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Reserch Core for the History of the Universe

Three Divisions:
- Antarctic Astronomy
- Elementary Particles
- Quark and

Nuclear matters
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Research Core for the History of the Universe

under Center for integrated Research in Fundamental Science and Engineering,
University of Tsukuba (founded on Sep. 1, 2014)

CiRTSE
Mission: coordinate the studies in elementary particles, quark nuclear matters
and astrophysics to construct an integrated view of the History of the Universe.

) R G mava s Py A I8 7.0 A0
History of the Universe

. pC ce\®
Lattice QCD

008
(A o
: e
v\

Simulation of the Universe Evolution

'.“l"
\ -V o T
3 L

\—, o..

llluminate the “Darkness’:
=>Dark matter, Dark energy , Dark
galaxies

=>Genesis of matters, creation of
structure and their evolution

»  Critical Point
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History of the Universe
Simulation of Cosmic Evolution
Superstrings Lattice QCD . \ * o 2

l Origin of Mass Creation of Structures
Ongm of Force Evolution of Matters

> Critical Point
o 8l Genesis of Matters

Higgs Particle
Neutrino

Division of Antarctic Astronomy
[Antarctic Observatory of Astronomy]

Mission: Coordinate the studies in the elementary particles, quark
nuclear matters, and the astrophysics to construct an integrated
view of the History of the Universe.

Coordinator: Prof. Shinhong Kim

Division of Quark Nuclear Matters

Division of Elementary
Particles

Principal Investigator: Asso.Prof. Shinichi Esumi

Clarification of the nature of the high-temperature quark-
gluon-plasma state several p seconds after the Big Bang
as well as the high-density nuclear matter in the core of
neutron stars. Identification of the critical point expected
at intermediate temperature and density.

Principal Investigator: Prof. Fumihiko Ukegawa
Through experimental study of Higgs particle and neutrinos together

with theoretical study of superstrings, understand the fundamental

Principal Investigator: Prof. Naomasa Nakai

structure of particles and clarify the History of the Universe.

Clarification of the formation and evolution of the first galaxies and

the Universe through deep space observation by the Antarctic

llluminate the “Darkness”:

Telescope and other Observatories. s e et
“Consortium of the History of the Universe™ = i
e oF A = > Dark Matter, Dark Energy, Dark Galaxies, ...

=> Genesis of matters, creation of structures,

Development of data analysis methods in collaboration with Lab. for Inverse Problems and their evolution.
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Schedule of Research Core for the History of the Universe
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Consortiums in Research Core for the History of the Universe

Two consortiums in Research Core for the History of the Universe
develop the studies on the History of the Universe under the following

international collaboration.

Consortium of the History of the Universe

Research Core for the History of the Universe put forward the study on the History of the

Universe based on the intemational consortium “Consortium of the History of the Universe”.

Seoul National University

Prot. 5.B.Kim
Neutrino: ST Jdetector

University of Fukui
Prof. T. Yoshida

MNeutrino: FIR photon source

N

Kansai Gakuin University
Prof S. Matsuura
Neutrino : Cryostat, O ptical
system

™

Kindai University
Prof Y. Kato
Neutrino : Data Acaquisition

Okayama University
Prof. H. Ishino
Neutrino: STJdetector

AIST
Prof M. Ohkubo
Ne utrino: ST .J detector

Fermi National

Accelerator Laboratory
E. Ramberg

Ne utrino : Electronics

>

GERN
Y. Schutz

{IN?P3/CERN)
Higgs, QGP:
LHG Accelerator

¢

University of Tsukuba
Prof. 5.H. Kim, Prof. F. Ukegawa,
Prof 5. Esumi, Prof. A. Ozawa
Higgs: Silicon Tracker
QGP: Calorimeter
Neutrino :STJ detector, Electronics,

