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R.H. Dicke, Phys. Rev. 93, 99 (1954)
An ensemble of N atoms in a2 small volume J,3

L < wave length S|

Density matrix £ = pggl9) (9] + pecle) (€] + pegle) (9] + pgelg) (el

Fully excited state: |e)" =le)---|e), peg =0
deexcitation: (Y_lo)(el) [Tl = |g)le) --- le) + [e)]g) - -|e) +--- + |e)]e) - - |g)
[' = NI'y incoherent
(l9) +1eN)/V2| s peg =1/2

———> [lg)(|9) +le)) -+~ (lg) + le)) + (19} +1e))lg) -+ (Ig} + [e}) + -] /V2N

deexcitation

= N(N+1)y/4 ~O(N?)
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A.Fukumi et al. PTEP (2012) 04D002, arXiv:1211.4904

metastable ‘€> N ‘g> + y 4+ U, EJ

N\-type level structure
Ba, Xe, Ca*, Yb,...
H2, 02,12, ...

Atomic/molecular energy scale ~ eV or less

close to the neutrino mass scale cf. nuclear processes ~ MeV

Rate ~ aG%E° ~ 1/(10°° s)

Enhancement by coherence
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Yoshimura et al. (2008)

oy position of atom
e) P . #)‘{

e A o e PP e (9m) 5 (epy — w — B, — E,)

N ;
9) (€eg = €c — €¢, w = |k|)

Macroscopic target of N atoms, volumeV (n=N/V)

onservation
(¢") = (€eg — w, —k)

macrocoherent amplification
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Photon spectrum (spin current)

Global shape Threshold region

Xe NH and TH,m0=20meV e — e
0.25 - T T T === mo = 2,20,50meV
: 0.06 - .
0.20 i i
3 \ |
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0.15 - = ]
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) .
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. - \ | |
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M.Yoshimura, N. Sasao, MT, PRA86,013812 (2012)
|€> — |g> _|_ /Y —I_ /}/ '.' . ‘p> metastable

Prototype for RENP
proof-of-concept for the

Preparation of for RENP
coherence generation Peg
dynamical factor 7. ()

Theoretical description to be tested
Maxwell-Bloch equation
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@ Okayama U

Y. Miyamoto et al. PTEPI 13CO1(2014),
of p-H2 PTEP0O81CO1(2015)

2000 —

p—
D
S
(e

) =[Xv=1) — |g)=|Xv=0)

Linewidth (MHz)
=
S
S

two-photon decay: 7, ~ 10" s

—— ortho: para=1:7.7 ]
— — ortho: para=3: 1

l l l l l
0 5 10 15 20 25 30
Density of pH, (amagat)

p-H2: nuclear spin=singlet

E [eV]
smaller decoherence 1/75 ~ 130 MHz -
coherence production T
_ 0.52 | l \ _1 > Xv=1
Aw = S — 5
_ “~detuning o,
0.00 ¥ e>  Xv=0
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q W_1
ANNNNL StOI(eS 684 nm

>
Pump 4587 nm
523 nm q tmgger
0 - signal
‘ ‘g> 5048 nm

Delay Generator

| Driving 532 | [Si
>INd:YAG SHG i :684 :
| OPG/OPA ——>>-4
. ECLD i i /Dm
Trigger . o 1
5 gEer 1064 nm | InSh
N YAGTT 532 nm | i
SHGI OPG/OPA DFG 1 ss7 om
ECLD — 1 1386 nm |
____________ 864m
Cryostat
~ DCM m DCM
MCT}—{Monochro. — |
Filters
; Damper
MCT

n=5.6x 10" cm

9

Target cell: L=15 cm, ®=2 cm, 78 K, 60 kPa

% 1/Ty ~ 130 MHz

Driving lasers: 532, 684 nm
5mJ, 9,6 ns, wy = 100 ym (5 GW/cm”)
Trigger: 4587 nm
150 pd, 2 ns



Estimated coherence (from sidebands)
Peg| ~ 0.04 (0 = —160 MHz)

sig.-trig. linearity

1.0 | =10 F
Z08f - :
S 0.6 - — 5
=l n
= 0.4 —
&
al w
0.0
| | | | | wf
5020 5030 5040 5050 5060 5070 5080 12_15 ?—. | ||||||| |- ||||||| [ | ||||||| | | ||||||| L ||||||| I |
Wavelength [nm] 0 100 100 10" 100 10
Trigger Energy [J]
6 x 10** photons/pulse weak field
10'® enhancement low coherence
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Graham, Mardon, Rajendran, PRD93, 103520 (2016)
\ }-T-I-T-
’ 9 T 7 7 7|— I\ b E /\\\tl:% / ~

1/2 2
Qx = O —X o
. oM (6 x 10=6 eV) (1014 GeV)

; kHz MHz GHz THz PHz
H; : Hubble scale of inflation
1073} .
- precision
Wedl  CMB(-y) -
_ stellar
_ production
X 107°F
1012
coherently oscillating ,
1077 ; Xenon 10/100
7! rmxt | o
XM oce . T
peV neV ueV meV eV keV
T x
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/YDM'\,\/\/\A ‘e>

= 5p°8p
e) = 5p°7d(J =3/2), E. =3.230 eV,
f) =5p6p(J =1/2), E; =1.386 eV,
FEe; =0.032 eV ~mpn, By =1.844 eV ~ £,
7, = 274 ns, 7. =389 ns, 7 =349 ns,
de; = 7.175eap, 1. = 1.03ap,

target spec. n=1%x10"* cm™™, V=0.1 x 0.1 x 1 cm”

Y\ 2 n 2 1 pri \2
=179 103( ) ( ) ( ) H
g 0-°) \102 em3/) \025/)

. 2
cf. single atom rate: Ty = 1.8 x 10°* (=) Hz
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YDM MW7T e)
—_— |

i) \-f\/\/\/\AWS

Liouville - von Neumann Ry 71— /)
eguation with relaxation RYTL =T~ iy

|g> —_—

O pij(t) = —i[H(t), p(t)]ij — Z IR, P, Ay

Toy parameters with oal p ol
radiation damping only 0 /\/\/\/\/W_
CW laser power: 100 mW 02,

| aser cross section: 1 mm-

IIIIIIIIIIIIIIIIIIIIIIIIII
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Black-body radiation

dark photon — BBR photon
not macrocoherent in the limit of N,V — oo (N/V fixed)

potentially dangerous for finite volume

X (Kinetic mixing)
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