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Microwave Kinetic Inductance Detectors

Motivations:

Direct Detection

Astrophysical constraints: strong lensing

Current issues for ONIR MKIDS

Design, simulation and fabrication

Homogeneity

Efficiency
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• Very sensitive due to the small energy gap

• Superconducting Tunnel Junctions

• Transition Edge Sensors 

• Used at Atacama Cosmology Telescope (ACT), the Cryogenic Dark 
Matter Search (CDMS), the Cryogenic Rare Event Search with 
Superconducting Thermometers (CRESST), South Pole Telescope 
(SPT)…

• Advantages: sensitiveness, negligible background

• Problems

• Hard to multiplex

• Expensive low temperature electronics

Superconducting Sensors for Astrophysics/
Cosmology and Dark Matter Detection

~ meV
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Microwave Kinetic Inductance Detectors

Day et al., Nature, 425, 817 (2003)

• Very sensitive due to the 
small energy gap

• Resonant circuit

• Breaking of Cooper pairs 
changes kinetic inductance

• Coupled to a microwave 
transmission line

• Single photon changes 
transmission and phase

• Operates at ~Tc/10
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we are loosing energy in this process. 
This is something that is probably 

affecting other IR-VIS mkids. Not details 
studies have been done for a while 

(since 1970s)

 now is starting to come up again

Microwave Kinetic Inductance Detectors

Day et al., Nature, 425, 817 (2003)
Energy downconversion, 
phonons break Cooper pairs



Microwave Kinetic Inductance DetectorsN. Boudou et al. / C. R. Physique 13 (2012) 62–70 65

Fig. 3. (a) KID readout electronics scheme. (b) Picture of the prototype FPGA board [17] realized for NIKA and able to achieve a multiplexing factor N = 128.

N = 128, it is still possible to feed more than two cables into the cryostat. For example, we foresee using up to 12 lines for
the next generation resident IRAM continuous instrument (see Section 6). The comb generated by the FPGA is up-converted
by a single IQ mixer up to the multi-GHz KID band. After the resonators, the comb itself is down-converted again by a
second, identical IQ mixer referenced with a copy of the LO (Local Oscillator). At the output of the transmission line cou-
pled with the KID, the resultant signal must be acquired and analyzed in order to determine the time dependent phase and
amplitude variation of each sinusoid. Two different solutions can be implemented in order to perform these operations. The
first obvious one is based on the Fast Fourier Transform (FFT) analysis. In that case, the comb of frequencies, composed of
summed sinusoids, is calculated off-line, stored in a circular buffer and used as the KID array excitation signal. Then, the
signal having interacted with the resonators is acquired and analyzed either off-board by dedicated computers or on-board
by means of DSPs or FPGA [15]. In the first implementation a small size FPGA coupled to memories (stimulation and acqui-
sition buffers) is sufficient and allows one to easily cover a large bandwidth as the hardware processing power is reduced
to a minimum. In the second case, a larger FPGA coupled to buffers holding stimulus and featuring a FPGA adapted FFT
algorithm (channelizer) is used in order to maintain an acceptable read-out rate (up to a 100 Hz with 131 × 103 frequency
bins) [16].

The second method, allowing larger data frame rates and thus chosen for our application, is also known as channelized
Direct Down Conversion (DDC). In this case the frequency comb is built in real time by summing as many tones as necessary.
Then, after propagation of the excitation signal through the MKID array, the resulting signal is processed for each tone by
a dedicated DDC. The incoming signal, containing all the frequencies of the comb, is at first split in two branches and
multiplied by the sine and cosine waves of the tone of interest and finally low pass filtered in order to keep only the lower
side band, i.e. the baseband, of the signal. The In (I) phase and Quadrature (Q) component of the tone are thus obtained. In
the base configuration, adopted for example in the 2010 telescope run whose results are presented in Section 5, the data
stream to the DAQ (Data AcQuisition) consists simply in a series of (I, Q)i pairs (i = 1, . . . , N), properly averaged for a final
frame rate of 20–25 Hz. By combining the (I, Q) values for each pixel with a calibration frequency sweep performed before
each on-the-fly scan, we could extract the pixel frequency shifts, proportional at the first order to the incoming power. The
final signal for a KID-based pixel is thus expressed in Hz, and the noise is measured in Hz/Hz0.5. For example, when Mars
(roughly 40 Jy at 2 mm during the 2010 NIKA run described in more detail in the astronomical results section) transits on
one NIKA pixel, the resonating frequency shifts by about 4 kHz. The frequency noise at the representative frequency of 1 Hz
is 2 Hz/Hz0.5. As a result, Mars is detected with signal-to-noise ratio of 2000 Hz0.5. In order to improve the photometric
calibration, the reference frequency of the up/down converter can be modulated at a frequency of about 500 Hz. In this
way, we can measure in real time, for each frame and for each pixel, besides the (I, Q) point coordinates, a (dI, dQ) vector
proportional to the very pixel sensitivity. This procedure has been implemented in 2011, and will be tested during the next
run on the telescope, planned for October 2011.

