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I. Science context and requirements

Sunyaev Zel dovic Effect
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I. Science context and requirements

SZE - state of art
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I. Science context and requirements

State of art and necessities

GOAL

Low resolution spectroscopy observations of known low redshift galaxies at mm wavelenghts to map
cluster physical properties from spectral distortions.

STRATEGY

Compensate relative expected low sensitivity with respect to Planck or photometric ground-based instrument by
integrating longer (tens of hours per cluster).

Use spectroscopy to fully separate different components and extract physical information from spectral
distortions: pressure, temperature, density, mass, LOS velocity

Possible target
COMA cluster

' : R 2 ',
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I1. Observation strategy and instrument design

From scientific requirements to instrumental characteristics

1) Low angular Resolution

(low redshift clusters) 1) Telescope : 2.5m - Quijote

2) Large FOV and band 100-300GHz (~ few degrees corrected FP angular resolution
(~1 Degree) from about 2 to 5 arcmin)

3) Low Spectral resolution |~ 2) FTS Technique - Fast MPI

(~1.5-10GHz at least 20 bins to separate properly (10 cm excursion , fast acquisition, avoid 1/f noise
different contributions) from the atmosphere.)

4) Maximum Sensitivity 3) 2 Arrays of 300 pixels

(photon noise detectors)
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I1. Observation strategy and instrument design

Fourier Transformation Spectrometry

MPI definition:;
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I1. Observation strategy and instrument design

Fast Detectors: Kinetic Inductance Detectors

High-Q LC series circuit,
feedline coupled,

working at superconducting regime a superconducting resonator

A KID measures the variation of the
population of the quasi-particles in
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I1. Observation strategy and instrument design

Fast Detectors: Kinetic Inductance Detectors
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The realization of an array with a zoom over a pixel
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Frequency [MHz]

KIDs reach the intrinsic limitation of sensitivity

Superconducting LC circuit with high Quality factor

Multiplexed array Capacitor
300 pixels
Inductor
Feedline
Single KISS array of 316 pixels based on

Ti-Al bilayers (T, ~ 0.95 K) . One of the 632 pixels within the KISS camera
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I1. Observation strategy and instrument design

Fast Detectors: Kinetic Inductance Detectors

Technological constraints:

- calibration source for the MPI

- double MPI engine to delete the vibrations

- stable temperature cryostat for the focal plane

The cryostat

elevation angle
cryostat
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I11. Laboratory tests and characterization

First year of thesis
October 2017 — October 2018
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I11. Laboratory tests and characterization
Fast Detectors: Kinetic Inductance Detectors

Implementation:
- Focus interface

- Subsystem integration

- Daily laboratory life (problem solving for day-by-day issues)

Measurements and characterization:

- Simulations of the single pixel with quality requirements
- MPI simulation

- Data analysis for electric proprieties of the detectors

- Sensitivity measurement

- Geometrical characterization of the matrix

Engine to control the focus
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[11. Laboratory tests and characterization
Geometrical characterization

Example of map making with
Sky-Simulator for KISS

DK02_New_No.4
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I11. Laboratory tests and characterization

Geometry of the array

Geometric distribution constrained

with the sky-simulator

Geometrical characterization of the array
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V. Installation and observations

Second year of thesis
November 2018 — NOW

Alessandro Fasano 14/24



V. Installation and observations

Chronological path

Installation [November 2018- January 2019]:

- transportation of the instrument (4-days journey)
- direct interface with local team

- mechanical, electrical and network installation

- Interface with the telescope

Operation [February 2019 - NOW].:

- maintenance in situ

- active partecipation with local research group
- commisioning phase [in progress]
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V. Installation and observations
A long way to Tenerife

INSTALLATION
TEAM
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V. Installation and observations

