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PARTICLE DETECTOR IN A NUTSHELL

Excitation AE goes
in different channels

phonons AN ]
e-h > S
pAirs -
e B
e magnons

Absorber Readout electronics
(solid, liquid, gas)

14.05.25 K. SCHAFFNER | Max-Planck Institute for Physics



STAN

X-ray photon
Eo

VWUV

14.05.25

DAR

ot 55( -
/Q%\ >

D [ONISATION

*

DETECTOR

e only a fraction of the deposited energy is converted
into electron-hole pairs

* Fano factor:
generation of e-h pairs is not statistically
independent, e.g. due to atomic excitations

for silicon: €(E,,T) = 3.7 eV /e-h pair

= ,/f€eEy, = 120 eV FWHM at 6 keV

K. SCHAFFNER | Max-Planck Institute for Physics 4



14.05.25

ucal Counts (0.16 eV bins)

https://doi.org/10.1007/978-3-030-35318-6_19

600

400 A

200

T ’,—t\r | 74 T T 1 |
NK a, ———— Hcal EDS
R Si (L) EDS

S TiLg

- 3.4
S A
T T T T T -a-q“-'— T
400 440 480 520
Energy (eV)

K. SCHAFFNER | Max-Planck Institute for Physics

Si
Solid-state device



14.05.25

ucal Counts (0.16 eV bins)

https://doi.org/10.1007/978-3-030-35318-6_19

600

400 A

200 4

| B T ’J-‘\[

NG/ *

| Fé |

| 1 ¥

— Hcal EDS

- Si (L) EDS

Energy (eV)

K. SCHAFFNER | Max-Planck Institute for Physics

Si
Solid-state device

Al-Ag bilayer TES
on a Bi absorber




LOW-TEMPERATURE DETECTOR

14.05.25

i

weak thermal
coupling

sensitive thermometer

crystal

very low temperatures
10 milli-Kelvin

K. SCHAFFNER | Max-Planck Institute for Physics



LOW-TEMPERATURE DETECTOR

* photon creates photoelectron

X-ray phofon phOToeleCTron
Eo

weak thermal
coupling

14.05.25 K. SCHAFFNER | Max-Planck Institute for Physics



LOW-TEMPERATURE DETECTOR

* photon creates photoelectron

* photoelectron goes on creating e-h pairs and high energy

L,
o o
A)

phonons

X-ray photon \7'1/% ¢
Eo

electron - hole pair

- g\

weak thermal
coupling

14.05.25 K. SCHAFFNER | Max-Planck Institute for Physics



LOW-TEMPERATURE

weak thermal
coupling

DETECTOR

* photon creates photoelectron
* photoelectron goes on creating e-h pairs and high energy

phonons

* electron — hole pairs start to recombine while photoelectrons

and phonons continue to down-convert

14.05.25 K. SCHAFFNER | Max-Planck Institute for Physics 10



LOW-TEMPERATURE DETECTOR

* photon creates photoelectron
* photoelectron goes on creating e-h pairs and high energy
phonons

e electron — hole pairs start to recombine while photoelectrons

- and phonons continue to down-convert

W\AN\/\N\N\M_,*)‘&)) » electron — hole pairs recombine and emit a phonon

weak thermal
coupling

14.05.25 K. SCHAFFNER | Max-Planck Institute for Physics 11



LOW-TEMPERATURE DETECTOR

14.05.25

* |IF you have time:
5 (meta-stable states, traps,...)

