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TOPICS
 Low Temperature Detector Physics and Technology
i | * Signal Read-out Electronics, Digital Data
74 R Acquisition and Analysis
e Sub-Kelvin Refrigeration and Space Cryogenics
* Detectors for X-Rays, Gamma Rays, and UV to IR

photons Spectroscopy

Low T E M P E R AT U R E  Detectors for Dark Matter, Neutrino Physics, and

Rare Nuclear Decays

e Detectors for Atomic, Nuclear and Heavy lon
DETECTORS

* Bolometers for Cosmology, Astrophysics, and

CONFERENCE 2025 »

¥

1. Better understand the field: context, key experiments, and
trends.

2. Stay updated on the latest detector technologies,
Innovations, and results.

3. Present our work and receive a feedback from the
community.

4. Return with plenty of useful insights for our project.

LTD2025

21st International Conference on
Low-Temperature Detectors
Santa Fe, New Mexico

June 1st - 6th, 2025




Outline of the presentation:

1.BULLKID Experiment at LTD25
2.Dark Matter: General trends and notable presentations
3.MKID Detectors: General trends and notable presentations

4_Highlights from LTD Talks and Posters: Useful insights gathered from various
sessions

o[ TD did not upload presentation slides.
eOnce the proceedings are published, | will upload the
selected articles to the BULLKID wiki.



BULLKID @ LTD25

Talk:
1.Daniele Delicato: P

resentation of

BULLKID experiment and latest

results.

2.Timo Musheild: BU
Electronics

LLKID

Poster:

3.Giorgio Del Castello: LANTERN LED

Calibration.

4. Tommaso Lari: Veto R&D by Pisa

group and M. Del Gallo.

LANTE

Daniele Delicato

BULLKID-DM: searching
for light WIMP with monolithic arrays of

detectors

Timo Muscheid Real-Time Readout

System Design for the BULLKID-DM

Experiment: Enhancing Dark Matter Search
Capabilities

RN

Characterization technology for low threshold cryogenic detectors

Giorgio Del Cas
Recent advancements in low-energy rare-event searches rely on cryogenic calorimeters, these detectors face ch
calibrations with radioactive sources produce signals above the ROI.

LANTERN, an LED based optical calibration system, can produce particle-like signals from a few eV to several h

(calibration, cross-talk evaluation and pixel identification). Its minimal electronics and optics contribute to its reliability and e

S

allcngc:1 in accurately characterizing responses within the region of interest (ROI), since traditional

undreds of keV, allowing for a comp!

ion, with tF

(wavelength, energy range, speed and number of channels). Since LANTERN is electronically activated, it can remainin place during data-taking, allowing for

unnecessary background. LANTERN allows to enhance the capabilities of segmented calorimeters in low-backg

CALIBRATION CONCEPT

1. Shine on detector with monochromatic LED changing the
mean number of photons deposited
2. Fit energy distributions
3. Fit photon-statistics (Poissonian) hypothesis (o measure
calibration constant
4. Study and correct non-linearities of detector using LED
pulses as reference population

IN-CRYOSTAT O

Setup Concept ol
Compatibility between LANTERN and

112! Calibration Gaussian Fit 3

patible calibratio
the lal ry, and the LA
Calibrated detex

ELECTRONICS & FEATURES

1. 64x Multiplexed LEDs (customizable)
2. Customizable LED wavelength (tested with
255nm, 400nm, 1200nm) t - Nucleus Comm ning Run
3. Up to S5MHz LED switching e Detector: CaWOg4 with TES
4. Easy stand-alone and DAQ z
operation via serial communication
5. Software LED power regulation with 64 step
digital resistor
6. Light deposition regulation via external trigge
generator
7. Vacuum compatible electronics in order to
operate inside dry cryostats
8. Cuslomizable geometry for space
requi S
9. Upscalable eletronics for high segmentation

detectors LANTERN 64 Channel PCB

LED Driver

Cu muon induced X-Ray line
reconstructed with 17%

discrepancy

nperalure

LANTERN
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iorgio Del Castello - PostDoc - INFN Roma1 Thi
Contact: giorgio.delcastello@romal.infn.it

s work was partially supported through

round setups, and it's currently being emplo

ERAT

CAEN Commercial System PMT Validation

8 ke

evel on both systems,

stabilization and res
abilization and re Fiber thermalization

feedthroughs

LED to Fiber
Couplers

the European R

(vv © DEVELOPING THE CRYOGENIC VETO OF BULLKID-DM EXPERIMENT

. M. del Gallo
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: dark matter experiment targeting
particles around 1 GeV/c2 using phonon-mediated

Kinetic Inductance Detectors at LNGS.

scintillating crystals coupled to KIDs to suppress gamma and neutron
backgrounds

: develop an anticoincidence detector (veto) composed of

groves.

