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Motivation

B Neutrino’s mass is not zero.

» Heavier neutrino can decay into lighter neutrino.

» An energy of photon from neutrino decay is given
For neutrino oscillation experiments,
E, = [m3—m3| |Am2,| = (2.44 + 0.06) x 1073 eV?
2ms Am3, = (7.52 £ 0.18) x 107> eV?

Can obtain neutrino mass to measure the energy.

» Assuming my; <K m, < msz and ms; = 50 meV,

the energy is expected I V2L , V2L
E, = 25 meV (1=50um). y = y L
. . . . 14
B Neutrino’s lifetime is very long. ] L l Wi
L R
> Tgq~10%3 years
V3R V3R
> Trrsm~1017 years Standard model Left-Right

Search for neutrino decay using symmetric model

Cosmic Background Neutrino (CvB, p~110 /cm3)
as the neutrino source. 2



100 ¢

10

Y4
0.1

ghtness /, [MJy/sr]

0.001

Surface bri

0.0001

0.01 ¢

CMPB
Zodiacal Emissio
i AKARI COBE -
M 3 A /
L * 4
o o BRSO
pdiacal Light High Energy it
I Cutoff (25meV) % ./ N R
¢ A
i, ‘IIU>W sl ]
A A ISD
AT Tk ||,J/ S CvB decay
I Sy T=10"yrg |
- DGL A sL y ;
\\ \ 1
1 10 100 1000
| | | V\llavellength [Hm] | |
1000 500 200 100 50 20 10 5
E, [meV]

B Surface Brightness

> Zodiacal Emission
[,~8 M]y/sr

» Cosmic Infrared
Background
1,~0.1~0.5 MJy/sr

» CvB Decay
7 = 101* years
I,~25K]Jy/sr (A = 50 um)

(By measuring the energy )
spectrum continuously,
we can see the CvB decay
signal as a high energy

\cu’coﬁc . )

To identify the shape edge, we need detector which
has better than 2% resolution for E, = 25meV (1=50 um). ;5



COBAND Experiment

Smic ckground Neutrino Decay search

B Rocket Experiment
» 200sec data acquisition at 200km height
» Using 50X8 array of Nb/Al-STJ] pixels with
diffractive grating covering A = 40~80 um,
we count photons for each wavelengths. Cﬁ
Improvement the lower limit of

neutrino lifetime from 0(10%?)

12 Diffradti
years to 0(1@ ) years. Grating

B Satellite Experiment

Nb/Al1-STJ =
» 100days measurement at satellite / 50 —

» STJ detector using Hafnium (Hf-STJ) achieves 2% energy resolution
if fano factor < 0.3 for E, =25 meV.

Aiming at a sensitivity to neutrino lifetime
for 0(10') years.



STJ Detector

uperconducting Tunnel Junction

M Structure

> STJ] is detector consist of

Superconductor/Insulator/Superconductor.

B Working Principle

» An incident photon excites cooper LA
pairs into quasi-particles in the

superconductor.

» By applying a bias voltage, the s
quasi-particle tunnel through
insulator.

B Characteristic of I-V Curve

» Josephson current can suppress by
magnetic field.

> Leak current is constant below 1/10 of
critical temperature.

V

w/o light
w/ light 5




Development of Nb/Al-STJ

B Performance of our Nb/Al-STJ
» The signal width <10us

Nb
~400nm Al
Si%)og » The number of quasi-particles

2 generated by 25meV single photon is

Size:10pmX 10pm ~ 200um X 200um

1.7A
BTN - eontion i

EY
N, = Gp—2~250.

A[meV] 1.550 ©.172 ©.021 SN, /N,~15.5%
T[K] 9.20 1.14 0.13 E,,:ener‘gy‘ of 1n’c1dent photon
Gpr:trapping gain ~10 Back tunneling
Lieai @300MK A:band gap ~0.57meV effec.:t to enhance
(Nb:100nm,Al:70nm) quasi-particles
50um X 50um 224+29pA density
20um X 20um 39+13pA B Requirement in Rocket Experiment
10pmX10pum 14E£7pA > Leak current < 100pA

Nb/Al-STJs can count far infrared single photons
and achieved the requirement for leak current. 6



SOI-STJ

R&D of Cryogenic Amplifier

Nb/Al-STJs have not detected far infrared single photon yet.
It is affected by the large noise from the refrigerator’s
readout line about 5m.