- almost all initial energy will be
converted in a thermal signal

i

weak thermal
coupling

K. SCHAFFNER | Max-Planck Institute for Physics 12



DETECTOR RESPONSE: temperature pulse

heat bath = 10 mK

weak thermal
coupling G thermometer
" heat capacity C

crystal
heat capacity C

particle
Interaction

temperature rise T

14.05.25 K. SCHAFFNER | Max-Planck Institute for Physics



DETECTOR RESPONSE: temperature pulse

weak thermal

heat bath = 10 mK

coupling G

crystal
heat capacity C

particle

L

Interaction
temperature rise T

14.05.25

thermometer >
heat capacity C ‘é
=]
o
s
=
)
N

*

K. SCHAFFNER | Max-Planck Institute for Physics

0.5

Temperature pulse

T A'

~ OT

= 149—-—' ——
14




DETECTOR RESPONSE: tfemperature pulse

‘ — et Total heat capacity Ctot: phonons
A .
o s /
Ctot -
0 (100) K Ctot

LAl

Thermal bath Ty 1
= 10 mK

| \

Relaxation time:
O (1-100) ms

Thermal conductance G

phonons, Cpy, ¢ T 3, and electrons, Cg oc 7,

14.05.25 K. SCHAFFNER | Max-Planck Institute for Physics 15



LIMITATIONS: thermodynamic fluctuations

Temperature pulse

SQUID output [V]

14.05.25

50 100 150 200
time [ms]

N is the total excitations which have a mean energy kgT

N «CT/k,T and ON=~N

OF = ONk,T = \Jk,T*C

noise comes from irreducible random thermodynamic
fluctuations in energy due to transport across the thermal link

K. SCHAFFNER | Max-Planck Institute for Physics 16



LIMITATIONS: thermodynamic fluctuations

Temperature pulse N is the total excitations which have a mean energy kgT

N «CT/k,T and ON=+/N

OF = ONk,T = \Jk,T*C

L e e noise comes from irreducible random thermodynamic
time [me] fluctuations in energy due to transport across the thermal link

SQUID output [V]

Ok

Intrinsic energy resolution is determined by how well you can measure T against

thermodynamic fluctuations (in ideal world):
low temperatures > better energy sensitivity

low heat capacity = careful selection of materials with low C

14.05.25 K. SCHAFFNER | Max-Planck Institute for Physics 17



HOW TO MEASURE TEMPERATURE ¢
What to use as
E;%ﬁj thermometer?

eeeeeeeeeee
coupling

K. SCHAFFNER | Max-Planck Institute for Physics



TEMPERATURE SENSORS

THERMAL EXCITATIONS
(=EQUILIBRIUM DETECTORS)

R
 Doped semiconductor ‘L
thermistors (NTDs) .
-

* Transition Edge Sensors Rt
(TES) J/

-

* Metallic Magnetic V1 \\
Calorimeters (MMC)

—

14.05.25 K. SCHAFFNER | Max-Planck Institute for Physics
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TEMPERATURE SENSORS

THERMAL EXCITATIONS CHARGE-LIKE EXCITATIONS
(=EQUILIBRIUM DETECTORS) (=NON-EQUILIBRIUM DETECTORS)
R
* Doped semiconductor ‘ L * Superconducting Tunnel Junctions
thermistors (NTDs) .
T (STJ)
° Transition Edge Sensors R 4 ¢ Microwave KlnetIC IndUCtance
(TES) J/ Detectors (MKID)

-

* Metallic Magnetic V1 L
Calorimeters (MMC)

—

14.05.25 K. SCHAFFNER | Max-Planck Institute for Physics 20



TEMPERATURE SENSORS

THERMAL EXCITATIONS CHARGE-LIKE EXCITATIONS
(=EQUILIBRIUM DETECTORS) (=NON-EQUILIBRIUM DETECTORS)
R
* Doped semiconductor ‘ L * Superconducting Tunnel Junctions
thermistors (NTDs) .
T (STJ)
° Transition Edge Sensors R 4 ¢ Microwave KlnetIC IndUCtance
(TES) J/ Detectors (MKID)

-

* Metallic Magnetic L
Calorimeters (MMC)

- Talk by Sebastian Kempf

—

14.05.25 K. SCHAFFNER | Max-Planck Institute for Physics 21



TES WORKING PRINCIPLE

50

g 7F gttt n 2O SO LS Superconducting film operated in the transition
— - e ’ . .
T ob A between the normal-conducting and superconducting
! phase
30F
B ARI 0(100) m{) & 2 Operating temperature defines
= % |operating point e heat Capacity
C a
- i  thermal conductance
10— S .
- & * thermal noise
B A —{aT O(1)uK
0 1 AT ﬂl“l 1 I 1 1 I 1 1 1 1 I 1 1 1 1 . . . .
155 16 16.5 17 175 18 —> this sets the sensitivity of the TES