effective nose and

+ The aney of ~100 dice inetrumented with a KID each.
* The energy of the nuclear recoil of a dark matter partice
Is converted to phonons that are sersed by KIDs. WL

+ The urique design of BULLKID, in addtion to an enesgy  cereceos
threshold of about 200 eV. provides geometrical
sagmentation and a fully active voume. resuling N | Bauso Buemen

+ Wil operate in Gran Sasso National Laboratories (LNGS), [T —

INTRODUCTION
0] [S—
* Cryogenic experiment for dark matter sewch of about 1 + Backgrounds: muons, gammas and neutrons.
Gevie'. * Shielding system
+ Stack of 16, 4" diarmeter, 5Smm thick, Si wafers. - passive shield.
+ Waters segmerted i several (2x2) mm’ dice by 45 mm i

* Requirements
= High stopping power.
Fig. 2. Vete systew - Enargy threshold ~50 keV.
b =« Scintillating crystals:

backaround suppreesion. =g

- anticoincidence detector (velo] surounding the BULLKID man

- High Z ana righ censity crystals.
* KID phonon mediated light detector 2
- KID: multiphexing, sarme electronics of BULLKID.
- Phonon meckated: to kmprove the light collection, optical photors.

Fibers to detector
couplers (BULLKID)

+ (2.5:2 5x1) o crystals.

* Light emissicn read-out using 2 PMT
through an optical window.

+ "'Am  source ie fixed on the cryetal.

* Light yleld estimated using signal erea.

* Figure of merit:
" Event r

Suppression Factor

outside the cryostat

nber [0-18{keV (Cu passive shield)
Evont number [D-16)kaV (veto}

BENCHMARK VETO MODULE

* 3" square profilk BGO Cylinder.
* |5x5) cm KID light detector.
Jreysro—
g Sut Cansabs
+ Light detector enckised in a Cu holder: Gasten Teasdey
- Aperture on top skie to sense crystal light.
- Optical ficre allows ilumination the senscr with LED for calibration.
PTFE disk on top face of 8GO:
- Prusses the crystal agairst tha Cu holder ensuring thermalization.
- Maximize photon colecton thanks to high diffuse reflectiviy
« Enhanced Speculer Reflector (ESR) fim around the BGO and between the
EGO and the Cu holder.

Fo [ B0 Italy T | are absorbed on a large (2x2-5x5) em” Si waser. The energy of ? + An absolute energy calibration of the Ight detector by sendng LED pulses
Detesk photons is converted 1o phonons that are in tum sersed by a KID. o ware UGy (982 koW 11 8nd o (1173-1332 ke 7) 50uroes outaids the cryostat for
calibration.
CRYSTALS SELECTION AND TESTS SIMULATIONS + Long acquisiion of background radioactivity 1o excluds intrinsic background.
+ KID signals processed using match filtering s _— [
Do et deeets v g e e s bbb Lot Lo o e cowrits
s
+ Baseline shisiging configuration 137 Ca Speetnrn |
+ BQO(BI:Ge;0,2) * 2emCu
+ High gamma attenuation. + 2om B4C nautron anecrter 1
* Low cost and demonsirated uge at low temperature, + B5cmCu [ T—m| " vinf gy
+ GAGG(Qd-A1Z0,5(Ce)) and GSO(Gd.SI0:(Ce)) : * Cryogenic veto octon: = —r—y
« Fast scintiation time. *+ Substitiie 6.5 om Copper shiskd with scintiisting crystais (8GO, —O roat
- Gadolinium: GAGA or GSO) !
+ Hignest thermal neutron cross section (o ~ 270
kbern), \
- Emssion of 8.1 MeV gammas after neutron * Geometry. BULLKID detactor, interal and exteenal shiekis and \
capture. ‘experimental hall.
« Isatropic flux of gamma And nautron outsida the cryostat Accorsngly 1o
measued flux at LNGS. P ———
* Events aro discarded if anergy coposited in the veto & larger than the ]
Compered scintillatng properties of crystals down to ~25 K. voto Enorgy Threshold (£,). B Fig. 3. 737 Cx Spactrum messurd wih the berchmark vero socte.
« Bachground rates induced by gamma end neutron fuxes (E7,=50 keV). ] .
Fip 17, Coraporson nassen seruiaima 50 Srae. masnmd GO

g 6 BULLKID fnral ansksiog apstoee

* Timing characteristics of the lgnt emission descrbed by
Signal Area [trigger,1 us] I T — —
the pacamater 7, = e sepmtsdontey — 3
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* Light detector responsitivity from LED calibration: £, = (14.7 £ 0.1) mracikeV
« Baseline noise of light detector: 0, », = (1.59 + 0.2) mrad
* Mean of Cs peak: i, = (52.3 £ 0.8) kev
+ Benchmark detector gamma calibration
Cppy = 662 Ko/ (Mean of Cs peak] = (12.7 = 0.2) keV/mrad
+ Banchmark detector Energy Theeshold Fp, = (101 + 13) kev
« Estimated Light Yiald of the set-up
LY = e /(5 - 0.662 MeV) = (5.37 £ 0.02) keV/MeV ~ 2080 ph/MeV

