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Research Core for the History of the Universe
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- Antarctic Astronomy
- Elementary Particles
- Quark and
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Research Core for the History of the Universe Univeriy of e
under Center for integrated Research in Fundamental Science and Engineering, o
University of Tsukuba (founded on Sep. 1, 2014) Q
CiRTSE

Mission: coordinate the studies in elementary particles, quark nuclear matters
and astrophysics to construct an integrated view of the History of the Universe.
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llluminate the “Darkness’:
=>Dark matter, Dark energy , Dark
galaxies

=>Genesis of matters, creation of
structure and their evolution
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COsmic BAckground Neutrino Decay (COBAND) Experiment
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Schedule of Research Core for the History of the Universe
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Budget Request to MEXT:
International Research Center to illuminate the Darkness in the History of the Universe

Aiming at illuminating the Darkness in the History of the Universe
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Five experiment projects and simulation studies which led by University of Tsukuba group
are integrated and developed to illuminate the darkness such as dark galaxies, dark matter®6
and dark energy in the History of the Universe.

o BREROFEBRA. FHF - RFEERITOCI/MEHNICRE

Approved for April 2016 to March 2022 (24,800kYen/year).
Budget for Researchers of Research Unit, Crossover Appointment and Postdocs.



Collaboration System with Research Units
and Cross-Appointment Researchers
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Research Core for the History of the Universe

— [Tomonaga Center for the History of the Universe
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Approved for October 2017 to March 2022 (10,500kYen/year).
Budget for Postdocs, Detector R&D and travel expenses.



R&D Budgets for the COBAND in the period of JFY2013-2017

17, 15% Grant in Aid from MEXT

5, 4% m University Support

\ KEK Support

16, 14%
m Japan-US
77.5,67%

Total : 121.5Myen

(~ $1.1M)
Grant in Aid “Neutrino” from | R&D of Superconducting Infrared _
MEXT Detector for Neutrino Decay Experiment JFY2013—2017 77.5 MYen
University Support He3 Sorption Refrigerator JFY2013, 2016 21.0 MYen
Cooperative Project of University of _
KEK Support Tsukuba and KEK JFY2013-2016 5.0 MYen
Japan-US Project Neutrino Decay Search Experiment JFY2012-2014 17.0 MYen
Cooperative




Cosmic Background Neutrino Decay Search
(COBAND)



Division of Elementary Particles :
Higgs and Neutrino

Fermions

0 ...
5
E ...

The origin of the mass and matter

T

Studies on Neutrinos and Higgs.

m

Neutrino:

® Neutrino masses

® Cosmic background neutrino
Higgs:

® Coupling to bosons and fermions
® Search for other Higgs such as heavy neutral Higgs
and charged Higgs

11



Motivation of Search for Cosmic Background Neutrino Decay

® Only neutrino mass is unknown in elementary particles. Detection of neutrino decay
enables us to measure an independent quantity of Am? measured by neutrino
oscillation experiments. Thus we can obtain neutrino mass itself

from these two independent measurements. 105 t -
W e o A
Vi H\/\/\ Vo 10° — 5/, = proton
y " | /"/ =T T
T ,U\ )y 1/3 —> V2 + 4 S ( . /p s ek
2 105 u —~ down quark
E = m; —m, - Amy, ﬁ ¥ ~charged lepton
! 2m, 2m, E ~+neutrino
. |
Using Am?, = (2.43+0.09)x 10 eV 10
E, =10~25meV at v, restframe Y | M 10,
r 3 . v,
i} i — G~ 107
(Far - Infrared region A =50~125 u) 1 2% 3 M, > 10°M,,
generation

® As the neutrino lifetime is very long, we need use cosmic background neutrino to
observe the neutrino decay. To observe this decay of the cosmic background
neutrino means a discovery of the cosmic background neutrino predicted by

cosmology.
12

® Left-Right symmetric model predicts the neutrino lifetime larger than 10!7 year
while the standard model predicts 2 x 104 year.
Measured neutrino lifetime limit T > 3 x 1012 year.



Big-Bang Cosmology
and Cosmic Background Neutrino (CvB)

History of the Universe
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IUon  f & & baryon . = i\’ X108, T~ v’ i
BT X g, o] A\3
7= (ﬁ) T, = 1.95K

V neutrin

A few seconds after Big Bang — Cosmic Background Neutrino (C v B)
became free.

