
QUPôs TES* activity

Hiroki Akamatsu (QUP/KEK & SRON) 
as a group lead of cryogenic detector group of QUP

Take home message
QUPôs cryogenic detector group is exploring various directions toward

ñdeveloping novel measurement principles for particle physics and cosmologyò 

and
ñapplications in various academic fields beyond physics and high-level fusionò 

"brings new eyes to humanity" http://www2.kek.jp/qup/en/about/pdf/qup-Plan02.pdf

* TES: Transition Edge Senor

http://www2.kek.jp/qup/en/about/pdf/qup-Plan02.pdf
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2012 Ph.D @ Tokyo Metropolitan Univ. X-ray astronomy (supervised by Prof. Y. Ishisaki)

2012-2023: ~11 years at SRON Netherlands Institute for Space Research

Participating the micro-gravity experiment, Charge exchange measurements with TES

development of SPICA/SAFARI, Athena/X-IFU instruments

Feb/2023: moved to QUP as a senior scientist

Mar/2025: PI & QUPôs Cryogenic detector group lead

=> ~20 years experience on Cryogenic TES sensor developments

Micro-gravity experiments with 4-stage ADR+TES

SRON Cryogenic instrumentation team
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Figure of merit of TESs & State-of-art

International Center for Quantum-field Measurement Systems 

for Studies of the Universe and Particles (QUP)
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Bolometer: Measure Power (Energy flux) Microcalorimeter: Measure Energy of photons

Key Parameter: Noise Equivalent Power (NEP)
Key Parameter: Energy resolution (ȹE)

*: when the loopgain is large and where the 1/f noise of 

the system can be ignored

Typical performance: 

Room temperature NEP~2x10-10 W Hz-1/2

300 mK NEP~1x10-17 W Hz-1/2

50 mK NEP~1x10-19 W Hz-1/2

Suzuki, HA et al. 2016, Khosropanah, HA et al. 2016

1-2x10-19 W Hz-1/2

@ 6 keV

Typical performance: 

X-ray CCD camera ȹE ~ 160 eV
Semiconductor calorimeter ȹE ~ 5 eV
TES calorimeter ȹE ~ 1.5 eV

NASA/GSFC (Miniussi et al. 

2018)

SRON (de Wit, HA et al. 2022)



Cryogenic detector group
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QUP cryogenic facility
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y

DR1 DR2 DR3 DR4 DR5

In the shield room

BlueFors XLD400
1000 uW @ 100 mK

With IPMU cryostat

BlueFors LD400
400 uW @ 100 mK

At Kamioka

BlueFors LD400
400 uW @ 100 mK

Shared by Solar-Axion 

and Optical TES
BlueFors LD400

Newly arrived. 

In the commission
BlueFors SD

New QUP building with new laboratory

=> start-up and movement starting from Summer 2025



International Center for Quantum -field Measurement 
Systems for Studies of the Universe and Particles (QUP)

9

Satellite campus: Berkeley See also at Tokiõs talk
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Satellite campus: ISAS/JAXA

ÅFacilities in clean room was updated in FY 2024 by ISAS internal fund. 

ÅRenewal: ICP-RIE, double-side mask aligner, SEM

ÅRemodel: plasma CVD

ÅRoll-out: Organic vaper deposition, N2 gas generator 

ÅOther utilities: positive-pressure circulation etc.

ÅThe fabrication was blocked in winter, but the quality will be improved with the new facilities.  

Aligner: MA-1200A

Alignment accuracy +/- 1um 

Deep RIE: APX-Predeus

Bosch-process with 

90 +/- 1 degree 

See Norikoõs talk



Axion & High 

Freq GW search

Cryogenic detector groupôs projects
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Kamioka Dark Matter project

Phase1:

Phase2:

Optical TES for Quantum application

Solar Axion project

TES application to society Project

TES + EBIT application Project

Active vibration isolation system
Axion & High Frequency GW search

UCB & LBNL projects
Kamioka-phase3 (no low-E excess TES)
New MKID for DM search
New material for cryogenic detector

