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Ultimate goal of the project:

Neutrino spectroscopy

Mfss (Normal Hierarchy)

m,;=50 ?

m,=10 ?

m,=17
(meV)
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(50 meV)2

> 2
Flavor contents

Absolute mass?

Dirac or Majorana!’

CP?

Normal or Inverted?



Radiative Neutrino Pair Emission (RNPE)
from atoms/molecules

atomic/molecular energy scale ~ eV or less

A\-type level structure e
Ba, Xe, Cat, ... g — <
. 7,
H2, O2,... / s
metastable

Rate enhancement by coherence

super-radiance T' ~ (n\*)? R H.Dicke, 1954 k<

Single photon SR is well-established.
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Not seen yet.

Should be established before RNPE.

Targets
para-H2 XlE;vzlﬁv:O
Bavapor Do — 'Sy e KEROHEE
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Counter-propagating field/trigger (1+1 dim.)

1 . .
o — 5 [GR e—z(wt—kx) Ter e—z(wt—l—kaz) 4 C.C.} ‘6>
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Bloch vector: 7; = tr(po;)/trp 7°
0rr = 4-(lenl + les Pyrz +83Cemen)rg- =, \___/

T
0,12 =~ (lexl? + ler ) +Remenra}- 2, 19
2 Wikimedia Commons
rg + 1
0,r3 =—8 (R(erer)rs + S(erer)r1) m— T;: relaxation
(Or + O¢)er = o (v4 + 7-73)er + 2(7“1 — irg)er,

(

((97- — 8§)eL — 9

— (74 +y=r3)er + 2(7“1 —ir2)eR)



Macro-coherence  Yoshimuraetal (2008)

e)

R-mover P = L-mover  —i2wt

—i(wt—kx) —t(wt+kx)
9) ‘

€

['(RNPE) ~ aG%-E>N? ~ 1.5 MHz
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para-HZ n=1x10"ecm™>, L=30cm, T3 = 1us, T» = 10ns
No initial coherence case; 71 =719 =0, r3 =1
required.
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pal"a-HZ n=1x 104! cm_g, L =30cm, 17 =1us, 15 = 10ns
Coherent initial state: 71 = 1, 719 = 1r3 =0
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Coherent initial state; 71 = 1, ro =7r3 =10
weak trigger 1 W /mm?
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Fundamental PSR equations are derived.

Some numerical solutions are obtained.
Initial coherence or strong trigger

explosive PSR

To do

* Quantitative condition for explosive PSR
target preparation, trigger scheme

* Dynamical formation of solitons
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Backup Slides
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solid para-H2:
n=26x10%cm™ >, L=2cm, Ty =1us, Ty, = 10ns
trigger power 1 uW/mm?
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para-H2:
n=1x10%cm™>, L=1.5m, Ty =1us, T, = 10ns

output flux o« trigger power
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Solid para-H>

~VVV\/>
SVAVAVAVAVA, - \_CKIIL v=2
Pump -\/VV\/\N\A/WV\C:Z)/
trigger PSR
- v =1
v=_0

Ba vapor

6s6p P,

Super-radiance
1500 nm

Pump laser

PSR transition

Molecular vibrational transition
v=2—>v=1inX'Y4 (ground state)

Atomic electronic transition
6s6p 'P1 — 6s5d D2

Excitation

Stimulated Ramaninv=0— 2

Pumping in 'So—"1P1
One-photon SR in '"P1—'D>
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