300,000 years after Big Bang — Cosmic Microwave Background (CMB)
became free.
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Cosmic Background Neutrino

Fermi and Bose Distribution Function F(E) = e E-W/KT £ 1

where + for fermions and - for bosons, and E is energy and p is a chemical potential.
For y& T and m«<7T

Energy density p =g f PEF(E)=g (—)F w2

(2 )3
_ 3 FC(3)
L p(E) = gOF &1

Temperature:

Below 3MeV, v is decoupled from other particles because the weak interaction cross section
becomes too small.

Below 1MeV, e*e- —yy is possible, but yy—e*e" is impossible. so photons are reheated by this
process. The entropies before and after this time are equal to each other:

Entropy s« g (%)FT3 g=2( fory), 2( for e or e*), 1(for v or anti-v)
where g is the spin degree of freedom, and F = 1( for fermions) and O (for bosons).
Syo =a3(Sy + Se-4e+) , Syo=a’s, whereaisascale factor.
Svo _ Sy 2><§ 7 7

- — = = = — ALY = —3S
Syo SytSg—4et 2+4x% 22 VO™ 52770

1
2X<T3 = =x2I} — T,= (23T, As T,=273K, - T,=1.95K
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Cosmic Background Neutrino

History of the Universe

CcCMB
n, = 411/cm?3
T, = 2.73 K
CvB

Temperature:
T,= 1.95K

Number density:

As p/T <1, nog(FT?
where g is the spin degree of freedom, and F = 1( for fermions) and O (for bosons).

3 T n
— Ny= Z(T_:/)B%

Lon, RN = 56em™ (o = e, 1, T)

Vv
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Signal of Cosmic Background Neutrino Decay and its Backgrounds

Rocket experimegt co»verage (A=40~80um)

__ 100
o | CME CIB
=, Zodiacal Emissio
=" 10F AKARI COBE . measurements
= * J (e AKARI,
~ 1l M % . , ¢ COBE)

F 4 AR
7]  iacal L High Ener. e
N Zadiacal Ligh g gy
O qdacallight [ o ot 25mev) X7/ N
= E ? \ / 7
-g) 4% ; Pallih.V evolution
'_g 001¢ ‘ J‘. 4 odel = By measuring the energy
o SETS 'lf)/ Intorstellar | CVB decay) spectrum of the Zodiacal
é 0.001 - DGL A o Dust T =10 yrg 4 Emission with the CvB

: R 1 decay continuously, we can
= - Integrated flux from galaxy counts : ’
wo.ooo11 grgted i o Ay \100 oo See the CvB decay signal as

| | | vyavelcl-:-ngth [Pm] | | | a high energy cutoff.
1000 500 200 100 50 20 10 5 2
E, [meV]

Requirements for the detector
® Continuous spectrum of photon energy around E,,~25 meV(4 = 50um)

® Energy measurement for single photon with better than 2% resolution for
E, = 25meV to identify the sharp edge in the spectrum

® Rocket and/or satellite experiment with this detector



JAXA Rocket Experiment for Neutrino Decay Search

Plan: Sminutes data acquisition at 200 km height in 2019.
Improve the current limit of lifetime t(v;) by two orders of magnitude ( ~10'*years).
»Superconducting Tunneling Junction (STJ) detectors in development
> Array of 50 Nb/AI-STJ pixels with diffraction grating covering A = 40 — 80um

IR Light

Focal plane Instruments

Cylindrical mirror 1 - Entrance Slit Secqn(_:‘la?"y -
I (Focal Plane) ot
120cm
Parabolic mirror .\C old shutter Main mirror Depressurized
4
Cylindrical mirror 2 15cmd He ISK
E . ] v ) o F=Im ~1W
Spherical mirror s Diftractive Grating
JAXA Rocket =
. - Focal plane _
C I B EXpe rnme nt Preamphfier Boaly Instruments
STJ Detector Arra .
(50 x 8 channels To Post-Preamplifier *He
(Feb 2! 1992) Pixel size : 100p %' 100p DAQ A sorption
Sdbixel > Vibration POSY—];Q‘%lpliﬁer
12])5{16 S 1 / Damper  Star Sensor  DAQ system
8pixels «
5
A6 S0em Weight 100kg