4. The Néel IRAM KID arrays

NIKA instrument is intended to equip the Pico Veleta IRAM 30 meter telescope. In order to ease logistics in the telescope
environment, NIKA cryogenics is helium-free. A pulse-tube refrigerator is used for pre-cooling, then a dilution cryostat
enables a base temperature of 60 mK. During observation runs, the whole instrument stays still thanks to a rotating mirror.
NIKA camera projects the telescope focal plane on the detectors arrays by the use of two flat mirrors (M6 and M7), one
bi-polynomial mirror (M8) and three High-Density PolyEthylene (HDPE) lenses. This results in a focal plane scale of 5
arcseconds/mm on the detector plane. Lenses are placed on the 300 K and 4 K screens, and just in front of the detector

Probe signal, room temperature electronics

• Highly multiplexable in the frequency 
domain 

• Microwave frequencies (0.1–20 GHz) 

• Allows thousands of pixels to be read 
out over a single microwave cable



Microwave Kinetic Inductance Detectors

Figura 2.1: Operación básica de un MKID. a) Un fotón con energía hn > 2D rompe pares de Cooper
y crea cuasipartículas en el superconductor enfriado a T < Tc. b) El superconductor es usado como
elemento inductivo con dos inductancia una llamada inductancia cinética y otra fija denominada
inductancia geométrica. El incremento de la densidad de cuasiparticulas cambia la impedancia
superficial provocando un cambio en la inductancia cinética. c) El superconductor es alimentado a
una señal de microondas constante, la absorción de un fotón cambia la amplitud de la potencia y
mueve la frecuencia de resonancia. d) De igual manera el fotón realiza un cambio en la fase cuando
fr cambia.. Figura obtenida de [1]

2.2. Temperatura Crítica

El principio de operación de un MKID se basa en la propiedades superconductoras de los materia-

les a bajas temperaturas, dichos conceptos surgen en fenómenos de superconductividad descubierta

en 1911 en un laboratorio en Leiden, cuando Heike Kamerlingh Onnes observó una abrupta des-

aparición de la resistencia eléctrica de una capa delgada de mercurio metálico sumergido en un

baño de helio liquido. Años mas tarde en 1933 Walter Meisner y Robert Ochsenfeld midiendo la

distribución de flujo en el exterior de muestras de plomo y estaño enfriados por debajo de su tem-

peratura crítica en presencia de un campo magnético observaron una desaparición total del flujo

del campo magnético en el interior del material superconductor. Este efecto se observó al colocar

una pieza de imán encima del superconductor, dando como resultado que el imán flotara sobre este.

Las propiedades de perder la resistencia eléctrica de un material a un temperatura Tc denominada

15

• can count single photons 
with no false counts 

• energy determination 
(to several percent or 
better) 

• arrival time (to a 
microsecond) of the 
photon

photons

phonons

Applications: 

•Optical, UV and IR astronomy

•Dark Matter detection

•neutrino detection

•quantum computing 

•cosmic microwave background

•submm astronomy



MKIDs for Dark Matter Detection

• Phonon and light detectors using TES 
(CDMS, CRESST…)

• MKIDs: increased area coverage, 
finer pixelization, two-sided, scaling 
to higher mass, sensitivity, simplified 
readout

• MKIDs for beyond superCDMS

• Surface vs. bulk Z-position 
separation provided by the 
phonon timing, 

• Relative phonon timing provides 
event XY position Golwala et al., 2008, J Low Temp Phys,151, 550



Phonon-Mediated DM Detection Using MKIDs 

Sunil Golwala, Berkeley Workshop on Dark Matter Detection



Sunil Golwala, Berkeley Workshop on Dark Matter Detection



MKIDs for Light Bosonic Dark Matter
Dark photon detection with MKIDs strip detectors

M
iguel D

aal, D
ark M

atter 2018



Optical and Near-Infrared applications
• photon counting detectors capable of measuring the energy and arrival time of 

individual OIR photons without read noise or dark current (vs. CCDs)

• much broader wavelength coverage than CCDs since the photon energy is 
always much greater than the gap energy.  

• CCD limited to about 0.35–1μm,

• MKIDs are in principle sensitive from 0.1μm to > 5μm.

• Can be highly multiplexed: (Low resolution) Integral Field Spectrograph

• The wider wavelength coverage reduces the number of catastrophic failures in 
redshift determination (photometric redshifts).

