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An overview of KISS

A spectrum-imager dedicated to the study of  the secondary 

anisotropies of the CMB
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[Kitayama, T. et al.: 2016]
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I. Science context and requirements

Sunyaev Zel’dovic Effect
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𝜐 > 𝜐0

Δ𝑇𝑆𝑍𝐸
𝑇𝐶𝑀𝐵

≈
Δ𝜐

𝜐
∙ 𝜏 ≈ 10−4

[Wright, E., L.: 2007]

[Abell 2319, Planck results: 2010]
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I. Science context and requirements

SZE - state of art

Alessandro Fasano

Experiment # frequencies angular resolution @ 150 GHz # pixels

Planck 6 5 arcmin 52

NIKA2 2 20 arcsec 5’000

KISS 100 4 arcmin 632

KISS (100 frequencies)
70 GHz 300 GHz

Observing several frequencies 

to separate the SZ components 
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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

Alessandro Fasano

Possible target

COMA cluster
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II. Observation strategy and instrument design 

From scientific requirements to instrumental characteristics

Alessandro Fasano

1) Low angular Resolution

(low redshift clusters)

2) Large FOV and band 100-300GHz

(~1  Degree)

3) Low Spectral resolution

(~1.5-10GHz at least 20 bins to separate properly 

different contributions)

4) Maximum Sensitivity

(photon noise detectors)

1) Telescope : 2.5m - Quijote

(~ few degrees corrected FP angular resolution 

from about 2 to 5 arcmin)

2) FTS Technique - Fast MPI

(10 cm excursion , fast acquisition, avoid 1/f noise 

from the atmosphere.)

3) 2 Arrays of 300 pixels
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II. Observation strategy and instrument design

Fourier Transformation Spectrometry

Alessandro Fasano

A

A B

B

A

A

A+B

A-B

Necessity to be fast:

4 Hz moving mirror -> atmosphere

fluctuations

4 kHz acquisition rate -> 100 points 

spectrum

MPI definition:

a Martin-Puplett

Interferometer

measures the 

difference between the 

powers of the two

input beams.
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II. Observation strategy and instrument design

Fast Detectors: Kinetic Inductance Detectors

Alessandro Fasano

High-Q LC series circuit, 

feedline coupled,

working at superconducting regime

2∆= 3.5𝑘𝐵𝑇𝑐

Binding Energy

A KID measures the variation of the 

population of the quasi-particles in 

a superconducting resonator

Very low temperatures required 

order of  100 mK

𝜈0 =
1

2𝜋 𝐿𝐶
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The realization of an array with a zoom over a pixel

Multiplexed array

300 pixels

II. Observation strategy and instrument design

Fast Detectors: Kinetic Inductance Detectors
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II. Observation strategy and instrument design

Fast Detectors: Kinetic Inductance Detectors

Alessandro Fasano

Technological constraints:

- calibration source for the MPI

- double MPI engine to delete the vibrations

- stable temperature cryostat for the focal plane
The cryostat

Calibration source

Double engine for

MPItelescope

elevation angle

cryostat
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III.  Laboratory tests and characterization
First year of thesis

October 2017 – October 2018
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III.  Laboratory tests and characterization

Fast Detectors: Kinetic Inductance Detectors

Alessandro Fasano

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

Inner part of the cryostat
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III. Laboratory tests and characterization

Geometrical characterization

Alessandro Fasano

Sky simulator

Planet simulator

30-50 K

Example of map making with 

Sky-Simulator for KISS
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Geometrical characterization of the array

FWHM [mm] ellipticity amplitude [a.u.]

III. Laboratory tests and characterization

Geometry of the array

Alessandro Fasano

Geometric distribution constrained

with the sky-simulator
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IV.  Installation and observations
Second year of thesis

November 2018 – NOW
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IV. Installation and observations

Chronological path

Alessandro Fasano

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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IV. Installation and observations

A long way to Tenerife

Alessandro Fasano

INSTALLATION

TEAM
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IV. Installation and observations

Moon observations

Alessandro Fasano

13/60 whole days of observation (and almost everyday to solve the issues)
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IV. Installation and observations

Observations of the Moon

Alessandro Fasano

Each pixel Whole array
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IV. Installation and observations

Facts about the observation

Alessandro Fasano

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.