- Signal amplitude affected by:
-BGO LY

- Photon collection.
- Mismatcnh betwsen the BGO's lorg scintilation tima and the faster
response of the KID (r,,,, ~ 120 us , 7, ~550 pe).
* Simulation:
- Photon transport model with GEANTA.
- Signal: photone reaching the wafer generate a puise with the
average LED shape, contributing to the firal waveform.
* LY and Scintllaticn time of BGO still 1o be understood et ~ 100 mK.
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CONCLUSIONS

Wo e developing a cryogenic anticolncidence detector usng scntliating crystals and K D-basec light detectors. We tested BGO, GSO, and GAGG down
10 20K. GAGG shows high liht yisid and fast response, while BGO offars anhanced emission at low temperatures. Giving the promising results, GAGG wil
be tested coupled tc a KID. Simulations of the BULLKID setup show Gd-basec scintilators reduce neutron backprounds by about an order of magnitude,
whie BGO is more effectve for gamma suppression. A Senchimark veto module teeted with a Ce source achieved a <100 keV threshold, approaching the
50 «e\ target. We are developing & simulaton to better understand the BGO set-up; extractsc parameters will guide the optimization of the detecter
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Dark Matter Talks: general trends

DM Candidate Detector
Sub. GeV DM TES

Author
Francesca Pucci

Title (link to abstract)

Optimisation of TES design for the CRESST experiment

> OO R DN O ©omNOO O~ N =

Zoe Smith
Tali Figueroa

Stefanos Marnieros

Jadyn Anczarski
Hannah Magoon
Giovanni Benato
Victor Rollano
Dylan Temples
Kyle Kennard
Michael Williams
Michele Mancuso
Sebastian Kempf
Aviv Simchony

Dan Baxter, Margarita

Daniel Delicato

Characterizing Position-Dependent Phonon Efficiency in KIPM Detectors Using
Cryogenic MEMs Mirrors

Searching for Rare Events and New Physics with LTDs

Heat-only background rejection with the CRYOSEL high-impedance TES detector

Novel Materials and Precision Charge Measurement to Advance Dark Matter
Detection

Characterization of the First Superconducting Quasiparticle Amplifying Transmon
(SQUAT) Sensors

Detecting Dark Matter and Neutrinos using RES-NOVA Pb-based cryogenic detectors

Development of Superconducting Kinetic Inductance Detectors for Dark Matter axion
detection

The KIPM Detector Consortium

Latest Results from the SuperCDMS-HVeV Program

Progress and Results from the TESSERACT Dark Matter Experiment

Mitigating the Low-Energy Excess in Cryogenic Detectors for low-mass dark matter
searches: Advances from the CRESST Experiment

Direct Search Experiment for Light Dark Matter (DELight): Motivation, status and
future perspectives

SuperCDMS HVeV on Carbon-Based Substrates: TES Development on SiC and
Diamond

Summary of the workshop on EXCESS backgrounds observed in low-threshold dark
matter and CEVNS experiments

BULLKID-DM: searching for light WIMP with monolithic arrays of detectors

Sub. GeV DM

Sub. GeV DM
Sub MeV DM
Sub. GeV DM
Sub GeV DM

Axion
Sub. GeV
Sub. GeV
Sub. GeV
Sub. GeV
Sub. GeV
Sub. GeV
Sub. GeV

DM
DM
DM

DM

DM
DM

DM

MKID

NTD, TES

HEMT based ampilifier for novel
superconductor

SQUAT
TES
KID

MKID
TES (NTL)
TES
TES

MMC (superfluid He)

TES (NTL)

MKID
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Dark Matter Talks: general trends
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Germanium Quasiparticles transport

substrate the energy to the W TES

Resistance

MMC
Detector Technology

*WT
* Read out with SQUID array

Heated W electrons

MKID New

.~ 80 mK

W ETF-TES ™=

Temperature

12

Sub. GeV Sub MeV Axion
Dark Matter Candidate

TES (NTL)

TES 1,4,7,11,12

TES(NTL) 10,14
NTD 4
MMC 13
MKID 2,8,9,6
New 13,6,5

Sub GeV 1,4,7,11,12

Sub MeV 10,14
Axion 4
MKID




Dark Matter Talks: notable presentations

Tali Figueroa: _Searching for Rare Events and New Physics with LTDs

Example: Ricochét

vflux: 107 em* o’ 0o

C'EvNS Futuré Science |
T os with LTDS 7

STI/

. Use a sub MeV neutrino sourcé —,;ee EC Key p0|nts
and move is near LITS ttotsee the easurement to @/
oscillation into sterile states S . _ .

jook for missing g * A very interesting overview

« Use the movable reactor core in energy signatures ] _ _
MINER A of LTD applications in
4) Be-7 Decay and Laser Lall ration . .
| particle physics

’
'  gtandard Model

i
?
i

7‘[07 Y S~
var rocoj/g

f : 5 10° K-capture
, [ Lifl.Jud...f;'_L__l_.x_:_LLuL ool R S B W1 1@'; -
1 . Hurr/nl enerqy ['ru‘\/’]," > oes ' i
Gl e . Cl i t d
1000 ear’ Sys ema IC, dan We"-

/ o structured — a great
introduction to the field

‘BeEST JLTP 209, 796-803 (2022)

- eHope the slides or
proceedings become
available soon

Spectral information improves searches for new physics!