Cryostat
K Unstable Nucleus /
KEK
Assis Prof T Wada Porf. Y. Arai

Neutrino: Rocket,
Cryostat, Electronics,

Ne utring : Electronics

JAXA/ISAS ‘
Higgs : Silicon Tracker

Laboratory
David Morrison
QGP: Calorimeter,
Muondetector

Brookhaven National

GSI
. Scheidenberger
Unstable Nucleus

University of Tokyo
Prof. H. Hamagaki
QGP:GEM-TPC

Prof. T. Sugidate
QGP: Calorimeter

( Hiroshima University

|

Neutrino: ST Jdetector

RIKEN
GrouplLeader Y. Akiba
QGP:Silicon Tracker
Unstable Nucleus: RIBF
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Workshop on the History of the Universe

2015/9/30 International conference TGSW2015

Session of Universe Evolution and Matter Origin
Tsukuba Global Science Week 2015 (TGSW2015)
Universe Evolution and Matter Origin
Date: September 30, 2015 9:00~17:30
Place: Tsukuba International Congress Center Room300
Number of Participants: 53 (10 foreign researchers including five invited speakers)

The Research Core for the History of the Universe
conducts research in the fields of elementary particles,
nuclear physics and astrophysics, with the aim of
understanding them from a unified view of the history of the
universe. In this Session, invited speakers from abroad and
internal researchers reviewed recent progress in respective
research programs, and the prospects for the near future
were discussed, helping to establish future directions of the
Center.

Program details are placed in the following URL:
http://hep.px.tsukuba.ac.jp/CiRfSE/RCHOU/TGSW/201 5/

2014/9/29 International conference TGSW2014
Session of Universe Evolution and Matter Origin
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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 matter8
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 and Crossover Appointment.



International Research Center based on
a core of University of Tsukuba

- Experimental and Theoretical studies on the History of the Universe -
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Collaboration System with Research Units
and Cross-Appointment Researchers
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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

12



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 e
W T 4
V3 ,J\/\/\ Vo 109 = 5/, =) proton
” P T
T, ,Ll\ ¥ ‘/3 —> V2 + Y S d _ /p S
3 {3 n ~ down quark
E - ms —m’ B Am, ﬁ £ -~ charged lepton
7T 2m,  2m, £ - neutrino
. 1
Using Am2, = (2.43%0.09)x 10~%eV/? 10 v
T 5
E, =10~25meV at v, restframe. v. "» Mi> 102 M,
_ - _ 50~ 103
(Far - Infrared region A =50~125 u) 1 5 ' 3 M, > 106 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.
13

® 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)

CMB
n, =411 /cm’
T, = 273K
CvB
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Neutrino Decay Detection Sensitivity

— 1011
3 10 Cosmic Infrared Background
. . ;— 3 CIB fit curve &
100-day running with g :
= 10 Neutrino Decay (t=1.5 x 10'"year)

a telescope with 20cm diameter,

a viewing angle of 0.1 degrees Sharp edge with 1.9K smearing

NIE] [ e )

and 100% detection efficiency 125 with detector resolution of 0% to 5%
( Satellite Experiment ) " J
' Red shift effect
1{]2 Photon energy spectrum <. Resolution 5%
10 Resolution 0%
108005 6,01 0075 0.02 0.025 0.03 0.035" .04 0045 0.0
EleV]
o %]
; A \
"o H dN/ dEY
EI—H+H—H—I+H—H+ S ?H‘HH\‘Hﬁ J%HHH‘HHH — _ dZNy /dEyz
o e
P W 670 % @ Need the energy resolution better
i + + ' o H ﬂ than 2%.
J{ 1[ i H}t JHH[ @ Can observe the v, decay with
}HHHHH HHHHHH ;HHHH HHHH 15 amass of 50meV, and a lifetime of

ks 1.5 x 107year at 6.70.



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 ioff 25mev) A7/ 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 2018.
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



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%

Y 6L
214r >t
> [ [S5 Expected Limit + 16 3 5h S Expected + 16
< ul - 5C
‘:o- 12 - e Expected Limit + 26 ‘E' e Expected + 26
~an R C
;:310 - ‘g 4t
S 8 23
E 6 ) -
i S & 2F
- S C
X o[ < 1C
o 2 - g C
0 I_ I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I l-:;' 0 T l L 1 1 l L L L L l 1 1 1 L l L L L L l 1 L L L l
50 55 60 65 70 75 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
18




