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1. RICE — Cryogenic electrostatic ion storage ring
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3. Setup with TES microcalorimeter

✓cold chemical reaction relevant to universe evolution 
✓dynamics of large complex molecules 
✓atom interaction with a ultra short-pulsed intense lasers

essential 
to be cooled 
down to 10 K

cooled at 4.2 K

TES
low-energy collision

neutral molecular fragmentsA+ + B → C+ + D
detect!

interflow

below 5 K → ground-state ions 
experiment with specific vibrational and rotational states

e.g., H3+, CH3+, N2O+ (~44 g/mol) 
        MB+ (methylene blue ~ 320 g/mol)

2. Why cryogenic detector?
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Depth X [nm]

TRIM simulation

(TRansport of Ions in Matter)

Range is only ~ 130 nm

even for 10 keV hydrogen

difficult to reach the depletion layer  
-> insensitive for detection of molecular 
fragments (keV order energy)

Why not Si detector ?

Stopping depth [nm]

20 keV C6H- beam in a strage ring at TMU

MCP : ADC data

including

fragments :

Cn (n<6), H 

C6H-

Why not MCP ?

Particle ID of C6H- and other

fragments is difficult

G. Itou (TMU),

Masters thesis


(2013)

Energy resolution is not enough

6. Mesh at 50 mK (and 3 K) window

No window 
for radiation shield

TE
S

Molecules

in vacuum

5μm thick Al (50 mK) 
5μm thick Al (3 K) 
5μm thick Al (50 K) 
150μm thick Be

X-ray TE
S(vacuum window)

A4K shell (3 & 50 K) 
Al shell (50 mK)

in air (room temp.)

IR affects not only cooling capacity

but also TES energy resolution

MCP = Micro Channel Plate

neutral atoms or molecules
(C— beam -> laser ionization)e.g., C

10 ~ 20 keV ion beam

~10 K

molecular cloud 
(Horsehead Nebla in Orion)

all the same momentum 
→ kinetic energy = mass 
→ particle ID

molecular beam

RICE

RICE 
(RIken Cryogenic Electrostatic ion storage ring)

TES setup

beside the helium target cell with a temperature of 4 K; thus radiation-shield windows of
50 mK and 3 K are installed in between TES array and target cell as shown in the inset
of Fig. 3. Therefore, some parts surrounding the target cell (e.g., 80 K radiation shield,
vacuum jacket etc.) of the existing setup will be modified.

2.2 TES microcalorimeter

We use a 240-pixel TES array designed for hard x-ray measurements developed by Na-
tional Institute of Standards and Technology (NIST). Figure 4 (a) shows a photograph
of the detector package. The array is on the top, where each pixel is wire-bonded for
the readout time-division-multiplexing (TDM) chip mounted on each four sides. Figure
4 (b) shows a photograph of the 240-pixel array. Each TES consists of a superconducting
bilayer of thin Mo and Cu films with an additional 4-µm thick Bi absorber [19]. The
absorption efficiency of this Bi layer is about 80% for 6.5 keV x rays. Each pixel has
an effective area of 320 µm × 300 µm, thus the total active area of the array is about
23 mm2. TES array is collimated with a gold-coated 275-µm-thick silicon to avoid the
unnecessary x-ray hit on the TES stage.

Figure 4: (a) A photograph of the detector package of the TES array. The array is on
the top, where each pixel is wire-bonded for the readout TDM chip mounted on each four
sides. (b) A photograph of the 240-pixel TES array. The gold-coated 275-µm-thick silicon
collimator is stacked when installed. Photos credit: D.R. Schmidt, NIST.

TESs are thermally isolated with the support of 100-nm thick silicon-nitride SiNx

membrane which limits the thermal conductance between TES and substrate. The sub-
strate is a grid structure of 275-µm-thick silicon wafer, the parts behind each TES are
removed. A thermal heat sink layer of 500-nm-thick gold is deposited on the backside of
substrate. This heat sink is connected to the low temperature thermal bath.

The TES array is operated at about 100 mK around the critical temperature, and
is cooled with a pulse-tube-backed adiabatic demagnetization refrigerator (ADR). The
pulse tube cools the system from 300K to 3K for 16 hours. Then 4-Tesla magnetic field
is applied to the two-stage salt pills∗ through superconducting coils. By releasing the
magnetic field adiabatically, the system is cooled down to 600 mK and finally to 75mK,

∗GGG: Gadolinium-Gallium Garnet, and FAA: Ferric-Ammonium Alum
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Photo credit : D.R. Schmidt, NIST

Gold coated

Si collimator✓pixel size : 300 x 320 um2 

✓Mo-Cu bilayer TES 
✓4-µm thick Bi absorber

✓ 240 pixel 
✓ total 23 mm2 

TES developed by NIST

5. Shield effect @ 50 mK

Noise spectrum
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Test setup at RIKEN

4. Radiation shield — X-ray vs. molecule

the same TES system

used by HEATES collab.
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x-ray steup
ext. setup
ext. setup with mesh @ 3K

RICE 
@ 4 K

extend cylinder for radiation shield 
(taking advantage of directional characteristic of molecules)

Molecules

~ 430 mm

3 K stage

50 K stage Vacuum vessel

50 mK
TES

mesh @ 50mK

mesh @ 3K

full openclose mesh
(aperture ratio = 0.14)

Cu mesh 
Material : C1100 (0.05t) 

Mesh type : honeycomb geometry

Rib width : 0.05 mm 

pitch = 0.14 mm

aperture ratio = 0.41

added a mesh

at 3K (A4K) window

pitch = 1.1 mm

aperture ratio = 0.85

mesh @ 3K window

effective

aperture

ratio ~ 0.35 X-ray setup

ext. setup

The sweep voltage goes down to 0.16 
if 3K front-edge cap has a Φ1mm hole.

For details of this ring, refer the following paper : 
Y. Nakano et al., Rev Sci. Instrum. 88, 033110 (2017).

TES is biased to keep at the transition edge

( @ 20% of their normal resistance)

7. Test with ion beam from ECR
3 K stage

50 K stage

50 mK
TES

Φ0.4 mm pin holes both for 50K & 3K stages

Fine meshes (Cu) for 3K and 50mK stages

Ne+

TES

from ECR

ion sourcedipole


magnet

→ working with this condition

ion beam 
@ 300 K
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Online plots

pulses (ion beam ON)

Power of detector bias

~ 1.27 [pW]

Frequency [Hz]

or Φ1mm (50K) & Φ0.05mm (3K) pin holes

(aperture ratio : 22% for 3K & 41% for 50mK)

 Cryogenic detector for mass spectrometric identification of neutral 
molecules towards atomic and molecular collision experiments

Quadrupole


