@ Physics
OSAKA UNIVERSITY

AR Il el = =AY
%I:—Eﬁ:l%s%:l_ 4 @//\I.I/ZE/ﬁ

32 (BRKIE)
SNAE (MIUKXKER), #E & (MIUXERET)

2015/321, HAYEF = B70EFRXKE QFHE
|



~N

Big bang cosmology

Standard model ’ Q

of particle physics |

CNB at present: f(p) = |exp(|p|/T, — &) + 1]_1

(not) Fermi-Dirac dist. |p| = /E? — m?2

4\ 1/3
T, = (—) T, ~1.945 K ~ 0.17 meV

11
n, ~ 6 x 56 cm™° Detection?
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A.Fukumi et al. PTEP (2012) 04D002, arXiv:1211.4904

—~— |p>
v /N . e) = |g) + v+ vy,
V. //
S / y | N\-type level structure
Ba, Xe, Ca+,Yb,...
/ metastable
H2, O212, ...

Atomic/molecular energy scale ~ eV or less
close to the neutrino mass scale
measurement of

Rate ~ aGHE® ~ 1/(10°° s)

Enhancement mechanism?
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Yoshimura et al. (2008)

e) ~ position of atom
V; P (E _,) /
—1 ‘I‘ﬁ""p/ 'fa
Ly e (27m)0(€eg —w — Ep — Epyr)
" T e e W IR
9) (€cg = €c — €9, w = |K])
of N atoms, volumeV (n=N/V)
YA T A N - =
total amp. x za; e~ {FHPTP)Ta A V(QW)353(/€ +p+p)
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Spi n current D.N. Dinh, S.T. Petcov, N. Sasao, M.T., M.Yoshimura
PLB719(2013) 154, arXiv:1209.4808

flavor changing

e e
V.
vi PMNS, phases
Neutral Current Charged Current
Nuclear monopole
Y M.Yoshimura and N. Sasao, PRD89,053013(2014), arXiv:1310.6472
. /'e/ v flavor diagonal
T 5, 5 nho PMNS, no phases
I J
CI
| £ x Q%783 enhancement
u
d —3

cf. atomic parity violation
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Energy-momentum conservation
due to the macrocoherence

familiar 3-body decay kinematics

of the photon energy

€eg (M +mj)° o
2 2669 1, ] — 1,2,3

wij —
€cg = €c — €5 atomic energy diff.

Required energy resolution ~ 0(10_6) eV
typical laser linewidth
AWiyrig. S 1GHz ~ O(107%) eV
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Xe (gas target)
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Global shape

Xe NH and IH,m0=20meV
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The threshold weight factors
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Photon spectrum (nuclear monopole)

Xe °P; 8.4365 eV

n="7x%x 10" cm™3

Global shape

Xe RENP:NH vs IH,10,50meV
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Rate [Hz|«(eta/10A=3)

V =100 ¢m?

Threshold region

Xe RENP:NH vs [H,10,50meV
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M.Yoshimura, N. Sasao, MT,
PRD91,063516 (2015); arXiv:1409.3648

&) = lg) + 7+ vi7,
Pauli exclusion
dl' oc IMPP[1 = f;(p)] [1 = f;(p")]
spectral distortion

Distortion factor
FX (wa Tu)
R =
)= T w0)

v _ {M nuclear monopole larger rate i = j

S valence e spin current
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level splitting
€cg = 11 meV

smallest neutrino mass

mo = 5 meV

chemical potential

€cg = 10 meV
Mo — 0.1 meV
& =0
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€cg = 107, ~ 1.7 meV

m():O



X spectra are sensitive to unknown

Absolute mass, NH or |H,
Dirac or Majorana, CP

) spectra are sensitive to
the

X rate amplification is essential.

Demonstrated by a QED process, Y.Miyamoto etal.
PTEPI13CO0I1(2014),

arXiv1406.2198
O(10"”) enhancement achieved.

A new approach to CNB detection
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SPectroscopy with Atomic Neutrino
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Backup
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Coherent scattering on macroscopic targets

Mechanical force by neutrino wind, A ~ 2 mm

High-energy beam scattering

D+ VCNB — N+ e’ ULHC
High-energy cosmic ray scattering
VCR + VoNB — 4 Z burst

Neutrino capture on beta nuclei
(Z,A) +veng = (Z+1,A) + e tritium, Re
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T 2 3.2MeV Ve, in equilibrium
T ~32MeV  Vur decoupling
T~19MeV v, decoupling

. - —1
2 2
fp(p) = exp(\/p m §)+1

I'p

T <1.9MeV  free propagation
Present a=1 f(p) = fp(p/ap)

(p) = expwp”(mw f) +1

I'pap

T, = Thap map < m
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