Search for Cosmic Background Neutrino Decay
Yuji Takeuchi (Univ. of Tsukuba)

Neutrino Decay Collaboration
S. H. Kim, Y. Takeuchi, K. Nagata, K. Kasahara, T. Okudaira (Univ. of Tsukuba) , H. Ikeda, S. Matsuura, T. Wada (JAXA/ISAS) , H.
Ishino, A. Kibayashi (Okayama Univ.) , S. Mima (RIKEN), T. Yoshida, S. Kobayashi, K. Origasa (Fukui Univ.) , Y. Kato (Kinki Univ.), M.
Hazumi, Y. Arai (KEK), E. Ramberg, J. H. Yoo, M. Kozlovsky, P. Rubinov, D. Sergatskov (FNAL), S. B. Kim (Seoul National Univ.)

CMB2013, Jun. 10-14, 2013 @ Okinawa Institute of Science and Technology Graduate University (OIST)

P_46

IntrOd UCtIOn History of the Universe

From several neutrino oscillation experiments, the mass difference between neutrino o8 %@T~1MeV
generations (m4, m,, m3) has been already established, i.e.
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If we assume m# « m%, we would obtain
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m,~8.7 meV, and mz;~50 meV. uf CvB
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A heavier neutrino can decay into a lighter neutrino with a photon. S E(R) "ty
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If we assume m3; = 50 meV, E,, at v; rest frame would be 25 meV, which corresponds v
to 4, = 50 um. Thus we propose an experiment to search for the photon emission from
the decay of cosmic background neutrino (CvB) in the far infrared region of photon Manifest L-R Symmetric mode| (W/ |ight VR)
energy spectrum. PRL 38, 1252(1977), PRD 17, 1395(1978)
Wi\  [cos¢ —sing
 Search for for v3 - v;, + y in cosmic background neutrino(CvB) (WZ) — (sin( cos{ ) (WR)
Contributions to neutrino magnetic moment term: v;; 0, vix

O Direct detection of CvB
L-R model

O Direct detection of neutrino magnetic moment

O Direct measurement of neutrino mass

 Aiming at sensitivity of detecting y from v decay for 7(v3)~0(10"yr)

o Current experimental lower limit: T(v3) > 0(101%yr)

| is [~(10*3 yr)~* [~(10 yr)~*
o Standard Model expectation z(vs) = 0(10%yr) » Suppression from m,, : 2S6uppre$sion only from {~0.01
o Manifest L-R symmetric model (w/ light v5) predicts t(v3) = 0(1017yr) * GIM suppression 10%® enhancement from SM

/Feasibility of photon detection from cosmic background neutrino decay

Expected E, spectrum for m; = 50meV and t(v3) = 1.5 X 10" yr CIB measurements(e AKARI, ¢ COBE) Astrophys. J. 737 (2011) 2
The photon energy spectrum from CvB decay is expected to = 100 e
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— Ry sf spectrum from CvB decay + CIB
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Rocket experiment Photon(i = 40 — 80um Hf-STJ development
: : Diffractive aratin Nb/AI-STJ pixel Since hafnium has much smaller superconducting gap energy (Ags = 20ueV)
We plan to perform a rocket experiment with a J J We suppose 50 by 8 than niobium (Ay, = 1.55meV), Hf-STJ can generate enough statistics of
superconducting tunneling junction (STJ) based detector In gfr/]iﬁél\-/szJo/piﬁe?g?y to M quasi-particles from cooper pair breakings to achieve 2% energy resolution for
2016 in the earliest, aiming at improving the current rosolution, andeach STJ | | Prioton with £, = 25 mevV. |
A El lemar [T 6f e ~auiine e By 2 ereEr vixel require single We are developing Hf-STJ and have established to process SIS structure by
_ P _ y . photon detection for 25 hafnium in 2011, which could be confirmed by observation of the Josephson
in a 5-minute measurement: t(v;)>0(10'yr) . We will also meV photon current. Currently, our trial Hf-STJ samples have large leak currents, and
aim at a measurement of 1:(\,3)>O(~| 017yr) for the neutrino need more improvement to function as a far infrared photon detector.
lifetime in a 10-hour satellite based measurement in further Schematics of telescope 3 E
fUtU re CIB+CvB decay photon B0 Ganss / 214 Gapss / | -V curve of Hf-STJ (w/o, w/i magnetic field)
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We are developing the following single photon /S / < i
detectors to cope with 2% energy resolution at ! ! FREREL T
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E, = 25 meV.
SO . : : . : Diffractjve gratin
» Multi-pixel Nb/AI-STJ with diffractive grating for Depressrized ﬁ/m o 028 Summary
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the photon in 4 = 40 — 80um =>P-47, P-48 Sorption dum Sy Ehgrelgjv ; :Zzzﬁeti <§>Z§r¥;te<znnce;tgggl radiative decay (v3 — vy z + ) in
. V
« Hafnium based STJ (Hf-STJ) 5y Multi-pixel N/AI-ST We are developing STJ-based detectors to detect a photon from CvB decay.
LHe4 « A rocket experiment using the STJ detectors for neutrino decay search is in
preparation.

Depressurized LHe4 (1.6K)




