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= TES applications

d Mo-based TES for a backup for X-IFU:

= Fabrication, characterization, prospects
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Cryogenic detectors: what? what for?

Low Temperature or cryogenic radiation detectors operate at
temperatures T<<1K, typically =100-400mK

» Low operation temperatures imply:
v Low thermal noise
v« Decreased heat capacity
¥¢ Possibility of using superconductors:

= Semiconductor-based detectors (A~eV)
» Superconductor-based detectors (A~meV)

Capability of time resolved
single photon spectroscopic counting
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Main types of low temperature detectors

* Transition Edge Sensors (TES)

R
I/ AT= AR

T

TES can reach AE~1eV@ 1-6 keV,
with a time response ~20us
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TES detectors can be used for a broad window of the radiation
spectrum, coupled to suitable absorbers

Suhmm resonant
cavity absorbers
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TESs at synchrotron facilities
NIST

Mational Institute of
Standards and Technology

National Institute of

Standards and Technology | L f_' =y LFS, Dapattmeat of Conmerce

New High-Resolution X-ray Spectrometer for Beam Lines Advanced Photon Source
October 24, 2014 AN

“one major problem with conventional technology is Arggﬂﬂ Eomw
that detector efficiencies are typically in the range of 5

to 10 percent,” said Daniel Swetz of the Physical
Measurement Laboratory’s Quantum Electronics and
Photonics Division. “That is, they’re throwing away
about 90 percent of the photons. Moreover, they tend
to have poor solid-angle coverage. The X-ray beam is
spatially broad, and if you put a small detector in, you
won’t be using the system most efficiently.”

So Swetz, along with Joel Ullom and other NIST
colleagues, have been designing and fabricating a
new generation of transition edge sensors (TESs) thaf
detect nearly 100% of X-ray photons, and can
determine energy differences between photons
with a resolution of about 1 part in a few thousand
at a key energy range for studying materials. That
capability is a factor of 50 better than current state-of-

the-art detectors and provides highly detailed Huge improvement of | ™
information about the chemical and electronic . . - 4 pes
structure not easily measurable with other types of eff|C|ency and spectral = I ,/-.,///
spectrometer.” resolution Jdif

» Other microcalorimeter detectors installed at the National Synchrotron Light Source
(Brookhaven National Lab) and at the EBIT (Lawrence Livermore National Lab)
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TESs for y-ray detection

; Energy dispersive

/¥——/—\‘-\__ Nal | y-ray detectors
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Spectrum of a Pu and other actinides mixture, taken
with NIST gamma-ray detector array. When
superconducting detectors (TES) are used to measure
the spectrum of radiation from a plutonium-uranium
isotopic mixture, the photons from the different isotopes
are clearly resolved, allowing unambiguous
identification of the isotopes that are present (dark blue
lines). In a spectrum taken with a conventional high-
purity germanium HPGe detector (red line), the lines are
not resolved, and the determination of the isotopic
composition is more difficult. 10°

T T T i T r T
50 100 150 200

escape
peak

Energy (keV)

H1Am "“Am
10°

Np Ket,

104

Counts per 10 eV bin

|J|||||I
1 ¥y sl

96 98 100 102 104

Bennet et. al. Rev. Sci. Instrum. 83, 093113 (2012) Energy {keV)
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Energy range
Field of view

Array format,
technology

Detector
quantum
efficiency

Spectral
resolution

Count rate
capability

Time resolution

Non X-ray
background

X

X-IFU value
0.2-12keV
5 arcmin (diameter)

3168 pixels
TES

>60% @ 1keV
>70% @ TkeV

2.5eV @ E<7keV
E/AE=2800 @ E>7eV

Faint source: 1mCrab
(>80% high-res events)
Bright source: 1Crab
(>30% low-res events)

10us

<5 103 cts/s/cm?/keV
(<3 10+ cts/s/cm?/keV)

AND HOW D-D TH EY EVCILUE"

HGW DCI BLAEK HOLES GROW.

AND SHAPE THE UNIVERSE?
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ASTROPHYSICS OF THE Hot
AND ENERGETIC-UNIVERSE

WFI value
0.1-15keV
40’ x40’

Central chip: 256x25
Outer chips: 448x64(
DEPFET

24%@227eV
87%@1keV
96%@10keV

Focal plane assembly

X-ray entrance

Cryoperm shield @4K ———— =

Filter

Thermal shield @600mK
Filter

TES sensor array @50mK
Niobium shield @50mK

1" stage readout @50mK
Thermal insulating suspension

Electrical signal harness

<150eV

0.5 Crab: >88%throughput,

<3% pile-up

1.0 Crab: >79%throughput,

<6% pile-up

10us
2 103 cts/s/cm?/keV

Barret et al.,
X-IFU consortium

3kpixel TES
array (NASA)
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’~ I FU Fe-L Si Z=2 C|US’[eI'
A | Athena+ X-IFU

S p _ Fe-K
= ATHENA X-ray Integral Field Unit n 1
Science cases ’
= X-ray cool cores |
o XMM-Newlon PN T ey

= Chemical evolution " P

= (as turbulence
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= Entropy evolution ) i |Lh“ |
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Simulated mass-weighted velocity map

@l ra p Etienne Poirtecouteau, ¥-IFU Consortium Mesting, March B, 2014, Toulouse




Development of Mo/Au TES for X-ray detection
WICMAB T:z - CSIC

E il st mieimesco Plan Nacional del Espacio

Goals, framework

= Development of a european backup for the X-IFU detector ,’\ |FU
= Enable Europe to have the same technology as NASA, for R
ATHENA and other future missions

\\\\\‘}_ @S3a Core Technology Program Contract
= “Optimization of a European TES array”

= Comparison of Ti/Au and Mo/Au TESs

H2020 project: “Integrated Activities for the High
Energy Astrophysics Domain”
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TES for X-ray detection

Toperation =100 mK

T, = 50 mK

'Y

B si;N, membrane

TES sensor
Operation Absorber
-7 point
i P B sc wiring
Te i Thatn A Thatn

Tbath<Toperation<Tc
Elements:
* Low stress Si;N, membrane (controls G)
» Absorber (Bi-Au)
« Superconducting film (usually bilayers: Al/Ag, Ir/Au, Ti/Au, Mo/Au, Mo/Cu)
« Superconducting pads and wiring (typically Nb)

11
L.Fabrega Transition Edge Sensors SpaceTec-RIA october 2018




Mo/Au-based TES for X-ray detection
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Mo/Au-based TES characterization

Dilution refrigerator:
* Thase=27MK
 u-metal shield
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Mo/Au-based TES performances
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» Thermal properties tunable at wish, and
within the range required for X-IFU
=) also Tt tunable at wish
= Low excess noise
= Very promising AE

» |[n progress:
» Detection of X-ray photons
* Arrays
« Smaller sensors

baseline

Results included in Technical Note of ESA CTP contract
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Latest results: small TES
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Conclusions

< Radiation detectors based on TES display unprecedented sensitivity
and have become essential for scientific and technological applications
requiring very high sensitivity and single photon detection.
> Initial drawbacks (lack of maturity, requirement of cryogenics, large arrays)
are being overcome.

< We are fabricating and testing Mo/Au-based TES detectors:
» As part of a backup for X-IFU/Athena

» For other possible applications/radiations

<> Our devices display very good performances and prospects (high
reproducibility, low noise)
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Thank you very much
for your attention!