T [mK]

14.05.25 K. SCHAFFNER | Max-Planck Institute for Physics 22



FINITE

resistance

DYNAMIC RANGE

v

14.05.25

AT

temperature

K. SCHAFFNER | Max-Planck Institute for Physics

Once AT > ftransition width

- dynamic range of TES
exceeded

- resistance does no longer
change with temperature

- BUT: tune TES such that it
fits to energy region you
are interested in

23



WHAT SUPERCON

Elementary
superconductors:
Al Tc=1.1 K
Ti T.=0.39K
Mo  T.=0.92K
W T.~0.015 K
Ir T. = 0.140 K

ﬁ W - TES
T.= 15 mK

14.05.25

DUCTING FILM ¢

K. SCHAFFNER | Max-Planck Institute for Physics
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WHAT SUPERCON

Elementary
superconductors:
Al Tc=1.1 K
Ti T.=0.39K
Mo  T.=0.92K
W T.~0.015 K
Ir T. = 0.140 K

14.05.25

DUCTING FILM ¢

Proximity effect:
Lowering T, of a superconducting film by the presence of
a metal layer in good electrical contact

metal, e.g. Cu, Ag, Au If dy is smaller than the
coherence lengths

superconductor,

e.g. Ti, Mo, Al, Ir —> bilayer behaves as a
superconducting film

Ir / Au TES

I T.= 70 mK

K. SCHAFFNER | Max-Planck Institute for Physics 25

Mo / Cu TES

T, = 100 mK




S Q U | :) R EA D O U T Superconducting Quantum Interference Device

dc SQUID:

at

Ry/2

A 4

SQUID
Ry/2 Re.ado.ut
Circuit

®=(n+1/2)d,

sensitive magnetometer I
Josephson junctions
commercially available

14.05.25 K. SCHAFFNER | Max-Planck Institute for Physics

Input coil (~100 nH)
DC SQUID

Shunt resistor (~10 mQ)
TES (~10 mQ)

26



MULTIPLEXING

SINGLE detector

MULTIPLEXED ARRAY

5000 — 6
Column 0 ) Column 1
Avgres: 2.92 eV 2 Avgres: 293 eV
02.4 26 2.8 3.0 32 34
250 = 4000 H resolution (€V FWHM)
Fit Parameters Row 0: 2.60 eV + 1\ Row 0: 2.74 eV
2009 FWHM: 1.80 £ 0.16 eV

Amplitude: 234.0 + 8 counts .04 ¥ Row 1: 308 <

#1504 Counts: 3707 g 4080 £ =000 ——
% % %114 E E Row 2: 3.0 eV
©100+ ~ c T A JIN T
g € Row 3: 2.84 eV

50 S 2000 — S 2000 =" /\ [N} Tem——

, Row 4: 2.75 eV

QI B E ey <= 71
Row 5: 2.97 eV
© 40 i | I 1000 1000 - N
S 20- } l ,
'-% 0 —Mmim *i#*}#H.HH'H t'HHﬂ i I*H#+Hh_w, Row G—ifff -e.zl/
220 - } '

i Row 7: 2.95 eV s Row 7: 3.13 eV

: I I I I 0+== | 0L|1 E— 02== | | I

5870 5880 Esﬁg?‘gy [eV] 5900 5910eV 5880 5890 5900 5910 5920 5880 5890 5900 5910 5920
Energy (eV) Energy (eV)
NASA GSFC NIST/NASA

14.05.25 K. SCHAFFNER | Max-Planck Institute for Physics 27



TES — EXCESS NOISE

Noise Spectral Density Current (A/\VHz)

