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Post-Planck challenges:
* B-modes in CMB polarization «=— Major global effort

 CMB Spectral distortions Ground-based experiments
* Sunyaev-Zel'dovic effect
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Possibility to explore GUT-scale physics

Potential of single field slow-roll:

Inflation
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Planck 2018: inflation parameters

Very powerful constraint on spectral index (and running)
Planck’s B-mode main constraint from TT at multipoles <100
Planck TT,TE EE+lowE

Planck TT,TE,EE+lowE-+lensing
+BK14+BAO

ro.002 = tensor to
scalar ratio at pivot
scale 0.002 Mpc

0.95 0.96 0.97 0.98 0.99
Ns

oo <0.10  ng =0.9659+0.0041 [Planck T+P+L]
oo <0.065 ng =0.9670£0.0037 [Planck T+P+L + BK14 + BAQ]

These results disfavour all simple integer power-law inflation potentials
Major global effort for the future: Sub-orbital, Space
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LiteBIRD central objective

- Objective: CMB B-modes, r ~ 103

- Sensitivity: < 3uK arcmin, Resolution: ~degree
- Lissajous orbit in L2, full-sky, 3 years

- Frequency range: 40-400 GHz

- Detectors: ~ 3500 TES, 100mK, HWP

- Launch foreseen in 2028
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LiteBIRD payload and task share

June 2019: Mission selected as next JAXA L-class mission
Strong international support: Europe (France, Italy), US, Canada

Collaboration: about 200 researchers (growing), with CMB, x-ray, HEP, background
Pl M.Hazumi (KEK), US Pl A. Lee, EU PI L. Montier, Can Pl M. Dobbs,

I.I I

> | I[ 1 ] Detectors + cold readout

Warm Warm
Readout Readout

| cryochain

b Service Module

LFT
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LiteBIRD instruments

* Low Frequency Telescope (LFT): reflective system

* Medium-High Frequency Telescope (MHFT): two refractive systems
* Polarization modulators (transmissive & rotating HWP)

» Detectors: Transition Edge Sensor (TES) arrays (4732 detectors)

e Cryogenic cooling to 0.1K

LFT MHFT ...

secondary mirror 1 2 28" FoV
-

Pol modulator (HWP)

Baffle HFT {5K) Encoder - ! -
HWS HFT (18K},

Cold stop HFT (541

i Lers HFT (5K) -_R‘“ﬁ- ;

18" FoV

e Cold stop MFT (5K)
-
T i L MFT (5K)

Primary ' LF-FP HIF-FRU (0, 1K} =
mirror

ol Long MFT (5K
NF-FPU (018} 5

o+ -
1800 mm 1000 mm
Encoder Disk
Sy o Magnetic Yoke
o N
. R ' = SmCo Magnet
L
* 4+ 4SS
$338 iits Hm cpacer
4 : k-
3 'l, I,. e I- .,
VG che e [N < > NdFeB Magnet
2 . HFT: 190 mm ¢

YBCO Bulk

LFT: 420 mm

L
Y

MFT: 320 mm
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LiteBIRD scanning strategy

e L2 orbit ensures high stability environment
e Scanning strategy optimised for polarization measurements

- Uniform full sky coverage
- Every pixel visited frequently from different angle directions

Orbit: 1.2 Lissajous

CMB

Boresight %
"- f .".-l
W
Sun
- ' Anti-Sun axis
<( ' Precession 'J-‘}
» i i AT N . .
_ ': { f’%”g;”és ~i%"  Hit map of LiteBIRD after
Spin angle 3 = 50 degrees -, ;
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LiteBIRD extra science

Cosmic variance limited measurement of E-mode polarization
on large angular scales:

— Reionization optical depth

- Break degeneracy with neutrino mass
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LiteBIRD extra science

Cosmic variance limited measurement of E-mode polarization
on large angular scales:

— Reionization optical depth

- Break degeneracy with neutrino mass

0.070

Region to exclude for
> 3o detection of minimum mass

0.005 | oo~

o(Em,)=0.015 eV

T

E i : > 30 detection of minimum

0.060 .
mass for normal hierarchy

Optical depth to reionization,

0.055 | > 50 detection of minimum

- mass for inverted hierarchy
;’ " =i Planck+ CMB-S4+DES|

0.045 ¢ ' : Planck+CMB-S4+LSST |

o B - LiteBIRD
+LiteBIRD NB: staistical errors only

20 40 60 80 100 120 140

0.040
0
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LiteBIRD: INFN contribution