Various collaborations
Honmma-sanôstalk
Miyamaru-sanôstalk

Fundamental science

Application

Gamma-rayRadio Optical

Suerfuôstalk

Kaoriôs talk

Norikoôs talk

Solar Axion 

project

Kamioka DM

Phase2
Kamioka DM

Phase1

X-ray astronomy
TES application 

for society

TES+EBIT 

project

Active vibration isolation system

Newly established/stablishing from JFY2025 

Optical TES for 

Quantum application

Atomic data baseMaterial analysis

Medical care

Suzuki-sanôstalk

Kamioka DM

Phase3

New 

MKID

New material for 

cryogenic detector



QUP-Kamioka Dark Matter Project
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̔ Project was started with a US -Japan proposal in 2022
̔ Partnership between QUP  and Tohoku U. RCNS (formalized with MOU)
̔ XLD dilution fridge was moved from KEK to Kamioka in November 2024
̔ Fridge is fully operational in low background cryolab with 1000m rock overburden 
̔ Commissioning of full setup with local shielding, readout electronics, etc. in progress

̔ MOU with TESSERACT for operation of a helium target provided by TESSERACT as a first step

1000m underground

Fridge

Rails for lead 
shield

See Suerfuõstalk



Optical TES group
Energy resolution 67 meV
at 0.8 eV (1550 nm)

K. Hattori et al., Supercond . Sci. Technol. 35 (2022) 095002

AlMn
TESs

Microwave SQUID multiplexers

40-channel resonance peaksLight dark matter search

Kamioka DM project
Second payload

See Kaoriõs talk



Solar Axion project

International Center for Quantum-field Measurement Systems 

for Studies of the Universe and Particles (QUP)
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Sub-K structure

Readout 

electronics

HEMT Power

Signal analyzer

Rb Ṁ

Function Gen.

DR control system

VNA
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Ready to use uwMUX in QUP!! 

LO generator

See Norikoõs talk



TES application to society
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In the collaboration with various disciplines, we are trying to innovate a diagnostics method by means 

of TES bolometer, which will have significant impacts on material analysis, medical care. 

Current application is limited by sensitivity of the system: sensing coil and receiver.

International Center for Quantum -field Measurement 
Systems for Studies of the Universe and Particles (QUP)
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In the collaboration with various disciplines, we are trying to innovate a diagnostics method by means 

of TES bolometer, which will have significant impacts on material analysis, medical care. 

Requirements on TES as a receiver (TBD):

Current application is limited by sensitivity of the system: sensing coil and receiver.

Conceptual design

Signal from the 
coil+bandpass

filters
Conversion 
into the heat

Signal flow
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TES application to society

TES specifications:

TTES = 300 mK

RTES = 100 mOhm

C = 2.2 pJ/K

G = 1.9 nW/K
Alpha = 208

Beta = 2

Taurise << Taue-ph
<= Need inductance to dump the signal 

System specifications:

Tbath = 200 mK
T stab < 1 uKrms

(can be relaxed or does not matter for the one shot measurement)

Lstray = 20 nH

Bres << 1 uG

(TBD: for TES and SQUID)  
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TES application to society

Identified challenges & R&D items:

TES performance (keeping low NEP and high dynamic range)

Signal transfer (& leakage from the source)

Conversion from input signal into the heat

Detector response time

Performance of superconducting filter

Interference from the enviroment

Tentative timeline:

2025 2026 2027 2028 2029

intellectual property 
submission

TES characterization 
system preparation

Prototype design & 
fabrication

Phase 1: R&D study & feasibility study by demonstration model Phase 2: Construction of main instrument towards field test

TES characterization 
and feedback to design

New fabrication(s)

Interface experiment

Demonstration model

Grant proposal



TES+EBIT project: X-ray astronomy
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CCD X-ray camera

ȹE=180 eV

X-ray microcalorimeter ȹE= 5 eV

1. Construct an emission model based on plasma codes (including radiative 

transfer, atomic physics, etc)
2. Convolution by spectrometer response (conversion to energy, gain, 
linearity correction etc)