• Real time detection may allow for post-processing PSF correction (akin to 
adaptive optics)

• Many potential applications, operating devices (ARCONS, Darkness)

 



Astrophysical 
Constraints: 

Strong Lensing 

�14



Astrophysical/cosmological 
probes of Dark Mater 

physics
“Small scale problems” in cosmology point do models 
beyond Cold Dark Matter (WIMP, axions)
Probes

Ly-alpha: requires good spectroscopic resolution (radial 
direction)
dwarf galaxies: needs spectroscopy to resolve dynamics 
and wide fields
strong lensing: high spatial resolution, but only moderate 
redshift precision (global, not relative distances)

only application where small scale physics can be 
extracted with low resolution spectroscopy
Power of SL reconstruction and issue with redshifts
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Weak and Strong Lensing Effects

Observer
Lens (galaxy/cluster)

Background 
galaxy

Light deflection 
by gravity:
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strong lensing, weak gravity             

Strong Lensing
Multiple images, strong distortions, large magnifications, time 
delays
Null geodesics

surface brightness conservation

achromatic 
Unique probe of the mass distribution in galaxies and clusters ! DM, b
Provide complementary cosmological probes and tests of gravity 

} Gravitational telescopes

Gravitational arcs



Strong Lensing and Dark Matter
•Large-scale Geometry

• Background cosmology: 

• Lens potential: Mass distribution

• Dark Matter abundance and distribution (cusps, substructures?)

• Primordial spectrum

• Dark matter interactions

•Gravitational telescope

• z ~ 2 – details of highly magnified galaxies (resolved!) 

• z ~ 6 – galaxy abundance at high-z

• Cold, warm, self-interacting, fuzzy?

•Challenges:

• High-resolution, deep imaging; spectroscopy (including IFU)

• Finding Strong Lenses (specially “golden lenses”)

• Systematics
�19
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Use systems of multiple images to 
determine the lensing potential

Methods: parametric (often “mass 
traces light”), free form

Error on image positions

Multiple image positions

Inverse Modeling: 
Mapping the Mass

 Combination with independent mass constraints (e.g., x-ray, Sunyaev 
Zel’dovich, velocity dispersions) yields limits on cosmology or gravity

The more multiple images, the more constrains
Cluster x Galaxy scales

SOGRAS/CS82



Galaxy Cluster Scale 
Cosmological Constraints and more

 Jullo et al. 2010, Science: example of competitive limits in 
cosmological parameters fom the Abell 1689 system

 8 families of sources with z = 1.15 to 4.86
 Caminha et al. 2016: RXC J2248.7-4431 (Abell S1063), 16 sources, 

47 images
Magaña, Motta, Cárdenas, Verdugo, Jullo, 2015: Dark Energy models

Families of images with sources at different redshifts
constraints on cosmology, in addition to the matter 

distribution

The ratio of angular diameter distances for 2 (or more) images 
with sources at different redshifts defines a ratio of families
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Reminder:  
Angular Diameter Distance

DLS = DA(zL, zS)

In the wCDM model p = w⇢
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In the flat case

DA (z1, z2) =
(1 + z2)
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Example MACS J0416.1-2403
 HST + MUSE 

IFU

 102 multiple 
images!

 Discovery of new 
systems in the data 
cube

 Robust 
determination of 
projected mass

 Cosmological 
constraints

 Available redshifts 
and shear and 
convergence maps
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Galaxy Clusters: 
Cosmological Constraints and more

Caminha et al., 2016
Cosmological Constraints



New constraints from Abell S1063

⌦M = 0.422+0.062
�0.274
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Limits from Strong 
Lensing only:

Single system!

• Doubling the number of families of multiple images
• Comparison and combination with other observables

Bom, MM, Caminha, Vitenti, Penna-Lima (2019, in prep.)

BAOSNIa

CMB (Planck)

SL (AS10603)

Improvement by combining 
with SL over each probe alone:

• Consistency test/proof of concept

• Validation of the mass model at small 
scales using supernovae:

• Refsdal multiply image SN

• Type Ia SN in galaxy and clusters



Photometric Redshifts

Bom, MM, Caminha, Vitenti, Penna-Lima (2019, in prep.)

SL20zspec

+9 z-phot

SL modelling needs R ~ 100?



Expected MKIDs redshift quality



Expected MKIDs redshift quality
• Using the MICE 

simulated galaxy 
catalog

• Interpolation of 
COSMOS real galaxy 
spectral energy 
distributions

• Improvement over 
standard photo-z 
(and “no photon left 
behind”)

• Comparable to Giga-
z results

Bom, MM, Estrada (in prep.)