Coordinator: G. Signorelli (Pisa)

e \Warm Readout Electronics
e Flight qualification of selected components
e SQUID control units (LFT + MHFT)
e glectronic boards

e mechanics

e thermal interfaces
e (digital assembly DAC/ADC boards)
e Detector study
e Study of CR impact on detectors
e on-beam test of detectors
e Data Analysis
e simulation

e map making

e (CMB parameters extraction

INFN Milano, 3 july 2020
by . Marco Bersanelli - LiteBIRD other CMB Experiments



W-band feed-horns
_array
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Breadboard: A simple refractive optics system to validate
modeling vs measurements

Use already available hardware

No focal plane TES detectors = well-known horn

Lenses are no AR-coated

Room temperature measurements
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LiteBIRD at Milano CMB group

Simulation team & Instrument Model (IMO) — M. Tomasi et al.

GitHub public site (litebird sim

litebird / litebird_sim @Unwach= 10 | g Star 4 Fork 1
1/ litebird_sim P A
ET— ] litebird / litebird_sim @Unwateh~ | 10 | fpStar | 4 ggFork | 1
~ 1 & A 1
Code (1) Issues 13 Pull 2 Al

Caode () lssues

Setiings

Projects 3 Wiki Security 0

(D lssues 13 Py

Integrating the convolution/interpolation cods guidelines on how to import existing c(
repository #31

mrsinack ope

d Nicolettak

Add HWP support to 4pi convolution #13 —=
mreineck o 1 "

Mar 3 - 1 con

mrsineck commented 15 days g0 Ve

NicolettaK commented o

mreineck comn Member (D) e Assignees
As discussed at the S25 meeting in April 2020, | think it would be impartant =
idelines on all the steps needed to import existing codes in this repo. lit litebird_sim S ek~ |1 1
9u P P xisting ! P For a telescope with a half-wave-pl = ol Bl B ot R & 2
" N " measurement value for every det
There exist a bunch of codes already developed by collaberators that we pr e ) i 2 3 ]
! i TR . A 5 values comesponding to the unpolg
& ﬂmm Releasing a tutorial on this would also help in making clearer to the collabor
nreineck sot-as - o Z : respectively. o . . : :

1e.'fm which, as we said several times, is not to develop the full pipefine but I do not expect great difficidtios wh adjOlﬂt 4p| COnVO'UTIOﬂ and |me[p0|an0n #16 [ @

i % mreineck added this fo To Do in Tetal cenvolution and inferpelation 15 days 5 coherent infrastructure. definition of the individual beam cof oy i i M B i
One example is the simple pipeline that | developed to produce map based

etk bt sl available here h [ com/Nicolettak/LB_mbs. This is a private repo iidsscinbociuis s sssignees

f— —— infos about the instrument, but | can give you access if you want to have a | i mreineck added this to To| ’ mieineck
mo ihia sution i o cessary for
ta 9o

Any idea on how we should proceed on this? Labeis

mrvineck 108 15 . Memeer A% mreineck sef-assigned this

o B == T ol o and i

ziotom78 . n May 7 fur] mreineck In prograes in Total convelution and interpolation un Mar . Bl

Exactly
Thank you for having opened this issue. | befieve we should create a dedical | decided to just provide the convo mreineck commented on Ma themper
documentation, providing a checklist that details which kind of codes we wai

5 ot 8 much a module”, bu % N . The basic code is there, but adointness thi

code should look like. This can always be updated in the -

A few things I'd like to see in the page are:

mreineck <o n M Mermer

at we would like to use in this repo (e.g., «compo

1. Examples of codes orvolution cade fs not yat proporh

y paralicliznd. but that s an

2 ad an intsem

cosmic ray glitch simulator», etc.); interpelation o

s way wa can 1

ode, foel reo! Hesineasians

2, Constraints in the way the code is implemented (e.g.. «no standalone pPegre . ==
Python2, IDL, Matlab codes» etc.):

gw Unsubscrioe

[l 7 mieineck - In progress to Waiting for feedback in Total convolution and

interpolation
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LiteBIRD in Milan CMB group

