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INnteraction and decay of elementary particles

QQ o0 QQ - oQ'p
O, Q Q N , :
— ‘ = [
N
N 3
Q
Spage
Feynman diagram of EM Muon decay by

iNnteraction between electrons weak interaction
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Neutrino
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History of the Universe
C MB

Cos mi c

Key: W, Z bosons \/\, photon
q quark (%) meson " galaxy

g gluon . & ® baryon ;
star
€ electron o ion *

[Lmuon Ttau
V neutrino @ atom black
hole




Recombination (Photon decoupling)
FEHOIBNLHD

378,000 years after the Big Bang

A T~3000K (E=kgT~0.3¢eV)

A e and p* become bound to form neutral H atoms
A Photons get traveling freely though universe
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CMB
last scattering
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CMB Temperature Fluctuations by
Planck Satellite

o I I

T~3000K C 27K (Red shiftt Z~1100
Almost uniform temperature, but very small fluctuations

Displayed by Red (hot) and blue (cold), but difference
between red and blue is ~1/100,000
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CMB is a snapshot of
the Universe

378,000 years

¥ This tiny fluctuation
" evolves into matter
density in the

universe at present.

Distribution of galaxies
from 2MASS Redshift
Survey

2MASS Redshift Survey (2MRS)




Curvature
of Universe

B We know the
= << P size of the hot
Spots.
WE1 .O00°0.005
V (Planck+BAO)




Cosmic Energy Budget
FEDOIRILF—AER

68.3% Dark 9% Ordi
4. nary
cnergy Matter

HRICEZATCVNDMEIL, FEDS%
cNt, CMBGEEDAIEDSIESDIEDIE. 14



Results from CMB on the universe

Parameter Planck WMAP Difference
(“CMB+Lens”) (9-year) value WMAP o

Qph? 0.02217 4+ 0.00033  0.02264 + 0.00050 —0.00047 0.9
Q.h? 0.1186 £ 0.0031 0.1138 £ 0.0045 0.0048 1.1
Qa 0.693 4 0.019 0.721 4 0.025 —0.028 1.1
T 0.089 4 0.032 0.089 & 0.014 0 0

to (Gyr) 13.796 4 0.058 13.74 4+ 0.11 56 Myr 0.5
Ho (km s~ 'Mpc™ 1) 67.9+ 1.5 70.0 & 2.2 —2.1 1.0
o3 0.823 4 0.018 0.821 4 0.023 0.002 0.1
Q 0.0481° 0.0463 & 0.0024 0.0018 0.7
Q. 0.257" 0.233 4 0.023 0.024 1.0

Various parameters on the early universe are obtained
from CMB.

A Age of the universe. Hubble constant, matter density,
dark matter density, dark energy density, -
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Neutrino decoupling
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Cosmic Neutrino
Background

Key: W, Z bosons \/\, photon
q quark (%) meson -‘ galaxy

g gluon i & & baryon t
star
e electron  _o o *

[Lmuon Ttau
V neutrino @ atom black
hole




Neutrino decoupling

When neutrinos were relativistic (E>1MeV), Q, ' ,°
were well interacted for each other and in thermal
equilibrium

A electron-neutrino scattering
i'Q ' PQ : ,

iQ *PQ !’ wQ d().Q
A Annihilation-pair creation
T Q 1Q

Z “O !O " e "Y >\/\(i/)\<‘£2 ¢ (I) )
1 e ’ e ] 7
Q [ [

A Qand[ are also in thermal eqguilibrium
i Q



Neutrino decoupling
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The Particle Universe
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Neutrino flux v.s. energy
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Neutrino Detector (Super Kamiokande)
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Neutrino Detector (Super Kamiokande

Not for CnB

To detect neutrino in

CnB directly is almost
impossible
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Motivation of n—-decay search in CnB
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Energy/Wavelength/\Wavenumber
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COBAND (COsmic BAckground Neutrino Decay) —uiim
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COBAND(COsmic BAckground Neutrino Decay)
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http://macroscope.world.coocan.jp/ja/edu/clim_sys/radiation/radiation.html
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Infrared Space Observatory (ISO)
A ISOCAM/LW: 32332 pixel array of SiGa (I =5~16mm)

A E—BEDEAEBEIDHICFit (T~270K)

