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Coherent amplification is essential for the neutrino mass spectroscopy. We have studied coherent two-photon emission from hydrogen molecules to
demonstrate coherent amplification of rare transitions. Two-photon emission between vibrational states of hydrogen molecules are allowed but its rate is
quite small. In previous works, externally triggered two-photon emission from coherent vibrational states produced by stimulated Raman process was
observed. This presentation provides detailed observation results on dependences of the two-photon emission rate on various experimental parameters
together with recent trials to represent them by numerical simulations. Future experimental plan is also discussed.
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Introduction

Results & Discussions

Future Plans

Neutrino Mass Spectroscopy 
= Radiative Emission of Neutrino Pair (RENP)

+ Macro-coherent amplification

Validation of / Study on 

Macro-coherent amplification using two-photon emission

RENP Two-photon emission
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532 nm – 684 nm = 0.52 eV

“Driving fields”

Trigger
Mid-Infrared

“Partner”

Trigger + Partner = 0.52 eV

Two-photon spontaneous 
emission is too weak.
 A “trigger” field is required

Mid-Infrared

684 nm

Experimental Setup
Cell length: 150 mm
Cell temperature: ~78 K
Target Pressure: 60 kPa (typ.)
Energy of Driving fields: 5 ~ 10 mJ
Energy of external Trigger field: 0.1 mJ

Higher order Raman sideband

Coherence

Miyamoto et al. Prog. Theor. Exp. Phys. 2015, 081C01

Externally triggered two-photon emission

Trigger:
4587 nm
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Signal energy vs. Trigger energy Signal energy vs. Trigger timing

Coherence ~ 0.01

I[532] = 119 MW/cm2
I[684] = 73 MW/cm2
Detune: 150 MHz
Decoherence: 65.4 MHz 

detuning

I[532] = 119 MW/cm2
I[684] = 73 MW/cm2
Decoherence: 65.4 MHz 

+ Laser frequency width

Simulation in progress

• Laser linewidth ?
• Spatial distribution of laser intensity ?
• Limitation of the 1+1 D simulation ?

Coherence estimation by M. -B. Simulation

Detuning Dependence (Driving field frequency dependence)
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1+1 Maxwell- Bloch Simulation

Counter-propagating two-photon emission (pH2)
Preliminary simulation

Driving fields(ER, EL): 100 MW/cm2

Trigger field (Etrig): 0.1 MW/cm2

v=0, J=0

v=1, J=0
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New narrow linewidth high energy MIR source is required.

Candidate: Injection seeded ZGP OPO system

~ 10 mJ/pulse and ≤ 300 MHz linewidth

Yb Fiber Laser

Nd:YAG

ECDL

2 µm KTP seeded MOPA

3.6 µm cw seeder

4.8 µm ZGP seeded OPO

• Same excitation geometry as RENP
• No residual momentum after excitation

KTP KTP ZGP

1064 nm, 500 mJ/pulse

825 nm, 100 mW

PPMgLN
850 nm, 1 W

1107 nm, 2 W

2080 nm
~100 mJ

3667 nm
~100 mW

SHG 4806 nm ~10 mJ ?

Reference: Opt. Express 16, 14265 (2008)

Counter-propagating excitation

Counter-propagating signals

Reproduced with given parameters (no fitting)

ZGP: Zinc Germanium Phosphide (ZnGeP2) 

[preliminary scheme]

Detune width

Pulse energy

Focused beam Collimated beam

Coherence ~ 0.04

Reproduced by fitting parameters.
Large deviation on anti-Stokes side.

Qualitative expectation:
Number density + Coherence

Basically determined by decoherence time
[focused beam]

[collimated beam] [focused beam]

Large coherence but difficult to simulate.
Small coherence but simulation works well.
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Simulation in progress

Experimental Scheme

Stimulated Raman

coherence

Linear dependence
Consistent with simulation

Driving Laser System

Trigger Laser System

Ti:Sapphire

Amplifier

Delayed peak
Consistent with simulation

High pulse energy (~ mJ)
Narrow linewidth (~200 MHz)

are required.

Seeded OPG OPA

DFG

OPA

Seeded OPG