For R ~ 40



Dark Matter 
Properties 

�29



Substructures and WDM

• WDM produces a cutoff in 
the matter power 
spectrum (Bode et al. 
2001), which leads to a 
break on the (sub-halo) 
mass function

• This cutoff can be probed 
by structures in small 
scales: abundance of small 
halos

�30

3.3 keV WDM

Li et al. 2016



Direct detection of substructure in clusters

Sub-halo power spectrum:

• Quantifying substructures in HFF

�31

MACSJ 0416

Abell 2744

Natarajan et al., 2017

Natarajan et al., 2017



• Free form modelling: smaller 
power

• Evidence for WDM (Mohammed 
et al. 2016)

• Parametric (LTM) finds excess 
power: upper limit on self-
interaction (Jauzac, M., et al., 
2016) 

• Free form agrees with LTM up to 
~ 10 kpc (Sebesta et al. 2016) 
[139 lensed images]

�32

Mohammed et al. 2016

DM only and with 
AGN feedback

Hubble FF

Direct detection of substructure in clusters

Sub-halo power spectrum:

• Quantifying substructures in HFF



• Uses parametric modeling 
(LTM)

• Resolve DM haloes down to M 
~ 109.5 MSun

• Find agreement with LCDM

• Li et al. 2016: deviations occur 
for M < 109 MSun for  mWDM = 
3.3 keV Jauzac et al. 1702.04348

Direct detection of substructure in clusters

Sub-halo mass function:

• Quantifying substructures in HFF

Move to lower masses: Einstein Rings! 



Strong lensing and substructures
High sensitivity to small perturbations due to the caustic structure

• “Aside from direct or indirect 
detection of the dark matter 
particles themselves, Einstein ring 
systems currently offer the best 
astrophysical test of the nature of 
the dark matter” (Li et al. 2016)

• measurements of approximately 100 
strong lens systems with a detection 
limit of Mlow = 107 h-1 M⊙ would 
clearly distinguish CDM from WDM 
in the case where this consists of 7 
keV sterile neutrinos



Light-Matter Offsets
• Self-Intercting Dark-Matter predicts offsets between luminous and dark 

matter in dense regions of interacting systems: Smoking gun for SIDM

• Williams and Saha (2011): kpc-scale offsets in Abell 3827

• If interpreted solely as evidence for self-interacting dark matter:

• Seen in clusters, e.g., Harvey et al., 2015, 
The nongravitational interactions of dark matter in 

colliding galaxy clusters, Science, 347, 1462 (2015)

• In a galaxy scale system (Shu et al. 2015):

σDM/m ~(1.7 ± 0.7) × 10-4 cm2 g-1 × (tinfall/109 yr)-2

• Kahlhoefer+ (2015),  Wittman+ (2017): 
constraints overestimated

• measurements, gastrophysics 

• Monteiro-Oliveira, et al. 2017: 
simulations (CDM + gas + galaxies) 

SDSS J1011+0143

�/m & 8⇥ 10�31
�
t/1010yr

��2
cm2GeV �1

�DM/mDM . 2 cm2/g



Gravitational telescopes: luminosity function 
of ultra-fraint UV galaxies at high-redshift

• Warm Dark Matter produces a cutoff in the matter 
power spectrum (Bode et al. 2001) and thus on the 
halo mass function

•

�36

Mass of thermal relic WDM 
particles m X ≥ 2.1 keV at 3σ. 

• Need to take into account 
uncertainties and systematics in the 
magnification

• Priewe, et al. 2017, Bouwens, et al. 
2017



Current problems with OIR MKIDS
TiN, produced through Sputtering

• Frequency collisions (predictability/reproducibility)

• Change in frequency and quality factors on thermal cycles (stability)

• Low yield per pixel (~ 30%)

• Low resolution (killer for astrophysical applications for DM):

• R = 12 @ 423 nm, = 6.8 @ 80 nm (x expected ~ 100)

• Proposed approach:  

• Atomic Layer Deposition

• Build a prototype with few resonators

• Produce several MKIDs, including different wafers

• Test predictability: use simulations

• Systematic study of predictability, reproducibility, stability and response 
to light



Design and simulations

• 14 resonators per MKID with varying sizes and 
couplings (quality factors and resonance 
frequencies)

�38
Figura 3.1: Diseño de un MKID con 12 resonadores. Las dimensiones del Silicio es de 14mm⇥
14mm y para el plano de tierra es aproximadamente de 10mm⇥10mm. Los numero son solo para
identificar a los resonadores.

