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| What and Why I Why

Analysis:
e Aiming to measure B-mode signal, constrain r (2103.13334)
by Jog CSBF staff » - : e Better understand diffuse dust emission
et : o il (coming soon!)

e  Create near-orbital quality 280 GHz map for future exps
(future work)



https://arxiv.org/abs/2103.13334

| What and Why I Why

Analysis:
o 7 e Aiming to measure B-mode signal, constrain r (2103.13334)
by Joe, CSBF staff , - : e Better understand diffuse dust emission
e . il (coming soon!)

e  Create near-orbital quality 280 GHz map for future exps
(future work)

Hardware:
e Develop and implement robust detectors; heritage for future
exps

(1606.09396, 1711.04169, 2002.05771, 2012.12407...)

e Develop and implement cryostat hardware, gondola, pointing,
thermal performance, etc.
(1506.06953, 1407.2906, 1407.1881, 1407.1880, 1106.2507)
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Hardware:
e Develop and implement robust detectors; heritage for future
exps

(1606.09396, 1711.04169, 2002.05771, 2012.12407...)

e Develop and implement cryostat hardware, gondola, pointing,
thermal performance, etc.
(1506.06953, 1407.2906, 1407.1881, 1407.1880, 1106.2507)

People:
e Train young scientists for earth, balloon, and space
observational experiments
e Vast skill set: computer design, cryogenics, data analysis,
electronics, machining, rigging, supercomputing, vacuum
work
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| SPIDER-1 I

Tackling Measurement Challenges

Sensitive detectors

2300 sensors at 0.3K
Reduced stray loading
with absorptive filters at
many temperature
stages

Controlling Systematics

half-wave plates to
modulate signal
polarization
Stepped twice a day
throughout flight to
reduce polarization
systematics

Very faint signal

Long Duration
1300 L liquid helium
tank

e 16 L superfluid tank

e  Multi-week capacity

e Longest overland
flight possible bo-w

Rothera 605

e Low radio/comm % TN
interference . f spoe

e  24h sun for solar J
panels
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| SPIDER-1 I

Time-Ordered Data

Cleaned Data

Analysis Pipeline

[

Frequency Maps
in 4 indep. chunks

XFaster

SMICA

VY

Foreground Cleaned
Bandpowers

2103.13334

Template (spatial):
NSI (PoISPICE)

Harmonic (in ell):

/ Foreground ResultsN

Oé%,Bd

For 90 and 150 GHz
separately

Dust templates with 353

and 217 GHz

Cosmological Result:

r

Feldman-Cousins and
Bayesian limit
Pipeline discrepancies

\ and error discussion/
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SPIDER-1

2103.13334

Modeling Foregrounds with Template Subtraction

Construct a dust template using Planck difference maps

t __
S;/O — Pyy — SlOO GHz

Where 1/() refers to a map at a high dust frequency. We use both 353 and 217 GHz

cleaned t
geteaned — G _ o8t

Planck 2018 cosmological parameters into CAMB to generate a theory shape spectrum

For XFaster

C(r) = Cy(r = 0) + 7 CI™(r = 1)

Maximum likelihood parameter estimates are calculated for 77, Qtgr, Q1509 Ssimultaneously
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Table 5. Summary of r-likelihood values from various pipelines,
with nominal upper limits in bold.

—— 353-100 GHz Template
—— 217-100 GHz Template

Pipeline Description

XFaster Nominal, Feldman—Cousins ags = 0.018 £ 0.002
Nominal, Bayesian
NSI-like:
(a) r from BB only
(b) Independent EE & BB noise
(@) + (b) a0 = 0.045 & 0.002

Nominal, Feldman—Cousins
Nominal, Bayesian

Nominal, Bayesian

Template-like:

Excl. Planck inputs < 353 GHz 06 b0 05 o001

r
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SMICA Greater

SMICA dust Q template

Declination
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—— Full Spider Region
~—— SMICA Dust Greater

SMICA Dust Subregions = SMICA Dust Less
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Telescope
aperture

Sun shield

Vacuum vessel /

Top dome
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Midsection

Hermetic
feedthroughs
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instrumentation
package (SIP)




280 GHz Telescopes

| SPIDER-2 I 2012.12407, 1711.04169, 1606.09396

Transition Edge Sensor island
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SPIDER-2

Sasha Rahlin

Photo credit: Scott Battaion
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Summwﬁy

Ballooning is a challenging but rewarding platform

Foregrounds are hard
o Future polarization measurements need better dust models
o Foregrounds and Intensity papers coming out soon