Smith et al., J. Appl Phys. 114, 074513 (2013)
s L] 1 LELEL LB II L] 1 L L) Ill Lf
ak — Total calculated
Al ——-- Phonon to bath
M red noi --=-= Photon Shot
ok easured noise — — TES Johnson

-
o

—--= Unexplained TES I
------ Shunt Johnson
- Readout

10 Fommiime ~ —
[ T N
7" .\'0
6 ,°
5p 4 .
al ,/ .’\\ \‘ p
K ""'----'5\---':':-:- ------------- R
__________ Amm - —.‘\'\- - T~ ~
”~ .
2- ,' / \‘\ N -
R4 / W \
. / .\' \
7 / \ \
-1 bl | | Y
10
1 2 3 4
10 10 10 10 10
Frequency (Hz)
14.05.25

TES is a resistor
- Johnson noise

Including both Johnson and the

I Johnson™

N

AkgT.,

R

thermodynamic fluctuations noise:

EFWHMN 2355

- best AE for small T and low C
> AEtye > AEfpwaM

K. SCHAFFNER | Max-Planck Institute for Physics

\

4kgT?C
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W-TES

OUR MUNICH TESs &=

Collecting edge

Quasiparticles

Cooper pairs

Al phonon collector _ I

—

> O\l "O\) v| v
\Q_// §<1) O O\)
Absorber

Benefit:

‘. .‘..-
L}
| .
- .
»
- J
o N %
-
¢ -
- a3 05 el

o
. .o‘

‘P

TES used directly fabricated onto
absorbers to measure the
athermal phonon population
created after a particle interaction

heat capacity of the absorber to first order not relevant
— use of massive absorbers for e.g. dark matter search is feasible

14.05.25

K. SCHAFFNER | Max-Planck Institute for Physics
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OUR MUNICH TES IN A NUTSHELL %

Phonon collectors Au Thermal link
1 pum of Al \ thin Au stripe + thicker bonding pad
via electron-beam evaporation ~ | via Magnetron sputtering

Tungsten film

150 nm — 250 nm Al Al
via electron-beam evaporation

Ohmic heater to drive TES in

Al A| operating point
thin Au stripe

1 um Al bonding pads

NEW: also W sputtering under investigation . .
P & g via Magnetron sputtering

Note: geometry/size of TES adapted to
required sensitivity and use case
14.05.25 K. SCHAFFNER | Max-Planck Institute for Physics 30



Slide borrowed from R. Strauss

History of TES production in Munich

¢ =
K

MAX-PLANCK-INSTITUT
FUR PHYSIK

CRESST 1
CRESST-II
CRESST-III

Huge expertise built up at MPP



TES FABRICATION =438

Photolithography Wet chemistry Deposition systems
Coating with photo resist Tungsten etching W Standard: E-beam evaporation
Mask-aligner Processing R&D: Magnetron Sputtering
Lift-off Process
Al Standard: E-beam evaporation
Au Standard: Magnetron Sputtering

@MPP (F. Petricca group, CRESST)
* functional and fully established production line for W-TES = in commissioning since the move to Garching 02/24
* main focus on W-TES production for CRESST-1ll; W-TES also for spin-offs COSINUS and NUCLEUS

@TUM (groups S. Schonert & R. Strauss, CRESST, NUCLEUS)
“historic”’production line for W-TES, used for R&D purposes, strong focus on W sputtering

14.05.25 K. SCHAFFNER | Max-Planck Institute for Physics 32



CRESST-lIl DARK MATTER SEARCH

TARGET CRYSTAL

 CaWQ, single crystal
e 20x20x20 mm3; 24g

)

— ‘étféUSS/MPP
- . LIGHT DETECTOR e

* Silicon on Sapphire (SOS) wafer :
* 20x20 mm?2and

= 0.5mm in thickness

* Baseline resolution: o=1 eV

14.05.25 K. SCHAFFNER | Max-Planck Institute for Physics 33



CRESST-l @ LNGS

PRD 107, 122003
arXiv:2405.06527

PRD 100, 102002

Detector A - CaWOy,: Si wafer detector: Al,O; wafer detector:
23.6 9 0.35¢ 0.69

exposure: 5.698 kgd exposure: 55.06 gd exposure: 0.14 kgd
Ei-h= 30.1 eVNR th= 10.0 eVNR Ei-h= 6.7 eVNR /