Las dimensiones que comparten en común cada resonador se muestran en la figura 3.2.
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Design and simulations

• 14 resonators per MKID with varying sizes and 
couplings (quality factors and resonance 
frequencies)

• Simulations of each resonator with SONET

�39



Fabrication at the Priztker Nanofabrication Lab
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Experimental Setup

• Mounted in a gold plated cold box

�41



Experimental setup

• Mounted on an Adiabatic Demagnetization Refrigerator

• Connected to a network analyzer

�42
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Transmission Curves



Obtaining the Resonator parameters
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• Fitting the transmission curve

for each resonator and each operating temperature

(a) Buen ajuste. (b) Mal ajuste.

Figura 2.7: Ejemplo de ajuste para la amplitud de transmisión utilizando el ajuste en el plano
complejo , los puntos azul y rojo mas grande son los mínimos y el punto negro corresponde a la
frecuencia de resonancia obtenida del ajuste .a) Acercamiento alrededor de los puntos mínimos y
la frecuencia de resonancia para un buen ajuste . b) De igual manera par un mal ajuste.

Esto nos permite entender de una manera cuantitativa que tan lejos se encuentra en términos de

frecuencias el ajuste de los datos experimentales al modelo. Por ejemplo la figura (2.7) a) muestra

como los datos están alrededor del la curva generada por la función de Gao, mientras que para

un mal ajuste todos los punto se encuentran a un lado del ajuste, sin embargo la frecuencia de

resonancia se encuentra en ambos caso dentro del ancho de banda.

Como consecuencia de la definición 2.35 se define un numero para la sensibilidad en los cambios de

la frecuencia de resonancia para un resonador sometido a diferentes condición o comparándolo con

otro resonador de diferente MKID. La sensibilidad para un MKID puede ser local (cada resonador)

y global (todos los resonadores). La sensibilidad de depende del tipo de medición o condición a

la que es sometido el MKID o resonador. Por ejemplo, se tienen los siguientes casos: estabilidad

al numero de puntos tomados en la medición, rango de frecuencia tomado por resonador, números

de puntos tomados para realizar el ajuste, procesos de empaquetamiento, proceso de cambio de

temperatura al enfriar y calentar el MKID, comparación entre dos resonadores de diferentes MKID.
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Measuring the critical temperature

• Fractional variation of resonant frequency

• Mattis-Bardeen theory:

Para el MKID4 wafer 1 solo se habían hecho 10 mediciones de 103mK hasta 1K, para los demás se

tomaron 40 mediciones. Las ecuaciones (2.18,2.24,2.22) nos permiten obtener la temperatura críti-

ca y el valor de la fracción de inductancia cinética a (ver ecuación 2.25), realizando el ajuste de las

cuatro ecuaciones a cada resonador de cada MKID y realizando una distribución de Temperaturas

críticas por separado y juntas.

Figura 5.10: Ejemplo de ajuste a la ecuación 2.18 para el Resonador 10 MKID 2 WAFER 2 . Los
puntos en azul corresponden a los datos y los puntos en rojos los del ajuste.

Ninguna de la funciones logra obtener un buen ajuste, y toda son de la misma forma que la figura

5.10. En total se obtienen 12 valores de temperatura crítica por resonador realizando una distribu-

ción de la temperatura crítica para cada MKID. Como se ve en las figuras 5.11 y 5.11.

/Users/israel/Dropbox/DistributionsKinetic.jpg

Figura 5.11: Distribución de temperatura crítica para cada resonador. El color rojo corresponde al
MKID 2 Wafer 2, azul MKID 4 wafer 2, verde MKID 11 wafer 1 y negro MKID 4 Wafer 1.
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Homogeneity of critical temperatures

• Less than 1% variation within each MKID and same 
wafer MKIDs

• ~ 2% variation for different waffers
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Frequencies and Quality Factors

• Significant frequency variations

• Large quality factor variations

• Cannot reproduce them simulating changes in the fabrication process

• Sizes, Si purity, etching…

• Problem with the transmission line?

• Intrinsic limitation for TiN MKIDs?
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Shining photons to the MKIDS