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

mg \// 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

Yy e Energy gap A
T
Leakage current Niobium 9.20 1.550
( Dynamic resistance Rg in |V]| <2A/e) Aluminum 1.14 0.172

Hafnium 0.13 0.021




STJ Energy Resolution

STJ Energy Resolution

o, =+/1.7A(FE)

Using Hf as a superconductor,

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

Incident particle energy

o, E=1.7% at E=25meV
T.(K) | A(meV)
Niobium 9.20 1.550
Aluminum 1.14 0.172
Hafnium 0.13 0.021

Y~

We reported that Hf—-STJ worked as a STJ in

el

Tc : Critical Temperature

Operation 1s done at a temperature

around 1/10 of Tc

20 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-STJ * NDb/AI-STJ

Nb(200nm)/Al(10nm)/AIOx/Al(10nm)/Nb(100n
m)
G, : Trapping Gain In Al(~10) Gain: 2~200

E, : Photon Energy
2 ecapinsuperconducor L

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 O/1.7A

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 21



Requirement for Leakage Current of Nb—Al/STJ

® | eakage current 1

.ax Should be below 0.1nA to detect a single far—infrared

photon (A =40-80 m). 1000
leak_200uV
Temperature Dependence of Leakage Current leak_300u
- 100 leak_400uV by T. FUJ” (AIST)
< F ; ; ; ; ; ; ; ;
510 = HOOUM-X-LOOMA- - e “eTheoy | 50unt X 50 um
o oe\Te k1 || ¢ |
E et S
W p——— In 2014,
“leak WAS at 300pV
of 10nA 0.01
10 = | at 500HV 0.3 0.4 0.5 0.6 0.7 0.8
10'110""05HH S HH;HIZ.'S‘H‘3|HH3.5HH£|IHH4.5 Temperature (K)
Temperature[K]
In 2014,
AIST group joined us and produced
Nb/AI-STJ with AIST CRAVITY 50 x 50pm?2 18 224+29 pA
processing system. . 20 x 20 ym? 7 39+13 pA
Leakage current has satisfied our , .
requirement of 0.1nA . 10x10 pm= 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 &

23

@ 1o00pv & 10.0mv ® 500V € 100V 1




Response of Nb/Al-STJ Detector to Laser Light

2VIDIV

L.

40us/DIV

10M
465nm laser

through optical

fiber \ |_ ] N e
STJ

T~350m 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 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
characteristics:

low—power consumption, high speed, easy large scale

Gate Gate

Drain Source ! Drain

Source

integration and suppression of charge—up by high m ¢~50nm
mobility carrier due to thin depletion layer(~50nm).
To improve the signal-to—noise ratio and to
make multi—pixel device easily, we made a SOI- We confirmed that both Nb/AI-STJ
STJ detector where we processed Nb/AlI-STJ detector and SOI MOSFET worked
on a SOI transistor board. norma"y at 750mK.
Gate, | Source
_h"". PMQS{?SOm )
Square is 2.9 mmon aside. | YST| poin T e
TP U Y T SN S [ S—
X: % i T
Bondlr.»mlvPad' 13, . ‘: Width Qlﬂﬂﬂum

' i Leng‘th lum

|-j|:—

T B

25 1 —_SE

Vs l'-1




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
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Performance of SOIFET in SOI-STJ Detector

® Temperature dependence

|-V curves at various temperatures.
SOIFET can be operated at 100mK.

@® Power consumption ( at 680mK )
Bias voltage of SOIFET in saturation
region (red line) : 0.5V
Current (Iy)of FET in saturation region
at Vo =0.8V: 0.09 pA

Power consumption =0.5V X0.09 pA
= 45 nW/FET for W/L=1.42um/0.42um

s 1A
=]

—_

< [ |
» 10 TEMPERATURE
=5k @ room
d LN2 i
10% ® LHe .
GE & 830mK
107 ® 100mK
0% i i .
-9 :_ -i"E
0 ; s
10—10 e i ..' I
B & i
10" A ,".ll' L LT »
E te -l.'t .? H‘#’l h'll.ﬁ’ '“l#“' , ’
10—12 ; ‘%" }: i: *.*-s ‘-l“‘?’n‘t:--- "é
10k LA 1 ’
Y | L |
052 o 02 04 06 08

. | e
LA
a®

— .......'éi=‘“'._._....,-il.lu-r TTIC - LLER
-
et
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New SOI-STJ R&D

Q
e We updated the SOI-STJ design for the amplification
o I of the Nb/AI-STJ signal.
I
ime
i 10 | #A 1 Replace the resistance to SOIFET that we
= T ———0 2)
T M1|: i MS use as a current source (M2).
o) oI [ IL*, i 2. Use the feedback between the drain and
' the gate to apply a stable bias voltage (M3).

