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

Mass type
Dirac or Majorana

Hierarchy pattern
normal or inverted

CP violation
one Dirac phase, two Majorana phases
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i/ S le> N-type level structure
Vi A
> / y Ba, Xe, Ca+,Yb,...
H2 O2.12, ..
/ metastable

Atomic/molecular energy scale ~ eV or less

cf. nuclear processes ~ MeV
Rate ~ aGHE® ~ 1/(10%3 s)
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Yoshimura et al. (2008)

e) . position of atom
V; P (E _)) /
—1 _l_ﬁ_l_p/ 'fa
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(€eqg = €0 — €9, w = |K|)

N atoms, volumeV (n=N/V)
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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
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Yb atom —— (6s6p) °P4

(6s6p) °Po

ey = 2.14349 eV
T =873.4+1.7ns

L4
'l
14

(682) L S()

Overall rate

In*VIG5Ypdee
o= 262;99 S2Jp + 1)Cop

Ypg * IP) — |g) rate
(2J, +1)C,, : atomic spin factor

~ 0.4mHz (n/10* cm™?)% (V/10%cm?)
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Spectra in the near-threshold region
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Dirac vs Majorana « [EI1 @R FXI 5%
0.07 Mo — 20 meV -
0.06 | ﬁ
~ 0.05} :
\3/ Z ]
= 0.04 .
= 5 ]
5 : _
g 0.03} :
n ) —— i
- \ .
0.02 B —
| N
0.01 F :
= Yb, NH (solid), IH (dashed) :
000, ., . . . . . | -
1.064 1.066 1.068 1.070
photon energy w [eV]
Minoru TANAKA 8




Dirac vs Majorana for a hypothetical atom
€cg = €cg(YD)/D = 0.428699 eV
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X spectra are sensitive to unknown
neutrino parameters.

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

e [

X The is essential. Lo,

Proof by a companion QED process
(paired super-radiance).
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RENP rate formula
dynamical factor
/ Y

FWQV(wa t) = Tol(w)n.(t)

f \spectral function
overall rate

Overall rate
macro-coherence

- ~ field energy density

A2J, +1)C.p ~ 1Hz (n/1022em=3)3(V/102 cm?)

3
265,

Ypg * IP) — |g) rate
(2J, +1)C,, : atomic spin factor
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Spectral function
I(w) = F(w)/(epg — w)*

F(w) =) Aij(Bijlij(w) — dp B mim;)0(wij — w)

]
2 2 2 22
m; + M’ ms — ms 2 2
Agjzl_z L 9+( "4 /) ¢~ = (pi +pj)
q q

@[, miemd momd?) w2 miemd | (m - mi)

lii(w)= = 12— — + — |1+ — 2
J 6 q2 q4 9 q2 q4

0pm = 0(1) for Dirac(Majorana)
Bij = |UsUej — 0ij/2, Bij = R[(U5Uej — 6i/2)°]

Dynamical factor

~ |coherence x field|?
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CP phases (NH) ,6 0)
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CP phases (IH) («a,8 — (5)
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The threshold weight factors

By Bao B?;;-.-_.-- E12+é21| Bos 4+ B3 | Bs1 + Bis
(0%20%3 —1/2) (3%20%3 - 1/2) ._ (3%3 —1/2) 20%25%20313 25%20%33%3 20%20%33%3
0.0311 0.0401 0.227 0.405 4 0.0144 0.0325

Global shape

Xe NH and TH,m0=20meV
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Coherences in PSR/RENP

Atomic coherence (|g) + |€>)/\/§, Peg = 1/2

Target coherence :%(W N |€>)_
1
> —=l9)(lg) +1e))---(lg) + le))
T V2 g+ lela) -+ (1a) + o)
........ |
I x N?

Macro-coherence
[ o< N?/V =n?V
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An Initial Coherent State for PSR/RENP

Raman scattering

] | N ANNNANL Stokes Q_l
—(|g) + |e pump e)
Tl +len| e

9)

Ex. para-H2 Raman comb
T. Suzuki, M. Hirai, M. Katsuragawa, PRL101,243602(2008)

a Stokes order
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