R =
1

2.355

r
⌘h⌫

F�
<latexit sha1_base64="7NjN5NNo3FdSOLvpbpcVQ3vpeyc=">AAACFnicbVBLSwMxGMz6rPW16tFLsAielt1qqRehqIjHKvYB3VKyabYNzT5MvhXKsv/Di3/Fi4geFLz6b0wfl7YOBIaZCcmMFwuuwLZ/jaXlldW19dxGfnNre2fX3NuvqyiRlNVoJCLZ9IhigoesBhwEa8aSkcATrOENrkZ+44lJxaPwAYYxawekF3KfUwJa6pjle3yBXV8SmjpZWrROS6UMY1c9SkgnssuA4D52wyRLb7B7zQSQLOuYBduyx8CLxJmSApqi2jE/3W5Ek4CFQAVRquXYMbRTIoFTwbK8mygWEzogPZaOa2X4WEtd7EdSnxDwWJ3JkUCpYeDpZECgr+a9kfif10rAP2+nPIwTYCGdPOQnAkOERxvhLpeMghhqQqjk+oeY9okeA/SSeV3dmS+6SOpFy7Et5+6sULmcjpBDh+gInSAHlVEF3aIqqiGKXtAb+kLfxrPxarwbH5PokjG9c4BmYPz8AfEDndA=</latexit><latexit sha1_base64="7NjN5NNo3FdSOLvpbpcVQ3vpeyc=">AAACFnicbVBLSwMxGMz6rPW16tFLsAielt1qqRehqIjHKvYB3VKyabYNzT5MvhXKsv/Di3/Fi4geFLz6b0wfl7YOBIaZCcmMFwuuwLZ/jaXlldW19dxGfnNre2fX3NuvqyiRlNVoJCLZ9IhigoesBhwEa8aSkcATrOENrkZ+44lJxaPwAYYxawekF3KfUwJa6pjle3yBXV8SmjpZWrROS6UMY1c9SkgnssuA4D52wyRLb7B7zQSQLOuYBduyx8CLxJmSApqi2jE/3W5Ek4CFQAVRquXYMbRTIoFTwbK8mygWEzogPZaOa2X4WEtd7EdSnxDwWJ3JkUCpYeDpZECgr+a9kfif10rAP2+nPIwTYCGdPOQnAkOERxvhLpeMghhqQqjk+oeY9okeA/SSeV3dmS+6SOpFy7Et5+6sULmcjpBDh+gInSAHlVEF3aIqqiGKXtAb+kLfxrPxarwbH5PokjG9c4BmYPz8AfEDndA=</latexit><latexit sha1_base64="7NjN5NNo3FdSOLvpbpcVQ3vpeyc=">AAACFnicbVBLSwMxGMz6rPW16tFLsAielt1qqRehqIjHKvYB3VKyabYNzT5MvhXKsv/Di3/Fi4geFLz6b0wfl7YOBIaZCcmMFwuuwLZ/jaXlldW19dxGfnNre2fX3NuvqyiRlNVoJCLZ9IhigoesBhwEa8aSkcATrOENrkZ+44lJxaPwAYYxawekF3KfUwJa6pjle3yBXV8SmjpZWrROS6UMY1c9SkgnssuA4D52wyRLb7B7zQSQLOuYBduyx8CLxJmSApqi2jE/3W5Ek4CFQAVRquXYMbRTIoFTwbK8mygWEzogPZaOa2X4WEtd7EdSnxDwWJ3JkUCpYeDpZECgr+a9kfif10rAP2+nPIwTYCGdPOQnAkOERxvhLpeMghhqQqjk+oeY9okeA/SSeV3dmS+6SOpFy7Et5+6sULmcjpBDh+gInSAHlVEF3aIqqiGKXtAb+kLfxrPxarwbH5PokjG9c4BmYPz8AfEDndA=</latexit><latexit sha1_base64="7NjN5NNo3FdSOLvpbpcVQ3vpeyc=">AAACFnicbVBLSwMxGMz6rPW16tFLsAielt1qqRehqIjHKvYB3VKyabYNzT5MvhXKsv/Di3/Fi4geFLz6b0wfl7YOBIaZCcmMFwuuwLZ/jaXlldW19dxGfnNre2fX3NuvqyiRlNVoJCLZ9IhigoesBhwEa8aSkcATrOENrkZ+44lJxaPwAYYxawekF3KfUwJa6pjle3yBXV8SmjpZWrROS6UMY1c9SkgnssuA4D52wyRLb7B7zQSQLOuYBduyx8CLxJmSApqi2jE/3W5Ek4CFQAVRquXYMbRTIoFTwbK8mygWEzogPZaOa2X4WEtd7EdSnxDwWJ3JkUCpYeDpZECgr+a9kfif10rAP2+nPIwTYCGdPOQnAkOERxvhLpeMghhqQqjk+oeY9okeA/SSeV3dmS+6SOpFy7Et5+6sULmcjpBDh+gInSAHlVEF3aIqqiGKXtAb+kLfxrPxarwbH5PokjG9c4BmYPz8AfEDndA=</latexit>