Satellite experiment after 2020 - sensitivity of 1(v;) ~107"year
> STJ using Hafnium: Hf-STJ for satellite experiment ( S. H. Kim et al. JPSJ 81,024101 (2012) )

® A = 20ueV : Superconducting gap energy for Hafnium
® Nyp. = 25meV/1.7A = 735 for 256meV photon: AE/E < 2% if Fano-factor is less than 0.3



Zodiacal Emission

Thermal emission from the interplanetary dust cloud

2hv3 1

c? exp(hv/kT) —1
v B

X A (— X 10"5) Wm 4sr—1
C

L, =

T=270K,A=6x10"8 B=0.3
h [Js], ¢ [m/s], A [m]

Zodiacal Emission(ZE) is overwhelmingly dominating. Here
we consider only ZE as the background.



Zodiacal Emission

10*

0
S 107 E
£ - total background
= T data by COBE

- 10 E total background
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Discovery potential for neutrino decay

Create a pseudo-data for ND and ZE expectation on assumption of v,

mass and lifetime: N, ((mtrue, Ttrue)

Calculate expected distribution of ND+ZE on assumption of v; mass
and lifetime: N_,, (m, I')

exp

Calculate likelihood of the pseudo-data as a function of the decay width
for each neutrino mass

Obtain the most probable decay width and its significance

E 0.008

% 0.007
0.006
0.005
0.004
0.003
0.002

0.001

Likelihood vs 1/lifetime

I]II|IIII|I[II|]III|IIII|IIIIIIIII|IIIi[I

Significance=3.9

/

|

7o = 2.5\ 10M*yrs
Significance=3.9
,/ T peak3-9 x 10715(1 ,}:}u\':m']

/ (Tpeak = 2.5 X IU“(M‘NJ

L 2 3

h_Likelihood

Entries 1000
Mean 3.922e-15
RMS 1.002e-15

m(v;)=50meV
T =2 x 10%%yrs

2

1



Sensitivity to neutrino decay

Parameters in the rocket experiment simulation
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%

w6
" = -

) 1 Pseudo-Experiment Data hoSiadi 3@ . :_ - Expected + 16
E Excess dug to Neutrino Decay |Enties 2= =L e Expected + 26
2000 _ 7 WL RMS 94 £ 4

! 1) C

1500 T L I J[ S
1000 i . ’ ‘ ’ — L & 3F
Fhtitl RN

SPY- SRS T 8 o LA O S B O P S o B AR -0 20

500+ T Zodiacal Emission S L
.10005— ) 1 -
-1500'5—. PP PP PP B MR P Ly > -

t;'} T l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l
40 50 60 70 go “ 075 55 60 65 70 75
A(pm) m, (meV/c?)

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

21




R&D Status of Superconducting Tunnel
Junction Detector for COBAND experiment

22



STJ (Superconducting Tunnel Junction) Detector

Superconductor / Insulator / Superconductor Josephson Junction

Superconducting Tunnel Junction

At the superconducting junction, quasi-particles over
muaor thelr energy gap go through tunnel barrier by a tunnel
effect. By measuring the tunnel current of quasi-
particles excited by an incident particle, we measure

\ :

_~ the energy of the particle.

superconductor

mﬁ \// Quasi-particles
Incident
current-voltage (I-V) curve Particle © 0006 | > o
for STJ el A / ‘oo,
CUTTeNt L 6o A | Q.A IZZ

Critical current I @ —

Josephson Current Rn/,/’/ Cooper Pairs -~ ‘ ‘ ‘
TLO®

bias

> Energy gap A

2A /e v
| 1.0
Leakage current Niobium 9.20 1.550
( Dynamic resistance R, in |V| <2A/e) Aluminum 1.14 0.172

23 Hafnium 0.13 0.021




STJ Energy Resolution

STJ Energy Resolution

o, =+/L.7A(FE)

Using Hf as a superconductor,

A: Band gap energy
F: Fano factor (=0.2)

E: Incident particle energy

o, E=17% at E=25meV
T.(K) | A(meV)
Niobium 9.20 1.550
Aluminum 1.14 0.172
Hafnium 0.13 0.021

\

Tc : Critical Temperature

Operation 1s done at a temperature

around 1/10 of Tc

el

We reported that Hf—SJ,J worked as a STJ in 2011.

