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Motivation of v-decay search in CvB

. EMTEERETEE: - 010 yrs

- FmAIETPRME: > 0(10%?) yrs
- BERBZHEX2EWmEANMER)FSIE: 1 = 0(10) yrs
W, -Wx mixing angle |{|~0.02DiFE&

ELCVBASH_1—RKY) /BRBEXRNEEREDFER)
FoLtE<BHEhTLEL LS
- EERBEZEADYEORR
« FEEE_1—K _/(CvB)DEERNE A
e “1—KD/EBEEDRE
— m3z = (m% — miz)/(ZEy)

=> Aiming at a sensitivity to v, lifetime in 0(10%° — 10'7) yrs
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Expected photon wavelength spectrum from CvB decays

xy distribution inv; - v, +y
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Proposal for COBAND Rocket Experiment

Aiming at a sensitivity to v lifetime for
7(v3) = 0(101*) yrs

JAXA sounding rocket S-520

http://www.isas.jaxa.jp/e/enterp/rockets/
sounding/s520.shtml

Diameter: 520mm
Payload: 100kg
Altitude: 300km

sEIEFRITH (C S E200~300kmT#9200% o &7 8l
BE£15cm ERERMIMOEIRE

2 K (mirrors, filters, shutters and grating) &£ T
~1.8KEA T I /53]



http://www.isas.jaxa.jp/e/enterp/rockets/sounding/s520.shtml

COBAND O0%4 v NS2EsHH
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8 rows 50 columns
i/ e 0ok A =40 — 80um
Vibration Post-Preamplifier E ” — 1 6 ~ 3 1 mev

Damper  Star Sensor DAQ system

50 .
o Weight 100kg



Sensitivity to neutrino decay

Parameters in the rocket experiment simulation are assumed.
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Current lower limit (S.H.Kim 2012)

v
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Can set lower limit on v, lifetime at 4-6 x 10" yrs if no neutrino decay
If v, lifetime were 2 x 10" yrs, the signal significance would be at 5c level



Requirements for the photo-detector in the rocket experiment

CIB summary from Matsyura et al.(2011)
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RHEETICHNT D RS LMEEHNEP)ER

O Neutrino decay (m; = 50 meV, 7, = 101*yrs): I,=25kJy/sr @ A=50pm
P,,=25kJy/sr x 8 X107 8sr x m(15cm/2)* x Av
= 3.3 x107%°W/8pix
O Zodiacal emission: I,=8MJy/sr @ A=50um
P;r =1.1x10"Y"W/8pix

€ Shot noise in P, integrated over an interval At

— Fluctuation in number of photons with energy ¢, : \/ey P,pAt

NEP

\V2At
= At>200sec

>—%FHV) NEP~0(1074") W /VHz

X At << \/ €, PzpAt < PypAt
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Operation NEP

Monolithic 54 119 2.2k ~10-7  Akari-FIS
Ge:Ga

Stressed N 7 Herschel-
Ge-Ga 60-210 0.3K 0.9%x10 PACS

2HIA LD REN BVE

- AEBERFHBEEEMN  RIVESETF
o BRNED—KFEEHTHHITAUT)
|Z&>TNEP ~0(1072%) W /VHz %#BE9.
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Superconducting Tunnel Junction (STJ) Detector

» Superconductor / Insulator /Superconductor
Josephson junction device E

" =
oA -G&

Superconductor
Insulato 300';"“ N| [ e® <e0- -
= s F@E)
A00p ™ Superconductor T Superconductor
Insulator

A: Superconducting gap energy

o BARAK2EMeV)EY EPEBBEEF+Y 7T IRILTF— (A)
> BRAXO—KFHREN T8
- B SRS DE(~us) > K FEIEICEF
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STJ energy resolution

