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Transition Edge Sensors (TESs)

Working Principle

Superconducting material held near
transition (Tungsten: 140 mK)

Incoming photon or other particle deposits
energy, heats the material

E=h-p

« Temperature change causes a change in
resistance

« Resistance change results in a current
change

« SQUIDs (Superconducting Quantum
Interference Devices) detect small current
changes
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Transition Edge Sensors (TESs)

Working Principle

Superconducting material held near

transition (Tungsten: 140 mK)

Incoming photon or other particle deposits
energy, heats the material

Example Light Pulse

« Temperature change causes a change in - el

resistance
0_
» Resistance change results in a current = L ,
S _q x*/dof = 4.83E+03/1894
change % 2 2.55E400
8 Amplitude: 1.74E-02 +- 1.09E-04 V
T Decay Time: 5.93E-06+- 6.85E-08 s
et Rise Time: 2.39E-07+- 7.95E-09 s
» SQUIDs (Superconducting Quantum Dat Dulse height: 294502 +- 144503 V
Interference Devices) detect small current = . | | | | | |
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Transition Edge Sensors (TESs)

Working Principle

Superconducting material held near

transition (Tungsten: 140 mK)

Incoming photon or other particle deposits
energy, heats the material

Example Light Pulse

« Temperature change causes a change in

) i 1064 nm Pulse, Free Fit
resistance
o b .ﬁv m f‘\ f\m}mhf‘\.
+ Resistance change results in a current = L | Y MW
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> —2 4 V Rise Time: 2.39E-07+- 7.95E-09 s
» SQUIDs (Superconducting Quantum Daa | 4 Pulse height 294502 +- 144E-03 V.
Interference Devices) detect small current s

0.0 0.5 1.0 1.5 2.0 25 3.0 3.5
ChCIngeS Time in s x107>




Benefits of TESs

N

« Single photon detectors with energy resolution, photon number
resolution P

NIST TES chip, tungsten

a f : e . . :
-« Demonstrated high quantum efficiency: > 95% (near infrared) e 25 um x 25 um x 20 nm

[Lita et al. 2008]

« Low dark-count rates: < 107> Hz
[Shah et al. 2022]

Pulse height (arb. u.)
Schmidt et al. (2018


https://link.springer.com/article/10.1007/s10909-018-1932-1

TESs at DESY

FIELMUTE SCHMIDE

What the remainder of this talk will cover universimar

Universitat der Bundeswehr Hamburg

Characterization and background reduction efforts:

« Energy calibration of our TESs

-..:lr o

_+ System Detection Efficiency
« Simulating the TES response
« Measuring and reducing background rate

Fundamental physics searches:

« Direct Dark Matter Searches
« Measurement of Quantum Squeezed Light

« TES for ALPS II

Gulde



TESs at DESY

Es?ifff‘ﬂ-f

: . : ‘ i - 3¢ 9 » B

Py RE \E‘g%{g W z: ~
o Mol dlicdl )} 5 .
- ’ ) ' | -

= m
Tl

Operate TES with SQUIDs in a Dilution Refrigerator

« Currently have 2 fridges:
One fully functioning, one being equipped
with necessary cabling and hardware

 Light-tight, surrounded by muMetal and
aluminum shielding against stray electric and |
magnetic fields

.....

- Direct Dark Matter searches: No optical fibers
connected to the TES

« Other experiments: Optical fibers from the light
source of interest are connected to the TES via —>
vacuum feedthroughs

TESs



TES Module

Optimized for 1064 nm

2 chips (NIST) + SQUID readout

NIST chip, tungster
25 nm x 25
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Optical stack

SINX 127 nm
«~asSli 2nm
W 20nm
asSi 2nm
"SiNx 132 nm
“NAg 80nm

“— Si substrate

Reflection fraction

0.32 % at 1064 nm
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Energy Calibration

Reflection fraction

| 032%at1064nm/ |
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Gulden Othman

Optical stack

SiINX 127 nm
«asSi 2nm
““W 20 nm
“SasSi 2nm
"“SiNx 132 nm
“NAg 80nm

“— Si substrate
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(a) Optical Bench

laser diodes
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(b) Vacuum Cryostat (c) Pulse Analysis

*For illustrative purposes only!
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https://agenda.infn.it/event/39713/timetable

Energy Calibration

TESL1 - pulse_integral TES1 Parameter: pulse_integral
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https://agenda.infn.it/event/39713/timetable

System Detection Etficiency

Prof. Manuel Meyer Post docs

For fiber-coupled experiments igtiens .
Adjustable with  Adjustable with
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CW Laser