Planck LFI “Level S” adapted to the LiteBIRD mission — D. Maino et al.
In-flight calibration and beam simulations

1 x 152 nKemp 5x 102 1x10—* Keme 5 x 10—2

LiteBIRD/MFT Side-lobes maps in total intensity | (upper row) and in polarization intensity P (lower row) for the
detector 00X at the centre of the focal plane (left) and an off-axis detector 01X (right). (See RA4/Annex 1 for
details).The simulation is for 1 year observation.
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Combining balloon and ground-based measurement to probe the very early universe

STRIP SWIPE

Ground-Based, Tenerife

Balloon, Winter Arctic Flight

30°

Perseus

0°

Bl STRIP coverage
1 SWIPE coverage
B Overlap region

Map in Equatorial coordinates of the
STRIP-SWIPE sky coverage

SWIPE accommodated in the
balloon gondola

STRIP Telescope with ground
screens and mounting structure

Performance
Instrument STRIP SWIPE —_tN- i
Foreground COntrO/ SIIE ottt e e Tenerife balloon Tensor to Scalar ratio
— FIeq (GHZ) oo oo 43 95 | 145 210 240 19 Component separated :
Bandwidth ... ... 17% 8% |30% 20% 10% oo
Angular resolution FWHM (arcmin) ............ 20 10 85 08
(PL) Detectors technology .......................... HEMT TES multimoded . r=0.003
t (MBB) - Number of detectors Mgy «..ooovoeeeeeeeennn. 49 6 | 162 82 82 £
5 /I’ Detector NET (UKeMB VE) <« vvvvvieiiiennnnn 515 1139 | 126 15.6 314 g 06
= /I’ N ObsErvatioi ime v msmramass s s 2 years 8 - 15 days T
= . g DY &Ycle. suvsvvimmnevsssimsiss o comsiies 509! 90% 20
S a SKy COVErage fuky - oooovviooi 37% 38% 2
‘E % Map sensitivity og ¢ (uKemp -aremin) ... . 102 777 10 17 34 =
% g i 1 Noise power spectrum (}\(E‘L:"j]'f2 (uKemp - aremin) | 171 1330 | 16 28 35 02
N U g 'We estimate as 50% the time dedicated to sky observations, including calibration sources. We split the remain-
2] ! | = ing 50% as follows: (i) 15% of lost time due to bad weather. (ii) 15% of unusable data when the Sun will have of . .
=20 30 40 50 70 100 150 200 300 400 an angulm.' distance from the nearest feed less than 10° [7], 20% of time dedicated to relative calibration (see 0 001 :gasor-to?éocgalarraotli? 005 006
Sect 4.1.2).
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- LSPE/STRIP
,gg’ THE FOCAL PLANE INSTRUMENT 'NFN

e Unit & subsystem (polarimeters, feedhorns, OMTs, electronics, cryostat) completed
* Instrument is now fully integrated with cryostat and electronics

Cryostat
and

vacuum
window

STRIP
B Focal Plane
(Q & W bands)

STRIP
polarimeter

Electronics (BIAS board and DAQ)
.- [’} (7 i >
* |Instrument-level test campaign started @INAF-OAS Bologna.
* Warm testing of instrument/electronics I/F ongoing remotely (due to lock-down)



— LSPE/STRIP
s INFN
. THE TELESCOPE AND MOUNT :
» Telescope and mount H/W transported from Oxford University to Milano LASA Lab
» Structural analysis ongoing (INFN/MI external contract), first WP completed (Apr 2020)

* Design of remaining I/F (cable routing, electronics boxes) ongoing
* Preparing drone-based system for beam calibration at Tenerife

Drone-based
beam
calibration
V-1 (CNR/TO)

f o |
88}

STRIP beams (co- and cross-pol)

STRIP telescope mirrors
(LASA, M)

SITE PREPARATION

» Site: Teide Observatory (2400m), Instituto de Astrofisica de Canarias (IAC)
* Agreement between INFN, UniMI and IAC signed (April 2020, addendum to UniMI-IAC document)
* Requirements & preliminary design of telescope cover ready for Industrial call
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Bolometric interferometry
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