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Superconducting Tunnel Junction (STJ)
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Surface brightness /, [MJy/sr]
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CIB summary from Matsuura et al.(2011)
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EE#SHT CRAVITY & Nb/AI-STJ

M. Ukibe et al., Jpn. J. Appl. Phys. 51, 010115 (2012)
M. Ohkubo et al., IEEE Trans. Appl. Super, 24, 2400208 (2014
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FD-SOI-MOS
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:Fully Depleted - Silicon On Insulator MOSFET
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Development of cryogenic readout electronics using
fully-depleted-silicon-on-insulator CMOS process for future
space borne far-infrared image sensors

Hirohisa Nagata®, Takehiko Wada*, Hirokazu lkeda*, Yasuo Arai’ and
Morifumi Ohno**
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History of Development of SOI-STJ
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gate-source voltage (V) I-V curve of a STJ fabricated

nMOS-FET in FD-SOI wafer on which a ST at KEK on a FD-SOI wafer
is fabricated at KEK

Both nMOS and pMOS-FET in FD-SOI wafer on which a STJ is
fabricated work fine at temperature down below 1K
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Nb/AI-STJ fabricated at KEK on FD-SOI works fine
We are also developing SOI-STJ where STJ is fabricated at CRAVITY
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SOI-STJ5 Pre-amplifier development
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* VLSI Design and Education Center(VDEC), the U. Tokyo in collaboration with
Synopsys, Inc., Cadence Design Systems, Inc., and Mentor Graphics, Inc.
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Neutrino

* Neutrino has 3 mass generations (v4, vy, v3)
* Neutrino flavor states (v,, v, v,) are not mass eigenstates

Ve Uel Ue2 Ue3 V1
Vyl=|Uu Uupz Uy ||V
Vr Upr Upy Uz V3

=>» Neutrino flavor oscillates during the flight, and squared mass
differences (Am$,, |Am%,|) have been measured, but their
absolute masses are not measured yet!

. . V
O Heavier neutrinos (v,, v;) are not stable y 1,2
— Neutrino can decay through the loop diagrams e, U, T

— Neutrino mass can be determined from the decay

v' However, neutrino lifetime is expected to be very long (much
longer than the age of universe)

=» We adopt Cosmic neutrino background (CvB) as the neutrino
source for neutrino decay search

25



Cosmic neutrino background (CvB)

The Particle Universe

photon Feutinot )
102 i
10 - /\

The universe is
filled with neutrinos.
However, they
have not been
detected yet!

2
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Density (cm)
p

L

w4~ protons electrons

CvB (=neutrino decoupling) wef | darkmatter
: |
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(p,) = 0.5meV/c %



Motivation of v-decay search in CvB

 Search for v3 - v, , + ¥ in cosmic neutrino background (CvB)
— Search for anomalous magnetic moment of neutrino
— Direct detection of CvB
— Determination of neutrino mass: m; = (m3 —m%,)/2E,
« Aiming at a sensitivity to v lifetime for z(v;) = 0(1017yrs)
— Standard Model expectation: 7 = 0(10*3yrs)
— Experimental lower limit: 7 > 0(10%2yrs)

— L-R symmetric model (for Dirac neutrino) predicts down to
7 = 0(10yrs) for W,-W, mixing angle { < 0.02

Magnetic moment

SM: SU(2), x U(1)y LRS: SU(2), x SU(2)g x U(1)g.

term
. PRL 38,(1977)1252, PRD 17(1978)1395
(n_eed L-R coupling) V121 <W1> _ (cgs( —sin() (WL>
ij w-uv qvviR W, sin{  cos{ /] \Wg
1026
ij
Vs enhancement to
=~ W, — {Wg SM
-1 -1
Vi r~(10%3 yr) r~(1017 yr)

Suppressed by m, and GIM  Only suppressed by L-R mixing ({) 27



Photon Energy (Wavelength) in Neutrino Decay

V3 2V +Y

in the v, rest frame
2 2
/ mz — My
E —_— )

ﬁ e 2mg
Two body decay

2
m;=50meV
E, =24.8meV E, =24meV
(A = 50um) (4 = 51um)
m,=8.7meV Y l 4 Aoy
m,=1meV ¥ y—-ome

(282um)

* From neutrino oscillation

—m4| ~24%x 1073 eV?
— Am3, ~7.65x 107> el/?

* From Planck+WP+highL+BAO
— Ym; <0.23eV

= 50meV<m;<87meV
E}*St =14~24meV (4, =51~89um)

- |Am§3| = |m§

A, distribution inv; - v, +y

Sharp Edge
[ with 1.9K
_ smearing

<

m3 = 50 meV|
Red Shift effect

dNy/dA(a.u.)

