

v The requirement (T>90%) is almost satisfied AR Structure

even with the simplest pyramid design.
simpiest py SI9 performance with designed pyramid shape
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iPMU

v Moth-eye structure is fabricated on the sapphire using a laser machining.
v Current best fabricated sample is with p = 400pm, h = 2.3mm, s = 100um.
v The simulated performance using fabricated shape is satisfied the requirement
except for diffraction effect (=pitch).
v Several developments are on-going in parallel:
pico, nano, femto sec laser? IR, UV ,Green? shape? high power laser?

Broadband AR structure \,«:’

Simulated performance with fabricated structure
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IPMU

v Moth-eye structure |
v Current best fabrica
v The simulated perfo
except for diffractior

v Several developmer
pico, nano, femto ¢

Broadband AR structure

Anti-reflection coating using moth’s eye structure

R Talcpngs. W Imadat. T Matsimuarts, Y Slourdic. N Kataamat. K. Komatsi®. S. Hanand. K Yung®. Q. Wen!

Yotohama Nasonal University” JAXANSAS, Kavl IPM S, Olayarra University®, Uriversity of Minnesota!
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iPMU Broadband Achromatic HWP \é«{

v A single layer sapphire becomes a HWP at
only single frequency.

v We can obtain a broader bandwidth with a
Pancharatanam achromatic HWP (AHWP).

v AHWP consists of multiple plates stacked
with offset angles with respect to each
other. We design the 9-layer AHWP to

0] SO
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z
2 0.8 : .
. n B 0B N
optical €4 5
C
e
\ \ = 0.6 b
E
o
\ g
04l | S N
""" aN F;?/: S — 1layer|
AN E’ — 3 layer
o o2L L) — S layer
(0] E —— 9 layer
0.0 | ] | | |
0 50 100 150 200 250 300

Frequency GHz

Yuki Sakurai




iﬁvvlij Broadband Achromatic HWP \g@-’

100mm

v 9 layer sapphire AHWP with $=100mm is —
assembled using a universal R m X9

measurement machine (UMM) at KEK.
The assembled accuracy in a relative
angle is <10 arcmin.

v We measure modulation efficiency of the
fabricated AHWP using the optical system 9 layer AHWP Data v.s Prediction
@ Kavli IPMU L0t R P R e

©C O N WN=

0.9 " -

v The result is consistent with the prediction t
except for the air gap effect. HE

v Next step is to fabricate ¢p=400mm model. Zo7| “pred

v In parallel, We are devising a design with ~ gesl
reduced number of layer. Sos

50 100 150 200 250
Frequency [GHZz]
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IPMU

Broadband Achromatic HWP

Development of Pancharatnam achromatic half-wave plate - 100mm

for polarization modulator of LiteBIRD
K. Komatey, T. Masamunb. Y. Sakuraid, H Smn'\ _H. Imada¥, H. Ishiro,

S
£
=
115
§

v 9 | aye rs ap p h | re A H W Okayara Umh"cl'sll) l_(_:,v_[._mw D ls,\simu::: ;.ncrgy Acculeraior Research OrganiaationS

BB bt b ot o B B gl v iy (it 0 Bk Bl S Onadiion OF e ik Dy Bt o Gl i virm. The Tapid P cnpuunions =il Gvtuiied Lonmdutely el B wad voim
wis homn crpanded (he qaatun Nodustion of B spads-time pencalng be poasordul praviational weres. The primondial praviationd wivis cresd e B madie polariaation

e lage w0 Doumb Sieweans Bailgrrant (OMIL The dregih of Ohe g dhuten it b Hptrinind o & Maitr b0 coales mates 5. Man of e anfiaion medels ~ i &

L]
asse| I l b I ed SI n a r single scaler Seld prodiel & value of * 10 De prestr B 001, I'he vidue of r o be mtusured froe B mode polrastion
u u LS 4 & cnalling prufod 0 meiteare Sa polariaston of SMB A0 an wnprrerdind airerass by chemrving all he .n.,rw Do Soame 1 e tun sarth Lagrange poben 2. M
. AAAAA
- -
measurement machin holarization modulaior
¢ The contnuin tolatng HVF cor modulane e polriation aagk of B iscomung Myt e Nehd vilh & Soguenty twoe of It rolion o, Whes we wie Be Gtetion

