THE MEANING
OF STRIP

= STRIP (STRATOSPHERIC ITALIAN
POLARIMETER)

» BAL) OON-BORNE EXPERIMENT, 40000 M ASL

8 S
SRS

=

— v
Sy T
S

.
AW
A
I
LR

O

Ny

g}\

\ <

::“..“\,\\
Sy,
\\

= STRIP (Survey TENERIFE ITALIAN
POLARIMETER)

» ON-GROUND EXPERIMENT, 2500 m ASL

» STRIP AS A NAME



STRIP 1S A MIX OF DIFFERENT RECYCLED

PARTS

» TELESCOPE From CLOVER - OxFORD (UK)
= DETECTORS rrom QUIET - JPL (USA)
= SHILEDS AnD SITE FrRom VSA EXPERIMENT - FAC (Spain), UK,

* REUSE MAKES THINGS APPARENTLY SIMPLE BUT NOT FROM SYSTEM
ENGINEERING POINT OF VIEW

* PARTS ALREADY CONSTRUCTED WITH DIFFERENT REQUIREMENTS FOR OTHER.
EXPERIMENTS, MAKING THE DEVELOPMENT AN EXPERIMENT ITSELF.

» THE TECHNOLOGY CHALLENGE IS TO ATTACH TOGETHER PIECES OF
HARDWARE TO FORM’ A GIANT AND NOVEL INSTRUMENT TO
CONTINUOUSLY OBSERVE THE SKY FOR AT LEAST 2 (JEARS FROM
GROUND




'HOW I DID IT”

BY VICTOR FRANKENSTEIN

UNTIL, FROM THE MIDST OF THIS
DARKNESS, A SUDDEN LIGHT BROKE IN
UPON ME —— A LIGHT SO BRILLIANT AND
WONDROUS, AND YET SO SIMPLE!'

‘CHANGE THE POLES FROM PLUS TO MINUS
AND FROM MINUS TO PLUS!

1 ALONE SUCCEEDED IN DISCOVERING
THE CAUSE OF GENERATION OF LIFE.'

(VI. BROOKS ET AL., 1974, you:va FRANKENSTEIN)
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‘ ‘ ‘ 4th ASI/COSMOS Workshop: Ground-based CMB experiments

LSPE STRIP

e Bologna
Presented by Fabrizio Villa
INAF / OAS — Bologna

INAF . Cryowaves Lab

'S On behalf of Strip Collaboration

Cryowaves
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Content of the presentation

* No science will be covered in this presentation
= Description of the project

= Description of Strip

= Status of Strip

» Schedule

L 4
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Development phase

* LSPE ASI ‘Atto aggiuntivo’ + INFN

* Principal Investigator: M. Bersanelli (UNIMI),
* Program Manager: A. Mennella (UNIMI)

» System Engineer: G. Morgante (INAF)

» Telescope System Engineer: F. Villa (INAF)
* Instrument Scientist: M. Zannoni (UNIMIB)

= AIV Manager: F. Cuttaia (INAF)
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Commissioning and Observations

* STRIP ASI/UNIMI agreement + INFN
* Principal Investigator: M. Bersanelli (UNIMI)
* Program Manager: F. Villa (INAF OAS)
» System Engineer: G. Morgante (INAF OAS)
* Instrument Scientist: M. Zannoni (UNIMIB)

= Survey Scientist: A. Mennella
= AIV manager: F. Cuttaia (INAF OAS)
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Scientific Reqgs. and Objectives

STRIP-SCI-1 | The primary objective of STRIP is to image polarised sources and the diffuse
polarised emission over a large (~ 20% TBC) fraction of the sky at all angular scales
larger than 0.5 degree with high signal-to-noise ratio per resolution element (~1 uK /
1° pixel). This will provide the necessary measurements to optimise the component
separation to meet requirement SCI-1

STRIP-SCI-2 | The secondary objective of STRIP is to image the the polarised fraction of the CMB
with a noise per resolution element of 1° of AQ(U) < 1.2 uK in Q band.