~

different target materials in two modi:
* phonons + scintillation (NR/ER discrimination)
* phonons only

14.05.25 K. SCHAFFNER | Max-Planck Institute for Physics 34



CRESST-l @ LNGS

credits: P. Guillaumo, CRESST collaboration

Detector A - CaWOy,; Si wafer detector: Al,O; wafer detector: . #ﬁ
23.6 9 0.35¢ 0.69
exposure: 5.698 kgd exposure: 55.06 gd exposure: 0.14 kgd SN T
Ei,=30.1 eV Ein= 10.0 eV Ein= 6.7 eV\g / Eneroy TES 2L e
V »stack detector” with double TES:
different target materials in two modi: * baseline resolution: ~1 eV
* phonons + scintillation (NR/ER discrimination) « analysis threshold: ~7.5 eV

. honons onl . :
P y * single photon detection

14.05.25 K. SCHAFFNER | Max-Planck Institute for Physics 35



Dark Matter Particle-Nucleon Cross Section (pb)

10’
10°

10*

10?

1072
107
10°°
10°®
107"°

10—12

0.01

STATUS OF DM DIRECT

DETECTION EXPERIMENTS

P T T

T IIIIIII I T TTTTT

S~

\

Coherent Neutrino Scattering on Xe

| IIII[lII | IlIII]I|

T T TTTTT

T T TTTTT T T TTTTIT I T TTTTT

CRESST-III 2019

| IIIIIII| | IIIIIIII 1 ] ]

0.1 1

14.05.25

100 1000 10000
Dark Matter Particle Mass (GeV/c?)

K. SCHAFFNER | Max-Planck Institute for Physics

dark matter

Cryogenic detectors set world
leading limits !

CRESST-III:

e resolution of O(1) eV

e absorber mass 0(1-10) g

e probed parameter space
< 100 MeV/c?

- observable:
kinetic energy of nuclear recoil

3 electron



LOW MASS SECTOR -> discovery potential !!

. 107_ T T T TITT T I TTTTIT T T TTTTTT T T TTTTT T T T TTTIT T T TTTTT
ﬁ‘- 10° = V
'% 10 ',” h
9] —_— o o °
2 12 i Frontier: light particles < 1 GeV/c?
5 b ! - .
< 1= : current best limits by cryogenic
[0} —
S 10 i experiments (CRESST-1I, 1.0 eV resolution,
R i TESSERACT has new prototype)
= — I
§ 106 CRESST-111 2019 E - detector performance is key
= = I
% 107 = \ > vast regions of unexplored space
E 10—10:_ N e e e e e e e e e e e e e e e e e o o e e e o o o e e o o e -
0 — Coherent Neutrino Scattering on Xe

10—12— | | IIIIIII 1 1 lIIIII| | | I]III[| | 1 IIIIII| | | llIIIII | LIl L JLILIL]

0.01 0.1 1 10 100 1000 10000

Dark Matter Particle Mass (GeV/c?)

11.03.25 K. SCHAFFNER | Max-Planck-Institut fiir Physik 37
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COSINUS - the “cold” DAMA/LIBRA -check €0

remoTES readout for Nal v 21045 167552

Au-wire

Au-pad Au-port
N TES on separate wafer

— absorber excluded from
fabrication process

Thermal link
to heat bath

- key-technology for Nal

Absorber

FUTURE OPPORTUNITIES:

— open field for novel materials
—> easy-to-fabricate
— enabling large arrays

14.05.25 K. SCHAFFNER | Max-Planck Institute for Physics



COSINUS - the "cold”