(MINIE IR arxiy 2604 2006

s Balar Axlons —all orystal oryo DM expariments
0.0 ¢ oM (PRL 103 1410802, 2008) e
=y o E—
¢« Dark Photons all crystal oryo DM + | :
axpeliments, e.4 CcOMS (PRD 111 012000 /- A ’ ' o ‘{-
) . - . )
20.05) ' ! 1 o ~ductors/Insulators // &
Al kot - layground!
| peg -~ LTD Playg |
; ‘ / : Optical Phonons
| = ] 4 Low-Gap Matenals

¢ Light-Bhining through-a-Wall searches, 6.0
ALPS I (JINST B TOROOT)

¢ ANAPDS or other LTDB with the BIREAD i . &
! ”~
axparimant (PRL 128, 131801, 2022 ; y
pariment (PRI ) I / superconductors, Superfluids Al | med
| s Single Phonon Detectors
In HAIoscope s 2 ‘ ' = e.g Qlwu,"lfluldﬂ,
i\l‘*),\‘._‘ \‘;‘I l

¢ Raplad ing helerodyne recalyel

vith LTDs, 6.9, CADI v (JCAP11(2022)044)
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Michael Williams: _Progress and Results from the TESSERACT Dark Matter Experiment

Key Points:
* Record energy resolution

. eInnovative solution
Line of TESs

Wire bonding suspension


https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/dbed30ae8bb247efb7f75e9df950907e.pdf

Dark Matter Talks: highlights

Sebastian Kempf: _Direct Search Experiment for Light Dark Matter (DELight): Motivation,
status and future perspectives

Superfluid He target instrumented with
MMCs:

Exploit the rich physics of superfluid helium
to detect low-mass dark matter.

Key Points:
* Novel detection principle

\—aaiie f 2 = o N ;3’-'— J-r‘:.\-"' (W
i i |
- " R R L PP ST

o ugrel gan dus 10 e dference betwsen
adsorpion energy (~10 for slkcon, ~20 for sapplhure)

. P 2 Vo) e ey Vet by Pt g A e
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Photon Event

Dark Matter Talks: highlights

Hannah Magoon:

Transmon (SQUAT) Sensors

Motivation

\‘ Incident radiation can break Cooper pairs

either directly in the superconductor, or

indirectly through phonon Pathways
Si Substrate

Quasiparticle tunneling rate across a

Cooper pair
Quasiparticle

A Phonon Phonon Event

Incident Radiation

junction will scale with surrounding

quasiparticle density

_SQUATs fo, Phono

N & photon detection
Materials are chosen such that:

) is lost to sub-gap phonons returning
he lower Tc junction region and downconyert further

Y tunnel back and forth across the junction until recombination. Each
tunneling event can be read out as a signal
sand Junction
O Q e

—CDC>

Tunneling event!
Substrate

_

~
w
Ee
o
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7.338

7.3361
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Quasiparticle tunneling event causes
(2)) qubit parity state to flip, thus changing
the resonance frequency

i

Even

Readout
Frequency

Odd

=50 0 20
f—fo (MHZ)

—04 -02 00 02 04

I

Time (ms)

Key Points:
* Innovative detector
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Title (link to abstract)

DESHIMA 2.0: Ultra-wideband Submillimeter-wave Astronomical Observations with an Integrated
Superconducting Spectrometer

Wavefront Sensing and Control with Superconducting Detectors for the Habitable Worlds
Observatory

KID Detector Readout Electronics Development for Habitable Worlds Observatory

Fabricating a Hafnium Airbridge MKID Array. https://custom.cvent.com/
B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/
22930724c2e84b3b93f62c7170746141/5ef75daf37814a07a627027fb61a128c.ndf

CCAT: Aluminum MKID Arrays for EOR-Spec Line-Intensity Mapping from 210 GHz to 420 GHz

Strongly reduced frequency scatter in Optical KID arrays

Development of Superconducting Kinetic Inductance Detectors for Dark Matter axion detection

Characterizing Position-Dependent Phonon Efficiency in KIPM Detectors Using Cryogenic MEMs

