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Atomic/molecular energy scale ZER
~ eV or less,

~ the neutrino mass scale.

metastable

Photon spectrum

absolute mass,
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Yoshimura et al. (2008)
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_.'r ‘p > metastable

M.Yoshimura, N. Sasao, MT, PRA86,013812 (2012)

A of RENP §
a proof of concept for
the P
Theory of PSR

Atomic system: W> — Cg\g> -+ Ce\6> _

density matrix p = |1) (V]
Schrodinger (Bloch) eq. / \

. ]- O 10 ,Oee
Orp = i
Fields: 1+1 dim. Maxwell eq. for two colors

of PSR N
F1, Boy pee — Pggs Peg = Cecz
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Large initial coherence > large PSR signal

|Peg I (=)

Initial coherence prepared | fvs\t/\I/V\,
by Raman process w R,
pé—gl—)eieegaz pu_mp> B

(spatial grating) 9)

\ eiwl (t—x)
StokeS mmm—ppy-

iy —» BN R W W W — PSR
PSR trigger (w; ) e'w2(t=%) signal

Phase matching: wp — Ws = €¢g = W1 + W2
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Para-H2 vibrational transition
e) =|lv=1) = |g) =|v=0)
€eg = 0.02 eV

Spontaneous two-photon rate

4.6 x 10716 g1

PSR modes: w; = 4.66 um, ws = 4.96 ym
trigger signal

2

4.66 trigger power= 100 W/mm* (5 ns pulse)
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Density=2.11 X 10%° cm™? Length=7.5 cm
Relaxation time: 75 = (.87 ns
Initial coherence: |,0(+) = (.01

4.96 um output f_ux

~ 10 analytic sol. 4 96 . |~
<E ; w/o relaxation | “T- Hm signal=
= 3 full numerical 4.5 pJ/mm2
E 6 \ solution
% 4 target end
= 2 . signal/trigger=
(L i ] _

0" + 8.9 x 107°

00 02 04 06 08 1.0

t [ns]
, cf.spontaneous rate

h ~0.2 s~
Coherent rate~ 0.2 s A6 % 10-16 o1
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Explosive PSR in solid pH2

Minoru TANAKA

: 2.6 x 10*2 em~3 Length=4 cm
: T5 ~ 10 ns

Initial coherence: \pgy\ = 0.3

4.96 um output flux
6 signal/trigger~
(@\ B
< S 6 x 107
E 4
% 3 peak rate
— 2 enhancement~
=1 24
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¥ Theoretical study of PSR
master equation

¥ Huge rate enhancement by macro-coherence

X Possibility of explosive PSR

X Experimental results by Kuma-san
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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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Instantaneous coherent rate in PSR

instantaneous output flux: f [W/mm?]

energy of each photon: € [eV]

- deexcitation rate per unit area:
R=f/e[cm %s ']

target # density: n [cm ™ °]

target length: L |[cm]

excitation fraction: 6 = (1 + r3)/2 (~ 0.006)

== # of excited molecules per unit area:
N =nLé [cm™~]

coherent deexcitation rate per molecule:
'=R/N [s]
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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)
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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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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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