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Radiative Emission of Neutrino Pair (RENP)
 A.Fukumi et al.  PTEP (2012) 04D002; arXiv:1211.4904 
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QED backgrounds
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|ei ! |gi+ � + ⌫i⌫̄j
Macrocoherent amplification of RENP

Macrocoherent amplification of QED processes
McQ3|ei ! |gi+ �0 + �1�2

Ex. Xe

1 Introduction

With the advent of successful macro-coherent amplification (more than 1015) of QED rare processes [2],

namely the macro-coherent paired super-radiance (PSR) [3], the atomic project of neutrino mass spec-

troscopy [4] has gained a new stage of potentiality to explore important neutrino properties yet to be

measured and to ultimately detect the relic neutrino of temperature 1.9 K [5].

In the present work we address the problem of quantum electrodynamic (QED) backgrounds and propose

a scheme of QED background-free RENP (Radiative Emission of Neutrino Pair). Usual higher order QED

processes, when they occur spontaneously, are not at all serious backgrounds to macro-coherently amplified

atomic neutrino pair emission (RENP) if experiments of the neutrino mass spectroscopy are designed with a

repetition cycle sufficiently faster than the decay lifetime. (Even a repetition scheme slower than the decay

rate is conceivable if the dead time is not too large.) The macro-coherently amplified QED process may

however become a serious source of backgrounds, since their rates are much larger, as is made evident below.

We shall term macro-coherently amplified QED process of order n as McQn for brevity. The case of n = 2

corresponds to PSR. Since RENP process occurs with parity change, the main backgrounds are odd McQn.

Our proposal for the QED background rejection is to use either wave guides [6] or some type of pho-

tonic crystals [7] to host a target. A promising host is Bragg fiber consisting a hollow surrounded by two

periodically arranged dielectrics of a cylindrical shape [8], [9]. For brevity we call these hosts as host guides

in the present work. After we show below how QED backgrounds are rejected, we shall calculate spec-

tral rates of RENP (stimulated single photon emission) |e⟩ → |g⟩ + γ0 + νν̄ in which no background of

McQ3 |e⟩ → |g⟩ + γ0 + γ1γ2 exists. Rejection of McQ5 and so on is then automatically guaranteed. The

background-free RENP rate is, to a good approximation, found to be a shifted (to the higher energy side)

spectrum in free space.

Parities of two states, |e⟩, |g⟩, for RENP are different. A good example of candidate de-excitation is from

the Xe excited state of JP = 1− of configuration 5p56s(8.437 eV) (the decay rate being ∼ 300 MHz) to the

ground state of 0+ of 5p6.

We show a part of Feynman diagrams (despite of the use of the non-relativistic perturbation theory

based on bound state electrons) in Fig(1). RENP diagrams are based on the nuclear monopole contribution

of [10]. Relevant Xe energy levels are shown in Fig(2).
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Figure 1: A part of Feynman diagrams for Xe 3P1(8.437eV) RENP in the left and for McQ3 in the right.

Dashed red line in the left is for Coulomb excitation between nucleus A and a valence electron.

2

|ei |gi

M. Yoshimura, N. Sasao, MT
PTEP (2015) 053B06; arXiv:15010571

serious BG though reducible

cf.

�(McQ3) ⇠ 1020 Hz

✓
n

1020/cm3

◆3 V

cm3

⌘3(t)

10�3

�(RENP) ⇠ 1 mHz

✓
n

1020/cm3

◆3 V

cm3

⌘!(t)

10�3



Minoru TANAKA

McQn vs. RENP in a waveguide
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Threshold
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!
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m0 = 1 meV, a = 10 µm

Photonic crystals may be realistic.
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Required indices to exclude McQn
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Allowed bands exist. (different from metal w.g.)
wide band gap for prohibiting McQn

2016年 2月 22日, ”note.tex”, Koji TSUMURA 15

れ光は伝搬できない. この条件を TE・TMモードに対してプロットしたのが図 5である. 実線 (点線)で囲

まれる緑の領域が TE(TM)モードに対応する伝導帯・許容帯（連続モード帯）, 白の部分が禁止帯・禁制

帯（離散モード帯）である. 左図 (右図)では例１ (例２)のパラメータセットをとった.

• 例 1 : na = 3.5, nb = 2.0, da = 0.11µm, db = 0.21µm

• 例 2 : na = 4.6, nb = 1.6, da = 0.33Λ, db = 0.67Λ

図 5 ブロッホの定理が成り立つスラブ型導波路におけるフォトニックバンドギャップ.

3.4 McQN の禁止

赤丸:(k0,β) = (Mc, 0)は伝導帯と禁止帯の境界で, β = 0であるから Re(XS)|β=0 = −1で求められる.

cos(Mc nbdb) cos(Mc nada)−
1

2

(na

nb

+
nb

na

)
sin(Mc nbdb) sin(Mc nada) = −1. (83)

TEモードも TMモードも同じ式で与えられる. ここで, 効率良く禁止帯を実現するために nada = nbdb を

仮定する (要確認). (この関係は屈折率に合うように層の厚さ da, db を選ぶことで実現できる.) この時, Mc

は層の厚さの合計を d = da + db として次のように解ける.

Mcd =
( 1
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+
1
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)
arccos

(
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)
. (84)

arccosの引数はマイナスをとる. プラスを取ると白抜きの赤丸に対応する.

青丸:(k0,β) = (k0c, k0c)は TMモードの伝導帯と禁止帯の境界で, β = k0 となる点を求めれば良い.
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McQN を禁止するには,

k0c
Mc

<
1

N − 1
, (88)

であれば良い. 図 7にMcQN の禁止領域を屈折率とその比の関数として示した. ただし, na > nb とした.

na, nb ≫ 1で良い近似となる解析解で求めた結果を青の実線, 数値解で求めた結果を赤の点線で示した.

図 7 McQN が禁止される領域.

3.5 平面波展開法

基本式として式 (17)の後者を用いる.

−∂x
[ 1

ε(x)
∂xHy

]
=
[
k20 −

1

ε(x)
β2
]
Hy. (89)

比誘電率 ε が周期 Λ を持つ場合,

ε(x+ Λ) = ε(x). (90)

ここで基本式に現れる比誘電率の逆数のフーリエ級数展開を考える.

1
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∞∑
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Λ
. (91)

ここで, ξm はフーリエ係数であり, 逆変換で求められる. すなわち,
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Rate suppression in the band gap
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Infinite periodic slab
no state in the band gap, complete prohibition

Finite periodic slab
finite state in the band gap, incomplete prohibition

�

�0

!a !a

5x2 layers 10x2 layers

k = 0 ! = k



Minoru TANAKA 9

Suppression of QED BG for RENP

Background-free RENP

◼︎ Cutoff of the mode in a waveguide  
~ photon mass > neutrino mass

◼︎ Realization with photonic crystals  

large index contrast required

exponential suppression of BG rate
in the band gap expected

◼︎ To do 
rate of McQ4 or higher (work in progress)