Mirrors

Far Infrared Photon Counting Kinetic Inductance Detectors

Early results from the AMKID camara at APEX

The Vertical Integrated Spectrometer (VIS), an architecture for millimeter wave integral field units for

intensity mapping

Boosting the Quantum Efficiency of VIS-NIR Kinetic Inductance Detectors

Fabricating LEKID arrays from High Power Impulse Magnetron Sputtering grown TiN

superconducting films. https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/

event/22930724c2e84b3b93f62c7170746141/3606bfe823934ce79de97{35f6dd17f6.pdf

Laboratory Measurements of Horn-Coupled Multi-Chroic Microwave Kinetic Inductance Detector
Arrays for Cosmic Microwave Background Polarimetry

Quasiparticle recombination in disordered superconductors

10

Science Case
Astrophysics/Cosmology (Line Intensity Mapping)
Astronomy (Exoplanets)

Astronomy (Exoplanets)

Astronomy (Exoplanets)
Astrophysics Cosmology(Line intensity Mapping)
Astronomy/Astrophysics (Optical)

Dark Matter
Dark Matter
Astrophysics/Cosmology(Far Infrared)
Astronomy/Astrophysics
Astrophysics/Cosmology(Line Intensity Mapping)
Astrophysics
KID Physics/Fabrication
Astrophysics/Cosmology
MKID Physics


https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/55b015cb606344ab8887494b9aa234bf.pdf
https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/e8a37079915f4879894be297fe45ae03.pdf
https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/5ef75daf37814a07a627027fb61a128c.pdf
https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/050769365a464a1fa9b0e5e40e7a4b4f.pdf
https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/d63e49be2dfe4b14ad4289009cfeb9c9.pdf
https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/34ed748ac5384431801cf26472aefc56.pdf
https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/47687c07935646a0acea1924d0112ab4.pdf
https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/65f94aa2c4b14bf88e45a03c63664851.pdf
https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/496addb809cd47ec99fd5822834d40de.pdf
https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/85c9f1679c6e4241b07bdf948aafbb4d.pdf
https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/64df0c23af16461fbed00194be8363dd.pdf
https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/3606bfe823934ce79de97f35f6dd17f6.pdf
https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/aa6a679de5934724a925c9f696b1450f.pdf
https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/fca72deabb664d7d9385da02a5e26e15.pdf
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17
18
19
20
21
22
23
24
25
260
27
28
29

Author
lan Fogarty Florang
Ben Mazin
Sean Bryan
Thomas Rao
Jianyang Fu
Maclean Rouble
Joshua Montgomery
Dylan Temples
Mike Niemack
Sam Rowe
Will Clay
Sumit Dahal
Daan Roos
Oketa Basha

Title (link to abstract)

Thermal kinetic inductance detector physics: understanding devices through measurements of
position dependence and first-principles models

MKIDs: What Not To Do

KID Detector Readout Electronics Development for Habitable Worlds Observatory

Progress developing thermal kinetic inductance detectors for charged particle detection in neutron
beta decay experiments

Cryogenic Receiver Development and Characterization for the Terahertz Intensity Mapper

(T1M)

Electro-quasiparticle feedback: in-situ resonant frequency tuning and control for kinetic inductance
detectors via active readout current modulation

Signal processing improvements to the CRS platform for KIDs readout: electro-quasiparticle
feedback and synchronized high-bandwidth transient captures

The KIPM Detector Consortium

CCAT: the Mod-Cam and Prime-Cam instruments with 1074 and 1075 KIDs

Mitigating intermodulation distortion in multi-tone resonator readouts via frequency rounding

A Characterization of High Yield, Kilopixel, Beta-Ta MKID Arrays with Anti-Reflection Coatings

Spaceflight KID Readout Electronics Development for PRIMA

Lens Absorber coupled Microwave Kinetic Inductance Detectors at 7 THz for Space based Far
infra-red Astronomy

A Design Methodology for an FPGA-based Polyphase Filterbank for Microwave Kinetic Inductance

Detector (MKID) Readout Systems
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Science Case
keV-MeV Charged particles
All
Astronomy (Exoplanet)
Neutron beta decay
Astrophysics/Cosmology (Line Intensity Mapping)
Electronics
Electronics
Dark Matter
Cosmology
Electronics/readout
Exoplanets/Biophysics
Astrophysics/Cosmology (Far Infrared)
Astrophysics/Cosmology (Far Infrared)

Electronics/readout


https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/f019d1c8bfd945429db45dad7f5d85d6.pdf
https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/e8a37079915f4879894be297fe45ae03.pdf
https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/762ea1a5d5784e579f5225f76fd330f9.pdf
https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/aade0c3e52904b329c8a416a100a239e.pdf
https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/928fbb86c8794d0abb835fbc941b13fe.pdf
https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/6bf84d84dcc848d886438c4cbccf1ee5.pdf
https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/142065ee2f154d78b5ef9131ce746259.pdf
https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/968ef1d6124444e0b3b02d3a8ac489da.pdf
https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/04e4c7f29f624674bff5eb90af0fd79c.pdf
https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/87d5f8f7dd0f4798833ecf474195fdb7.pdf
https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/7737c31f8fd1426e90b61fe8c7e06a53.pdf
https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/c6824c2b65d9486089b88c12b67e64b2.pdf
https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/4ca2d1f659c7422eac72405ab97a193f.pdf
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31