Moon observations

I 13/60 whole days of observation (and almost everyday to solve the issues) I

22 March 218
| Jupiter
name OF | MP/Acqfrequency focus - 14 March 2019
soren | toml hvin) time second source details Tl scan number size map pointing mod analysis
r—— B - name source OP [mm] MP/Acq frequency [Hz] time second source detaits focus [mm] scan number size map
B size 240x150 ', step=10' (shift Az=1deg,
moon - 5/aknz 04h28 cold sciencemap - H20=11% - we stop before the end 2 255 ves/s ) moon 2 s/akn2 18h39 cold sciencemap - source covered by clouds - H20=35% 40 165 size 240x180 , step=10' v=/s
. . (st Apm moon 2 s/acn 18155 cold sciencemap - source covered by clouds - H20=39% 40 167 size 240x180 , step=10' v=S/s
moon - 5/aKkhz 0528 cold sciencemap - H20=10% - we stop before the end 23 256 ji:v';“’“m . 4 5‘5"‘" Az=1deq,
. 0 _ 13 March 2019
moon - 5/4khz 05h28 cold sciencemap - H20=10% - we stop before the end 23 257 size 200x120° o, S‘fh'f‘""deg‘
— ,’h& . name source OP [mm] MP/Acq frequency [Hz] time second source details. focus [mm] scan number Size map
moon - s/akhz osh44 cold sciencemap - HZO=10% - we stop before the end 23 258 o x120° el Az=1deg, moon 23 S/aKnz 20h15 cold sciencemap - H20=25% 40 158 size 180x180 ', step=10' v=57s
- ’mj - it Aze1d moon 2 2028 cold sciencemap - we saw the moon - H20=25% 40 159 size 240x180 ', step=10' v=575
mon - spanr oans cold ncemap - HZO=11% - we stop before the end 50 259 sze 2000120, Jobin az=1deg, » 2005 cold ciencemap - we saw the maon - H20-25% “ 160 sze 2400180
“ize 2006120, ste (ahaft Az=ide moon 22 21h07 cold sciencemap - we saw the moon - H20=25% 40 161 size 240x180 ',
moon 5/4Khz 05h00 cold sciencemap - H20=11% - we stop before the end 23 260 vasiis - s 5) o moon 2 21h30 cold sciencemap - we saw the maon - H20=25% 40 162 size 240x180 ',
0 — = - n 23 21h48 cold sciencemap - we enlarged in elevation because it seems that is there the problem H20=25% - photo analyzed by A.J. 40 162 size 240x240 °,
size 200x120 ', step=5 shift Az=1d=g, moat
moon - 5/4khz 0533 cold sciencemap - H20=11% - we stop before the end 50 261 e G =208 @ moon 2 22009 cold sciencemap - we saw the moon - photo analyzed by A.J 40 163 size 240x240 ', step=10
— ) erne P ciencemap - H20=11% - 100 slow, Juiter in advance wrt the oo s size 2001120 ", stap=5 {ahife Az=deg, moon 22h36 cold sciencemap - we saw the moon, reall low i elevation - photo analyzed by A.J. 0 164 size 240x240 ', step=10’ v=s/s
m ser v=5/s 1=0.5 )
. OEh‘Hl;sﬂd—in"ﬁ I in th ddle. Maybe Jupits ‘;Dﬂ 180 °, sk o aMarh e
Jupiter - 5/aKhz 06h15 cold :ﬁ'::;i’;‘ap' =10% - well in the middle. Maybe Jupiter 50 264 SE:‘/S %180, ste
T T - name source OP [mm] MP/Acq frequency [Hz] time second source details focus (mm] scan number size map
upiter . ok 0625 cold schncemap - H20=12% - well i the middia. Maybe upiter 0 o size 20090, step oo = S/axnz 1418 sky actencamap - £ modation|40 154 size 200120, step=10"
- el i the midd . : : R moon s/akhz 14043 sky sciencemap - no modulation 40 155 size 200x120 ", step=10"
- Sfakhz  05hdl cold ?f,‘i":f;".;'&w';jg’” % - wellin the middle. Maybe ¢, 267 o= i““"”“ ' Step=¥ o  ahifc Az=odag, moon s/4Knz 14057 sky sciencemap - no madulation 40 156 size 400x120 ', step=10'
11 March 2018
18 March 2018
name source OP [mm] MP/Acq frequency [Hz] time second source details  focus [mm] scan number Sizo map
name source OP [mm] MP/Acq frequency [Hz] time second source details focus [mm] scan number size map pointing mod analysis woon E /4 13h54 cold sciancenap |40 142 size 180x120", step=6' v=5//s
Jupiter 23 5f4Khz 06hS0 cold sciencemap - H20=4% - we didn't see jupiter 20 226 size 120x12 v=Ss p.model offset=(-1,0) -
Jupiter 23 5/4Khz 8hs9  cold sciencemap - H20=4% - we didn't see jupiter 20 227 size 120x12( " veSfs - 2 March 2019
jupiter 2 5/akhz 7hog  cold sciencemap - H20=4% - we didn't see jupiter 20 228 size 160x120 v=5'is p.model offset=(-2,0) - = e T = e -
. 8 | . n i m] scan number
jupiter 2 5/axhz 7h29  cold sciencemap - H20=4% - wa didn't see jupiter (in talekiss: no source) 20 231 size 180x12( v=5/s p.model offset=(-2,0) - [masme sourcs 0P fuwnl| 0 /Acy Sraquency (1l e second sowrce| _detalle: {focus [me]scon nw 5