Amplify the STJ signal by cryogenic amplifier placed near STIJ.

B Requirement for the cryogenic amplifier FD-SOI MOSFET
» Operation at cryogenic temperature (<3K) \
» Fast response speed (width of signal <1@us) fﬂVSQnm
> Low power consumption Eggsiig%e

B FD-SOI(Fully Depleted-Silicon On Insulator) MOSFET
» FD-SOI MOSFET has the nano-channel layer.

> Low power consumption % JAXA/ISAS confirmed working of
MOSFET under FD-SOI process at 4K.
» Suppress charge-up of the body T. Wada et al., J. Low. Temp.

Phys. 167, (2012) 602

Using FD-SOI MOSFET, we have developed
the cryogenic amplifier (SOI-STJ]). 7




Amplification

v ”f Common source amplifying circuit
M Replaced the resistance by M2
- ’E

va— i} ©1 om  Given a suitable input offset voltage by M3.
. E% . M Buffer
- B Source follower circuit

Reduce the output impedance by M4 and M5.

: iéfnnflgnalé T e | T=350mK
= bR kB Lkl | Laser: A=465nm, f=20kHz
LR TR LR W L
BT e I 1 1
e’ | Vs
-10_0 -89 -40 -40  -20 ] 20 40 60 80  1@@usec
= Output from SOI-STJ4
M " Mim | DI>T4
= W B | MM . succeeded in
= |.;JL ) i 'y | hy . .
S Hiini s W:w‘S ; amplifying the
-100 80 :10 40 2I0 I0 20 4:0 60 8IO le0pusec STJ Signal ! 8



Summery

B COBAND Experiment aims to measure neutrino
masses.

M We have developed the STJ photo detector and
cryogenic amplifier using FD-SOI-MOSFET
(SOI-STJ) for rocket experiment.

B Nb/Al1-STJs have achieved the requirement in
rocket experiment.

B SOI-STJ4 succeed in amplifying the STJ
signal for visible laser.
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B Nb/Al-STIT25meVDIKFZHET 5 Y—) RADBEEFNE ERH BHR-LIME
() leak_200uV
. _ E, 25meV GB‘ ,.:\m,
v Eﬁkﬁﬁﬁ . Nsig = GA] *m =10 X m TOOnA.g K . . o
~250 S ;i L
- 10nA™ >
I ARICEBDEEE  Niear = % _r;‘j.,.r
TnA| TP —
5 & / E e na '
Y NggDIEBE * Ngiy = Gpy [F *T;/A 100pA Ex - Nb/A1-STJ(50um[])
Fanol ¥ : F~0.2 Temperature(K)
" Nieax DEBE 2 SNieaie =/ Niear M.UKIDE et aler pn. 3 Appl. bhys. 51
; "~ 010115 (2012)

v STIDWERE  1~1us M.Ohkubo et al., IEEE Trans. Appl. Super, 24,

O 1E%h§39@HZ-GAO T < 6 t%i 2400208(2014)

J—HI2&D/ A X%1/10,#EHEZhEFTEI7.5% & B3R

2 2 Nb/Al-STJ Leak current
v 4‘\/ Niear = Nsig - 2\/(\/ Nleak) + (6Nsig) size @300mK
:> 50um X 50um 224=29pA

20um X 20um 39+13pA
- él ~ 1 '
E. 20umH ONb/AL-STITijeqr~100pAZERL | 10umX 10pm 14x£7pA 14




Comparison between new and old SOI

amplifiers
SOI-STJ4 SOI-STJ5

B Charge integrating operational
amplifier with negative feedback

W Input impedance M Low input impedance caused by
R;,~20kQ negative feedback (ideally, 0Q)

B Common source circuit

The signal charges

transferred to SOI amplifier Almost all signal charges
is ~1/6 of the total since are transferred to the SOI
the STJ has capacitance of amplifier. RFR

40pk in parallel (@20um sq.).
T R
VYN ¢

I\ )

Rin

CST] - \sT
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FD-SOI-CMOS PD-SOI-CMOS B FD-SOI
Silicon On
~50nm Insulator
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He3 SorptioniEté T
(Oxford Instrument®) - :
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£ERF—IzIE 60KAR T—o 25W @65K
BEFHZN CI=®IC 3KRTF— 2.8 0.7W @4.2K

YN ERBHS RIERRT— 0.3 100uW @350mK
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