Surface brightness /, [IMJy/s

" 1000k

100

l"
/
1.0/

/ ,7 + PF=0°¢e=860°
7 . o B=0°€=120°
i 'ﬁ_' x F=90°
y
01l/ . Reach et al (20(

D3)

10

wavelength (um)
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C’' B radiative decay and Backgrounds

. 100;C| B. s‘u‘m‘ma‘\‘r“y f‘ro‘nﬁ‘qvmaqi“?uur‘a‘ e‘t‘we‘l‘lz.( a t 5 O m
R e AKARI cMB/ | _ —
> 10 COBE . Zodiacal Emission
= M | i ‘O~ 8 MJy/sr
_Q 1L t 3 E
@ 7L Cosmic Infrared
2 o1 : Background (CIB)
ISR AT "0~ 0.1-0.5 MJy/sr
2 001 * J'\‘ R d
ﬁ AT ]|,J'/ 'SD dens decay ChB Decay
S 0.001 - pGL A \ Expected [F-Spectrum
y=l N \ N\ a voumnl A6
T P /10 T 100 ooo\ t o nUo
| wavelength P
1000 500 200 o0 s [20 M0 2 ‘O~ 0.8MJy/sr
Eg [me\/]\ Excluded by S.H.Kim et. al 2012
50, m t p pmUD
E =25 meV O~2%Jy/ sr

p* Upm wja t0a
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JAXA R80T v ~ S-520
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http://www.jaxa.jp/projects/rockets/s_rockets/index_j.html

0.0

COBAND =ERDEKT SIttEdes

AZa—FUJ/BBREFET DD | ~50mig 2N =)L
AEIC KD EBNF ITRILF—IREENEER
A SEREBIEDRMRIRE < SEFHDMEHRE.

| ~50mm (E=25meV) B—)¢FIRB N OJ8e/SERE

A Dark count rate

A Superconducting Tunnel Junction (STJ) sensor
A Cryogenic amplifier readout
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COBAND

| =40-80mMm (16-31meV)
(STJ)

1< T
400mmx400mm (

(3

Focal plane Instruments

Entrance Slit
! (Focal Plane)
Cold shutter

Cylindrical mirror 1

Parabolic mirror

Cylindrical mirror 2

IR Light

Spherical mirror Diffractive Grating

:/,

Preamplifier Boar

STJ Detector Arra \
Secondary (50 x 8 channel To Post-Preamplifier
mirror ] Pixel size : 100p ¥ 100u X=5mm
Sfpixels /
120cm D ed AE 8pixels
: : gpressurize
Mam mirror 4£I)—I 1 8K A8
< > .
15cmd =~ W
= /
F=1m ’
Focal plane
—
Instruments
Depressurized
‘He 0.9K

Vibration
Damper  Star Sensor

Post-Preamplifier
DAQ system

50 .
o Weight 100kg

50(

400nrad x 400nrad)

TJ)

(

50 columns

Tt |
popl A6

O
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COBAND rocket experiment sensitivity

A 200-sec measurements with a sounding rocket
A 20cm dia. and 80cm focal length telescope and grating in 40~80mm range

A Each pixel in 400mm3 400nm?3 50pix. array counts number of photons with
detection efficiency of 22%

ars)

Qo

95% CL Limiton T, (y

10" %» >
-9 — &
107 L8 L-R SM z=0.02, M(W,)=715GeV Q
E W o
=y v
0" & v+, COBAND rocket £
s E O COBAND 200sec meas.
10 =E S - - fassss Expected Limit = 10
10" é_ ------ Expected Limit = 2o
: X100 improvement!
10" & P
- S.H.Kim et. al (2012)
10"? |
E I\/|| riertz2 &0 7 (
1 1 11 I I 1L 10 1 | L1 01 | L1 01 I L1 11

45 50 55 60 65 70 75 80 85 90 95
m, (meV/c?)
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Superconducting Tunnel Jun&ial)
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STJ energy resolution for near infrared photon