ter axhe 7ha1  cold sciencemap - H20=4% - it seems to be visible 40 232 size 180x12( todo Rpar2s e 2o cou Soencemap 2o 1 Son 100100 arowtn Stapad vacye
Jopite B |5 E ! " stap=s’ Joiter 23 sjane he9 cold Sciancamep 20 1 size 100100 arcm, stap=6' v=
Jupiter 23 5/aKhz 7h59  cold sciencemap - nat sure 25 233 size 180x120 ', step=5' - Jupiter 23 S/aKhz 8h02 cold sciencemap 40 140 size 100x100 arcmin, step=6' v=3/s
2 5/akhz sh11 cold sciencemap - H20=4% 50 234 size 2106120 ', step=7" - Sioias 23 e ohis ol Seenceagli i S D b
23 5/4khz 8hz4  cold sciencemap - H20=4% 50 235 size 180x120 °, step=5" - Jupiter 23 s/axnz 129 cold sciencemap 40 142 ize 120x120 arcmin, step=6'
23 5f4Khz cold sciencemap - H20=4% - not seen s0 240 p.model offset=(-0.5,-0.5)
2 5/aKinz sh27 cold sciencemap - H20=4% 50 241 p.model offset=(-1.5,-1) - nothing seen - 1 March 2019
venus 2 sjakhz sh2s cold scisncemap - H20=4% - nothing seen 25 242 p.madel offset=(-15,-1) - -
- . : name source OP [mm] MP/Acq frequency [Hz] time second source details focus [mm] scan number Size map
venus 2 S/4khe oh34 |cold sclencemap - H20=4% 25 243 size 160x120 ', step=5 p-model offset=(-2,-1) - = moon 23 5/4Kkhz 8h36 cold sciencemap - we didn’t see the moon in trace 40 129 size 180x180 arcmin, step=7' v=6'/s
venus 23 5/dkhz 9h40  cold sciencemap - H20=4% - IT SEEMS THERE: just one point 25 244 size 180x120 ', step=5’ v=5'/s p.model offset=(+2,-1) todo i 23 anse | cold '(\cmcm.\i - we didn't see the moon in trace 40 130 size 240240 arcmi %
venus ) 5/axha has  cold sciencemap - H20=4% - IT SEEMS THERE: just ona point 25 245 size 180120 ', stop=5' v=5//s pmode affset=(+2,1) - R = el eid Gt o £ o T SR LaT
venus 2 5/4khz cold sciencemap - H20=4% E 247 size 180¢120 ', step=s' v=5/3 p-madal offset=(+2,-1) - not seen . moon 2 931 cold sciencemap - moon in subscan 15,17 /30totale 40 132 size 290x290 arcmin,
moon 23 10h02 cold sciencemap - moon in subscan 7/15total in pixel KBOGS & KB180 (kiss tuning wasn't working properly) 40 134 size 180x180 arcmin,
18 March 2018 moon 2 10n22 cold sciencemap - we saw something but maybe we're gomg too fast 40 135 size 120x120 arcmin,
moon 23 10h33 cold sciencemap - we saw the moon in trace itfamp few kiz 0 13 size 100x100 arcmin,
= [.::-] NP,‘qufr:]uuen(v — :;:cn: detalls {:)“c:sl =D . Tl e~ moon 23 10n45 cold sciencemap - we saw the moon in trace itfamp few kiz 20 137 size 100100 arcmin, step=5'
moon n s/akhz 19040 cold sciencemap - H20=7% - wa didn't s8¢ tha moon 20 212 size 290x120 ', step=10' v=§'/s - 28 February 201
meon n sakhz 19h55 coid sciencemap - H20=8% - we didn't see the moen 2 m size 3403120 ', stap=10" v=5
moon n sakhz 20n12 cot sciencemap - HZO=7% - we didn't see the moon 20 214 size 3403120 , stap=10' v=5 p.medel name source|OP [mm] MP/Acq frequency [Hz] | time  second source details focus [mml scan numb Size map
moon zn S/4khz 20n33 cold sciencemap - H20=7% - 2 215 size 3401240 ', stepa10' vaS/s p.model - Electrical Test - - 1227 cold a0 - HO GOOD RESONANCES - we disconnected the old instrument that was connected to the ground analyzed()
moon n s/akhe cold Somncamap - H20u6%% - o saw the moun, the problem scemed to be that we st 5o 29 size 90%120 ', step=10' ves'/s pmodel Electrical Test - - 12hs3 cold 40 - NO GOOD RESGNANCES - pumping banch pipes connected to the earth (floor ground) - R_[pumpingbench-earth]=0.02 ohm, R_[comprassor-arth]=0.96 ohm
Jive E0vED O v5i/a. on the moon we see 160 Electrical Test - - 13h08 cold 40 - NO GODD RESONANCES - as 12h53 + small pipes of dilution connected to compressor ones + bottom of pumping stage connected to the compressor
e = Sjanhe cold sciencamap - HI0=0% - 30 b Kz on KA, 80 kiHz KB B pamodal Electrical Test - - 13h51 cold a0 - MO GOOD RESONANCES - in the ground foor
moon 2 s/akhz 21h54 cold sciencemap - H20=6% - 20 221 size 12060 ', step=5' =3z p.model Electrical Test - - 15h48 cold a0 - NO GOOD RESGNANCES - all the pipes together, not anymore at the floor, but to the bottom of the compressor that is connected to the fork of the telescope
B sciencemap - H20=7% - we tried o anticipats the moon and we saw it, 2 . ) p.model offset
moon 2 5/4khz 22005 cold ettty sraas 1 222 siee 120080 ' step=S' w=3ss (7P 2 February 2019
moon 2 5/aKhz 22h13 cold sciencemap - HZ0=7% - wa tried to anticipate the moon and wa saw it 20 223 size 120120 ', step=10' v=: =