Au-wire

Au-pad \

remoTES readout for Nal v 21045 167552

14.05.25

TES

Au-port

Wafer

Thermal link
to heat bath

TES on separate wafer

— absorber excluded from
fabrication process

- key-technology for Nal

FUTURE OPPORTUNITIES:

— open field for novel materials
—> easy-to-fabricate
— enabling large arrays

K. SCHAFFNER | Max-Planck Institute for Physics

DAMA/LIBRA -check

Light yield

a (pb)

first physics results

PRD 110, 043010, 2024

Neutron calibration data

B/y-events

recoils dn iodine

1 1 1 1 1 1 1
25 50 75 100 125 150 175 200
Energy (keV)

o(Nal) = (0.441+0.011) keV

DAMA islands

105 b —— COSINE-100 2021 (6307 kgd)
~== this work - ROI (11.6gd)
——— this work - acceptance region (11.6gd)

11gd

6307 kg d




NUCLEUS

Coherent Elastic Neutrino-Nucleus Scattering (CEVNS)|

Neutral current interaction

Multi-target approach for NUCLEUS 10g: ‘
+ Al,03 background measurement :
« CaWOs high CEVNS rate Phys. Rev. D 96, 022009 (2017)
e Preliminarz 102
g —CaWo, | -
r NUCLEUS —AO; |
i L threshold goal —--Ge T
E 1035—\\ i T --8i _2104%
ERY: J0°3 NUCLEUS Al,O, prototype:
¢ Lk ¢ 5x5x5 mm?3
: * E,=(19.7 +/-0.8) eV
107

Recoil energy [keV]

14.05.25 K. SCHAFFNER | Max-Planck Institute for Physics 40



PHONON-ONLY LOW ENERGY EXCESS (LEE)

arXiv:2503.08859 SciPost Phys. Proc. 9, 001 (2022)
107§
106 4 iy . .
. [r steeply rising background towards lower
3 10°; energies
$ 107 k.
2 107 — Low Energy Excesses
2 100
w E . . . .
8 100 —> LEE has significant impact on dark matter
=1 e e e
it sensitivity
102 : _
10! 102
Energy (eV) . .
m== CRESST-IIl CaWO4 m BULLKID NUCLEUS 9 aCtlve Communlty to SOIVe LEE
CRESSTHII SOS === SCDMS-CPD TESSERACT LS

= EDELWEISS RED20

14.05.25 K. SCHAFFNER | Max-Planck Institute for Physics 41



PHONON-ONLY LOW ENERGY EXCESS (LEE)

holder-related

stress

sensor
stress

‘&E:

Ak D

Origin(s) still unclear / mitigation strategies under investigation:

107 3
105§
105é
104§
103§
102§
10°
1o°§
10*%
1072

Rate (1 / kg / days / eV)

arxXiv:2503.08859

M

/
|

Nire

10

=== CRESST-lIl CaWO,4
CRESST-III SOS
= EDELWEISS RED20

102

Energy (eV)
mes BULLKID NUCLEUS
m SCDMS-CPD TESSERACT LS

* mounting stress / holder related stress

SciPost Phys. Proc. 9, 001 (2022)

steeply rising background towards lower
energies

— Low Energy Excesses

—> LEE has significant impact on dark matter
sensitivity

—> active community to solve LEE

* sensor film relaxation (can be vetoed using more sensors on same target)

* intrinsic to substrate / targets (stress/defects from growth process)

* inconsistencies among different experiments = physics may be different...

14.05.25

K. SCHAFFNER | Max-Planck Institute for Physics
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(My) future vision for TES-based detectors

develop
next-generation TES

" unique features:

v sub-eV resolution

v reliable fab 2 T.at 15 mK
v scalability 0(100)

MAX PLANCK
HALBLEITERLABOR

14.05.25

mitigation of the Low
Energy Excess
(LEE)

strengthen synergies in
the framework of the
Cryocluster for
intensive detector R&D

v collaboration with
material scientists
and solid state
physicists

v" innovative detector
designs/layout

K. SCHAFFNER | Max-Planck Institute for Physics

large arrays of novel
and LEE-free detectors

107 T TTTTT
e T T T \

10t \
10°F  Superconductor
JE\ Al 1kgd
®

10°E A\
104E l’HJkge”O o MO

r Particle-Nucleon Cross Section (pb)

10 | Stay

unique features:
v low-background

1t Neutrino Sc

. ™ 0.1 0.2
cryogenic facility
v multiplexing
v’ less complex readout
43



One more thing...