OMLIVE 10 Uhe Mg poladcetion, e chacrved Mprel hes s Bogaency of fow Yee of e HWT sowee res:

& The advisiagts OF using O polatration mddelstens are fodewings
P Tie polaizaies canbe masured asitg & syt Serciie + Reseve ipviemalios rsong oo B¢ diferend: in eyl SCech ‘Basacerisis

The assembled accur| -=remsim i mrmmmms=

The requrements 10 e HWP spatificason fr e low frovuency tebesope of LickIRD ) - R
|

Froguony rangs LI thee Dlamser PME* Trassshisse  Tempersters

N OMe iy S AW ' ‘0K

angle IS <10 arcmin. | eoesmmmmmmene— S
Achromatic half way
v We measure modulat |; s
fabricated AHWP
@ Kavli IPMU
v The result is consiste! | .
except for the air gap e S R o

¥ layes ANNY

conmacy of eclatve anglc Doween Bosc plate 1 10 rvtu

R e It E L

¢ The sapghire plases thcknas s 150 ma, Ganener b
| & wow

The Daictmess of sapghioe planes b & Lk 1hin o coner
Degeency of LaaDIPD

The anchreflocion B ot agphed m tis arob

W conlfirm that Be PNE of the minx layer AMWT coves B wide Poguescy rasge

A T Wk sy

RSl i o« Wiy find sone dips found In B sine laper S e
e e "‘"' - ANEP wre Mepe thas B expectatons. This s :
u - r Sappesnd 1050 camad by the #r 2ap berwans the e < - : .
v Next step is to fabrica . | [ revcien) =
o 0 the bl we compan the mean PNEE vidues of Individen) Pequescy bands . .
‘ PRy ~.-..‘. DTN T EMATORENS A e SICTEONS with and WiBout B gaps . - Data
A A 0 Ao el &t Bemerwr

h—dahqu'u e b e
s Mg, o Lae DO Tos MG s hgha

& |

L e e )
cnc Al

was

v In parallel, We are de  «=-_ ;;_
reduced number of la

ﬂ

o THS S5 o0 Mmasare e Tasamind powe of 29 spac min vith the freqeescy

e o)) e 0 Gz

The ngeened wives aw polarined anper dan 9%

The plane want s fomnad wih iy fire sarabbc miTor

Wy a0t the niew By er ATIWE ba the wpsem and 190 It comingonly

Wi manre B sngle polaaasan powir of o hgit parsng thasgh ne plae &

B DR OF UM POSION Mg

* Wy s dw angh dopendency ssing Be fnctios DX1) & odtan PVE wiich b
IS M5 TRE B0 0087 A A0G ) PRAN OF IIN MMOCEITN WED § TTOQuNC Y Mour

L )

l ) ‘44

~———— e -
R e L Lk I S )
e .

ST o b o gy e et § & T e
D L hl ol

W have meacred Bhe PVE a0l phane for S AVWP and Sund tha thow am
Conmiapns with the expastasons wid B wide Degemncy negr

s of B roasen W
- * Wb un £ . % Inpd 3 O Mod 3
D) = 6o+ 3 cncor{nut +04)} . o e e 150 200 250
awl siae cf 40cm dlanaser Frequency [GHZ]
[— ————

Yuki Sakurai




P K AVLI _ . | \ .
IPMU Cryogenic Rotation Mechanism é’i

v The feasibility study of cryogenic rotation in 4K environment is almost done using
d~60mm small prototype

v We constructed a flight representative demonstration model with $400mm inside
a large 4K cryostat at Kavli IPMU.

v The rotation mechanism consists of superconducting magnetic bearing,
synchronous motor, holding mechanism and encoder system.

v The current focused development point is to minimize heat dissipation of each
component.

Small prototype Demonstration model

Yuki Sakurai
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iP Thermal Modeling e

v Using small diameter prototype, the data from a levitating rotor with a heater and a
temperature sensor are compared with a thermal model by ThermalDesktop Simulation.

v The model is agree within a few degrees by fitting unknown parameter: heat capacity of
permanent magnet at cryogenic temperature.

v The model is expanded to the demonstration model with sapphire HWP

v The HWP temperature exceeds 10 K in 24 hours (ADR recycle time) with 1 mW heat input
or more according to the simulation result. & Need to minimize heat dissipation!