EENDAREE ~ BRTOK Ny, = G17A
IXRILF—oEeE ~ BN FROMRETNIES €op = (1.7AFE

A: Superconducting gap energy
F: Fano factor

E: Photon energy

G: Back-tunneling gain

Nb/AlI-STJ

« K<HEMLEETF
o AIDEEZNRSB ') T A~0.6meV

« QOperation temperature <400mK

« Back-tunnelling gain G~10

* Ngp=25meV/1.7Ax10~ 250 GE/E“‘O.l for E=25meV
> 25meV ¥F O — K FHe i TE




STJ response to pulsed laser
VO

’T~I300mK At R T T Ro_lM

YL T l PSR P 1] Ll "-f'. L -'. i . s L1 ' | i [ " i. - ik P 1t o
5 0 _ 4mab 4 L J
- R

LA

el sl ekt | T TR R T VIS laser /)
A A R T through >_)
100uV/DIV nw 4 | | optical fiber =1L
VS " . ofti.
4us/DIV . : | 77T

Nb/AI-STJ response to pulsed laser (465nm)
CRAVITY Nb/AI-STJ 100um sq.

« NDb/AI-STJ has ~1us response time.
> 1us DT — N TESZED ITNIES/NO[E LE(NEP OXZE)A 1] 8
— BUEHRAELURICIMHZ A EOFHGA HE
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Nb/AI-STJ development at CRAVITY

EMFCRAVITYHESE0um & Nb/A-STY ,C/E,“LIJX
leak_300uV i =G AIST i
R 1000A £ - e
T~300mK g
w/Bfield 10nA
_____ sumePIEY: 1nA 2.1nA
=
F = 100pA R = = === === =
T Temperature(K)
0.2mViDIV 0.3 0.4 0.5 0.6 0.7

« 50umBTU—TUER |,.,,~200pA , 20umAE T50pAZERK,
« D=UBROI 3 Y N/AXEBEDONEPI (i, =50pA, A=0.6meV, G=10

NIHEE

NEP = 1'(? /23 ~ 4 x 1071 W /HzZ (RFHEETHENSS)
 RIHBETSCE LT ES — O NE R
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ERREOCDEREST T 7LD
AR L —H—/V)L A (465nm)IC X3 B Nb/AI-STJ &

ERIICRAVITY&100x100um?2 Nb/AI-STJ
Laser pulse trigger :

Charge
sensitive +

Lot STITIOX FRENDRHICHST 2%

Nb/AI-STI DIEA DA E—F O RABRBRHD T TH

- FRICEMEERBEANEDTUOITOHFELE : /1XK

« —RFRHIZIEK, FZAHAHBLRDS/NHEIWNIE
S>STDERICE[THBIEEEFESETITDRFE
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FD-SOI-MOSFET at Cryogenic temperature
FD-SOI : Fully Depleted — Sillicon On Insulator

v Very thin channel layer in MOSFET
€ No floating body effect caused by charge accumulation in the body

v FD-SOI-MOSFET is reported to work at 4K
JAXA/ISIS AIPC 1185,286-289(2009)
J Low Temp Phys 167, 602 (2012)

N\

BOX SiO, Channel L

ﬂn;;:i-ﬁ-g"ﬁ.c;dy effect
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FD-SOI MOSFET |-V, curve

|d-Vg curve of W/L=10um/0.4um at |Vds|=1.8V

P-MOS | n-MOS _
_ ROOM \\ I
1 _ 3K 1A
HA \ /
B \ /
T \ 1nA //
1nA \A, "“'“’-—_.,-.._I,,
VeS0T Al YIS
-2 -1.5 -1 -0.5 0 0 0.5 1 1.5

Both p-MOS and n-MOS show excellent performance at 3K (We
confirmed they function down to 300mK).

Threshold shifts, sub-threshold current suppression and increase of
the carrier mobility at low temperature.