FACTS

Commisioning phase in progress 

and we are handling two major issues
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IV. Installation and observations

Status of the pointing model

Alessandro Fasano

Telescope : telescope position

Sky : mean values for all pixels

Sky Q1 : position on central pixel

BEFORE NOW

We still need better constraints
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IV. Installation and observations

Status of the pointing model

Alessandro Fasano

Observation of the Moon at different elevations
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IV. Installation and observations

Status of the pointing model

Alessandro Fasano

Observations of the Moon at different elevations

Raster Scans

Typical behavior of a raster scan
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IV. Installation and observations

Status of the pointing model

Alessandro Fasano

Observation of the Moon at different elevation

Solutions:

diaphragm 

We reduce the signal 

because the Moon is a 

bright source
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V. Conclusions and persepectives

Past, present and future of the observations

Alessandro Fasano

Multidisciplinary aspects of the Ph.D.:

- Science

- Instrumentation

- Astronomical observations

- Data analysis 

Perspectives for the second half of the Ph.D.:

- Accomplishment of the commissioning phase

- Cluster observation

- Manuscript
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EXTRA
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EXTRA

Timeline
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Duality Ph.D./experiment

I.    [past] 

R&D, characterization and validation

II. [present] 

Installation and observations

III. [future] 

Data analysis and implementation on

Concerto experiment
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EXTRA

Cosmic Microwave Background

Alessandro Fasano

[Planck Collaboration et al.: 2015]

Δ𝑇𝐶𝑀𝐵
𝑇𝐶𝑀𝐵

~10−5
[COBE-FIRAS science team]

𝑇𝐶𝑀𝐵 = 2.725 ± 0.002 𝐾

- 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.
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Extra

CMBR anisotropies
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Δ𝑇𝐶𝑀𝐵
𝑇𝐶𝑀𝐵

=
1

3

Δ𝜌𝑚
𝜌𝑚

+
1

3

Δ𝜙

𝑐2
+
𝑣

𝑐
~10−5

[Planck Collaboration et al.: 2015]

direct perturbation

redshift

adiabatic perturbation
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SZ
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𝜏 = 𝜎𝑇 ∙ 𝑛𝑒 ∙ 𝑙 ≈ 10−2

Δ𝜐

𝜐
=
𝑘𝐵𝑇𝑒
𝑚𝑒𝑐

2 ≅
0.005 𝑀𝑒𝑉

0.511 𝑀𝑒𝑉
≈ 10−2

𝑙 ≈ 1025𝑐𝑚

𝑛𝑒 ≈ 10−3𝑐𝑚−3
𝜎𝑇 ≈ 10−25 𝑐𝑚2

Thermal Effect

Δ𝑇𝑆𝑍𝐸
𝑇𝐶𝑀𝐵

≈
Δ𝜐

𝜐
∙ 𝜏 ≈ 10−4
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Characterization of the SZ effect

Characterization of the cluster of galaxies

𝑯𝟎

𝒇𝒃𝒂𝒓𝒊𝒐𝒏𝒊𝒄
𝜷𝑻

Fundamental Cosmology

RXJ1347.5 [HST NASA]

Extra

SZ Effect
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Kinetic Inductance Detectors

Alessandro Fasano

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:

- 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 μs, gaining a factor 10

with respect to the competitors.

𝑣𝑚𝑎𝑝 =
𝑁𝑑𝑒𝑡 ∙ Ω𝑏𝑒𝑎𝑚

𝑁𝐸𝑃2

why

KIDs?

APPROVED BY:
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Quality factors & Responsivity

Alessandro Fasano

𝑄 = 2𝜋𝑁 = 𝜔0

𝐸𝑠𝑡𝑜𝑟𝑒𝑑
𝑊𝑙𝑜𝑠𝑡

=
𝑄𝑖𝑄𝑐
𝑄𝑖 + 𝑄𝑐

ℛ =
𝑑𝜑

𝑑𝑁𝑞𝑝
∝
𝛼𝑄

𝑉

𝛼 ≡ ൗ
𝐿𝑘𝑖𝑛

𝐿𝑡𝑜𝑡

Minimising V

Maximising 𝛼 and 𝑄

Responsivity

Quality factors

Qc compromise: resonance depth vs high Q

optimised for background

Qi depends on the number of quasi particles
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Outlines