3. Add the follower to reduce the output
impedance (M4 and M)).

Designed the ratio (W/L) to set the operation
power consumption below 120 u W.

AIST group joined us on the SOI-STJ R&D and is processing the STJ on the
SOI amplifier board made by LAPIS semiconductor.
SOl transistor worked normally at 300mK.
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Simulation of SOI preamplifier

Condition: Leak current 0.5nA at 0.5mV
STJ capacitance 250pF
STJ bias voltage 0.5mV

25 - STJ signal current source

00
g3 | (ESEWEE -~ 14fC~ 2=1312nmD1XFHEY
2910 (G4 = 10, A = 0.6meV)

g (= 1 photon ( A=1.312nm )

10 =

25 - Amplifier output

T e o e o o e o e 5 S e B S U S St 3 e
%-2.5 ~
=3 ~T7.5mV

&2 PPy s e s o o

-10 T ™7 T T 1

30 3.05 3.1 3.15 3.2 3.25 33
< nme (ms)
0.25ms
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Test Results of the cryogenic SOI preamplifier

60

Gain

Amplifier gains are  *

around 50 both at

room temperature 3

and 3K with adjusted , |

bias voltages of M2.

401

10}

0

0

Bandwidth of buffer
is enough high for
the amplifier of STJ
signal (up to 200kHz)
both at room
temperature and 3K.

bias [V]

o ROO
* RO e
(1.10V)

e 3K
(1.50V)

PR (NI S S TV T T [N ST S (U

ain

0.6
0.5
04
03
0.2

06 08 1 12 14
Current source bias [V]

& o0.9F

... Temperature (V5,V4). . . . .
= . ROOM {0.70, 1.00) * %
_________________ . 3K{1m140}"ﬂ

D_ Lol

107 10’ 10* 108

10’
input frequency [Hz]

Current
source bias

1.00V
1.40V

A O—

0.70V
1.00V

=
TS

——OHiAn

=
n

TTT

o
a)
=
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Test Results of the cryogenic SOI preamplifier

The cryogenic SOI preamplifier has worked at 370mK with a gain of 30 and power
consumption of 100 U W. ... :

| 3 ] Trig'd
! U
|
- 370mK :
% Input (2mV/div)
|
| \
| . S
Test of Nb/AI-STJ | " Output (50mV/div)
with this cryogenic |
SOI preamplifier will |
be started in March. Time scale = 100 i s/div
‘ﬂ —— vﬁe = 'J':l\&;an Min Max Std Dev ],‘l!'q%sﬂvoc'o‘a J :gi&ozgil}v’\sts H e =
Peak Peak 6:_24?!!1\/ S._.S'_sgm ?320"1 l,_l.'JSm 1.432m J
.-,-"""k Peak 159.5my 175 7m  S65.00m 202.0m 10.14m IZI'jan. Z(HOI

X 5.79: SOI-STJ4 A 7OV AISE ANBILE (]), AJMES (i) &)
5% (#7) (300mK, VDD2 = 1.10V, V5 = 0.10V) 31



R&D of Superconducting Tunnel Junction (STJ) Detector
Hf-STJ

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

experiment within 2% energy resolution.
Micro-calorimeter : Hf-STJ can generate enough statistics of quasi—particles
from cooper pair breakings to achieve 2% energy resolution for photon with

E, = 25 meV.