Eum' - P = : ] 0.3
h o= 2.0 um 50 1 ~ back—illumination
1500 200 14 > LI
= 180 ] 3 . 2
40 - 02 = ¢ ]
& 1000 wof|  mo illumingtion {: % : _
= i ] g © , ]
g ot 1 = o @ 4 Electronic noise:
=00 2 s e s{ L o1k s * -
] +
g : 0 measured resolution 3
0 2 4 B 8 + electronic noise ]
charge (odcf§ «1000) © device limited resolution 7
- 0-0 RPN P TR R PP e -41—4&-.:-..-;.—&-&1&;¢;u‘£
P. Verhoeve et. al 1997 0 ‘ 2 oh t3 . 4 (5 V) g
] oton Energy(e
A 30mm sg. Ta/Al-STJ

A DE~130meV @ E=620meV(l =2nm)
A Charge sensitive amplifier at room temp.
A Electronic noise ~ 100meV

In sub-eV ~ several-eV region, STJ gives the best energy resolution among
superconductor based detectors, but limited by readout electronic noise.
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ST) ____Si_Nb Al _|Hf

Tc[K] 923 120 0.165
Nb/AlI-STJ " [ me V100 1550 0.172 0.020
A
A Al m~0. 6 meV
A <400mK
A ~10
A Nyp=25me V1D~ 2BAp S¢/E~10% for E=25meV
C 25meV
C
25meV
Hf-STJ

25meV 20%

C 53



FD-SOI-MOSFET at cryogenic temperature
FD-SOI : Fully Depleted i Silicon On Insulator

Source Gate Drain

Channel = A Very thin channel |
Width : W PN . Mo floating body ef
‘1, Chann’dLe___pgth > accumul ation 1 n the

B A FDSOMOSFET is repod#k

N
JAXAVISIS AIPC 1185,286-289(2009)

8l
f

Si P Substrate J Low Temp Phys 167, 602 (2012)
|d-Vg curve of W/L=10nm/0.4mm at |Vds|=1.8V |
1mA %*%\K 1mA=S — /,*
" 1ROOM_ // TROOM
1mA r T 3KT 1mA I T IKT -
4% MR I
B P-MOS 4=\ 1A N-MOS
e ) 7
1nA AN
\W AP SV \A/ ‘rﬁ V V
IYee V) 1PA e b VIS (V)
-2 -15 -1 -05 O 0 05 1 15 2

Both p-MOS and n-MOS show excellent performance at 3K and below.
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SOl prototype amplifieior demonstration test

>
= 6
T Tt = 2 T=350mK
M2
o }E
& E INPUT
ITS._J: o o
"“ M1 M5
O ! IE —{E :.‘ L U AL L 2
in F == > | 10 ! W(MW'!WW
Amplifier | Buffer g . UTPUT
stage stage LD
Test (JL 0 J S
pulse |
V 06 o Test pul se I Mpkta:

T3K adimK

APower cons-d@P@Wi o
AOut putlMWa a dQ .R5F

We can compensate the effect of shifts in the thresholds by adjusting bias

voltages. 55



STJ response to laser pulse amplified by Cold amplifie%‘;;%

—AMA— A
p— 1o |
3He sorption |
cold stage a—— ‘
77 T~350mK —t
4 4.7nF g ) ===} N
465nm laser ¥ = =9 50l
pulse through | d
optical fiber ST3 g Col d &
GNO out ut
< "/ g
777
Cold amp. Y
input monitor v

Connect 20mm sqg. Nb/AI-STJ and SOI amplifier on the cold stage
through a capacitance
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STJ response to laser pulse amplified by Cold amplifier COBAND

[
)e—
(——

lLaserI:4p6m5h1)se(

© . E_ Inputto SOl amp.from STJ
= SHET - ey i b ili o] % PEL i
S g0 = tbiti ; LN T AT i Ly - Lkl
- | BL- R | S i ;‘: d l .I
o 5 o i W M | v
> i1
40 o .
=Output from SOT amp T=350mK
= 160p
. 1200 [
v W
& 800 HH\“‘"
S = |
> 40 Hﬂw i A
= e e i
100 80 40 -

Demonstrated to show amplification of Nb/Al-STJ response to laser
pulse by SOl amplifier situated close to STJ at T=350mK

Development of SOI cryogenic amplifier for STJ signal readout is now
moving to the stage of design for practical usage!
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Design of Tel

Prototype rocket-borne
*He sorption refrigeratoy

Superconductor

Design of parabolic optical
concentrator for STJ
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