>




Nb/AlI-STJ Photon Detector

Nb
BE A Back tunneling Effect — Trapping Gain

| ' B AlOx
Quasi-particles near the barrier can mediate

300nmI

Number of Quasi-
particles in Nb/AI-ST) * Nb/AI-STJ

Nb(200nm)/Al(10nm)/AIOx/Al(10nm)/Nb(100n
m)

G, : Trapping Gain In Al(~10) Gain: 2~200
E, : Photon Energy '

Cooper pairs, resulting in true signal gain

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

_ E
Nq = GAl 0/1.7A

A : E-Gap in superconductor Si Nb B\
For 25meV single photon Tc[K] 9.23 1.20
N, = 10 25 meV AlmeV] 1100 1.550 0.172
1.7 ¥1.550 meV

=95e 25



® | eakage current 1

Current (nA)

Leakage Current of Nb/AI-STJ

leak 1S required to be
infrared photon (A =40-80u m) .

Temperature Dependence of Leakage Current

1000

below 0.1nA to detect a single far—

leak_200uV 50pum x 50um
leak_300uV H
100 o |eak 400uVv
BCS Theory e $
10 sg®
. — 4
2 '3'.'-":?.
.
** o e = 0.2NA
/0 4mm| at 300pV

0.01
0.3

by T. Fujii (AIST)

0.4 0.5 0.6 0.7 0.8

Temperature (K)

In 2014,

AIST group joined us and produced
Nb/AI-STJ with AIST CRAVITY
processing system.

Leakage current has satisfied our
requirement of 0.1nA .

50 x 50um? 18 224129 pA
20 x 20 ym? 7 39%+13 pA
10 X 10 pym? 20 147 pA



Response of Nb/Al-STJ Detector to Laser Light
Nb/Al-STJ

Goal: detection of a single far-infrared photon in the energy range of 15— 30
meV (A= 40 -80um) for the rocket experiment for neutrino decay search.

® Refrigerator of setup
3He sorption refrigerator without refrigerant(0.3K)

- rapid test cycle ( 2days )

- short preparation period (1day)
® Structure of Nb/AI-STJ

Nb/Al/AlL,O4/Al/NDb layer thickness
100nm/70nm/1nm/70nm/120nm (A=0.57meV )
made with AIST CRAVITY processing system
w
E%U)#E:Sus
i |

v h

100uV/div

v Y AL i A v n 7 )
_Lz.wm - o &

27
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Response of Nb/Al-STJ Detector to Laser Light

2VIDIV

L.

10M Charge 40ps/DIV
465nm laser sensitive  shaper . ,_L
through OptiCaI pre-amp. amp. s
STJ |
T~350mK Pulse height dispersion is consistent

(3He sorption) with 10-photon detection in STJ

A response from Nb/AI-STJs to NIR-VIS photons at single-photon level was

observed with a charge-sensitive amplifier at the room temperature
« Response time of STJ: O(1us)

Due to the readout noise, a FIR single-photon detection is not achieved yet

=>» Need ultra-low noise readout s stem for STJ signal
=>» Developing a cryogenic pre-amplifier close to STJ



R&D Status of SOl Cryogenic Preamplifier for STJ

29



R&D of SOI-STJ Detector

FD-SOI (Silicon-On-Insulator) device was proved to FD-SOI ~-MOSFET
operate at 4K by a JAXA/KEK group (AIPC 1185,286-
289(200 FD-SOI 9)). It has the following ke Gake

characteristics: Source

low—power consumption, high speed, easy large scale
integration and suppression of charge—up by high
mobility carrier due to thin depletion layer(~50nm).

Drain Source ! Drain

To improve the signal-to—noise ratio and to

make multi—pixel device easily, we made a SOI-

STJ detector where we processed Nb/AlI-STJ

on a SOI transistor board. | Nb/AI-STJ

GatelZIT—\Source
Square is 2.9 mm on a side. STJ Brain

SOI preamplifier

© Rey.Hori / KEK
30




Performance of Nb/AlI-STJ in SOI-STJ Detector

We measured the I-V curve of the Nb/AI-STJ (50 x
50 (£ m?2 junction) processed on the SOI wafer

at 700mK with a dilution refrigerator.

I-V curve of Josephson Junction

1V, I,.~200u A

B=35G

2mV /h)IV.