§ . ; § name source OP [mm] MP/Acq frequency [Hz] time second source details focus [mm] scan number size map
moon n s/aknz 22n20 cold sciencemap - H20=7% wa saw the moen 0 224 size 1208120, step=10" v rTa . ooh15] cod cncamap - photomaty o o1 si2e 3000 arcrin, stap=5 V=578
moon n 5/4khz 22n26 cold sciencemap - H20=7% we saw the moon 2 225 size 1200120 ', step=10 v=3/s
moon EE) 4 kaz 01h30 cold sciencemap 10 105 size 9490 arcmin, stap=7
15 March 2018 maon = 2 otz 01h3s cold sciencemap 40 106 size 180x180 arcmin, step-
maon 21 4 kHz 0155 cold sciencemap 40 107 size 240x240 arcmin, step=
name source OF [mm] MP/Acq frequency [Hz] time second source details focus [mm] scan number size map moon 2 4 k2 02h45 cold sciencemap. a0 115 Size 240x290 arcmin, step=
moon n stakhz 20n28 cold sciencemap - nothing seen - H20=35% a0 170 size 240x180 ', step=10’ vas'/s moon B 4 loiz 03hos cold sciencemap a5 116 size 290x290 arcmin, step-
meon n 2008 cold sciencemap - nothing seen - HZ0=15% 0 1 size 290x240 ', step=10' v=52 maon B Py G3h0E| coid aciencemap o e Sizs 290x200 arcain, step
moon 23 21h15 cold sciencemap - we saw the moon - H20=36% 40 172 size 290x290 ', step=10' v=5'/s ) B ko 97104] cold w0 e S0x60 sromin, Step—5' v-27s, depl £ a Jevati
moon 2 21135 cold scioncemap - we saw the maon - H0=36% a0 173 siza 290x150 ), step=10' v=5Ys Jupiter = col sciencemap size 60x60 arcmin, step=S" v=2/s, deplacement +3 deg in elevation
moon o 47 lcald Sciencemap - we saw the moon - H20=36% — photo analyzed by A w0 e a0 Stapelt? Jupiter 23 4 kHz 07h31 cold sciencemap 40 18 size 60x50 arcmin, step=5' /s, deplacement +3 deg in elevation and +1 deg in azimuth
moon 2 22h03 cold sciencemap - we saw the moon at 8 kHz in amplitude - H20=37% - photo analyzed by & ). 43 175 size 120x120 ', step=10' Jupiter 23 4 kHz 07h39 cold sciencemap 40 120 size 60x60 arcmin, step=S" s, deplacement +2 deg in elevation
moon ) <cold sciencemap saw the moon a bit less than 8 kiz in amplitude - H20=37% - photo analyzed by A.J. 45 176 size 320x120 ', step=10" Jupitar 23 4 kiz 07h47 cold sciencemap 40 121 size 6060 arcmin, step=5" v=2'/s, deplacement +2 deg in slevation and +1 deg in azimuth
moon ) <old Sciencemap - we saw the moon a it lass than 8 kHz in amplitude - H20=37% - photo analyzed by A.J. 50 177 siza 320x120, step=10' Jupiter 2 4 kHz 07h55 cold sciencemap 40 122 size 60x60 arcmin, step=5' v=2/s, deplacement +2 deg in elevation and -1 deg in azimuth
moon 2 <old Scioncemap - we saw the moon a bit lass than § kHz in amplitud - H20=37% - photo analyzed by A.J. 30 178 size 3203120, o Jupiter 3 4 iz 08h02 cold sciencemap 40 123 size 60x60 arcmin, step=5' v=2s, deplacement +2 deg in elevation and -1 deg in azimuth, it's the same of the previous one
moon 2 cold sciencemap - we saw the maon - H20=12% 20 173 size 320x120 ', step=10' - 2 4 iz 08h20 cold skydip 60 ¢l 40 124 size 30x30 arcmin, step=5' v=2/s
on 5 cold sciencemap #20=36% - photn analyzed by 4.3 20 180 size 3201120, step= v . 2 Y 08h28 cold skydp 75 &l 40 125 size 30x30 arcmin, step=5' v=2/s
moon 5 <old Sciencemap - wa saw the moon - H20=36% - photo analyzed by A.) 20 181 siza 3203120 ; 2 T 0845 | cold cioydip 82.4 el 40 17 <ize 30x30 arcmin, stepaS’ va2's
VEnus 22 cald sciencemap - H20=34% o a8 size 120x120, ste - 23 4 kHz 08h47 cold sciencemap, compressor stopped 40 127 size 30x30 arcmin, step=5' v=2/s
venus n <ol sciencemap - H20=34% 0 169 size 1203120 ', stap=5' v=s'/
Mareh 2018 22 February 2019
name source OP [mm] MP/Acq frequency (Hz] time ‘second source details focus [mm] scan number name source OP [mm] MP/Acq frequency [Hz]  time  second source details focus [mm] scan number Size map
moon 2 [T 18h30 cold sciencemap - source covered by clouds size 240x180 °, crab - z 23h16m34s cold pointingmap - photometry 40 - size 180x180 arcmin, step=5' v=30'/s
moon n Jakhz 1BhSS cold sciencemap - source covered by clouds 167 size 240180, crab - 95 Hz 2337ha0  cold pointingmap - photometry 25 - size 180x180 arcmn, step=S' v=30/s
crab - 95 Hz 23h44m07  cold pointingmap - photemetry 10 - size 180180 arcmin, step=5' v=30%/5
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V. Installation and observations