Alessandro Fasano

Quijote telescope in Tenerife

Quijote telescope

diameter

3He-4He diluition

cryostat temperature

FoV [diameter]

2.5 m
150 +- 10 mK

170 mK stable
1°
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Alessandro Fasano

Schematic of KISS coupled to the

Quijote telescope.

telescope

elevation angle

cryostat

Crossed Dragone

• Primary Mirror = 2.5 m

• Secondary Mirror = 1.85 m

• Surface accuracy < 150 μm

• rms roughness pattern < 1.6 μm

• Telescope aperture = 2-3°
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R&D, I part
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≈ 𝟐𝟖%



KISS

VNA scan
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Amplitude scan
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𝑸𝒊 = ൘
𝑸𝒕𝒐𝒕

𝑺𝟐𝟏
𝒎𝒊𝒏 𝑸𝒄 = ൗ𝟏 𝑸𝒕𝒐𝒕

− ൗ𝟏 𝑸𝒊

−𝟏

𝑺𝟐𝟏(𝝂; 𝝂𝟎, 𝑸𝒕𝒐𝒕, 𝑨, 𝑩, 𝑪,𝑫) = 𝑨 + 𝑩 ∙ 𝝂 − 𝝂𝟎 +
𝑪 +𝑫 ∙ 𝝂 − 𝝂𝟎

𝟏 + 𝟒𝑸𝒕𝒐𝒕
𝟐 ∙ ൘

𝝂 − 𝝂𝟎
𝟐

𝝂𝟎
𝟐
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Detectors performances

Alessandro Fasano

𝑸𝒕𝒐𝒕𝑸𝒄 𝝂𝟎
𝟏

𝑸𝒕𝒐𝒕
=

𝟏

𝑸𝒄
+
𝟏

𝑸𝒊𝑺𝟐𝟏 = 𝒂𝒆−𝟐𝝅𝒋𝝊𝝉 𝟏 −

𝑸𝒕𝒐𝒕
𝑸𝒄

𝒆𝒋𝝓𝟎

𝟏 + 𝟐𝒋𝑸𝒕𝒐𝒕
𝝊 −𝝊𝟎
𝝊𝟎

𝑺𝟐𝟏 = 𝑰 + 𝒋𝑸 = 𝑨𝒆𝒋𝝋ቊ
𝑰 = 𝑨 𝒄𝒐𝒔(𝝋)
𝑸 = 𝑨 𝒔𝒊𝒏(𝝋)

𝑨 = 𝑰𝟐 + 𝑸𝟐

𝝋 = 𝒂𝒓𝒄𝒕𝒂𝒏𝟐
𝑸

𝑰
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Detectors performances

Alessandro Fasano

𝑆 = ∆𝜈/ℜ
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Detectors performances

Alessandro Fasano

Absorption spectrum of the matrix

Notch filter for H2O line

Predicted Atmospheric Transmission

O2 , H2O

[Monfardini, A. et al: 2016]
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Instrumentation

Alessandro Fasano
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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.

Quijote telescope in Tenerife

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

Alessandro Fasano

Integration of KISS
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MPI advantages
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𝑀 ≐ (ν𝑚𝑎𝑥 − ν𝑚𝑖𝑛)/𝛿ν

Multiplex (Felgett) advantage Throughput (Jaquinot) advantage

𝑡ℎ𝑟𝑜𝑢𝑔ℎ𝑝𝑢𝑡 ≐ 𝐴Ω

The throughput represents the conservation of energy. 
In the case of dispersion spectrometers the necessity of slits in 
entrance and at the end, limits the diameter of the collimated 

beam: i.e., the area of the focal plane (A) is limited and it results 
in a smaller signal.