STRIP-SCI-3 | The third objective of STRIP is to measure or set an upper limit to the atmospheric
emission in polarization

Q-band | W-band
Angular resolution (°) at least 0.5°
Observed sky fraction (%) > 18
Sensitivity per 1° pixel 0Q(U)geq (1K)

IA
—
N}

<4.5

s
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Strip observatory

Control Scientific

Software Pipeline

- -

IS
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Teide Observatory - IAC, Tenerife
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Basement, Cover and Site

= \/SA basement modified for STRIP

= Pit to stay within size requirement

= VSA External shields e

* Minimize Straylight from ground

AR
—

emission
= Act as external wall for cover
» |[nternal part to be modified

= Cover
= Movable roof

»1 FTE / year on site

@
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Telescope

» 3-AXES TELESCOPE MOUNT

* Azimuth
» Fully rotating azimuth axis at 1 r.p.m.

* Elevation axis

* From -50° to +50°

= fixed at 20° for nominal scanning
* Boresight axis

» Foreseen at the beginning
* Fixed

L 4
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‘Observation’ modes

0,0°
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1880 |

Strip Telescope

= OPTICS

» Crossed-Dragone
= 1.5 m Aperture
“F#=18

= Aluminum Closed optical
assembly coated with RF
absorber inside

2285
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Detector’s Array

= 49 Polarimeters in Q-band (39-48 GHz)

» Corrugated horns + polarizer + OMT + polarimeter

» 6 polarimeters in W-band (86-104 GHz)

» Corrugated horns + Septum polarizer + polarimeter

= Main frame
» To support the array and to permit the cooldown to 20K

= Electronics
» To bias the LNAs
* To read scientific signals
» To read temperature sensors and control heaters inside cryostat

L 4
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Polarimeter Scheme

Antenna-feed system

Polarimeter Module \

:

\ ‘ //}\/’ Diode Q1
) — ~
Polarizer OMT LNA LNA % Q)t Diode U1
AT,
— T DX e
\ ~
X
Corrugated LNA LNA LNA A 180° 90° Diode U2
_ X
Feedhorn / Hybrid N Hybrid
Phase
HEMT LNA cwiteh  HEMT LNA ;H_o
Diode Q2
) Cryostat (T = 20K) !
&
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Corrugated feedhorns

-
~

2
we
2) = a; —a;)-((1-A4)- A-si ; forz < L,
ale) =i + (@ =) (1 =) =+ Avsin (57) ) s fors < Lo
a(Z) = 84 +€Q(Z—Lsin) — l_a = lnl-z_g%l:forl‘ > L‘sin

» Dual profile design

» Platelet technique
» |ong experience at UNIMI Mechanical Workshop
» |_ess expensive than electro-formation technique even for single feed

» Mitigation of EM performances because of constraints on plate
thickness

» Q-band corrugation with variable pitch
= \W-band constant throat / teeth ratio

= Aluminium machined for Q-band
= Aluminium etching technique for W-band (200 plates)
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Q-band horn

4/3/2019

design (INAF/OAS)
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Q-band platelet mo:‘

=

(mechanical wqf




Q-band horn meas. (UNIMI)

Magnitude (dB)
Magnitude (dB)
3
|
|

-60 7 | | | | |

Theta (deg) Theta (deg)

Figure 8. Measured radiation patterns of all 49 feedhorns at 43 GHz: normalized co—polar 45° plane (left) and cross—polar
45° plane (right).
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W-band Horn design (INAF/OAS)

4/3/2019

Version 3.2.0
FRANCE TELECOM R&D (c) 1997-2004

N—prof-nes—06

85.0008 (F®)-> 104.0000 GHz
(SRSR 4 : 18 values)

villa

30

—

___4mmmmmmmmmm__mmnmmﬂmm""""““"mmmmTzﬂ .8
i 101.8

]

=~

VSWR

FREQ/FB 1->1.22 (@.@2)