Direct wire bonding on Hf layer

I-V curve of Hf-STJ (100x100pm? )
« T 40mK, I.=10 £ A, R=0.6Q

B=0 Gavuss/ “B=10 Gauss //

SN AT T 2=
/ -% //
-~ o

/ g ,---' 2

200 x 200pm? 3 0.22+0.01 Q ' g 5

: f 2t [ | B

<
100 x 100 pm? 3 0.60%0.10 Q - HVIDRY 5 204VIDIV

& oo © L W Zo.0uv #8 s0.0m0 2 0




Latest Results of Hf-STJ R&D

January 2016, we made a thin aluminum layer (9nm) on the HfO layer (1-2 nm) to
improve the insulation of the HfOy layer. Hf/Al/HfO/Hf-STJ

HF/AFSTI-N2 | B | HALSD-N2 & HF/ALSTIN2 -
200umfE-1 | 200umf3-1 200umf-1 |
' ' T=157mK | T = 148mK

rdk A
v Ao
i L@U:Eﬂuufdiu . L»v:;:.SDquiv.




Dynamic Resistances of Hf-STJ

Dynamic resistance was improved from 0.2 to 300 €.

___

Hf/AI-STI-N1 200umf

Hf/Al-STJ-N2 200umfi 300 31ueV
200umfl 150 35ueV
200umf STI? 83.3 37.5ueV

Rd
B &t/ T4 X | 200,m X 200um | 100um X 100um _| 50um X50um __|

20Torr, 1H
30Torr, 1H Rd =0.200 Rd =0.850 Rd =40
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Response of Hf-STJ to Laser Light

Near-infrared laser (A =1.312pm)  0.945eV photon 20MHz (DC-like)

laser on F | laser off




Response of Hf-STJ to Laser Pulse Light

Visible light laser (A =465nm) 1Hz duration 260 s pulse width

| .
L—H—Msync out 10MHz

] 1, 00ms 10.0ME/8 T % -480mY
=2 304 00ms 100k polals

Response speed (4ms) is much slower than expected one ( around 100 iz s).
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(U. Fukui/Chubu U.)

Alcohol Vapor Far-Infrared Beam
CO, Laser (CH,0H, CD,0H, -+-) (Continuous Waves) [l (Ra— 2
exite emit TV
» can emit any one of ~70 monochromatic lines btwn A =40 - 500 ¢ m
(31-2.5meV) by selecting an alcohol and a CO, laser frequency.
> Beam diameter : 7Tmm (1/€&2), Beam divergence : 20mrad (1/ &),
Power : 1ImW — 1W depending on the wavelength.

Far-Infrared Molecular Laser *

The monochromatic lines we confirmed so far :

A=43.7um(28 meV), 529 4 m(23 meV), 864 um(14 meV), 1188 £ m(10 meV), 453.4 y m(2.7meV),

Conversion of continuous waves to pulses by rotating mirrors (to evaluate the STJ with pulses)

ating Mirror GaAs Schottky Barrier Diode
3600 rpm Detector

86 cm \ ¢
iE . D: Pulses
Beam spots
N ¥ traversing the detector
£ros ~

4mm @ FWHM, Gaussian)
200cm

Our Laser \\\/I
Continuous Waves

: Our goal — Pulse width <1 us along:
A=118.8 4 m(10meV) So?cave t@rrgr )
Alcohol : CH,0OH O Tocus the beam

f=75cm

*improving the beam focusing system,

on the Detector *longer distance from Rotating Mirror to Detector.

CO, laser frequency : 9P(36)




Test with Far-Infrared beam at Fukui University

March 9, — March 16, 2016 : Test period

“He depressurized refrigerator (1.8K)

Optical Fiber

Far-Infrared

Stage with a coil
of the horizontal

SMA

beam

magnetic field

onnector
receptor

RuOx thermometer

Nb/AI-STJ —
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Data transfer system from rocket to earth station

Data size - f f
# of STJ sensor: 50 pixel X 8 row = 400 pixel [l: equirement of transrter

Event rate: 300 Hz/pixel X 400 pixel = 120 kHz rate
Data size: ADC 7 bit, time info. 10bit, # more than 3.12
pixel address 9bit Mbps

Rocket has one transmitter (1.6 Mbps, S—band) as the standard telemetry system .

But it has to transfer all data (including the rocket and all component information).

..............................................................................................................