⌘
<latexit sha1_base64="KM/j3uyuiBHxPIh0+HcDCvOe86Y=">AAAB4XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmAckIcxOepMhs7PLTK8QQj7Ai4gXBX/IX/Bv3E32ksSCgaKqhu5qP1bSkuv+OoWt7Z3dveJ+6eDw6PikfHrWslFiBDZFpCLT8blFJTU2SZLCTmyQh77Ctj95yPz2CxorI/1M0xj7IR9pGUjBKZN6SHxQrrhVdwG2SbycVCBHY1D+6Q0jkYSoSShubddzY+rPuCEpFM5LvcRizMWEj3C22HDOrlJpyILIpE8TW6grOR5aOw39NBlyGtt1LxP/87oJBXf9mdRxQqjFclCQKEYRy+qyoTQoSE1TwoWR6YZMjLnhgtKjlNLq3nrRTdK6qXpu1Xu6rdTv8yMU4QIu4Ro8qEEdHqEBTRAwhjf4hC9HOK/Ou/OxjBac/M85rMD5/gPylInj</latexit><latexit sha1_base64="KM/j3uyuiBHxPIh0+HcDCvOe86Y=">AAAB4XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmAckIcxOepMhs7PLTK8QQj7Ai4gXBX/IX/Bv3E32ksSCgaKqhu5qP1bSkuv+OoWt7Z3dveJ+6eDw6PikfHrWslFiBDZFpCLT8blFJTU2SZLCTmyQh77Ctj95yPz2CxorI/1M0xj7IR9pGUjBKZN6SHxQrrhVdwG2SbycVCBHY1D+6Q0jkYSoSShubddzY+rPuCEpFM5LvcRizMWEj3C22HDOrlJpyILIpE8TW6grOR5aOw39NBlyGtt1LxP/87oJBXf9mdRxQqjFclCQKEYRy+qyoTQoSE1TwoWR6YZMjLnhgtKjlNLq3nrRTdK6qXpu1Xu6rdTv8yMU4QIu4Ro8qEEdHqEBTRAwhjf4hC9HOK/Ou/OxjBac/M85rMD5/gPylInj</latexit><latexit sha1_base64="KM/j3uyuiBHxPIh0+HcDCvOe86Y=">AAAB4XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmAckIcxOepMhs7PLTK8QQj7Ai4gXBX/IX/Bv3E32ksSCgaKqhu5qP1bSkuv+OoWt7Z3dveJ+6eDw6PikfHrWslFiBDZFpCLT8blFJTU2SZLCTmyQh77Ctj95yPz2CxorI/1M0xj7IR9pGUjBKZN6SHxQrrhVdwG2SbycVCBHY1D+6Q0jkYSoSShubddzY+rPuCEpFM5LvcRizMWEj3C22HDOrlJpyILIpE8TW6grOR5aOw39NBlyGtt1LxP/87oJBXf9mdRxQqjFclCQKEYRy+qyoTQoSE1TwoWR6YZMjLnhgtKjlNLq3nrRTdK6qXpu1Xu6rdTv8yMU4QIu4Ro8qEEdHqEBTRAwhjf4hC9HOK/Ou/OxjBac/M85rMD5/gPylInj</latexit><latexit sha1_base64="KM/j3uyuiBHxPIh0+HcDCvOe86Y=">AAAB4XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmAckIcxOepMhs7PLTK8QQj7Ai4gXBX/IX/Bv3E32ksSCgaKqhu5qP1bSkuv+OoWt7Z3dveJ+6eDw6PikfHrWslFiBDZFpCLT8blFJTU2SZLCTmyQh77Ctj95yPz2CxorI/1M0xj7IR9pGUjBKZN6SHxQrrhVdwG2SbycVCBHY1D+6Q0jkYSoSShubddzY+rPuCEpFM5LvcRizMWEj3C22HDOrlJpyILIpE8TW6grOR5aOw39NBlyGtt1LxP/87oJBXf9mdRxQqjFclCQKEYRy+qyoTQoSE1TwoWR6YZMjLnhgtKjlNLq3nrRTdK6qXpu1Xu6rdTv8yMU4QIu4Ro8qEEdHqEBTRAwhjf4hC9HOK/Ou/OxjBac/M85rMD5/gPylInj</latexit>

efficiency - assumed to be 0.57 
 (from 1979 paper)

measure it experimentally!
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Measure phase shifts 
as a function of time 

for photon pulses

Single photon 
measurements 

usually with x-rays
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separating signal to noise through the pulse timing
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Sample title 3

the fractional surface impedance change is comparable to
the fraction of the number of quasiparticles.

Therefore via a homodyne detection scheme is possible
measurement the change of the surface impedance for a
resonator. The homodyne system converts the changes
in the surface impedance to changes of the phase angle
(Put appendix). So, the sigma and mu of an MKID are
given by the sigma and mu of the phase angle.

In a CCD, the uncertainty in the quantity of charge
collected in any given pixel is proportional to the square
root of the number of the incident photon which is gov-
erned by Poisson’s statistics, and the number of an inci-
dent photons are proportional to the mean of the charge.
Then, the mean as a function of the uncertainty is :

�2
CCD = gµCCD (3)

where the g is the gain of the system.
Assuming that the number of the incident photons is

governed by Poisson’s statistics in an MKID too and the
mu a sigma have a relation as 3. The gain of a resonator
is given by :

g =
�2
✓

µ✓
(4)

Where the gain gives the change in degrees by an ab-
sorbed photon.