February 28 , 28138 ©6:31:24
/home/vil lasSTRIP/W-band

GEOMETRY

V. S. W. R.

25

24.5

24

23

22.5

22

21.5

2l

DIRECTIVITIES (dB)

FREQ/FB 1->1.22 (8.82)

MAX Xpol ~ MAX copol (dB)
7] — T T T T T T T

20

Half Beamwidth (degrees)
— T T—T—T— T

-60

FREQ/FB 1->1.22 (@.82)

FREQ/FB 1->1.22 (@.82)

GARIN/DIRECTIVITY

CROSS POLARIZATION

RADIATION PATTERN

2 2
INAF ‘
X 4

ISTITUTO NAZIONALE DI ASTROFISICA
OSSERVATORIO DI ASTROFISICA E SCIENZA DELLO SPAZIO DI BOLOGNA

23



W-band horns and septum pol

4 Circular
4 waveguide
& == adapter
- | o
Septum
ref. plane polarizer

Figure 12.
characterization.

&
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W-band passive components. Left: The six platelet feedhorns.
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Right: A septum polarizer during unit test
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(mechanical workshop, UNIMI)

W-band platelet horn
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W-band horn meas. (UNIMI)

v = 85 GHz
0
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\ —— feed D
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W-band horn meas. (UNIMI)
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Q-band Polarizer and OMT

» Designed, procured, and tested @ CNR IEIIT, Torino

!

30 35 40 45 50
Frequency (GHz)

L 4
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Q-band Polarimeter module

» Procured from JPL, tested @ UNIMIB Milano

Low noise amplifiers

B 1.0
i _ Pins for module
: L OLOE < omponents
L 0.8-
..... .
. Z06-
o
} Waveguide inputs °
N
. ©
Phase : € £ 0.4-
switches : S
Bandpass
Filters 024
Phase
Discrimina .
(coupler) Detector diodes 0.0

38 40 42 44 46
Frequency [GHz]
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Electronics (Bias and Readout)

» Designed, procured, and tested @ UNIMIB Milano

4/3/2019

30



Electronics (Bias and Readout)

» Designed, procured, and tested @ UNIMIB Milano

g

B GPS MASTER CLK

L 4
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Control Software (web based)
» Developed @ INAF/OAT - Trieste

STRIP web portal
+
102
- . —~—
01
est.00 # 25
2018-02-26 10:40:16.994477 UTC INFO system DagFileStream opened: /mnl/STRIP/s1rip_dsta/RAW/2018/02/2018_02.26_10-40-16_DAQO bin
2018-02-26 104016 994452 UTC INFO system DagFileStream opened. /mnt/STRIP/strp_data/RAW/2018/02/2018_02_26_10-40-16_DAQZ bin
2018-02-26 10:40:16. 994500 UTC INFO systermn DagFileStream opened. /mnl/STRIP/strp_dsta/RAW/2018/02/2018_02_26_10-40-16_DAOY bin
2 2018-02-26 10:40:17 008760 UTC INFO  syst e DagFileStream opened: /mnt/STRIP/stnp_data/RAW/2018/02/2018_02_26_10-40-16_DAQ3 bin
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Focal plane Array
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W-band and Q-band modules
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Optics sims

= Q-BAND

= F\WWHM ~ 21 arcmin
= Ellipticity 1.003 — 1.033
» Directivity ~ 54.7 dBi

» Cross-polarization < -4
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= W-BAND
* FWHM ~ 9.5 arcmin

= Ellipticity 1.006 — 1.041

= Directivity ~ 61.4 dBi

» Cross-polarization < -40 dB
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Typical far sidelobes response

Main Beam

Spillover

-60 M. 30 dBi

0=>0 0<0

ISTITUTO NAZIONALE DI ASTROFISICA
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Filters and window
(ALMA B23 heritage)




STRIP Cryostat

» Designed, procured, and tested @ INAF/OAS-Bologna

\\

4/3/2019 INAF ‘
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Cryostat TRB on Nov 2018

» Relevant performance

requirement of the STRIP y P
cryogenic system verified |
» the 20K cold head reached