3. Fitting with the observed data

Hitomi collaboration (inc HA) 2016, Nature

Convolution by 

detector response

See Yamada -san stalk

Creation of an innovative X-ray spectroscopy system using a superconducting detector and 
ground-based application experiments for X-ray astronomy



TES+EBIT project: X-ray astronomy
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CCD X-ray camera

ȹE=180 eV

X-ray microcalorimeter ȹE= 5 eV

1. Construct an emission model based on plasma codes (including radiative 

transfer, atomic physics, etc)
2. Convolution by spectrometer response (conversion to energy, gain, 
linearity correction etc)

3. Fitting with the observed data

Hitomi collaboration (inc HA) 2016, Nature

Convolution by 

detector response



TES+EBIT project
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CCD X-ray camera

ȹE=180 eV

X-ray microcalorimeter ȹE= 5 eV

1. Construct an emission model based on plasma codes (including radiative 

transfer, atomic physics, etc)
2. Convolution by spectrometer response (conversion to energy, gain, 
linearity correction etc)

3. Fitting with the observed data

Hitomi collaboration (inc HA) 2016, Nature

Convolution by 

detector response

Plasma model / Atomic database need to match with new instruments
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TES+EBIT project: Atomic spectra database

Nuclear 

reactor

From NIST Atomic Spectra Database

https://physics.nist.gov/cgi-bin/ASD/lines_pt.pl

Electron Ion beam trap (EBIT):

The importance of EBIT is its ability to produce ions of a desired charge state and study their emission by 

selecting specific line formation processes => only plasma source can provide astronomical plasma

Micke+18Portable EBIT

https://physics.nist.gov/cgi-bin/ASD/lines_pt.pl


International Center for Quantum -field Measurement 
Systems for Studies of the Universe and Particles (QUP)

23

EBIT: X-ray TES microcalorimeters

TES calorimeter +EBIT

Hitomi revealed ñstate-of-the-artò plasma models cannot reproduce observed spectrum

=> Strong demand of laboratory benchmark for atomic physics database

=> TES calorimeter (which I have developed)+ EBIT (several in Japan)

Through the construction of a broadband precision X-ray spectroscopy system and 

its application experiments, we aim to contribute to ñbring new eyes to humanityò

Akamatsu et al. 2021

Backup: made by Hiroki & Remy et al. 



Acitive Vibration Isolation System for Kamioka - DM project

L. Gottardi, HA et al, RSI 90 , 055107 (2019)

Vibration induced 
noise

Vibration induced noise
(clear peak synchronized with 
PTC operation frequency) 

ɷ Dry refrigerator is now commonly used for various experiments (LDM, CMB, X -ray, 0ȆǾǾ
etc etc..), but its vibration is serious issue for precise (low -noise) measurements. 

ɷ Various support mechanism have been developed, but they highly depend on the setup. 
We will develop òactive vibration isolation systemó, which can be used for any system, to 
address the situation. 

No vibration

w/ vibration

PTC motor head
(operated at ~1.5Hz)

He gas flow generates high 
freq. noise (>O(100Hz)

Goal is to achieve a ònon-moving cryocooleró !

Masaya, Hiroki collaborate with
Kamioka team (Maurice, Suerfu, Toki etc..)



Plan & Tentative Timeline

ɷ Step1 (in progress): POC study was done. Remaining task is introducing feedback 
mechanism

ɷ Step2 (FY25 -26): Demonstration in actual DR cooler. Plan to check the impact on TES
ɷ Step3 (FY27 -, TBD): Use in Kamioka system.       

Step1. R&D w/ small 0.3K dewar (FY2025)

Step2. Demo w/ DR & TES 
at KEK (FY2025 - 2026)

STEP3. Install into Kamioka 
(FY2026 - 2027)

* Concurrently, R&D of direct AVIS for the low -temperature (MXC) stage is also being carried out. 

x1/10



Axion & High Frequency GW search
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Axion , Dark photon search HfGW search

Low noise measurement in THz ~ visible light has great impact on new particle search (possibly new 

probe of inflation)


