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INTRODUCTION
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Absolute mass
my3) < 0.19eV, 0.000eV < mgp) < 0.58eV

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 2m
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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A.Fukumi et al. PTEP (2012) 04D002, arXiv:1211.4904

—~ |p>
A Ol & ()0 s e X1
V. //
' / ) | N\-type level structure
Ba, Xe, Ca+,YD,...
/ metastable
H2, O212, ...

Atomic/molecular energy scale ~ eV or less

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

Rate ~ aGHE® ~ 1/(10%3 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)

—

dl’ ocln”V|(2m)*6* (¢ —p — ') " = (€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

Hw =

i Uej
Neutral Current Charged Current
Gr
_ — . = vV A
/2 E :VJVM(l V5) Vi €7 (Cjz’ ijﬂ%)e
]

CY =UkUei + (—1/2 4 2sin* 0w )85, Cfi = UrUe; — 65:/2

Atomic matrix element in the NR approximation

(g
(9
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evtelp) = ((gle’elp), 0) = 0
ev'yselp) ~ (0,2(g/s|p)) spin current
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M.Yoshimura and N. Sasao, PRD89,053013(2014), arXiv:1310.6472

N °~ _v flavor diagonal
| « no PMNS, no phases
I

Cl Z

;

s—3 weak charge: Qw ~ —(# of neutrons)

p—

Q. C

Qw : : : :
cf. atomic parity violation

Hy = 47 > vy (1 = v5)vs qu(vg — ags)q
i,q
Nuclear matrix element in the NR limit
(N| ) 4v,07v*q|N) ~ (Qw,0)
q
nuclear monopole x Q3,23
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Energy-momentum conservation
due to the macro-coherence

familiar 3-body decay kinematics

of the photon energy

€eg (M +my)° o
) 2€eg 1, ] — 1,2,3

wz-j —

€cg = €e — €5 atomic energy diff.

Required energy resolution ~ O(107°)eV
typical laser linewidth
Awirig. S 1GHz ~ 0(107%) eV



RENP rate formula
/dynamical factor
Fv2v(wat) Lol (w)n.(t)
™ spectral function
overall rate

Overall rate
_macro-coherence
.~ ~ field energy density

42 1 mHz (n/10* em™3)?(V/10%cm?)
Yoo * |P) = |g) rate

M Q%783 x T ~ 100 kHz
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Xe (gas target)

- 10 5p°CP,,)6s [1/2],
> 9 Sp ("P,,)6s [1/2],
o
S >, Sp°CP,)6s°[3/2], J = 1
> | g e » SpCP6s 32l ] = 2
G.) ‘\
—
E;) g €eg — 8.3153eV
[ i 1

0 34
— |g> 5p6 1So J =0
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Photon spectrum (spin current)

Global shape

Xe NH and IH,m0=20meV
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0.20
0.15

0.10

0.05

Spectrum [(w)
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Threshold region
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mo = 2,20,50meV

41565 .
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B B2 Bss Bis + By l Bo3z + B3y | B31 + Bis
(cfacts —1/2)% | (siacts — 1/2)% | (sfs — 1/2)% | 2ciystycis 2515C135T3 | 2¢i5Ci3sis
0.0311 0.0401 0.227 0.405 & 0.0144 0.0325
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Photon spectrum (nuclear monopole)

Xe °P; 8.4365 eV

n=7x10" ecm™ V =100 cm”

Global shape Threshold region

Xe RENP:NH vs IH.10.50meV Xe RENP:NH vs IH,10,50meV

) o F——————————— e eemmmoe——
J d 0 e E—— S mo=10 meV
= o S
g 4of g4or NN
% i * L N
2 30f 2 30F
ol ok mo=50 meV } \ .
10 10
1|
i
1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 '{J [I—
4215 4216 4217 4218

photon energy [eV] photon energy [eV]
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12 Molecule Potential Curve

0‘57‘ T 1 T T

9)

|2 molecule
potential curves :
eeg mJ 1 eV _1‘0;