Observations of the Moon

Each pixel Whole array
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V. Installation and observations

Facts about the observation

FACTS
Commisioning phase in progress
and we are handling two major issues

1) Noise:
source of noise at 400 Hz.

2) Pointing Model:
pointing correction are of the order of degree especially at higher elevation angles.

They are due to the different distribution of weight to respect to the previous instrument
installed at the same telescope.
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V. Installation and observations

Status of the pointing model
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We still need better constraints




V. Installation and observations

Status of the pointing model

Observation of the Moon at different elevations

19.375 4 >0 deg
40 deg
— 50 deq
—— 66 deqg P
__19.325 + — 80 deg
h
£ -
c 19.300 ~
§=
J]
[
=
= 19.275 A
il
=
19.250 ~
19.225 -
19.200 -

T T
74.0 74.2 74.4 74.6 74.8 75.0 75.2 75.4
right ascension [deqg]
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elevation [deg]

V. Installation and observations

Status of the pointing model

Observations of the Moon at different elevations

Raster Scans

— 30 deqg ]
75 17 —— 40 deg

— 50 deq _ -
70 4 —— 60 deg

— 66 deqg
65 4 —— 80 deg
60
55
50
45 -
40 -

|
35 - T T T T T T T T
100 125 150 175 200 225 230 275

azimuth [deg]
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elevation [deg]

715 4 — 50deg

71.0

76.5 1

76.0 4

7551

237

T T T T T
238 239 240 241 242
azimuth [deg]

T
243

Typical behavior of a raster scan
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V. Installation and observations

Status of the pointing model

Observation of the Moon at different elevation

Solutions:
—— 30deg diaphragm
600000 1 — 40 deg
—— 50 deg
500000 - 60 deg
— 66 deg
— 80 deg
__ 400000 -
N - ‘ ‘
‘b&\o“ © 300000 -
S 2 )
‘ We reduce the signal
200000 1 H because the Moon is a
bright source
100000 - I
!
0

I I | |
0 500 1000 1500 2000
timeline [a.1.]
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V. Conclusions and persepectives

Past, present and future of the observations

Multidisciplinary aspects of the Ph.D.:
- Science
- Instrumentation

Perspectives for the second half of the Ph.D.:
- Accomplishment of the commissioning phase
- Cluster observation

- Manuscript
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Cosmic Microwave Background

- Formed after the Big-Bang, during the baryogenesis.
- Represents a faithful footprint of the 300’000 years old universe.
- The most perfect Black-Body in the universe.

w a V B | B I'I g th [ITI ITI ] Planck Collaboration: The Planck mission
1 0.67 0.5
] 1 1 1
400 |- .
FIRAS data with 400G errorbars
— 2.725 K Blackbody
0 >
=. 300} - .
3
Z 200} - CECE S T e S R 7
m ~ : b o ¢ B ' .' Ay '."; y_' ,' 3.
— . '- A%
£ ook i
0 1 1 I % "-:. ;
0 5 10 15 20 500 s 500 12K i1
V [/em] [Planck Collaboration et al.: 2015]
[COBE-FIRAS science team]
AlcmB ~10-5
TCMB = 2725 i 0002 K TCMB
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CMBR anisotropies

adiabatic perturbation " /‘ direct perturbation

AT, 1A 1A v
cmB _ +8Pm L ¢+—~1O_5
Tcms 3pm 3c¢* ¢

T redshift

Planck Collaboration: The Planck mission

% : :'i}ﬁ;.«- ..:.:
: g s o
.2' ’ B
- W Y
i :
‘\"‘ W
o
=500 e— s 500 /,LKCMB

[Planck Collaboration et al.: 2015]
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Thermal Effect

[ ~10%°cm

or ~ 1072° cm?

n, ~ 107 3cm™3

ksT, _ 0.005 MeV

. m,c?2 ~ 0.511 MeV =

component AT [pK]
primary anisotropy 10

E modes 1

B modes 0.1

tSZE 100
kSZE 1

rSZE 1-10 (up to 100)

Alessandro Fasano
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Extra
SZ Effect
I Characterization of the SZ effect I

!

I Characterization of the cluster of galaxies I

!

H,

f barionic

Br
Fundamental Cosmology

RXJ1347.5 [HST NASA] Tems(2) = Tommo(l + )17

BT Planck = 0.009 £ 0.017
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Kinetic Inductance Detectors

v _ Nget * Qpeam
map NEP?2 APPROVED BY:

e

The main features that make KID competitive with the other microwave detectors
for astronomy (e.g. TES and bolometers) can be summarized in three points:

g
3
S
g
5
-
d
5
-
3
S
5
g

T T T T T T

5
-~
3
3
5
3
3
5
-
]

- fabrication : it consists in just two steps of deposition, a step forward the easiness and the pragmatic
approach to the large matrices production;

- multiplexability : KIDs are intrinsically multiplexable, with a factor 300-400, they do not require
complex readout electronics;

- recovery speed : it is defined by the recombination time of the Cooper-pairs,100 pus, gaining a factor 10
with respect to the competitors.
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Quality factors & Responsivity

Quality factors

Q — 27N = w Estored Qch

Q. compromise: resonance depth vs high Q
optimised for background
Q; depends on the number of quasi particles
Responsivity
2 - do  aQ Minimising V

Maximising a and Q
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Qutlines

Angular Resolution QUIJOTE
T T T T

~
o

Quijote telescope in Tenerife

Angular Resolution [arcmin]
e L R < B
(5] (=) w (=] [¥)] o wu

w
o

N
Ln

80 100 120 140 160 180 200 220
Frequency [GHZ]