Quality Factor  On Si wafer : 5 x 10°
(R /R On SOI wafer: 3 x 10°

dynamic normal)

Readout circuit l
® 1Kohm [ @”T ST

Refrigerator

31



Performance of SOIFET at Cryogenic Temperature

Saturating current is higher as the
temperature becomes lower.

Non-linearity was found at cryogenic
temperature near threshold region. This
problem was solved by improving
LDD(Lightly Doped Drain).

%107

1.4 PTEG2.10..NS4..1dVd

| vgs=200V
L wiL=10/1

. :'"”f”“l"émperature

At cryogenic temperature (3K),
Threshold rise in 1.-Vy4 curve become
much sharper.

Subthreshold current is suppressed.

Vds=180V
CWL=10/1
i Temperature |
: e room :

10° g.aK _________________ Z

< é z
2102 E PTEG2_10_NS4_ldVg

107
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SOl cryogenic amplifier

SOl - STJ4 (the 4t prototype) We updated the SOI cryogenic
' Vil V42 amplifier for the Nb/AI-STJ signal.
M2 Amplification
V2 ,E Replace the resistance by a
: SOIFET as a current source (M2).
M4
mal | ? IE Use the feedback between the
V3 L c1 drain and the gate of M1 to apply
| T = a stable bias voltage (M3).
M1 M5 Buffer
INPUT ) —— IE —IE Add the follower to reduce the
output impedance (M4 and M5).
Designed the ratio (W/L) to set the
Vy Vg1 VoV 2 operation power consumption below

120 4 W.

This SOI amplifier board was made by LAPIS semiconductor company. 33



Test Results of the cryogenic SOl preamplifier
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Test Results of the cryogenic SOI preamplifier

Amplifier + Buffer
Input and Amplified Output D ]
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Gain of 80 was achieved for a signal frequency 20

up to 100kHz signals at 300mK.
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Setup of STJ signal amplification with the cryogenic SOI preamplifier

—MA— A
——  10M
T~350mK
777 (®*He sorption)
| g
465nm Iase_r <« | -1 S>—>
through optical 4.7uF | alla
Phbie il - Output
STJ
‘ ]
Input

Monitor = ¥

20um-square Nb/AI-STJ with SOI-STJ4 amplifier through 4.7uF capacitance.
Input impedance of the SOl amplifier is about 20kQ).

— STJ operation at a constant current mode.

— STJ bias cable capacitance is around 1nF:Z=160Q for 1us signal.

36



STJ response at a constant current mode
Vo

High impedance
voltage amplifier

' V o—> /
i§¢ ::r_’i
EE S ~imv VY

STJ |-V curve w/light w/o light

Laser light
pulse

1M~100M

R=
—
<
af
<
+
X

« STJ has a large resistance in series.
— constant current mode

 STJresponse to light is observed as a

voltage drop.
37



STJ signal amplified with the cryogenic SOI preamplifier

Nb/AI-STJ laser light response signal was amplified with this cryogenic SOI

preamplifier.
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Development of SOI Charge sensitive preamplifier
(SOISTJIS)

® STJ capacitance is not so small
( 20pF for 20um square STJ).

=
® STJ response speed is a few psec. 2 Charge
_ sensitive
® STJ operation at a constant voltage pre-amp.
——————————————— I
mode is favorable. ] I H I>
I I
— Low input impedance i LT -
; LS
charge amplifier I 7INYT 18 T-350mK
i ! — i
operational for IMHz. i....l-:7:=-;:_::1.=
/

39



Op-amp Circuit for STJ (SOI-STJ5 design)

This cryogenic charge amplifier = telescopic cascode differential amplifier
test is now underway. .= Feedback C=2pF x R=5MOhm = 10pus

e e i - e - - n:sh_.wmuh;“.h-ﬂ" a
=iy I=10, -

2 e
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R&D Status of Hf-STJ

41



R&D Status of Hf-STJ

Goal: Measure energy of a single far-infrared photon for neutrino decay search

experiment within 2% energy resolution.
Micro-calorimeter. Hf-STJ cab generate enough quasi-particles from cooper pair

breakings to achieve 2% energy resolution for photons with £y = 25meV.
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Latest Results of Hf-STJ R&D

In 2016, we made a thin aluminum layer (9nm) on the HfO layer (1-2 nm) to improve

the insulation of the Hf Oy layer.