-- Addnics corp. can make the high rate transmitter system (5 Mbps is OK)

-- Using two transmitter can be a robust system
-- Earth station has a sufficient ability of receiving data (50 Mbps, S-band)

......................................................................................

v' define the design of high rate transmitter with company.2 Gz transmitter for rocket by

v define the data format (hrom addnics HP)



Schedule

Experiment Design | Experiment design with Satellite such as SPICA

Experiment 2 A
design with
. FIR Rocket
>
Superconducting R&D : ]
Tunnel Junction of Nb/AI- | Preduction

(STJ) Detector STJ
Design and R&D of Hf-STJ

(for Satellite Experiment)

-+
c
[5)
E
| -
)
3
L
o+
0
~
3]
o
Preamplifier at 1K | Design Product o )
and Post-Preamp | and R&D roduction e Design, R&D, Production
(Fermilab, JAXA, ] J
KEK,AIST, Tsukuba) <
. . [ n 4
Dispersive Element, | Design and Production o ) )
Optics ' R&D ) 2 ! Design, R&D, Production
3}
r ; bt \
Cryostat Design and Production 2 . .
' R&D k= Design, R&D, Production
L \ J
Measurements + Analysis Program L
AIELEE Simulation 40 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. Kinki Univ. electronics
T. Yoshida Y. Kato
FIR photon Data transfer
beam source p
KEK Univ. of Tsukuba JAXA/ISAS
Y. Arai, M. Hazumi S. H. Kim, Y. Takeuchi T. Wada, H. lkeda
electronics STJ detector. L Rocket, Electronics
| Electronics, s '
AIST Cryostat, Optical system Kwansei Gakuin Univ.
M. Ohkubo RIKEN Okayama Univ. S. Matsuura
SOI-STJ detector S. Mima H. Ishino q Cryostat, Optical system
STJ detector STJ detector

2015~ Kwansei Gakuin Univ.
2014~ AIST
2011~ FNAL, Okayama Univ., Fukui Univ., Kinki Univ.
2007~ Univ. of Tsukuba, JAXA/ISAS, RIKEN, KEK, Seoul National Univ.



Summary

® Research Core for the History at Universe (RCHOU) of Tsukuba was founded
in 2014 and have integrated and developed studies on the History of the
Universe.

® For the cosmic background neutrino decay search which is one of the
research project of RCHOU, we are working on the R&D of STJ detectors
and the design of the rocket experiment.

> Determination of the neutrino mass
0 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:
> One photon detection in the far—infrared range
> applicable to the other fields such as X—-ray energy measurement
with higher energy resolution.



BACKUP
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Laboratory for Development of Photon an Particle Detectors

Mission: This laboratory works as a base of development of the photon and particle detectors in
the Center for Integrated Research in Fundamental Science and Engineering, to study and
develop the photon and particle detectors commonly employed for studies in the two Research
Cores, and pushes forwards the integrated research of the detector development in collaboration

with other Tsukuba research institutions.

/ Center for Integrated Research in Fundamental Science and Engineering\

Design Office of ~ Research Core for

Research Core for the History Integrated Research Developing Energy and

of the Universe Environment—Friendly Materials

Laboratory for Development of Photon and Particle Detectors
Members: S.H. Kim(Leader.), S. Esumi, K. Hara, Base at University of
Tsukuba of

T. Kondo, E. Nishibori, S. Tomita TIA-ACCELERATE

. . . Photon and Particle
Supeconducting Detector, SOl Technology, Particle Detectors with MPPC Sl o (G

photo—senser, other New Technologies Photon and Particle
Founded on 2015/10/19 | Detector Development)

Collaboration with other
Institutions at Tsukuba

TIA-ACCELERATE
Initiative for Photon and Particle

KEK Detector Technology Project

AIST CRAVITY Facility

Detector Application to Industry




Combined test of STJ and cold-amplifier at Fermilab

Combined test of the Nb/AI-STJ and the cold preamplifier at Fermilab
August 26 , 2014~ September 12( 6 US members + 6 Japan members) :
Test was done with an ADR at MilliKelvin Facility at Fermilab

e

A 200uvidiv Y o
= v

P S 200uv - Ch2 10.0my' M2.00us A F o262V
: : . Chd 500mv ¢ - - - :
; ' ' ; © +v.0.00000s : :