Half late: . .
ieaiane Thermal performance of levitatina rotor w/ HWP
Sapphire
Permanent magnet 20
holder: Al6061 1 mW (w/ HWP)
Magnet: NdFeB 19 2mN (W/ ”WP) :
Gripper: Al6061 — 3N (W HWP) ; __— P
Stepping motor: 18 // g
— —
SUS304 —_ : — —
4K . -!- 14 /'// o 2 e
cold plate: Al6061 E // : //
- H -
/ L]
Gripper movement ‘% 12 e //E/ —]
coupler: AI6061 ) S P e P — : — —
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Tima hour) Time [hour]
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Superconducting Magnetic Bearing ‘a

iP

Permanent magnet Sapphire (HWP)

Steel components or  Amumetal

. g ' |
Magnetization : J

direction “,=-

J  d: Levitation Height

X

— W gl crount | —_— W iyre? |

High Temperature Superconducting: : H ” ” H H , I H [ SN N S SR R S

YBCO (TC=94K) ¢ W e 159 a0 29 U [ - ":nnlgldeq'l
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y
CG

W ~
?99"’:‘:-‘."
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v Contactless bearing using a coupling of a superconductor and a
permanent magnet to minimize heat dissipation.
v Remaining heat sources are magnetic friction and eddy current
— Magnetic field homogeneity is critical point
v We designed magnetic to be compatible with homogeneity and stiffness.
v New magnet is under fabrication and delivered at Feb. 2018.
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Permanent magnet

Sup-" oo "o - Baaring &

Estimating the rotational energy loss of a
superconducting magnetic bearing for LiteBIRD

H. Kanal', Y. Salura¥, T. Matsumura?, H. Sugal, N, Katayama’, S. Utsunomiya®, H. Kataza’, R. Yamamoto',
H. Imada’, T. Skmomura®, Y. Hirota!, Y. Terao®, H. Ohsaid*
Yokohama National University, “Kavil IPMIU, MSAS, “The University of Tokyo
Introduction

Steel components or  Amumetal

/: The inflation signal in the B-mode power spectrum appears at low €, i.e. large angullar scale, and thus the it is essential to\

be able 1o make a distinction between the signal and the 1/f noise from the observational system including the detector
and readout,

* Imroducing a polarization modulator is one of the standard techniques to overcome this problem. The baseline design of

LiteBIRD employs a continwously rotating half-wave plate (HWP) based polarization modulator. L1eBIRD is in PhaseAl, and Magnetization _
we focus on some of the key development items.

directian
\_* We present the dynamical characteristics of the rotational mechanism using our prototype system. j

~Overview of Polarization Modulator for Low Frequency Telescope —————

wwe  Cryogenic heat switch We focus the development that Is specifically for
Rotor

the polarization modulator of the low frequency
telescope (LFT) of UteSIRD.
1 * AHWP is placed at the aperture and as 2 first
optical element.
* The HWP is cooled below 10 K.
The frequency coverage of the LFT is 34.270 GHz

- (ecge-to-edge).
SA® The aperture diameter Is 400 m
Lo

Spn
/=35 t An
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characterizations with various rotor masses in oeder

r—— to establish the SMB model. From these data set, we :
U can simulate the SM3 dynamics under gravity. re
Prototyse .
SMB spring model

In space, there is ne gravity. In order 1o understand the dynamical characteristics of the SMB, the

v Contactless | ., Sparimara resus oo e ground have 1o b erapceed. We onductd the messrement of Jdctor and a
. 1 levitation height varies doe to the extra mass after the field codling.
A -z, ~Ar k,

permanent rsonnceeauenc. o g Contar o I 6
determined by the magnetic field configurations, and thus the

oy e Re

L. [ spring constant is different with and without the presence of the e
v Remaining h | //» seeencscsocswss - - - . | dy current

\ M estimated by the simulation, and it’s in progress.

_’ M a g n et -:-_:-::: -::n -:Ju:-"i :;III‘I:O_‘ A-ml-:T-'l Mlz-'l feIMx) uu A.w-:’. :‘m-:‘ 41 |mm) |
A T T T T
v W d . \_ e T e e S T T ) a t d tff
€ desighec 2Nnelty and Stirness.
~Summary
We the stiffness and the loss of the SMB with vari masses. These properties depend on the
‘/ NeW magnet Wmm?;r:u:omed;t:mmm?:mrmmn‘:mm:amndo{hevsco.memesedaam.weco:\ )_ 2018_

! simulate the SMB dynamics under no gravity. The modeling and its extrapolation is in progress.