SOl prototype amplifier

>
OlRLO S ’ |
M2 T=350mK
o [
(S I INPUT
—
M3 =
T
'—J Mll MIE
° e, e
1InF = L
Amplifier| Bu |
stgge stage |
Test (HL B . _
Test pulse input through C=1nF
pulse capacitance at T=3K and 350mK
V 06 o « Power consumption ~100pW

We can compensate the effect of shifts in the thresholds by adjusting bias
voltages.
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c:60

O 1.80V a2’ ‘ E:E
(D /m
Current 50 ° . . —
\/2 source bias M,z_ ThER . . (V3=1.10V)
o |- 401' .o . ® 3K
| 0l *, | (V3=1.50V)
1 1| l\v:3 M3 i | *® K .
ff ::Ml‘ 20?00.. .‘. .
| [ .o. .
AN O 1 ‘t 10 ‘o’
| — , e LT |
o O\r O a1 x| x| | -

O 02 04 06 08 10 12 1.4
Current source bias (V2) [V]

BAEERICENWTEONATABREZHRETHEICLo>TLEN
EDZEHZMIELT, ERFFERCIERRZEMR
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SOl charge-sensitive pre-amplifier development

/.

« STIRLEBHNKREBEHERE:

20},lmﬁ CT~20pF -
DHFFTHOFRZELT-OHICE = Charge
BADAE—RX > ADOERESH sensitive
FUOTHBE b . pre-amp.

. STIBERER: ~1us
> 1MHz L O #iE % € DSOIA AR 5
T 27 2 REF
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Op-amp Circuit
telescopic cascode differential amplifier
.. Feedback C=2pF x R=5MOhm = 10us

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

s lepas Tlresas o




SOIIE MR 5] ¥ — IR EISTIHR Hi 25 (SOI-STJ)

SOI@%E*&i':Nb/AI'STJ@Hj%;EE Pad N ! ; Nb/AI-STJ

o .;‘* . N
ST7LA{L(STIRERIL)DATRENE .
R
.'
. ;kg/ﬁ ggggcnor
(= | SOl
: \ circuit

I\\ v Al wire

capacitor

ma)

Ho FET
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SO|;$J§J:/\O)STJ€—3LW£0)¢# 4

3
>

-E | roorn .!-"'
o ® LN2
3 1uA -0 LHe .
3] 690mK .
3 °
(P 1nA °
£ ’
@© 0w 'of o
02 0 02 04 06 08

gate-source voltage (V) FD-SOIE MR LT RS F=Nb/AI-STID
FD-SOIE AR £ (ZNb/AI-STIZ 2 AL £ D VA4S T (KEKD 7 O R 5B )

NMOS-FETD 14 (KEKD 7Ot R EEF )
« KEK Q7 Ot A%EE TSOIEMR EANb/AI-ST) % /R
— BEOSIEMHMLEOSTIEFAZDI-ViEEZE A
— SOIEMRF ®On-MOS, p-MOS-FET & & ([ KR TENE
o EMWICRAVITYTSOIER EANDOSTIER ZT ANH
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FEH

COBAND(FHEEEZ1—KNU /BREHFRR)OT Y NEERO LH OIEIR
AR H 23 (A=50um) % B A

BIEERNZIIESEF(STI) + SOl Fedk H L B

—- BIERT > THRAHLU ERFEBICKY)  NEP<1072°W/JVHz ZBIET
Nb/AI-STJ (& , E#IHCRAVITY TREE T+ BHEDRK)—TJFRD
EDNE bnrwé
SONCHEMZRAVWEBIEET > 7 ICRkD5AH L ERZRARKS

— SOI7>7 OREKBETOEMEZTER . EBROSTIONX/NILAESHEHEHL
TAN, /47(?¥1W:|“1H7‘:JEIJEEE1F¢
— RFFABORNIRZERARBICENTRATY MM E—X 2 AER
7' (FE>1MHz) & &4Es
— SOOI 727 —{KBESTJD O &E!

REEDSOI7 > 7T DFRETE , VDECO Y R—KZZFTITHhHTVET .

* 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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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!
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Density (cm)
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L

w4~ protons electrons

CvB (=neutrino decoupling) wef | darkmater
: |
~1s after the big bang ot
4\3 ~3(T, 110 /em?

(p,) = 0.5meV/c e
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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
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