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Why are new detectors necessary?
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T The study of CMB radiation and its
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The greatest challenge right now is the
measurement of the CMB polarization, and
in particular of the B modes.
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e e m The expected signal is very small (=0.1uK )

Multipele

Detectors have already reached the point where measurements
of CMB radiation are dominated by the intrinsic fluctuations of

the CMB emission itself (BLIP)

The only way to increase the S/ N ratio is therefore to increase
the number of pixels: S/ N O ./n,,
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Present status for ultrasensitive detectors

For satellite and balloon borne missions, large and multiplexed arrays are essential.
Scaling up the pixel count with current detectors is extremely complex

Transition Edge Sensors:

TDM: many SQUIDs, high cost } + high temperature
FDM: many high Q filters stability needed!

Superconducting Tunneling Junctions:

s
q.r.n One FET amplifier per sensor
I Hard to get uniform properties
fl_m__.n_nm::l? E
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A possible solution:

Main characteristics:

+ order of 103-104 pixels read with a single coax

¢ Extremely simple cold electronics: one single LNA can be used for
103-104 pixels. The rest of the readout is warm.

¢ Ease of fabrication: one single layer of material is needed.

¢ Very flexible: different materials and geometries can be chosen to
tune detectors to specific needs.

¢ Very resistant: materials are all suitable for satellite and space
missions.
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KIDs working principle:

In a superconductor below T, electrons can bind to form CPs with
binding energy E=24=3.5*k,T. .

The CPs have zero DC resistance, but the
reactance is non-zero and has two distinct
contribution ====p-kinetic and magnetic L.

The total conductivity of the material can be
estimated using the two-fluid model

The values of o and o, depend on the densities of
QPs and CPs. By measuring them, we can get
information on n, .
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A better theory...

A better estimate of o, and ¢, is obtained using the Mattis
Bardeen integrals:

7z _ 1 fﬁ 1 [L= 27 (4 7] (€ + A2 + hue)
L
A—fiw VAZ — €2 \/{E + hw)? — A2

a,, hw

o i[‘df[f{f]~f(f + hw)| (€2 + A? + hwe)
o,  hw Ja Ve2 = A2\ /(e + hw)? = A2

Variaticn of R, and X with lemperature
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D. C. Mattis and J. Bardeen, in Phys Rev 111 (1958)
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How can we measure the small variations of L,

The superconductor can be inserted in a resonating circuit with extremely

high Q, since:
QO X /R

The resonator is extremely simple to do, and consists of a shorted length of

superconducting line capacitevely coupled to the feedline ==—» A/4 resonator
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Multiplexing

KIDs are intrinsically multiplexable:
 Unitary transmission off resonance

* Q values very large (~106)

Each resonator acts at the same time as detector and filter

RF carrier (f1 + f2 + ...)+ fn)
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Pixel 1, f! Pixel 2, {2 Pixel n, f"
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One single amplifier needed!
Many potential applications

M. Calvo et al. in Conf. Proc. of 1st International LDB Workshop (2008)
E.Andreotti et al. in NIMR A 572 (2008)
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How do we actually measure the incoming radiation?

« Suppose a photon hits the detector

« If its energy is high enough (hv> 24E)
it can break CPs

» The density of CPs therefore changes

* This leads to a variation of L,

The same effect can be accomplished

by increasing the temperature of the il
superconductor

The readout is accomplished by $ o
monitoring the phase of the transmitted i

signal

f, 07/+/L “l
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Readout technigue

Usually the phase is redefined and referred to the center of the resonant circle:

Resonance circle for varying temperature

b2 100mK, ——
200mK, —— . . .
04 2ok —  This kind of plots can give all
03 ;,"‘3‘%5’:“&} — the information regarding
- - resonator parameters
01 p . .
~ E It is also the basis for actual
g ¢ measurements of radiation
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Cryogenic system overview
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KIDs readout system

o, f,... Sym
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Both systems share the core components!
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KID chip description
: | Material: Aluminium
6 resonators of varying length

2 Substrate:
3
SiO, (1pm)
< > Silicon Substrate
(0.5mm)
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The dielectric constant is not
exactly determined!
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Base temperature characterization

KIDH AlG ab 310mi

Typical resonance
amplitude curve
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Effect of temperature variation - 1
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Effect of temperature variation - 2
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2D data analysis

A fitting procedure has been developed to estimate the parameters
of the resonators and the effect of the IQ mixers

The results are in very good agreement with the data:

20 Fit o the KID Al-d
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Temperature variation - 3

RAesonance croes of KID A4

R T

Im(s,, )

The blue points correspond to the base
temperature resonant frequency

Phase shifl {degrens)

We obtain sensitivities of 10-3-10- deg/n,,,

equivalent to 10°-10% deg/N,,
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Optical measurements

System modified by adding a filter chain

AVAVA" Horn KID
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We have seen light!

EMfect ol light on KID Al-&
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Typical 1Q resonant circle, T=314mK. Ty
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Quasipatrticle lifetime

To estimate the absorbed power that induces the signal we still
need one piece of information: n_A
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Estimating absorption efficency

We now have all the data to evaluate P, which is:
P, =0.094nW

A precise determination of the power reaching the sensor cannot be done due
to the configuration of our system (reflections, alignement of components..)

Still it is possible to get an idea of the numbers assuming uniform distribution
of the power emitted by the Gunn in its beam, and considering the area

subtended by the A/4 line. We find
P. =4.9nW

Though this is a lower limit for a series of assumptions made in the calculations

The upper limit on the absorption therefore is
a< 2%

Very low, but it was expected...
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A possible solution: LEKID
Our chip was not optimized for coupling to radiation

¢ Distributed element KIDs
Response depends on where the photon hits the sensor

Needs some sort of antenna

¢ Lumped element KIDs
It is possible to tune the meanders
to match free space impedance!
L Sampla LEKID absorplion sfficlancy
\* : |'T'
I|| |II ; ! |II
0E ||I .II : III ||
C _ b T
\\ Ly fl l'k 'II ll'ﬁ |I|
Al M N\
S NF | SP]
o Rt B ] e ' . -.—lIILT"'"/,J, 1

ADS simulation

Seminario finale di dottorato — XXII ciclo

Martino Calvo



Electrical NEP measurement

K2 cmn fer noiss analysis of KID A5

Rusdnance eetis

it e, T High sample rate data acquired
EV :-*'. . Ml‘hi_
ol ' &
]
E af ; " | r]T 6-3 -2
il . NEP? = §,| —% i+ wt2,)
ol . A ONgp
e v l RS
VSR fucsicd ! ! KD AlS NEP
Still too high for real applications,
but: T
i lg=011
Dominant contribution given by the =
warm readout components!
Theoretical limit given by GR noise
is as low as 10-0W/Hz%5 at 100mK - . o

P. K. Day et al. Lett. Nature 425 (2003)
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Conclusions

¢ The KIDs concept has been studied and theoretical
models have been developed to analyze their reponse

¢ The experimental testbench has been completed and
characterized

¢ The first chip has been made and thouroughly tested
¢ The first results are very promising

» High Q factors even at 300mK - --> multiplexing!
» Good agreement with theoretical predictions
* First light already seen
¢ Yet still some open issues
» Develop a system to reach lower T (dilution fridge?)

» Optimize optical coupling = -=-> LEKID

Thanks for your attention!
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