Number of Pixels per Beam
T T T T

T
— N=316

Quijote telescope 3He-*He diluition FoV [diameter]
diameter cryostat temperature

150 +- 10 mK o
25 170 mK stable 1

#pixels/Beam

0.0 1 1 L 1 1 1
80 100 120 140 160 180 200 220

Frequency [GHz]
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C dD Schematic of KISS coupled to the
o ' e9on® Quijote telescope.

e Primary Mirror =2.5 m |
» Secondary Mirror = 1.85 m

e Surface accuracy < 150 um
 rms roughness pattern < 1.6 um
* Telescope aperture = 2-3°

radiztion cover

cradle assembly

clevation brake assembly r—— - ."v, clevation dave sssembly

fork sssembly

slip ring

elevation angle

azimuth hearing
pedestal assembly

cryostat
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R&D, | part

Matrix Name Material Optical condition Backshort

KISS PB 01 10/25 nm Back-Illuminated PIZZA

— fit
, 0414 4 data g I
. ...'-Im.ﬂ,,.mnl\|I|III.||i\|||| i
=
< . 0.2
. = oof
o
- 0 -0.2
=
c o
= -04
-0.8}
- |- —I I
715 0.4 iy rIlIlll.\ullmlm|||\|||||;|||\ J
s . . . ‘ : . ‘ T ;
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L Magritude. 250000 ] A vs pasition in meander
Ampietr
1.014e8
I:IHHI
200000
1S5S
- - ‘H’WWWWWHH\H\WW
- % ~ 28Y%
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ESTR0S €
5 100000
narson
Alap0 s
nwae 30000
219000
1508
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navaoy

Moangder Pesitan [um]
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KISS

VNA scan

N1 054 KISSvlbis 28nmAl Madrid MIRROR OK -10 dBm

-30 :

x X x resonance

T
a2 It i T W\
D 5
Re |
—40 - : N I 4
23
201 2P
— —50} | | E Bt I -
2 gag; oo ‘ G L b
= 10 3 T (7
3 197 elfl™ [t | A
< 155%@56 3 2D
_60_ [ I , ; _
200 205 281
: e 223 245 5
* N 239 b¥6

| | | I
500 600 700 800
Frequency [MHz]
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Amplitude scan

C+D-(v—vy)

S,1(V; Vo, Qior A,B,C,D) =A+B:-(v—vy) + v —7,)2
1+ 4'Qtot ) 0 V(Z)

1

@ Q¢ _ (1 _1/, Y
& Q; = tt/|Smi" Qc = /Qtot /Qi

\
we? 21

-34 -34

Vpes = 432.420456 Mhz (); = 99839 (). = 55155 _31 Vres = 432.246602 Mhz (); = 65279 (). = 51857

-35H — data [
36+ — ﬁt
B B e E ]
—38 L
39 ...
Ty}
41
_42, .

Vs = 427.780952 Mhz (); = 146332 (), = 80466

— data

38t

=36 =36

—38 L
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|Sa:| [dBm]
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A2 b A2 b

a4l 44l

-46
125p L ol o o o o
000k i e
=050}
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216 | : : ; ; i i
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04l
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Alessandro Fasano




EXTRA

Detectors performances

1 _1 .1
Qtot Qc Qi

Qtot Qc Vo ‘

0.4
| — fit — fit
. } ¥ data ++ data
0.2+ /
0.0+
z
o
-0.2
-0.4
_4-&0]'?_3 477.9 d?JS.U d?JB_I d?IS_E 4?I3_3 4?Lﬁ_d d?é_ﬁ- 478.6 =0.6 - - - -
Frequency [MHz] 0.0 0.2 04 0.6 08 1.0 12
IVl
.
I =Acos(p) A=yP+¢
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Detectors performances

2 noise - open dome
10 ! ! —— ‘

reférence = SKY

o | e 1a=0.82 mK/VHz , ug=0.62 mK/vV Hz
T T T T T

pwv = 2.0 mm " ‘ | [ — 100

TOL| e s : : : :
L . : : : : : : B KA

[Hz \’E]
.i
[}
X
1
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o

Lo » -:-?=' : ' . '.‘. -;:“ DAY 20N ‘ '
1000 d_d%' ] : : : : : :
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detector index

| S=Av/R |
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200 b e
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Detectors performances

Absorption spectrum of the matrix

1.0 A
e %] Notch filter for H,O line —
c
g
£
2
Predicted Atmospheric Transmission
O, H,0
100 150 200 250 300 350 400 [Monfardini, A. et al: 2016]

Frequency [GHz]
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Instrumentation

KIDs reach the intrinsic limitation of sensitivity = Superconducting LC circuit with high Quality factor Closed KISS cryostat:
Capacitor Pulse-Tube/3He-*He dilution.

Inductor

Single KISS array of 316 pixels based on
Ti-Al bilayers (T, = 0.95 K) .

Martin Puplett Interferometer: fast integration for wide band
5 Hz oscillating mirror on 10 cm total OPD
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State of art and necessities

Quijote telescope in Tenerife

GOAL

Low resolution spectroscopy observations of known low
redshift galaxies at mm wavelenghts to map cluster
physical properties from spectral distortions.

STRATEGY

Compensate relative expected low sensitivity with
Integration of KISS respect to Planck or photometric ground-based
instrument by integrating longer (tens of hours per
cluster).