12 Av=1->Xv=15: m0=5meV —1-5;‘ e
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D vs M
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D-M diff. < 10%
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PSR
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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 (t)

Theoretical description to be tested
Maxwell-Bloch equation
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PSR with spatial gratings

—iwo (t—2) NN
How to populate |e e m—>-
populate |¢) gaa e Stokes
Raman scattering pump e)
Wo — W1 — €gg
)

Generated coherence
density matrix

Stokes mmmm—p I —

ezwp(t x) zwp(t x) __ eieeg(t—a:)

Wp T Wp = €eg

Macrocoherence === Unidirectional PSR
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Harris, Sokolov, Phys. Rev.A55, R4019(1997)
Kien, Liang, Katsuragawa, Ohtsuki, Hakuta, Sokolov, Phys. Rev. A60, 1562(1999)

1st anti-Stokes
q=1 !
w1 W
w0 W—1 A lw 22nd Stokes
—le)
€cg
v v |g>

Wq = Wo -+ Q€eg

q = dmin the lowest Stokes
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Homonuclear diatomic molecule
oo
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12 Molecule Potential Curve

Potential curves
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@ Okayama U
Y. Miyamoto et al.,, PTEP | 13C01(2014), arXiv:1406.2198.

of p-H2

e) =[Xv=1) — [g9)=|Xv=0)
2
two-photon decay: T, ~ 10" s 5 o
p-H2: nuclear spin=singlet e e e |
smaller decoherence —_— Densiy o g
1/T2 ~ 130 MHz | i>
Coherence production s
®, \(01
Aw 0521~ g ) > Xv=1
_ TR
* detuning Aw é”
0.00 L y T > Xv=0
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(a) Laser Setup

----- N S N N
l OPG OPA
W—_1 Laser Diode
\Stokes 683 nm (ECDL, 683 nm)[ ) X}, PPSLT - LBO |
)%
W_4 = Wsp
e
532 ‘ > 46.62 nm p(b) Target & Detector
nm ﬁ
Wo - - trlgger p-H, DCM
Slgnal i Monochromator 99
683 & 1T
19) 4959 nm it b
Wp
BD

4th Stokes (q=-4) as trigger (internal trigger)

Target cell: length |5cm, diameter 2cm, 78K, 60kPa
n=>56x10"Y ecm™2 1/T5 ~ 130 MHz

Driving lasers: 5 mJ, 6 ns, wy = 100 pm (5 GW /cm”)
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Ultra-broadband Raman sidebands

= Raman sidebands, from 192 to 4662nm,
are observed: >24

= Evidence of large coherence

(1586)

4th 3rd (4664)
282 320 369 436 532 683 955

Without coherence

2014/10/29

N. Sasao
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Maxwell-Bloch eq. &

ot
0E, _dwgn
o 2c
oE, _wpn
o 2c
= B e sideband (exp.)
g 1 = sideband (sim.)
S - 04.96 ym (sim.)
s10 .
> [ }
BF L
s |
= -3 ] ]
10 [
&
= |
o L
5 [
10
_E]
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sideband order
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Pgggqg

(o

Qgg T Qee + 5) pge + nge (pee T pgg> o '72,0967
+ Peeagé)> g + Peg@ég_l)Eq—l + pgeo‘é%)EqH}:

=+ Peeae(z];)> Eyp + pegag;@ E%}

coherence estimation
Peg| >~ 0.032

(6% of max.)



4662 nm

(a) without filters # 4959 nm

(b) LPFs x2 n
(c) LPFs x4 l

4400 4600 4800 5000 5200
Wavelength [nm]

# of observed photons

4.4 x 107 /pulse 0(10"”) (or more)
Estimated spontaneous rate

1.6 x 1078
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SUMMARY
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X spectra are sensitive to unknown

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

X rate amplification is essential.

demonstrated by a QED process,

A new approach to neutrino physics

inoru TANAKA 28