We obtained the response to
the laser light (465nm) with the

ADR at MilliKelvin newly designed Al/Nb-STJ
Facility at Fermilab Laser light spot was (20um x 20um) .  No cold-
used for the alignment amplifier this time.
of light fiber.
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STJ signal amplified with a cold HEMT amplifier
made by Fermilab group

Cold amplifier made
by Fermilab group

1kQ

—<——\/VV\_

differential amplifier
input impedance 1Mohm

Cold Amplifier

>_\ >

8

laser (A=465nm)

refrigerator

Temperature : 1.9K

input impedance infinity

A 200pV/div
L 4ps/div

__Visible light laser 465nm

I n,“.',lr: ki 7'-‘ ™ "
\

STJ raw signal

Amplified signal

200V 200UV 500mV

500my

STJ signal was amplified
with this cold amplifier.
Developing higher gain amplifier.

Fermilab group also joined
the R&D of the SOI cold amplifier.
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FEER-1—M/BRREROTVFER-BTEXR
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50 Nb/AI-STJ EVEILT7L A LEHFEFTEFRIMEIRILE—ARIE

IR Light

B TR MR

Focal plane Instruments

A
Cylindrical mirror 1 - Entrance Slit Secolnfia‘w g]&ﬁ
I (Focal Plane) oL
L — Cold shutter 120cm! L
Parabolic mirror ;‘ - Main mirror Depressurized
/ 4
Cylindrical mirror 2 IScmd ~J He l'?K
. . ] — o F=lm AW
Spherical mirror = "Diffractive Grating
JAXA Rocket =
. - Focal plane _|
C | B EXp e rl m e nt Mlﬁer BO&I?/ Instruments
STJ Detector Array \ _
(50 x 8 channels To Post-Preamplifier Depressurized
(Feb 2; 1992) Pixel size : 100u % 100p DAQ ~ JHe 0.9K
Sdbixel > Vibration Post-Preamplifier
IXEe S 1 / Damper  Star Sensor D AQ system
8pixels «
q
AB S0em Weight 100kg

2020LA (IR ERER — Fav(v,) "107FEE S8BT RE
>  Hf-STJ FRMBRH IS TR ERER ( S. H. Kim et al. JPSJ 81,024101 (2012))
® A=20ueV : N\T=) LDBEGEEIRILF—FrvyIHNSLDO T, AFREFLELT
IRILF—RIRE, 46
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1 Pseudo-Experiment Data
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SR BEERKRHIFSO-STINDRFRE

SOI (Silicon-On-Insulator) HijEHEs: Gate, | Source
PR 1 KTHEMES S5 /7 A X i B
v=3

Square is 2.9 mm on a side. ST Drain

Nb/Al-STJ(Superconducting Tunnel
Junction)%z SOI b2 > ¥ A~ DILH Lz
—REITHERE Lz, Nb/AL-STJ sk
HZsESOL b2 o VA BIIZTS50mKT
ERIZEE L.

After applying150 Gauss to STJ.

pmos3 at750mK Ids-Vgs R
) x2 : :E:f,v i 1 (lmA /DIV) : —. K 7 )I::7 75) §&§+ Lf:SO\I EU
. | vt | | 2mvon. 0| EEREIEAZLAPISE X 2
S B N Y e
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Power Consumption of the Cryogenic SOl Preamplifier

10

Power [juin]

Bias [V]
« ROOM (1.10V)

® 3K (1.50V)

1 i 1
1075

i1
0.2

i i i
0.4

T4
V2 [v]

Fower [

2

-
T

0

- S0ISTJ3 un

= . 3K

107

ERVIAL—aVEFOMRETAEBANTLERTELSN?

B BER FI1F -60fF GO, < 10pW
B N\YIFE BIRBIGE -

200kHz GK) D, #+uW

10° 107
Gain Band Width [Hz]

=1 RFLESEImKTCHHIEEAH100uW) T, 3ol —a B LR RE TEEE) ] AE
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