1064nm Lk P Calibrated
_ ] : 0 Power meter
~ PW High gain

Laser power
Monitoring

Function generator P ad
2 Ch DC output

Tt h

P TES

<fW



System Detection Efficiency

Preliminary Results
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Simulated substrate pulses

ge [(mV]

Simulations

Vlo Ita

r=04mm
— Keorr = 0.03,
E=10keV
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Backgrounds and Background Reduction

Black body radiation from laboratory, components @300K

Fiber
coupler

Rotational piezo
stage

Guldeh Othman 17.09.2024 19th Patras Workshop on Axions, WIMPS, and WISPS
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Physics Applications




Direct Dark Matter Search

Light mediator

10"
TMpM [I\I (?\--"r]

Guldeh Othman 17.09.2024 19th Patras Workshop on Axions, WIMPS, and WISPS 17


https://inspirehep.net/literature/2758852
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.011301
https://agenda.infn.it/event/39713/timetable

Direct Dark Matter Search

——— Cumulative Data
end of measurement
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https://inspirehep.net/literature/2758852
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.011301
https://agenda.infn.it/event/39713/timetable

Measuring the Even Number Photon Distribution

Pulse height (arb. u.)

- . : 20% loss
Pockels Cell . HV-Driver 0% loss

= | Expected photon number distribution
"B H 6 dB squeezing
assuming conservative 20% losses

o 1 2 3 4 5 6 7 8 9 10 11 12

Plot and simulations by PhD student Stephan Grebien
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https://link.springer.com/article/10.1007/s10909-018-1932-1

Secondary Detector for ALPSII

Goal: Single infrared photon detection, single photon per day

Second option: Photon counting

Requirements:

- High Quantum Efficiency

. ~>99% at wavelength of interest
(1064 nm ~ 1165 eV)

2N

........

~ « Good energy resolution
Regeneration cavity

|

- Aids in separation of signal from background

« Low Dark-Count Rate

- 7.7 uHz to claim 50 detection after 20 days 'A;LF:S & P e o
(no more than 14 events / 20 days) U
» To-do: _ detector
. Verify high System Detection Efficiency (fiber-coupled) opaque wall

magnet string
- Achieve low dark count rate when fiber-coupled
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Future: New Modules, Second Fridg

e Parallel characterization and
medasurement campaigns Jorn Beyer / PTB

— more science!

« Modules packaged by PTB, TES
chips by NIST

« New module being designed without
fiber sleeves

« Lower radioactive backgrounds for
more sensitive direct dark matter
searches

« Using Machine Learning to better

discriminate backgrounds @ )
TR, |

» Poster by Elmeri Rivasto . \_ &,

VIA VERITAS VITA



Summary

« Transition Edge Sensors have many
beneficial qualities as detectors

« Characterization of TESs

y - Energy.resolutlon and photon number . Working closely with NIST and PTB to
resolution ‘ develop new sensors
. Low dark-count rates: < 107> Hz ~» Fundamental physics
[Shah et al. 2022] ‘
y . * Directdark matter
« High quantum efficiency: A
v '« Measurements of Quantum-Squeezed light

> 95% (near infrared)

[Lita et al. 2008]

« Secondary detector for ALPS li







System Detection Efficiency

Pulse finding

Guldeh Othman 17.09.2024 19th Patras Workshop on Axions, WIMPS, and WISPS 24



Expected Background Sources (tiber-coupled)

Black body radiation from laboratory,

Luminescence in optical components
components @300K

Parametric noise in non-linear optical
or fibers

components or fibers
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Courtesy of Katharina-Sophie Isleif
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Background suppression: Cold optical filter bench

Design under development

] . Vibrational isolation
« Filter can be aligned

with piezo stages inside
cryostat

ion

'::#g:l '

Rotational stage to . ..
Cold optical filter bench

compensate for

wavelength shift of filter Tip-tilt piezo

piston stage ™~ L.} <> £

MV,
Vibrational isolation -
) iber > <\
and housing made of coupler > \ <>
Invar = =\ Rotational piezo

stage

L fiber
.-. / /es

filter

SQUIDs —




Simulations
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Simulated Light pulses Simulated depositions in substrate

o
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E=10keV
: , e Keare = 0.015,
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Vg TES saturated
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-20 -15 <10 -5 0 5 10 15 20 25

Time [us]
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Simulated substrate pulses

o

ge [mV]

Simulations
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Saturation pulses
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3831 events

Slow pulses & 50 hours
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Simulations

Agreement with Calibration

Simulation
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ALPS 11

150 kW
fp ~ 5,000 B, ~ 40,000

Production cavity Regeneration cavity
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Graphic from Katharina-Sophie Isleif
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