I—
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iPMU Cryogenic Synchronous Motor

v Contactless synchronous motor for no frictional wear
and for minimum heat dissipation.

v The feasibility study is done and we are fabricating
for demonstration model of $=400mm.

v Remaining R&D: “minimize joule heat from coil” =
“resistance of Cu coil in cryogenic temperature”

v The Cu purity get worse due to the stress during coil 1.0E+1 ===
forming, but it can be restored by annealing. 10E40 RRR=%"’: | //
v We are performing feasibility test using LHe cryostat. 5 R
i 1.0b-1 -RRR=30

RRR=100 _/ |
~ 1.0E-2

“RRR=300T—21 —
 |BRR=1000 4 ]

7N Cu wire Formed into a coll Annealing

[y
o
m
W

Resistance/Q+*cm=1

"RRR=3000 17
RRR=1_oogq/
1.0E-4
"RRR=3000DF
1.0E-5 . ! . . - !
1 10 100 300
RRR ~ 1000 RRR ~ 100 RRR~350  w.LHe cryostat femperature T/K

Resistance at Cryogenic temperature
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Encoding System N

iP

v Incremental optical encoder (absolute) is

employed to reconstruct HWP angle. | Z

v The encoder consists of LED and Silicon su /) wzz TS
photodiode from Akari satellite heritage. sienotodiode { ) LRSS A
Akari uses them as optical scale in FTS. - 5

v The heat dissipation from LED < 40uW. 0

v The reconstruction accuracy A8 < 0.001deg

considering the rotation speed variation Af

< 0.01Hz
SiPD output
N 0 =
= A A w It f\"'\ WW' N 'Wyl i ‘YM
A LT
- / l

lima [sec)
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v The holder mechanism is employed to hold
the rotor before levitation and temperature
control of the HWP.

v The mechanism consists of linear actuator +
wiring system + cryogenic stepping motor.

v The stepping motor can be placed at 20K

stage to reduce 4K stage heat dissipation.
v Launch lock system is built separately.

Holder Mechanism “

Kevlar wire

Spring + =
Hoder mech. Launch lock Movable shaft .
\ A ‘\\ Kevler wire

. 7 Launch \ 2

| Stepping Motor

Release launch lock
. 'S Cooldown to 4K
. > < _ Levitation and observation « \ / o g

| Puuey‘,//

. < HWP cooling during ADR recycle —
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Other topics N

Construction of optical measurement system

Modulator controller with FPGA

Construction of integrated test system of TES and modulator
Cryogenic properties for sapphire, magnet, etc

Cosmic ray test of sapphire, magnet, YBCO, etc

Remote monitoring system to measure HWP temperature

Cryogenic property
@ Kitasato Univ.

- 7 Cosmic ray test @ HIMAC
ool ADR cryostat
@ Kavli IPMU
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Summary \gi

We are developing the polarization modulator for LiteBIRD:
broadband HWP and cryogenic (4K) rotation mechanism

The feasibility of broadband AR and AHWP are demonstrated with
small diameter samples.

¢ 400mm flight representative demonstration model of cryogenic
rotation mechanism is constructed.

Developments that minimize heat dissipation are progressing:
magnetic circuit, high purity Cu coil, wiring system, etc

We plan to conduct modulator integration test including whole system
by Aug. 2018 (the end of JAXA PhaseA-1).

lharnk W/
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iP Encoder A3

v The inhomogeneity of the magnetic field along the circumference of the
rotor magnet causes the rotational frequency variation.

v Decompose it from total Af in order to estimate angle accuracy (AB).
v Measure Af from spin down measurement.

== nn, Af : frequency variation
A__f _ —PO (il _f_: frequency of one rotation
]f f2 __ : encoder noise component
'----= 1 i rinhomogeneity component
102 opt. enc
R e A AB is estimated by co term :
':. “\\ \ AB < 0.072deg
5 ol h o _\\gﬂg ———————— _— * Improvement is in progress.
B N . . | - Increase number of slot
B o U A - Noise reduction

f[HZ]
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