32
33
34
35
36
37

Author
James Burgoyne

Timo Muscheid

edford

Joseph R

Daniel Delicato

Usasi Chowdhury

Yuri Nishimura

Louis M

arting

Title (link to abstract) Science Case
CCAT: LED Mapping for Lithographic Corrections in an 850 GHz TiN MKID Array CosmOI()gy
Real-Time Readout System Design for the BULLKID-DM Experiment: Enhancing Dark Matter .
Search Capabilities EIeCt Fronics
Bioimaging with Optical Microwave Kinetic Inductance Detectors B|O| mag | ng
BULLKID-DM: searching for light WIMP with monolithic arrays of detectors Dark M atter

Hyper-Spectral Device based on Kinetic Inductance Detectors (HYPKID) for 2 mm

atmospheric band Astrophysics/Cosmology (Line Intensity Mapping)

TIFUUN: THz Integral Field Unit with Universal Nanotechnology https://custom.cvent.com/

B6DBF01384ABAE 1CB4BOC6F97B77BDB2/files/event/ AStrOphySiCS/ CosmO|Ogy (Line |I’]tenSity Mappmg)

22930724c2e84b3b93f62c7170746141/3835936df7564cbe88050cbd44a18115.pdf

TIFUUN: Design of Higher-Order Directional Filters for Sunyaev-Zel'dovich Effect Observations,

Cosmic Microwave Background Polarimetry and Line-Intensity Mapping AStrOphyS|CS/COSmO|Ogy (LI ne Intensrty Mapplng)



https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/a1e284bd035b4a0680c74ef8af8b94c9.pdf
https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/b7975a2eb02b43129c82f8dab0bd8362.pdf
https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/3835936df7564cbe88050cbd44a18115.pdf
https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/728ebb60c6de4384814379eeb6397088.pdf
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Astrophysics/Cosmology:
- Line Intensity Mapping:

* Bolometers.

* Telescope focal plane populated with pixel arrays, each consisting of an
antenna, filter bank, and MKID array.

* MKID meander structure can as the antenna in some designs.

- CMB:

e Bolometers with polarization sensitivity.
e Thermal KIDs used to detect sub-gap radiation.

- Far IR:

e Photon Counting.
e Large format arrays.
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o e \oéeo
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Astronomy (Exoplanets):

« Camera with an array of ~102 KIDs.
+ Single-photon resolution in the optical band.

Dark Matter:

* Phon mediated KID.

13
. 1,5,6,9,10,11,1
Aéf,?,ﬁ';}’f"’s 2 20.27.28.35.3
Y | 6,37,14,24,31
Astronomy |2,3,4,10,12,18,
Exoplanets 6,26
Dark Matter 7,8,9,34
Biophysics 26,33
Other 16,17,19
Electronics 21,22,25,29,32
MKID Physics/ 15.13
Fabrication ’




MKID Talks: notable presentations

Ben Mazin: MKIDs: What Not To Do

One of the failings of science is that we almost never publish what doesn't work, because it often isn't that interesting, and we often can't
either reproduce or take the time to really understand what went wrong. This leads to people wasting time repeating mistakes. Given the
large number of new people entering field, | designed this talk to discuss some of these mistakes we've make in the hope of helping you
avoid them.

Microwave Kinetic Inductance Detectors: |

What ot To Do

Professor Ben Mazin

University of California Santa Barbara

) 0:05/21:10 - Introduction >

https:// www.youtube.com/watch?v=wU43qqCz0Oyw

Key Points:

* A very interesting overview
from one of the father of
MKID technology.

eShares past errors to help
nhewcomers avoid them.

Insights for BULLKID:

eSubstrate: Si (good), Al203
(top), Everything else is
terrible.

eElectronics: Do not
underestimate Iit.

14
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Aled Cuda _Fabricating a Hafnium Airbridge MKID Array

Key Points:

 Hafhium- o Tantalum
MKIDs

Insights for BULLKID:

¢R&D on low Tc material to
Increase sensitivity

Fabricating a Hafnium Airbridge MKID Array (UE1)
In this talk we present a Hafnium airbridge process used to make hybrid Hafnium
a-Tantalum MKIDs with suspended inductors. By using a suspended inductor we
create a vacuum barrier between the light absorbing inductor and the substrate;
thereby significantly limiting hot phonon escape. By making the capacitor and
wiring out of a high SC (superconducting) gap material and the inductor out of a
low SC gap material we hope to demonstrate the energy resolving enhancement
provided by trapping quasi-particles in the inductors. We plan to use this process
to develop a 20 kpixel array with resolving power approaching the Fano limit to
upgrade the MEC camera at the Subaru telescope.
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Francesca Pucci: _Optimisation of TES design for the CRESST experiment

Key Points:

- - CRESST: cutting edge dark
ANRNDY matter experiment.