Use spectroscopy to fully separate different
components and extract physical information from
spectral distortions: pressure, temperature, density,
mass, LOS velocity

Alessandro Fasano
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MPI advantages

Multiplex (Felgett) advantage Throughput (Jaquinot) advantage
M = (Viax — Vimin)/OV throughput = AQ

% The throughput represents the conservation of energy.

T M In the case of dispersion spectrometers the necessity of slits in
< S/N - =S5)év NEP entrance and at the end, limits the diameter of the collimated

disp JT beam: i.e., the area of the focal plane (A) is limited and it results
S _ . .

\ /NFTS = S(v)dv /NEP in a smaller signal.

(S/NFTS)/ (S/Ndisp) =M

OLIMPO
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MPI output

| output Il output

Raw Interferogramm Raw Interferogramm

3000 FT

———————————————————————————————————————————————————— - (S1+82) + (51— S2)

2000 2 2000

1000

(51— 55)
| 2

1000

(5, +52) o
2

-1000
-1000 |-

-2000
(Sy 4 S5) = (Sy — Sp) |77
-10 5 0 5 2 ~3000 Za -2 0 2 4 6
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Tuning and modulation

Real data

Ic,Qc : from circular fit

i x1,y1 : from modulation |
i x2,y2 : from modulation |

(IC —xl)
r; = arctan | ——
Qc — V1

Signal [Hz)

Pe le —x; '
ack oo d oo | r, =arctan| ——— | | | |
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o okt v b
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Amplitude criteria for modulation

- : ' fixed background E
as close as possible to expected signal b T

I
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Single pixel simulation

%e}@ﬂ
C : :
1+ 2)Qu0 (52) 03 - -
0

o . 3
ET = i
R - i ; .
i Q, = 157000 with 50 K of background | Ash
Q. =26°000 |
| Vo = 500 MHz :
R = 1.5 kHz/K i 20 i L
""""""""""""""""""""""""""" ! 499.0 499.5 500.0 500.5 501.0

frequency [MHz]

{I:Acos((p) A=V +Q*

Q=A4 sin(go) Q= arctan?2 (%)
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Second source for KISS

. Defocused FoV I1. Mirror looking inside cryostat [11. Pulse-Tube (=15 K)
(~30_50 K) (~100 K) Best for extended sources
Best for point sources Best for extended sources It guarantees stable temperature

Sl IVIVA"-~|
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Noise

J'NTEPQ — j\‘TEP%Dhnson T+ JNTEP phonon T i\TEszT’

_4ksRT o ( 2A ) (Ngp)

R Topt Tlpb Tap

NEP,, o ¢~ Bo/ksT

2 1 P2 2
NEPY . == [ phudy+ —
photon — " /&v war + A, 10,2

dv

P, = etnAQBB(v, T)
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Solar System

THERMODYNAMIC TEMPERATURE [K]

Planet Freq. [GHz] Survey 1 Survey 2 Survey 3 Survey 4 Survey 5 Mean
Mars 100 198.4+0.7  186.7+0.7 o o 197.7+07 1943 + 0.5 (stat.) + 0.8 (syst.)
Mars 143 203.3+0.6  188.9+0.5 203.0 + 0.5 198.4 + 0.4 + 1.1
Mars 217 207.3+03 192103 o . 2062+ 0.3 2019402+ 1.3
Mars 353 215105 200.1+05 o . 2145+ 05 2099+ 0.4+ 1.6
Mars 545 2150+ 1.7 199.1+ 1.5 2135+ 1.5 2092+ 1.1 +4.0
Letter E from 20/20 (eighth) row of Mars 857 2181+ 1.7 2026+ 1.9 2199+ 1.8 2135+ 13+6.6
Snellen chart, at 20 feet: 5' tall and wide Jupiter 100 172.8 £ 0.4 172.1 £ 04 173.1 £ 0.4 171.0 £ 0.4 e 1723 £ 0.4 £0.7
_ | Jupiter 143 1740+0.2  1725+03  1744+02 172302 174702 173.6 + 0.2 0.9
O Human 20/20 visual acuity: Jupiter 217 1754 £0.1 174701 174601 175201  173.8%0.1 1747 0.1+ 1.1
about 1' or 60" Jupiter 353 166.1+04  166.0+04  1665+04  1659+04  167.1+04 166.3 £ 0.4 + 1.3
: , Jupiter 545 1370 £0.9  1382+09  1365+09  1351+10 1357+ 1.0 136.5+ 0.9 + 2.6
i Intemational Space Station: Jupiter 857 1567+1.2  1638+13  160.1+13  1583+14 1623+ 14 160.3 + 1.3 +4.9
) "
zggx' ?\técs)ucgr;l ocl)'i:eg?ation) Saturn 100 1452+03  1483+03 143503 1459203 . 1457 0.3 £0.6
pe Saturn 143 146.4+0.2  1486+02  1454+02  147.7+02 . 147.0+0.2+0.8
0 Ve 97" 66.0" Saturn 217 1438+ 0.1  1454+0.1  1443+0.1  146.0£0.1 144.9 + 0.1 0.9
: - , Saturn 353 139.9+0.3  1404+03  1424+03  143.1£03 . 141.5+0.3 = 1.1
e "_ " Saturn 545 100.1+0.6  999+07  105.0+07 1043 %07 . 102.4 + 0.6 2.0
JUPHER: 29'8" 50'1" Saturn 857 1121409  111.0£08 1200+ 1.1 1187+ 1.0 . 1155+ 1.0 +3.6
° Mars: 3.5"-25.1 Uranus 100 121.1+0.8  1181+08  1209+08  121.6+08 1206+ 1.0 120.5 + 0.4 0.5
o Satum: 14.5"-20.1" Uranus 143 1076 £0.2 109102  1085+02  1086+02 108402 108.4 + 0.1 + 0.6
Uranus 217 98.3 + 0.1 98.5+ 0.1 98.6 + 0.1 98.7 + 0.1 98.5+ 0.1 98.5+0.1+0.6
° Mercury: 4.5"-13.0" Uranus 353 865+02  863+02  8.1+02  859+02  862=02 86.2 + 0.1 +0.7
; rL Uranus 545 740+0.5  73.5+0.5 732+04  735+05 75106 73902+ 1.4
+ Uranus:  3.3"-4.1 Uranus 857 66.0£0.5  662+0.5 66.3+05  662%05 . 66.2 0.2 +2.0
- Neptune: 22"-24" Neptune 100 1182+22  117.6+1.9  1173+19 1166+ 1.9 1174+ 1.0 £0.5
, Neptune 143 1058+0.5 1063+04  107.0£05 1065+ 0.4 . 106.4 +0.2 +0.6
_ Neptune 217 97.1+03  977+02  97.8+03  97.0%02 97.4+0.1+0.6
Sun min 316 Moo min2043  News 3 maaer @il mrae meied o 0201206
. { - 1 eptune D 4+ U e U R =X WAV e e iV IV i X
Sun: max. 32.7 Moon: max. 33.5 Neptune 857 652+0.5  655+0.5 653+04  651%0.5 . 653 +0.2+2.0