-
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50um(25meV)



-
o
o

—

0.1

ghtness /, [MJy/sr]

©
o
=

Surface bri

-
o

0.001 -

0.0001

CvB decay S|gnal and Backgrounds

CIB summary from Matsuura etal.(2011)

Ey=25 meV

at A=50um

Zodiacal Emission(ZE)
I, ~ 8 MJy/sr

CIB
Al; ~0.1-0.5 MJy/sr

CvB decay

Expected E, spectrum
m3 = 50meV

7 =3 x 10%2yrs

I, ~ 0.8MJy/sr
Excluded by S.H.Kim et. al 2012
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Proposed rocket experiment
with a diffraction grating and Nb/AI-STJ array combination

200-sec measurement at altitude of 200~300km
Telescope with diameter of 15cm and focal length of 1m
All optics (mirrors, filters, shutters and grating) will be cooled at ~1.8K
At the focal point, diffraction grating covering A=40-80um (16-31meV) and

array of Nb/AI-STJ pixels of 50(in wavelength distribution) x 8(in spatial
distribution) are placed

00 Each Nb/AI-STJ pixel is used as a single-photon counting detector for FIR
photon in A=40-80um (A4 = 0.8um)

O Sensitive area of 100pmx100um for each pixel (100prad x 100prad in viewing
angle) IR Light

Secondary

N b/ AI 'STJ mirror ™=

120cm N
a rray . - Depressurized o J /
Main mirror h rabolic mirror X/
- He 1.8K =7
15em =~ W
F=1m - Spherical mirror . »;_:%:EE‘
‘ \ E=—=
‘ reampli
Focal plane
‘ ) — STJ Detector Arra \
‘ Instruments (50 x 8 channel To Post.Preamlit‘le"
Pixel size : lOOZ 100u Xx=5mm DAQ >
. SPpixels /
Depressurized /AR pixels
*He 0.9K AD

= A
MO — 80um ,
A E y = 16~31meV Vibraton Post-Preamplifier

Damper  Star Sensor DAQ system
50 columns : 30

50 .
o Weight 100kg
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« Neutrino decay (m3; = 50 meV, 7, = 1 x 10*yrs):
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Surface brightness /, [MJy/sr]
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3
? a
\
g’ S
/

wavelength [um]

« Zodiacal emission = 343Hz / pixel
— 200sec measurement: 0.55M events / 8 pixels (at A = 50um)
— 0.13% accuracy measurement for each wavelength: &(I,,)=11kJy/sr

] 50
1000

Expected precision in the spectrum measurement

Telescope parameters
* Main mirror

— D=16cm, F=1m
» detector

— sensitive area
100pumx100um / pixel

— 90 x 8 array

80um—40um
AL = U a4

= 0.8um

7 =1 % 10*yrs

1,=25kJy/sr

— 2.30 away from statistical fluctuation in ZE measurement

v decay with 7, = 101* yrs is possible to detect, or set lower limit! 31



Sensitivity to neutrino decay

Parameters in the rocket experiment simulation

—
=

Y
N

NEY
o

95% CL Limit on 1, (10" yrs)

o N A O o

telescope dia.: 15cm

50-column (A: 40um — 80 um) x 8-row array
Viewing angle per single pixel: 100urad x 100urad
Measurement time: 200 sec.

Photon detection efficiency: 100%

v 6

- s

. [ Expected Limit + 1o 3 5 C f Expected + 10

- Expected Limit + 20 “';"' e Expected + 26

— k) 4;

- ® r

__ < C

C E 30

— o C

C o L

C S

8 s 10

L > L

PR I N SN TN NN SN TN SO N AN TN T SN SN NN SO ST TR SN NN SR ST N ?oTlllllllllllllllllllllltt[
50 55 60 65 70 75 Y 50 55 60 65 70 75

m, (meV/c?) m, (meV/c?)
Can set lower limit on v, lifetime at 4-6 x 10" yrs if no neutrino decay observed

If v, lifetime were 2 x 10" yrs, the signal significance is at 5c level
32




Energy/Wavelength/Frequency

IIIIII| ] ] IIIIII| ] ] IIIIII| | | IIIIII|
1 10 100 1000
E [meV]
| ] ] ] IIIII| ] L1 III| ] ] ] IIIII| ]
0.1 1 10 100
v [THz]
lllllll 1 1 lllllll 1 1111111 1 1 1 1 1 11
0.01 0.1 1
v [10° cm]
| | |III Ll | | | |IIII | | | |IIIII | | |
1000 100 10
A [u m]
E, = 25 meV
v = 6 THz
A =50um
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STJ back-tunneling effect

* Quasi-particles near the barrier can mediate Cooper pairs, resulting in
true signal gain

— Bi-layer fabricated with superconductors of different gaps A,,>A, to enhance
quasi-particle density near the barrier

— Nb/AI-STJ Nb(200nm)/Al{(10nm)/AlOx/Al(10nm)/Nb(100nm)
* @Gain: 2~200

Photon

34



STJ energy resolution

Statistical fluctuation in number of quasi-particles =» energy resolution

=» Smaller superconducting g

og =/ (1.7A)FE

ap energy A yields better energy resolution

A: Superconducting gap energy
F: fano factor
E: Photon energy

--- oSG arical lemperature

Tc[K]
A [meV] 1100 [1.550

Nb
Well-established as Nb/AI-STJ

1. 20 0. 165 Need ~1/10Tc for practical
0.172 0. 020 operation

Hf

Hf-STJ is not established as a practical photon

(back-tunneling gain from Al-layers) detector yet

Ngp.=25meV/1.7A=9.5
Poor energy resolution, but a
single-photon detection is
possible

N, p.=25meV/1.7A=735
2% energy resolution is achievable if Fano factor <0.3
for a single-photon

35