200pm x 200pm
HI-5T]

T=128mK

P T
B = 0 Gauss OSSN i S s B

RIYTEVICINE Apply magnetic
4 20pv/div

field(5 Gauss) | 3

.-"_i;ﬁ,-"di\'

& 10uv/div

128mK
5 Gauss

T_I.ﬂ pA/div
20pV/div.

Hf /Al/Hf Oy /Hf-STJ

L =20Aat 10 V.
R;= 2Q
Dynamic Resistance was improved

by a factor of 15 in
Hf /Al/HfO/Hf-STJ.



Response of Hf-STJ to Laser Pulse Light

Hf /Al/Hf Oy /Hf-STJ

Visible light laser (A =465nm) 10Hz duration

>
R ¢ | e R i
8 LS

e

40ps/div

Response speed (120 iz s) is slower than Nb/Al-STJ response speed ( around a few i s).
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Test Results of Nb/AI-STJ with Far-Infrared laser

Far-Infrared Laser at University of Fukui
( A=57.2um ) Nb/AI-STJ Response to Far-Infrared Laser

—

a
<
e
o
o

8 5.00mV

« 20um-square Nb/AI-STJ made at AIST CRAVITY system
» Laser light was turned on and off with a chopper at a frequency of 200Hz.

Measured the change of the |-V curve between the laser on and off to be
50~100nA in current.



Prototype of Cryostat for the Rocket Experiment

In April 2017, a prototype of the cryostat for the
rocket experiment was made. This is a He3
sorption 0.3K refrigerator inside of a He*
depressurized 1.8K refrigerator. (For now it does
not have a He3 sorption 0.3K refrigerator inside)

We will test Nb/AI-STJ inside of this cryostat with
far-infrared(50u) photon beam at Fukui this
winter.

il Lol

Made by Jeck Tohri company.
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Schedule

Experiment Design | Experiment design with Satellite such as SPICA

S
Experiment design with 2
FIR Rocket ©
\ v S
) ¢ =
Superconducting R&D [Pro duction ] o
Tunnel Junction of Nb/Al-STJ L|>j
(STJ ) Detector N =
Design and R&D of Hf-STJ Detector S  |(for Satellite Experiment)
o
Preamplifier at 1K o
and Post-Preamp Design and R&D [Production ] E [Design, R&D, Production
(Fermilab, JAXA, =
KEK,AIST,Tsukuba) g
Dispersive Element, | 1 1l &8 [
P * | Design and R&D Production o Design, R&D, Production ]
Optics . J\ J = |U
Cryostat ! 1 ( ) :L; )
DeSign and R&D Production GE Design, R&D’ Production
h 1= |1 T [ )
Measurements + Analysis Program L
Analysis
ys! Simulation 47 L Analysis




Collaboration of Cosmic Background Neutrino Decay Search

A part of the consortium of the History of the Universe

Seoul National Univ. FNAL
S. B. Kim E. Ramberg

STJ detector Fukui Univ. A= A electronics
T. Yoshida Y. Kato
FIR photon Data transfer e
ya beam source JAXA/ISAS

o | ot
s el LB, Atraf S. H. Kim, Y. Takeuchi L '
electronics STJ detector, fl
! Electronics, Kwansei Gakuin Univ.
AIST Cryostat, Optical system S. Matsuura
M'S%?fgffﬁ;itlbe RIKEN Okayama Shizuoka \__ rvostat, Optical system
S. Mima Univ. Univ.
STJ detector H. Ishino S. Kawahito
STJ detector Electronics 2015 Shizuoka Univ.

Kwansei Gakuin Univ.
2014 AIST
2011 FNAL, Okayama Univ., Fukui Univ., Kindai Univ.
2007 Univ. of Tsukuba, JAXA/ISAS, RIKEN, KEK, Seoul National Univ.



Summary

® R&D of STJ detectors and the design of the COBAND rocket experiment are

underway.
> Determination of the neutrino mass
O origin of elementary particle mass spectra
> Discovery of the cosmic background neutrino

0 new probe of the very early universe

® New far—infrared photon detector is being developed:

> Nb/AI-STJ satisfied our requirement for leakage current less than
0.1pA

» Cryogenic amplifier with the SOI technology worked at 300mK

We have succeeded in amplifying the STJ signal with the SOI

cryogenic amplifier.

» Aiming at one photon detection in the far—infrared range

> applicable to the other fields such as X-ray energy measurement
with higher energy resolution.