TES-detectors can do more...
LTDs in general, even much more ...



LT

Ds ARE FLEXIBLE — 12™ orders of magnitude

Monolithic W-TES detector Germanium dark matter detector
Volume: 2x 10716 m3 Volume: 49 x 106 m3
Mass: 3 pg Mass: 8709

14.05.25 K. SCHAFFNER | Max-Planck Institute for Physics 45



Slide taken from L. Gastaldo

TES TO MEASURE PHOTONS

I I mm and sub-mm cameras
. . | : : . . : | | - Astrophysics: studying the generation of
Energy (eV) 10—[NEENIEEENNO0—2 10~'  10° 10 10? 10° 104 10° 10°°  stars and galaxies from cold gas

L | | | | | 1

| | | |
Wavelength(m) 10-¢ 402 10+ 10° 10¢ 107 10% 102 10°10® 140" 10~

Cosmology: study of the Cosmic
Microwave Background

1 I ] 1 | ! ] ] | J
Frequency (HZ) 1011 1012 1013 1014 1015 1016 1017 1018 1019 1020

L | | | | | | | | | J
Energy/ks (K) 10° 10! 102 108 104 108 108 107 108 10° 1010

SCUBA2 on the James Clerk Maxwell Telescope (JCMT):
* Transition Edge Sensors, 10240 TESs @ T~50 mK
* 0.85mm (352 GHz) and 0.45 mm (666 GHz)

SCUBA2 map of the high-
mass star forming region
W51 at 850 um

National Institute of

W.S. Holland Monthly Notices of the Royal
Astronomical Society 430/4 (2013) 2513

" Standards and Technology
U.S. Department of Commerce

14.05.25 K. SCHAFFNER | Max-Planck Institute for Physics 46



Slide taken from L. Gastaldo

TES TO MEASURE PHOTONS

mm and sub-mm cameras

Astrophysics: studying the generation of

L I I 1 I |
10— 10°° 101 10° 10! 102

| | | |
10° 10* 10° 10¢

Energy (eV) 10-2 stars and galaxies from cold gas
L | 1 1 | 1 1 | | | J
Wavelength (m) 102 10=® 10—+ 105 106 107 10® 10~ 10~ {0~"" 1012
- ' 1 1 ' l ' ' l ' Cosmology: study of the Cosmic
Frequency (HZ) 1011 1012 1013 1014 1015 1016 1017 1018 1019 1020 .
, , , , , : . i : . . Microwave Background
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CMB-S4: next-generation ground-based CMB experiment based on
antenna coupled TES:

~ 500000 detectors (30 - 300 GHz)

multiple telescopes and sites to map £70% of sky

Detector development follows work done in

ACT (Aiola et al. 2020)

BICEP/Keck (BICEP2/Keck Array Collaborations X 2018)

CLASS (Harrington et al. 2016)

POLARBEAR/Simons Array (Suzuki et al. 2016; Hasegawa et al.2018)
SPT (Bender et al. 2018; Sayre et al. 2020)
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COSMIC MICROWAVE BACKGROUND

South Pole Telescope Atacama Cosmological Telescope
(SPT: 1000 TES pixels ) (ACT: 3000 TES pixels)

14.05.25 K. SCHAFFNER | Max-Planck Institute for Physics 48



SOFT X-ray SPECTRUM
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57 um pixel with 30 us time constant

thickness of Au absorbers 4.5 um

1.58 eV FWHM @ 5.9keV

14.05.25 K. SCHAFFNER | Max-Planck Institute for Physics



Slide taken from R. Gimeno

EXTENDING TO ~100 keV
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