11.3K (no load)

= \With 18W of power load, the T N i
of the cold head was 18K

» intermediate stage steady state 5-

at 71K (2 K uniformity)

4/3/2019
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75

N

Cold Head 20K - Mean: 11.271 K; rms: 0.278 K
Shield 100K Bottom - Mean: 70.616 K; rms: 0.056 K

Ear 65/‘ ’_,
- 4 I —— Shield 100K Filter Holder; - Mean: 71.479 K: rms: 0.066 K |-T
|_
A
' N™, V¥ eV N ‘\,,»”N"““‘u f’ﬂ‘\ /~
|
432000 439200 446400
Time [s]
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Calibration systems

» Cryogenic Calibrator for system
tests (INAF/OAS)

= To provide a stable variable cryogenic
reference calibrator in polarization

» |[nvitation to tender open

» Near Field Calibrator (UNIMI)

» To provide a stable reference signal
injected toward the feeds for gain
variation calibrations

» Ready, under optimization

STRIP feedhorns
radiation pattern

&
INAF ISTITUTO NAZIONALE DI ASTROFISICA
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NFC radiation pattern
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Cold Calibrator

HOT SECTORS

ISTITUTO NAZIONALE DI ASTROFISICA
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BACK (PARALLEL PLATES)

COLD SECTOR
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Beam Calibration

* Drone beam calibrator (CNR /
IEIIT)

» To provide RF source for beam
measurements during commissioning
and observation campaing

» Ready, Under optimization

= Star Tracker (UNIMI / INF/OAT)

= Pointing calibration
» Ready, under optimization

44
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Performance Status unit level
(polarimeter)

Occurrences

4/3/2019

Preliminary - Before tuning optimization |
(to be performed at system level)

30

Median Tnoise: 33.6 K

40 50 60
Troise [K]

2 2
INAF ‘
X 4

N N w w P
=) tn =) n o

Occurrences

=
wn

1.0

0.5

0.0

Median 101
bandwidth: 7 GHz

Occurrences

6.0

Median knee freq:
55 mHz

6.5 7.0 7.5 8.0 8.5 073 50 100 150 200 250 300 350

Bandwidth [GHz]
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Expected performances

STRIP Q-band surveyed sky and hit (

count for one day observations Expected final sensitivity (two

years, 35% duty cycle)

* AQ/U ~ 1.7 uK.degree

* Estimated ~ 17 K noise
temperature from atmosphere
and optics (telescope, window,
filters)

37% covered sky, with 80% overlap with SWIPE

30 1645

4/3/2019
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Instrument Schedule

8 January, 2019 February, 2019 |march, 2019 April, 2019 IMay, 2019 [lune, 2019 July, 2019
1 (w52 [wogr [w02 (w03 [w02 [wos [wo6 [wo7 [woe [wD9 wio wil wi2 wl3 wid [wi5s [wi6 [wi7 [wis (w19 [w20 [w21 [w22 (w23 [w24 [w2s |w26 w27 w28 w29 wab v

Acceptance and integration
I

Functionality tests (warm/cold)
e

Performance tests
|

4/3/2019
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Site /| Cover schedule

2019

Jan |Feb Mar |Apr |May |Jun Jul |Aug |Sep Oct 'Nov |Dec

Telescope basement
e

Telescope Cover

4/3/2019
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Telescope Schedule

2019 2020 |20:
Jan Feb Mar Apr May |Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct |Nov Dec Jan

Design activities

Structural analysis

Manufacturing of missing parts
.

Integration and test in Milan
———

Test in Oxford and shipment to Milan
———————————

Shipment to Tenerife

are here

4/3/2019
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WELL.HE LOOKS QUICKLY AT THE "BRAIN
TABLE," GRABS A JAR FROM UNDER THE GLASS
DOME NEAREST TO HIM, AND LEAVES.

ON THE GLASS DOME, WHOSE CONTENTS IGOR
HAS JUST TAKEN, IS PRINTED:

DO NOT USE THIS BRAIN!
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