ൗ𝑆 𝑁𝑑𝑖𝑠𝑝
= 𝑆 ν 𝛿ν

൙ൗ𝑇 𝑀
𝑁𝐸𝑃

ൗ𝑆 𝑁𝐹𝑇𝑆
= 𝑆 ν 𝛿ν ൗ𝑇

𝑁𝐸𝑃

ൗ𝑆 𝑁𝐹𝑇𝑆 / ൗ𝑆 𝑁𝑑𝑖𝑠𝑝 = 𝑀

OLIMPO
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MPI output

Alessandro Fasano

I output II output

𝑆1 + 𝑆2 + 𝑆1 − 𝑆2
2

𝑆1 + 𝑆2
2

𝑆1 − 𝑆2
2

𝑆1 − 𝑆2
2

𝑆1 + 𝑆2 − 𝑆1 − 𝑆2
2
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Tuning and modulation
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Real data
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Amplitude criteria for modulation
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as close as possible to expected signal
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Single pixel simulation
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Second source for KISS

Alessandro Fasano

I. Defocused FoV

(~30-50 K)
Best for point sources

II. Mirror looking inside cryostat

(~100 K)
Best for extended sources

III. Pulse-Tube (~15 K) 
Best for extended sources 

It guarantees stable temperature
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Noise
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EXTRA

Solar System

               
               

                
                

                 

                    

                

                   

                   

                 

                  

                          
               

                            
                    
                        

                                   
                                           

[Planck intermediate results. LII.

Planet flux densities, 2016]
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Cosmology with the SZ Effect
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Hubble Constant

𝐷𝐴 ∝
Δ𝑇𝑡𝑆𝑍𝐸
𝑆𝑋

𝐷𝐴(𝑧, 𝐻0, Ω𝑘) =
𝑙

𝜃

Baryon Fraction

𝑓𝑏 =
Ω𝑏
Ω𝑚

𝑓𝑔𝑎𝑠,𝑆𝑍𝐸 ∝ 𝐷𝐴

𝑓𝑔𝑎𝑠~80% 𝑓𝑏

βT

𝑇𝐶𝑀𝐵 = 𝑇𝐶𝑀𝐵,0 1 + 𝑧 1−𝛽𝑇

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

Alessandro Fasano

Photometry & Interferometry and more details…

I Q

vMPI mask I vs Q

phase vs time

spectrum validation
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CMBR foregrounds
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Predicted Atmospheric Transmission

O2 , H2O

[Monfardini, A. et al: 2016]
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Quality factors & Responsivity
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𝑄 = 2𝜋𝑁 = 𝜔0

𝐸𝑠𝑡𝑜𝑟𝑒𝑑
𝑊𝑙𝑜𝑠𝑡

=
𝑄𝑖𝑄𝑐
𝑄𝑖 + 𝑄𝑐

ℛ =
𝑑𝜑

𝑑𝑁𝑞𝑝
∝
𝛼𝑄

𝑉

𝛼 ≡ ൗ
𝐿𝑘𝑖𝑛

𝐿𝑡𝑜𝑡

Minimising V

Maximising 𝛼 and 𝑄

Responsivity

Quality factors

Qc compromise: resonance depth vs high Q

optimised for background

Qi depends on the number of quasi particles



Normal alimentation
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400 Hz noise

Alessandro Fasano



EXTRA

Focus engine

Alessandro Fasano

Engine to control

KISS’ focus

Controlled by RaspberryPi.

Double connection:

- Tcp server

- Touchscreen interface
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Status and perspectives

Alessandro Fasano

1) Noise: the 400 Hz noise is still there and it is not still clear where it comes 

from. Further analysis are required. It is possible that the problem is inside 

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.

3) Calibration sources: We are acquiring maps of the Moon to set a pointing 

model accurate enough to allow point source observations. Jupiter and 

Venus are still under observation. The problem with the Moon is that its flux 

saturates the pixel. We are studying a solution to reduce the flux.

FACTS

- KISS installation lasted from November 2018 to January 2019.

- KISS started observations on February 2019. 
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Status of the pointing model

Alessandro Fasano

QUIJOTE1 model parameters

1) vertical flexure Pf

2) tilt on azimuth axis Px, Py

3) non-perpendicularities  Pc, Pn

4) encoders errors Pa, Pb

Tramonte, D.

Required data:
[JDate,  Azimuth, Elevation, Right Ascension, Declination, signal]
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Status of the pointing model
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MODEL FOR QUIJOTE2

BEFORE AFTER
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Testing signal level reduction for Moon observation

Alessandro Fasano