Second flight a success!
o More integration time, better handle of systematics — better constraints
o Unparalleled 280 GHz maps for better foreground modeling in future
experiments
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Second Flight Hardware: Cryo Runs

Spring 2020 (Princeton) Summer 2022 (Palestine)

= AR
- X

Winter 2022 (McMurdo)
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https://docs.google.com/file/d/171L5Htm_qdZC82rqz-3sDPmw4yN685If/preview

AZ, EL and RA, DEC of tight_scan, sun and pointing

— ELbsight
~—— ELsun

AZ bsight, scan period 2.14
AZ sun

—— DEC bsight
—— DECsun

—— RA bsight
~—— RAsun




Second Flight Scan Strategy: Pointing in SPIDER-2

Three latitude pointings
e -7/8 degrees (McMurdo)
e -82 degrees
e -85 degrees

Schedule of Commands
e Half-wave plate rotation
2x a day
e Fridge cycle
1x a day
e Scanning
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Second Flight Low-Level Analysis: Getting a Unified Dataset

Flight Computer Flight Computer
e frame file 1 e dirfile 1
e frame file 2 e dirfile 2
* * - Unified Dataset (Unifile)
e One nested dirfile
X1 Computer X1 Computer e One time field
e frame file 1 e dirfile 1 e Every field
e frame file 2 e dirfile 2 available for any
o ... P time
([ J ([ J
([ J ([ J
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10° avos 10% a0

Template: 1y =353 GHz
Planck 16.8+0.5 44.44+0.8
XFaster 18+2 45+2
NSI 195 45+4

1.534£0.02

1.49%%  1.52+0.05
1.44%% 1.514+0.10

Template: 1y =217GHz
Planck 153 +3
XFaster 159417
NSI 140450

404+4
3774+ 16
350458

1.534+0.02
151319  1.684%

16304 TR1HS

SMICA
FFP10
Auto-Cross

1.43£0.04
1.50£0.04

Table 5. Summary of r-likelihood values from various pipelines,

with nominal upper limits in bold.

Pipeline Description

Fimle

r <95%

XFaster Nominal, Feldman—Cousins
Nominal, Bayesian
NSI-like:
(a) r from BB only

(b) Independent EE & BB noise

(@) + (b)

-0.21
-0.21

-0.19
-0.19
-0.15

0.11
0.19

Nominal, Feldman—Cousins
Nominal, Bayesian

-0.09
-0.09

Nominal, Bayesian
Template-like:

Excl. Planck inputs < 353 GHz

0.06

-0.07




Center Width FWHM #Det. NET,; DataUsed Map Depth
Band [GHz] (%] [arcmin] Used [uKy/s] [days] [uK - arcmin]

95GHz  94.7 26.4 41.4 675 7| 6.5 22.5
150GHz 151.0  25.7 28.8 815 6.0 5.6 20.4
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Data Sources and Structure

For Commander 2015, we are provided two sets of data. A Low-res (nside=256) that contains maximum likelihood, mean, and rms for intensity, temperature, and beta. And, a Hi-res
(nside=2048) that just has posterior maximum values for intensity and beta for different data splits (full, hm1, hh2, hri, hr2, yrl, yr2). The high-resolution products are derived from the

same algorithm as for the low-resolution analyses, but only including frequency channels including and above 143 GHz. The dust temperature for the high-resolution fit is fixed, and
derived from the low-resolution fit converted to alm space.

For GNILC, everything is nside=2048 and we have amplitude, beta plus beta error, and temperature plus temperature error.

Analysis Pipeline Nside Ref. Intensity Data Intensity Temperature ‘Beta Data

Frequency Units TNmgskatursinate Units

Commander 2015 (Hi-res) 2048 545 GHz LML (different splits) uK_RJ N/A N/A

'BETA_ML (different splits)
Commander 2015 (Low-

I_ML, I_MEAN, TEMP_ML, TEMP_MEAN, ‘ BETA_ML, BETA_MEAN,
res) ¥50 |42 I_RMS Uk R TEMP_RMS K BETA_RMS

GNILC 2016 12048 353 GHz AMP Mly/sr TEMP, TEMP_ERROR K ‘BETA, BETA_ERROR

The dataset is in Galactic 'G' coordinates and have been rotated to Celestial 'C' (also known as eQuatorial 'Q") coordinates.




CAMB: Code for Anisotropies in the Microwave Background
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