Insights for BULLKID:

eOptimization of Al phonon
) collector:

Heat bath

‘ ~10-15 mK BAY
Light Detector TES !

Absorber crystal

. - tuning thickness and
/I " | geometry of Al film to
Increase phonon
absorption.

27
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Dylan Temples: The KIPM Detector Consortium

Key Points:
* Sub GeV Dark Matter

Kinetic Induct

Microcalorimeters leveragin _
read out phonon signals produced in the substrate L |
e ‘ lterating on the sCPS KID (announced at LTD17) | Material | Tc Fabrication Facility

_Mediated Detectors & St :
ance Phonon | | Low-Tc Resonators: Quasiparticle Trapping

g kinetic inductance detectors (KIDs) to
SLAC ==

~1 K SLAC. JPL, FNAL/Northwestern

ke l iy o
o e : | i tod PCI
\— HATA WA

q SN - Y, e ~

- AM 200 - 700 mK SLAC, JPL

| Cryst,
. Bager - e bor O
{ Sperconectos
. Ty s st N hor ""ir“‘ sorb "
[ DER J
‘ <100 - 600 mK | SLAC,
N

* Kinetic |
Phonons break Cooper Pairs — Transient shift in resonance. o6f /f , 6(1/Q) = etl C I n d u Cta n Ce
Primary physics target: Sub-GeV DM scattering & absorption y B = <250 mK -
. m = 10MoV—E,_ =27 oY e ol ; ¥ H B Phonon Mediated

¢ ) | e doicoencioseswih eigatng detector: very close to

stub filters and wire bond mounting to

TIONALACCELERATORLABORATORY

reduce phonon loss

KIPM detector advantages: Low-To
o Sensitive to low-energy quanta: e b I I k
o Phonons ~ 1 meV in Si e » O(1000) phonons e -. ) LTD21; Application: Dark Matter & Netitrinos u Id Co n Cept
o Cooper Pairs ~ 300 peV in Al » ~6000 QPs |
475 KIPM Detector resonator

: xe:;v:;agigugrsc{;gﬁgamultiplexable: scalability gm m?ypg ::gl; . '," ',l',"f i _' ]
i nsights for BULLKID:

a0 Dylan J. Tempies | The KIPM Detector Consortum | ' Tomperatse Detoch

o] ow Tc resonator

]
|

shift) for smaller 4, 1 ‘ ' honon b t I .C e trap

Larger observable (resonant frequency
Leverage large-area phonon absorbers and low-Tc materials to

% ~ —%aﬂz% AT =0) = 1.764kpT, trap QPs in low-volume inductive elements.
)

? (to leading order, through &) =
OFsep — Oénqp

t resonates! Internal Q > 10 - » :
Bl (RRNURN . . Minimize dead metal — parallel plate capacitor
« Requires low TLS loss tangent dielectric, e.g. aSi-H [5]
9
s 4] AJ”,H/[

« Maximize area coverage — phonon absorbing elements

*New interesting design

ACCELERATORLA

p g - 2 - "7
Scales ¢ A™“ o< |

FERMINATIONAL ACCELERATORLABORATORY

« Maximize QP density in inductor — QP trapping into low-Tc
« Keep induclor volume small. Bonus: increases kinetic inductance (a) Current d in PAA-KIPM Detec
ensity in - tor

LYD21: Application: Dark Matter &

. i Neutrninos
i Poster P2087
p }m'-.u‘wNL Mol g’ M IR
v Low-T¢ itive hafnium wen R
008 00 U 84 M B p cmwm . Junwen Robin Xiong & Shilin Ray tech
« v g™ w" :-“"u“'l mms m Knet ‘ "'-‘ ’l '.| b ."'. % ’ ps

N0 mahmlmmmmlzmcf perature Detectors
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Using Cryogenic MEMs Mirrors

Zoe Smith: _Characterizing Position-Dependent Phonon Efficiency in KIPM Detectors

" L Experimental Setup

the KIPM (OW230427) _jp[_
Tmmx2cm x2cm Sichip S

af 30 nm AL KIPM
70 nm NbD feedline
cannin :
e g ol { Fabricated ot JPL by
region /‘ % ” Osmond Wen and Bruce Bumble
. ‘ - p a4/

’p

We sweep position of the MEMS (m icro-
focusing incident beam over the _
unit chip by directing the electromechanical
\.E =Y IiLior systems) is the
' primary Backside Illumination of technology of
B Mirror KIPM to study phonon microscopic devices
MEMs / collection . .
mirror ‘ iIncorporating both

electronic and moving
parts.