We have an equivalence between the number of quasi-
particles thermal generated and by photon absorption.
Both produce the same e↵ect on changing the complex
conductivity. Therefore, the change in the phase angle
via thermal quasiparticles is equal to generate by photon
absorption when all the energy of the photon is transfer-
ring to create quasiparticles. In this way, calibrating the
system via variation of the phase angle as a function of
the temperature and by equation 3, we can predict the
variation in the phase angle when a photon is absorbed.
For example, thermal quasiparticles produce a ✓B vari-
ation on the phase angle with N1 quasiparticles, which
they are equal to N2 produced by a photon. So, we ex-
pect that the phase variation by a photon must be less
equal to ✓B due we can have energy losses in the system.

Then, with a thermal characterization and the system
gain. The e�ciency is given by

⌘ =
g

✓Nqp

(5)

where, ✓Nqp is the angle which are generated Nqp ther-
mal quasiparticles. In other words, the ✓B is produced
by an e�ciency equal to 1 and the gain count the number
of the degrees ✓g by one photon with e�ciency ⌘.

In our case we have the next values: N0 = 6.17 ⇥
1010µm�3eV �1 V = 213 Resonators at 2 GHz. V = 106
Resonators at 4GHz. � = 0.626437meV

FIG. 1. Silicon mask cover the MKID

III. METHODS

A. Experimental Mounting

Two MKIDs (A1, A2) are tested under the same con-
ditions at 100mK. Both have identical design and same
temperature (⇡ 4.1). We choose 4 resonators from the 12
of each MKID. The resonance frequency and loaded qual-
ity factor for the resonators of the MKID A1 are: 2.7,2.7
4.1,127 and 1x10,1x01,6x10 . For the MKID A2 the res-
onance frequency and loaded quality factor are:2.7,2.7
4.1,127 and 1x10,1x01,6x10 .
The active area of a resonator for the detection of in-

coming photons depends on the current density in the
metal film. Via electromagnetic simulations of the cur-
rent density using the SONNET software package. We
found that the active area is found in the inductor.
Wherein is uniformly distributed in all the path of the
inductor showing a high concentration close to the CPW
line. In order to increase this active area and obtaining
the best absorption of the incoming photons. We design
and build a silicon mask with holes to expose only the
inductor area. The mask is putting above the MKID at
a distance of 500 µ m as shown in Figure 1.
The experimental system to expose the MKID to pho-

tons consists of a cryostat optics connected to a LED.
The cryostat optics is compound by an entrance window,
some of cold, IR-blocking filters at 300K (OptoSigma ),
4K ( Asahi-Spectra) and 0.1K (IR ITO) stages. The LED
is connected to the function generator and put inside of a
sphere. The sphere is connected to cryostat optics which
via a collimator system guiding the photons to inside the
MKID (FIG. 2 2). Wherein the LED of 405 nm is driven
by a function generator at room temperature. The volt-
ages are high-level 3.8V and low level -2.3V. Edge of 9.5ns
and variable width from 5,10,20,30,40,50.
The response of the resonators for the incoming pho-
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• Derived efficiency

• no mask: 0.03 - 0.04 !

• with mask: 0.004 - 0.007 !
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• Derived efficiency

• no mask: 0.03 - 0.04 !

• with mask: 0.004 - 0.007 !

• 1-2 orders of magnitude below assumed value! Explain worse resolution?

• Energy loss to the bulk in the downconversion chain?

R =
1

2.355

r
⌘h⌫

F�
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Photon quasiparticle generation e�ciency
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I ⌘ is trapping factor and photon frequency dependent

I High frequency, thick film limit indeed ⌘ ⇡ 0.6, but strong variation near the gap

I Broadband pair breaking sources (CMB) can be considered as sum of
monochromatic sources

I Broadband sub gap sources are same as monochromatic sources only at low
power densities
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Recent theoretical calculations, but not down to our low energies



Concluding remarks
• MKIDs are promising for direct dark matter detection and 

astrophysics 

• Novell: simulations, ALD fabrication, efficiency measurement

• ALD MKIDs are more uniform and stable, but not predictable

• OIR TiN MKIDs have a much lower efficiency than expected, 
explaining the worse energy resolution

• Current R for TiN probably not enough for SL studies of DM 
properties

• Future

• complete characterization of fabricated MKIDs

• test new designs to improve efficiency

• move to other materials (PtSi?) and/or wavelengths

• use for DM detection?


