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Optical interferometers

optical interferometers are among the most sensitive measuring devices,
e.g. for gravitational wave detection
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Optical interferometers ﬂ(“.

optical interferometers are among the most sensitive measuring devices,
e.g. for gravitational wave detection
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Need for sensors with utmost sensitivity... ﬂ(".
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..and many more...
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Superconductivity in a nutshell
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BCS-theory: superconductivity is governed by Cooper pairs
being described by a macroscopic wavefunction
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perfect conducto
H.K. Onnes, Leiden Commun. 124c¢ (1911)
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mathematically equivalent

U (r,1) = Yoe " P to plane wave!
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Mach-Zehnder-Interferometer Q(IT

interference pattern depends on phase difference between both interferometer arms
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Superconducting quantum interference devices S(IT

I: bias current

L: loop inductance

SQUID = quantum electromagnetic equivalent \ phase difference influence by
of an optical interferometer " magnetic flux threading SQUID loop
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Josephson tunnel junctions Q(IT

e Josephson junction o
I: bias current = N
superconductor barrier superconductor N\
y /' current ) &) current }
Uy = U, exp [ip (7)) Uy = U™ exp [ipa(T)]  —
) voltage ] | ’
O, e
_ critical current
Brian D. Josephson (1962): /(geometry + material dependent)
first Josephson equation: s = I.sing
L: loop inductance related to
_ . dy 2e 2T magnetic field
second Josephson equation: o= — = —V = _—V
dt  h ®q /
S2
. : 2
SQUID = quantum electromagnetic equivalent with ¢ = 05 — 01 — il /A(r, t)-dl
of an optical interferometer P )
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Josephson tunnel junctions

— Josephson junction S —
I: bias current > E

superconductor barrier superconductor N\
4 current " 8 current

) voltage . | )
62 e _ I __
i = for dc currents
;I‘
L: loop inductance
for ac currents
BonfSiT=

SQUID = quantum electromagnetic equivalent
of an optical interferometer
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SQUID-based detector readout
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dc-SQUID = magnetic flux to voltage / current converter

Josephson l
junctions

o«

® compatibility with mK operation temperatures
® low power dissipation: P
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® near quantum-limited noise performance: € ~1 h possible
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Two-stage SQUID setup with flux-locked loop
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<100mK

SQUID-based amplifier chain with ultrafast feedback electronics

key features: ® large system bandwidth: 1...10 MHz (or even larger)
® |inear relation between input and output signal
® close to quantum-limited noise performance
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temperature sensor

persistent current switch

N
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Integrated cryogenic microcalorimeters

electroplated absorber (Au
A/ P (Au)

inductively coupled field generating coill
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parallel-gradiometric SQUID
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Integrated cryogenic microcalorimeters

electroplated absorber (Au
__— P (Au)

&

temperature sensor post connecting absorber and sensor

persistent current switch

N

parallel-gradiometric SQUID

inductively coupled field generating coill
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AEcyuy = 1.8 €V

x 50-100 better than
semiconductor detectors
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Pixels, pixels, pixels...

(image) resolution

no. of pixels (for given area)
determines picture resolution
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number of events determined
by number of pixels and measurement time

target: ~10'4 Ho-163 decays

1 detector for 3.2 x 105yr
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Cryogenic ’hard’ multiplexing Q(IT

multiplexing method by which multiple signals are combined into one ‘physical’ channel

muxing) to share a scarce resource.
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Frequency-division multiplexing (FDM)
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idea: detector signals are modulated on independent MHz / GHz carrier signals

example: GHz-FDM
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""‘"”% non-linear superconducting element required
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Non-hysteretic rf-SQUIDs

feedline

transmission
line resonator
(4-8 GHz)
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Non-hysteretic rf-SQUIDs

feedline
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<>

transmission
line resonator
(4-8 GHz)

non-
hysteretic

rf-SQUID
IC@ L

18 2022-02-24

OouT
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Non-hysteretic rf-SQUIDs
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Microwave SQUID Multiplexing

SDR-based
readout electronics

flux ramp ®
modulation Jod
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carrier ampl.

carrier ampl.
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1 HEMT amplifier + 2 coaxes = ~1000 detectors
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MMUX based readout system
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ECHoMUX - some results A“(IT

Karlsruhe Institute of Technology

64 pixel detector array connect to uMUX (latest generation); full online demodulation

time traces of 16 detector pixels single raw data trace 'typical‘ spectrum sum spectrum
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first truely multiplexing demonstration of magnetic microcalorimeters
some issues still to be resolved (ongoing)
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Superconducting Quantum Interference Devices (SQUIDs)
Thank you for your attention!
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