Cross section of pulsed KIPM response

- R
»

I \ _:—
=
\

Pulse height (deg)

Yhzuse
Pulse height (deg)
»n

LR N x -
SEREITITETERY

<

11111

e —

AG BM https://arxiv.org/pdf/1203.4

are  Stanforc

Key Points:

*Cryogenic MEMS mirrors
system to optically
interrogate KIPM detectors

Insights for BULLKID:

eCalibration: move beam to
investigate position
dependent effect.

ePhonon collection
optimization:
1.Niobium feed lines

2.Evaluate phonon loss
using meds mirror setup

3.How Si wafer is fixed to
Cu holder?
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Elijah Kane:

Radiation Total Dose for PRIMA: Cold Exposure with Alpha Particles

PRIMA: a study for a far-inf

Far-IR Enhanced Survey Spectr

(1]

the array scale (see Logan Foote’s poster).
* Cosmic ray rate in L2 orbit is high:

Spectral SensiuwN-‘___' Syear mission at 12
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Herschel PACS and SPIRE ( 5 um) space probe with 10x sensitivity gain over Spitzer IRS, 100x over

~300 protons cm-2 s-1. Need to ensure that the detectors won't be damaged.
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* Displacement damage dose (DDD): energetic particle impacts can displace atoms from a lattice
* DDD = (Non-ionizing loss per particle) x (Particle fluence) J ‘
* Displacement damage may create quasiparticle traps and increase the recombination rate [..c in

the aluminum inductor T
* Noi rformance would be degraded: (- 8 peis ;
* T:es:xgect scaling of Ty with DDD is not well known. Previous results may have been affected by

“annealing out” of lattice defects at room temperature.
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* Solution: Perform the irradiation and the subsequent measurements in the same cooldown!
* Acommercial stepper motor

alpha particl

b

107

Cu screen, optical fiber

e source at 10mK. The only modification necessary was cleaning the grease from the ball beari ﬁ

* The KIDs were irradiated to an average DDD = 2.4e7 MeV / g. (15% of predicted 5-year DDD in L2 orbit) i ,"".

* An optical fiber-coupled laser source with 2 = 1550 nm is used to measure quasiparticle lifetime (1;,,,::-1’5é
before and after irradiation. Resonance parameters (resonant frequency, quality factor) were also measure ¥

[6] at the 4K stage is used to raise/lower a copper screen to block/reveal the
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Key Points:
* Dose test of MKID array

Insights for BULLKID:
eCalibration.

e Alpha source screened by
a movable Cu shield at 4K.

eCommercial stepper
motor move the Cu shield:
the only modification
necessary was cleaning the
grease from the ball
bearings

See Donato Niccolo Calibration Talk
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Jonathan Dean:

Key Points:

- Calibration of Xray T
calorimeter array.
line near Your desireq sci L E
fay spectra are terrible Standard candles: Ko %
- Symmetric 9 D :
State-of-the artis ppme S . L L K I .
Broad energy (FWHM » 52:3)gy e iy %‘ I NSi g htS fO I B U
Difficult elements - Chemical effacts = ' )
. 2] < G PR e g = e = ™
; r:;:::ic;::e instead? 3 ~Jonathan Dean | jonatt OcallbratIOH-
* Narrow lines (Ppm width) and symmetric
* High accuracy (state-of-the-art i81 part per > 101 energy uncertainty) Energy (eV) e
* Ifthe laser pulse is short enough (within thermalisation time) then: 15[ TN T = e B T
: A
N photons of energy E,, has an identical pulse bl | ] ‘.\ L -‘;‘-\6;:‘; focal lengrn
Fesponse as a single X-ray of energy N E,. ' Qs
05t

0.0
670 675

1.Soft Xray are poor
calibration standard

2.Better optical
calibration
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https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/fe8832a9674b4bdeb1d499af082a3447.pdf
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Merlin Kole: _Design of an Anti-Coincidence Shield to be operated at 4K

Link; https://custom.cvent.com/
B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/
event/22930724c2e84b3b93f62c7170746141/
cf57e34b79b442aea3265e2f55¢c9¢c597.pdf

Key Points:

* Anti coincidence shield at
4K

Insights for BULLKID:
eVeto: GAGG

S e cooling o, condstent wih 1| _ eWait for the proceeding (if
e BT A L A R ‘ any) for further detail and
' N insights.

1
A ( )

GG Results



https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/cf57e34b79b442aea3265e2f55c9c597.pdf
https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/cf57e34b79b442aea3265e2f55c9c597.pdf
https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/cf57e34b79b442aea3265e2f55c9c597.pdf
https://custom.cvent.com/B6DBF01384AB4E1CB4B0C6F97B77BDB2/files/event/22930724c2e84b3b93f62c7170746141/cf57e34b79b442aea3265e2f55c9c597.pdf

Thank you for your attention




