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INTRODUCTION
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Masses:

Am3z, ~ (8.66 meV)?, |Am§1(2)| ~ (49.6(5) meV)?

NuFIT (2014)

Zm,, < 0.23 eV PLANCK 2013

Mixing: U = VPMNS P

VpMmNg =

P = diag.(1,€'*,€"”) Majorana phases
Bilenky, Hosek, Petcov; Doi, Kotani, Nishiura,Okuda, Takasugi; Schechter, Valle

sin® 615 ~ 0.30, sin®fy3 ~ 0.45(58), sin® i3 ~ 0.022

NUFIT (2014)
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Absolute mass
my3y < 71(66) meV, 50 meV < mg(g) < 87(82) meV

Mass type
Dirac or Majorana
NH IH
Hierarchy pattern e m
normal or inverted

CP violation

one Dirac phase, two Majorana phases
0 a,
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Conventional approach £ 2 O(10keV)

Neutrino oscillation: SK, T2K, reactors,...
Am?, 0.i, NHorlIH, ¢

Neutrinoless double beta decays

Dirac or Majorana, effective mass 2
Beta decay endpoint: KATRIN |

absolute mass

Our approach E S O(eV)

Atomic/molecular processes LAV
absolute mass, NH or IH, D or M 5 Q, 5
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Radiative Emission of Neutrino Pair (RENP)
Paired Super-Radiance (PSR) Experiment
Summary
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A.Fukumi et al. PTEP (2012) 04D002, arXiv:1211.4904

_———— |p> metastable |€> — |9> =+ Y T VZDJ

N-type level structure
Ba, Xe, Ca+,Yb,...
H2, O2, 12, ...

Atomic/molecular energy scale ~ eV or less

close to the neutrino mass scale
cf. nuclear processes ~ MeV

Rate ~ aGHE® ~ 1/(10°° s)
Enhancement mechanism/?
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iiiii

R.H. Dicke,
Phys. Rev. 93, 99 (1954)

An ensemble of N atoms in a small volume L*
L < wave length = e % ~ 1

Density matrix p = pgglg9) (9] + pecle) (€] + pegle) (g] + pgelg) el
Fully excited state: e)™ =le) - -le), peg =0
deexcitation: (Z g)( )H\
= |g)le)---le) +1e)lg)---le) +---+e)le) - - |g)
[' = NT mcoherent
(1) +1eN/V|\ peg = 1/2
> |lg)(lg) +1€))---(lg) + &)

+ (l9) + leN)lg) -+~ (lg) + le)) +---1/V2N
['=N(N +1)y/4 c N*
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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)

—

dl’ nQV(QW)454(q —p—p) q" = (€eg — w, —k)
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D.N. Dinh, S.T. Petcov, N. Sasao, M.T., M.Yoshimura
PLB719(2013) 154, arXiv:1209.4808

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 —
€Ecg = €c — €5 atomic energy level splitting

Required energy resolution ~ 0(10_6) eV
typical laser linewidth
AWiyrig. S 1GHz ~ O(107%) eV
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5p°('P,,)6s [1/2],
5p°(‘P,,)6s [1/2],

5p’(’P,.)6s ’[3/2],
g e x 5p'(Pyy6s[3/2],

~
1]

DO —

e) < |py Ml

Energy Level [eV]

> \ €., = 8.3153eV

Y

- 0 g>

5p°'S, J =0
- _macrocoherence
. —. & field energy density
-~ 1 mHz (n/10*'em™2)?(V/10%cm?)

bg Ypg © |P) — |g)rate
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Bi1 B2 » Bss Bia + B - Bos + B3z | Bai + Bis
(cfacis — 1/2)° | (sTacis —1/2)° § (s15 = 1/2)* | 2ciysTacis 2575CT3513 | 2cTaCT3STs
0.0311 0.0401 0.227_ Q.4Q5 | 0.0144 0.0325
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|2 molecule

potential curves

€cg ~ 1€V

12 Av=1->Xv=15: m0=5meV

D vs M
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PSR EXPERIMENT

Minoru TANAKA



metastable

M.Yoshimura, N. Sasao, MT, PRA86,013812 (2012)

e) — |g) +v+ 7

Prototype for RENP
proof-of-concept for the

Preparation of for RENP
coherence generation Peg

dynamical factor 7w (%)

Theoretical description to be tested
Maxwell-Bloch equation
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@ Okayama U

Y. Miyamoto et al. PTEP113CO01(2014),
Of P_H2 PTEPO81COI1(2015)

e) =|Xv=1) — l|g) =|Xv=0) A
g
two-photon decay: 7o ~ 10M s 5w
p-H2: nuclear spin=singlet e e e |
smaller decoherence — Densiy o g
1/T2 ~ 130 MHz [ i
coherence production =
i
Aw = Wo — W_1 0.52 — 5l _____ T le>  Xv=1
— | r £
_ * detuning %‘”
0.00 - L g> Xv=0
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Delay Generator

poa | . =
1 Driving

i s320m | 1S
OINd:YAGI—{SHG [T e
I JE—— HOPG/OPA |— =4
B itert I RRRR PP SN ) S
—> W_1 Trigger 1064 nm : InSh
ANNNNL Stokes 684 nm 2 Nd: YAG LSHG—E’Q nm LDFG | g
—_ ‘ > =D A OPG/OPA oo 4587 nm
pump €) 4e@7 o oo Sednm . |
532 nm (o87 nm Cryostat
m——- Lrigger
Wo : . DCM m DCM
e Signal MCT] [Monochro. | =
g) 5048 nm ' gt cll/

Filters
; Damper
MCT

Target cell: L=15 cm, =2 cm, 78 K, 60 kPa
-- n=5.6x10" cm™® 1/T5 ~ 130 MHz

Driving lasers: 532, 684 nm
5mJ, 9,6 ns, wy = 100 um (5 GW /cm”)

Trigger: 4587 nm
150 pd, 2 ns
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Harris, Sokolov, Phys. Rev.A55,R4019(1997)

Kien, Liang, Katsuragawa, Ohtsuki, Hakuta,
Sokolov, Phys. Rev.A60, 1562(1999)

Wi A
qg=1 Wo 2nd Stokes
1st anti-Stokes Wo W1 A q=—2
v W_1 l W_2
e
- 9)
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Estimated coherence (from sidebands)
peg| ~0.04 (6 =—160 MHz)

i sig.-trig. linearity
1.0 - | S (U B B B A B
Z 08 1 Fw 1
£ 06 IR
= 0.4 - E
S ]
Z 0.2 - : -
0.0 E 3
| | l | | E -
5020 5030 5040 5050 5060 5070 5080 0 Et E
Wavelength [nm| T TS
11 Trigger Energy [J]
6 x 10°" photons/pulse weak field
10'® enhancement low coherence
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SUMMARY
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spectra are sensitive to unknown

Absolute mass, Dirac or Majorana,
NH or IH, CP

rate amplification is essential.
Demonstrated by a QED process,

M.Yoshimura, N. Sasao, M.T,, PTEP (2015) 053B06
(photonic crystals)

M.Yoshimura, N. Sasao, M.T.,, K. Tsumura, work in progress

A new approach to neutrino physics
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