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Cosmic neutrino background (CvB)

The Particle Universe
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Motivation

 Search for v; - v, , + ¥ in cosmic neutrino background (CvB)
— Direct detection of CvB

— Direct detection of neutrino magnetic dipole moment
— Direct measurement of neutrino mass: m; = (m5 —m$,)/2E,
* Aiming at sensitivity of detecting y from v decay for t(v;) =
0(1017yr)
— SM expectation T = 0(10*3yr)
— Current experimental lower limit T > 0(101%yr)

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



Neutrino Magnetic Dipole Moment

Neutrino magnetic moment term y ViL
Vi io" qyvig
SM: SU(2), x U(1)y ViR

LRS: SU(2), x SU(2)x x U(1)s,
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Photon Energy in Neutrino Decay
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« From neutrino oscillation

— Ami; = |m3 —m3| = 2.4 x 1073 el?

— Am2, = 7.65 X 1075 eV?
 From CMB fit (Plank+WP+highL+BAO)

— Ym; <0.23eV . . . .
E,, distribution in vo - v, +
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Backgrounds to CvB decay
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Neutrino lifetime lower limit from AKARI data

Journal of the Physical Society of Japan 81 (2012) 024101 FuLL PAPERs

DOI: 10.1143/JPSJ.81.024101
Published in Jan. 2012

Search for Radiative Decays of Cosmic Background Neutrino

using Cosmic Infrared Background Energy Spectrum

Shin-Hong Kmm®, Ken-ichi Takemasa, Yuji Takeucur, and Shuji Matsuura!
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Detector requirements

« Requirements for detector

— Continuous spectrum of photon energy around E,~25 meV(4 = 50um,
far infrared photon)

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

— Rocket and satellite experiment with this detector

« Superconducting Tunneling Junction (STJ) detectors in development
— Array of 50 Nb/AI-STJ pixels with diffraction grating covering A = 40 — 80um
 For rocket experiment aimed at launching in 2016 in earliest,
aiming at improvement of lower limit for T(v3) by 2 order
— STJ using Hafnium: Hf-STJ for satellite experiment (after 2020)
« A = 20ueV : Superconducting gap energy for Hafnium

* Ngp. = 25meV/1.7A = 735 for 25meV photon: AE /E < 2% if Fano-factor is
less than 0.3
9
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* Superconducting Tunnel Junction
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FIR photon spectroscopy with diffraction grating + Nb/AI-STJ array

Diffraction grating covering A = 40 — 80um (16-31meV)
Array of Nb/AI-STJ pixels: 50(A)x8(0)

[0 We use each Nb/AI-STJ cell as a single-photon counting detector with extremely good
S/N for FIR photon of E,, = 16~31meV

0 A = 1.5 meV for Nb: Ny ,, = 60~120 if consider factor 10 by back-tunneling
[0 Expected average rate of photon detection is “350Hz for a single pixel
Need to develop ultra-low temperature (<2K) preamplifier

[ In collaboration with Fermilab Milli-Kelvin Facility group (Japan-US collaboration:
Search for Neutrino Decay)

[0 SOI-STJ in development with KEK Assuming 1us for STJ response

time, requirements for STJ
Nb/AI-STJ array * Leak current <0.1nA

Need T<0.9K for detector operation
=» Need to 3He sorption or ADR for

< N the operation

>
Af \‘ ‘%31 1%
> AL By = 10~olme y




Feasibility of FIR single photon detection

« Assume typical time constant from STJ response to pulsed light is ~1us
 Assume leak currentis 0.1nA
0.1n4 = 6.25 x 108e/s = 6.25 x 10%e/us
Fluctuation due to electron statistics in 1us is

V6.25 x 102¢/us = 25 e/us

While expected signal charge for 25meV are

25meV

25meV/1.7A X 10e = X 10e = 98e
1.7X1.5meV

(Assume back tunneling gain x10)
More than 3sigma away from leakage fluctuation
* Requirement for amplifier
* Noise<lé6e
 Gain: 1V/fC - V=16mV




JAXA Rocket Experiment for Neutrino Decay Search
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Cosmic Infrared Background measured by COBE and AKARI

COBE: M. G. Hauser ef al. Astrophys. J. 508 (1998) 25, D. P. Finkbeiner ef al. Astrophys. J. 544 (2000) 81.

AKARI: S. Matsuura et al. Astrophys. J. 737 (2011) 2
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JAXA Rocket Experiment for Neutrino Decay Search
Event Rate and expected Lifetime Limit

. BISHREEE(FEEBX): AI;~500nW/m2/sr at A = 50pm
2
. Pixel& =4 OIS AQ = (1°1°£m) —1x 108
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Summary
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Backup



Energy/Wavelength/Frequency
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Feasibility of VIS/NIR single photon detection

« Assume typical time constant from STJ response to pulsed
light is ~1us
« Assume leakage is 160nA
160nd = e x 10*? /s = e x 10°%/us
Fluctuation from electron statistics in 1us is

e X V10°/us = 103e/us
While expected signal for 1eV are
(Assume back tunneling gain x10)

1eV/1.7A x 10e = —< — x 10 = 4 x 10%¢
1.7X1.5meV

More than 3sigma away from leakage fluctuation
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