[Planck intermediate results. LII.
Planet flux densities, 2016]

Alessandro Fasano




EXTRA
Cosmology with the SZ Effect

Hubble Constant Baryon Fraction Br
AT Q _
Dy ox — = fr == Temp = Tempo(1+2)'17PT
Sy Qo
[
D(z Ho Qi) = 5 fgassze % Da

fgas~80% fb

Study the cluster of galaxy properties
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On the fly / real time data

Photometry & Interferometry and more details...
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CMBR foregrounds

I j I '
::\30 44 70 100 143 217 353 545 857

a\
,\'\'\\‘5\ o
\¥

107

"-—..-”

10’

10"

Rms brightness temperature (UK )

10"

10 30 100 300 2 - 2
Fre qu enc y ( GH 7 ) Fre quency

Predicted Atmospheric Transmission
O, H,0
[Monfardini, A. et al: 2016]
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Quality factors & Responsivity

Quality factors

E 0,0 Q. compromise: resonance depth vs high Q
Q = 2nN = w, ;;wed = il— - optimised for background
ost Qi T Qe Qi depends on the number of quasi particles
Responsivity
? — do o aQ Minimising V
CdNg,  V Maximising « and Q

— Lkin
a= /Ltot
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400 Hz noise

Normal alimentation

300
— KA020 — K020
—— KBOOS —— KBOOB
— KkBo18 — KBO18
— KBO33 — KkBO33
250 250
200 1 200
N N
Eﬁ ]%
¥ 1501 ¥ 150
o o
2 <
100 100
50 50
0
0 B8O 160 240 320 400 480 560 640 720 800 BBO 960 1040 112012001280 1360 1440 1520 1600 1680 1760 1840 1920 0 80 160 240 320 400 480 560 640 720 800 880 960 1040 112012001280 1360 1440 1520 1600 1680 1760 1840 1920
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EXTRA
Focus engine

Engine to control
KISS’ focus

Controlled by RaspberryPi.
Double connection:

- Tcp server
- Touchscreen interface
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EXTRA
Status and perspectives
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FACTS %—;—_{_:“: =
- KISS installation lasted from November 2018 to January 2019. e ——=
- KISS started observations on February 2019. SET=E ==
==
1) Noise: the 400 Hz noise is still there and it is not still clear where it comes ] ’_‘:'-E::i.f
from. Further analysis are required. It is possible that the problem is inside e T

the cryostat: something could be unplugged during the transportation.
2) Pointing Model: Pointing correction are of the order of degree especially at
higher altituted. Nowadays we are able to observe with more accuracy but

still we have to implement the model with the rights parameters. X20190313 2236 50165, Moon, SCIENCEMAP
3) Calibration sources: We are acquiring maps of the Moon to set a pointing T —a
model accurate enough to allow point source observations. Jupiter and L= ——
Venus are still under observation. The problem with the Moon is that its flux @ = i
saturates the pixel. We are studying a solution to reduce the flux. 1 = =y
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EXTRA
Status of the pointing model

QUIJOTEL model parameters
1) vertical flexure Pf

2) tilt on azimuth axis Px, Py

3) non-perpendicularities Pc, Pn
4) encoders errors Pa, Pb

Required data:
[JDate, Azimuth, Elevation, Right Ascension, Declination, signal]
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Vertical flexure

Roll axis misalignments
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EXTRA

Status of the pointing model

MODEL FOR QUIJOTE?2
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Testing signal level reduction for Moon observation
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