
07/09/2017 CMB 2017, Firenze 1

MONFARDINI AlessandroMONFARDINI Alessandro

KID for CMBKID for CMB



07/09/2017 CMB 2017, Firenze 2

Large dynamics (linear!):Large dynamics (linear!):

f f  LLKK  PP

DARK:
- T << Tc  1 K
- deep & sharp resonance
- frequency  ff00

LIGHT:
- shallow & broad resonance
- frequency  ff0 0 -- ff

frequencyfrequencyff00

f

APL 96, Issue 26, 263511 (2010) APL 96, Issue 26, 263511 (2010) 

Kinetic Inductance Detector 
working principle

f  0.03 Hz / Cooper Pair

Noise  1 Hz / Hz0.5

S21 Q0 = 104  106

QFINAL < Q0
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KID spectral response: expected
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 e.g. Tbase< 0.2K @ 100GHz



07/09/2017 CMB 2017, Firenze 4

KID spectral response: Aluminium
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Lower frequencies: not a problem

NEW MATERIALS (gap engineering)

- Build our preferred gap to have 
access to lower frequencies

- Maximize the Kinetic Inductance

 Exploring/synthesizing new 
superconducting materials
(elements, alloys, multilayers)

Al
Tc= 1.4K

Ti-Al
Tc= 0.9K

Frequency (GHz)
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Dusty (balloonable) frequencies: 
not a problem either

Results from the « planB » balloon 
proposed to CNES in 2016 (rejected).
Supposed to cover the band 450-650 GHz

- 99.3% pixels identified !!
- background-limited sensitivity
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IN (1)IN (1) OUT (2)OUT (2)ff00 ff11 …… ffNN--22 ffNN--11

 Natural fNatural f--domain multiplexingdomain multiplexing
 High MUX factor High MUX factor ((hundredshundreds--thousandsthousands))

CC00 CC11 CCNN--22 CCNN--11

S21

ff00 ff11 ffNN--22 ffNN--11 Frequency
(e.g. 1 GHz)

 1-2 MHz

FWHM ~ 1-100 kHz

Multiplexing KID

11

22



07/09/2017 CMB 2017, Firenze 8

KID arrays: complex systems

NOT A NUMBER OF ISOLATED NOT A NUMBER OF ISOLATED 
SINGLE RESONATORS BUT A SINGLE RESONATORS BUT A 

BIG  NBIG  N--MODES SYSTEMMODES SYSTEM
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FPGA readout electronics 

. . .

f 1 f 2  f 3 f 4                 f N
1 coax in

1 coax out

From DACFrom DAC
To ADCTo ADC

. . .

f 1 f 2  f 3 f 4                 f N
400 channels/board
.. simultaneous 1KHz
..no dead readout time 

Journal of Instrumentation 7, Issue 07, 7014 (2012)
Journal of Instrumentation 8, Issue 12, C12006 (2013)
Journal of Instrumentation, submitted, arXiv:1602.01288

Single IN/OUT line for 
hundreds pixels 
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Higher-MUX fastest electronics 

Credit: J. Baselmans

« SPACEKIDS » electronics
 2 GHz band
 1000 channels MUX demonstrated

UK
NL
France
Spain
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Why KID for CMB here ?

1) They have demonstrated the performance (sensitivity, stability, 
calibration, spectral range etc.) for both ground-based (see next) and 
possible (not foreseen for now) space CMB applications (see next)

2) Several thousands pixels cameras have been demonstrated

3) They are fast (<< 1 ms) and immune from thermal time constants 
 fast spinning (polarisation modulation at > 10 Hz) half-plates are possible

4) The technology is mature in Europe

5) The cost of a KID camera is compatible with standard (despite very
competitive) EU calls
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KID instruments (mostly focusing on EU)

Operating, science grade:

- NIKA/NIKA2 100-300 GHz, 3,000 pixels
- ARCHONS/DARKNESS  VIS/NIR, 10,000 kpixels  -- USA –

In commissioning (Summer 2017):

- AMKID  360GHz, 3 kpixels (+ 20kpix planned at 850GHz)
- Others that I don’t know ? Surely BLAST-TNG in the USA

In preparation (for 2018-19):

- OLIMPO  150 – 480 GHz
- KISS  80 – 250 GHz, 600 spectro-imaging pixels with R  100
- DESHIMA (on-chip spectrometer)  hundreds spectral pixels
- GroundBird  
- And surely many others …
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NIKA: the pathfinder 
for KID technology (2010 - 2015 )

3030--m IRAMm IRAM
TelescopeTelescope

Néel IRAM KID ArraysNéel IRAM KID Arrays

NIKANIKA

TTbase base = 90mK= 90mK

120 120 -- 300 GHz300 GHz
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NIKA: the pathfinder 
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Next step …  NIKA2

 10 times bigger (and efficient) than NIKA 
 3,000 pixels, three arrays
 Imaging + Polarisation (120 - 300 GHz)

The NIKA2 teamNIKA2 team includes  100 collaborators, mostly astronomers  

07/2013 09/ 2015

Cryostat 1.3 tons, fully remote control,  m3 at 100mK

2.5 m



07/09/2017 CMB 2017, Firenze 16

NIKA2 first science results (2017)

150 GHz 260 GHz
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NIKA and NIKA2: the polarisation
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NIKA and NIKA2: the polarisation

Flat noise spectrum thanks to the fast rotating half-plate 
(polarisation modulated at 12 Hz)

A. Ritacco et al., Astronomy & Astrophysics 599, A34, 17 (2017)
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Other cameras using KID 

AMKID (Bonn, SRON) Darkness (UC Santa Barbara)
350 - 850 GHz 800 – 1400 nm

10k pixels operating at VIS-NIR !!
Hunting exo-planets

Equivalent of NIKA2 but operating 
at higher frequencies (sub-mm)

- under commissioning -

Mt. Palomar Binary star
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Non-astronomical applications

mm-wave (850m) VIS                    IR (12m)

Taken from: S. Rowe et al., Rev. of Scient. Instrum. 87, Issue 3, 033105 (2016)

Wallet

Gun

Coins

KIDCAM
Project
(Cardiff

AIG & QMC)
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KISS at Tenerife (2018) 

SZ clusters observations See movie of the interferometer
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KID to space ?

Would work ideally and in my opinion 
for e.g. LiteBird 

but out-of-subject today 
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Summary

The KID seem to me a natural candidate in Europe. Many labs 
active in the field now in France, NL, UK, Italy, Spain, Germany
and surely other countries has started or are starting. There is
already a fully european KID camera targeting SZ
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Thanks !

See the Néel Astrophysics Instrumentation group (NAI) at: 

http://neel.cnrs.fr/spip.php?rubrique158

Just a bunch of us at the telescope …. 


