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Generation of the multi-pair state of entangled photons from high-density biexcitons
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In this study, we have designed a new scattering scheme of biexciton-resonant hyp
er-parametric scattering (RHPS), which enable us to obtain the degenerated colinear beam of entangled phot
on-pairs. By constructing the non-degenerated (two colored) pulse system as a pump light of RHPS, the the
colinear-beam of entangled photons has been successfully generated in the experiment.

On the other hand, we have designed and constructed 4-photon measurement system for the entangled photons
via RHPS. By using the measurement system and precise analysis, the statistics of 1 to 4-photons for the
entangled photons from RHPS

has been measured for the first time. From the results, It is clear that the entangled multi-photon pairs
are generated by extremely-weak excitation power of 100 uW.

CuCl



2004

(CucCl)

[Ref.1]
[Ref.2]

[Ref.3]

[Ref.1] K. Edamatsu, et al., Nature 431, 167
(2004); G. Oohata, et al., Phys. Rev. Lett. 98,
140503 (2007).

[Ref.2] R. M. Stevenson, et al., Nature 439, 179
(2006).

[Ref.3] H. Oka, Phys. Rev. A 81, 063819 (2010).

CuCl
RHPS

RHPS

CuCl

RHPS
HF e
_i%, R N
-,\1\:
e ®
B, | A —|—'— .
b
— K *
4f
meV
RHPS
RHPS
CuCl
K



RHPS

LI B e e e B B
F—HLand @, i Wy

[ LL exciation H ;
I —HL exciation
F —LL exciation
F@

]
X
I
T
»

/NEE RRWE FREE AREE R e

[TTT T

ZAL

PR PR AP ErEEr AT e

3175 3180 3185 3190 3195 3200
Photon Energy (eV)

Emission Intensity(arb.units)

FLTT

RHPS
RHPS
RHPS
T=0
RHPS
RHPS
300 pwW 150 pw

Time-tag

RHPS

100 pW

100

10

ORI N/S

0.1

OB XTI — N
® (BARETIHIL—
A S/Nit

vy v v 0,01

0.1 1 10 100
Excitation Power (uW)

Time-tag

RHPS

10 pW

RHPS 100 pW

RHPS

RHPS



T
- @ 1ph ¢ 2ph
A 3ph ® 4ph
[ —— fitting result

-1

Event Rate (s )
o L NP B Cn S,

o O O O O O o

oS, o
T T

)
w
T

<DI
A~

T AR (RN
1 10 100
Excitation Power (uW)

6

[1] S. Matsuura, Y. Mitsumori, H. Kosaka, K.
Edamatsu, K. Miyazaki, D. Kim, M. Nakayama,
G. Oohata, H. Oka, H. Ajiki, and H. Ishihara,
Observation of bound and antibound states of
cavity polariton pairs in a CuCl microcavity,
Phys. Rev. B, , 89 , 2014, 035317/1-6,
DOI:10.1103/PhysRevB.89.035317

[2] S. Yoshino, G. Oohata, Y. Shim, H. Ishihara,
and K. Mizoguchi, Optica properties of CuCl
microcavities with fluctuations in their refractive
index profiles along the cavity structures, Phys.
Rev. B, , 88 , 2013, 205311/1-9,
DOI:10.1103/PhysRevB.88.205311

[3] Shota Isshiki, Yuuki Nagata, Goro Oohata,
Akira Kawakami, Shingo Saito, and Kohji
Mizoguchi*,  Characteristics of  coherent
transverse optical phonon in Cul thin films on Au
nano-films, Eur. Phys. J. B, ,86 2013,
172/1-4, DOI:10.1140/epjb/e2013-30615-5

[4] K. Mizoguchi, R. Morishita, and G. Oohata,
Generation of Coherent Phonons in a CdTe
Single Crystal Using an Ultrafast Two-Phonon
Laser-Excitation Process, Phys. Rev. Lett.,

, 110 , 2013, 077402/1-5,
DOI:10.1103/PhysRevL ett.110.077402

[5] Yasuo Yamamoto, Goro Ochata*, Kohji
Mizoguchi, Hideki Ichida, Yasuo Kanematsu
Photoluminescence of excitons and biexcitons in
(C4HgNH3),PbBr, crystals under high excitation
density, Phys. Sat. Sol. (), , 9 2012,
2501—2504, DOI: 10.1002/pssc.201200314

[6] S. Matsuura, Y. Mitsumori, H. Kosaka, K.
Edamatsu, K. Miyazaki, Y. Kanatani, D. Kim, M.
Nakayama, G. Oohata, H. Oka, H. Ajiki, and H.
Ishihara, Polarization dependence of four-wave
mixing via biexcitons in CuCl microcavities,
Phys. Sat. Sol. (c), , 9 , 2012,
2505—2508, DOI: 10.1002/pssc.201200326

48
(1]

LuF6204
, 69 , 2014
327
(2]
, CuCl
, 69
2014 3 27
[3]
, CuCl
> 69 ,2014 3
27,
[4] ,
69 ,2014 3 27
[5] -
> CuCl
1
69 2014 3 27
[6] ,
, 69
2014 3 28
[7] , CuCl
Rabi
69 2014 3 28
[8]
(C,HyNH;),Pbl,
> 69 ,2014 3
29
[9] - ,
CdTe
69 , 2014 3
29
[10] -
.2 InAs
THz .24
,2013 12 13
[11]
LuF6204
Y L2013 12

13



4 , 24
,2013 12 14,
[13] , CuCl
Rabi
, 24
, 2013 12 14
[14]
CuCl-Ag
s 24 , 2013 12 14
[15]
, CuCl
Rabi S
, 2013 9 26
[16]
CuCl-Ag ,
,2013 9 26
[17]
LO
11, ,2013 9 27
[18]
LuF6204
, ,2013 9
27

>

, 2013 9 28

[20] Shingo Yoshino, Goro Oohata, Yong-Gu
Shim, Hajime Ishihara, Kohji Mizoguchi,
Generation of Coherent Phonon by Rabi
Oscillation in CuCl Microcavity, Nonlinear
Optics (NLO) 2013, 2013 7 23, The
Fairmont Orchid, Kohala Coast, Hawaii, USA

[21] Photon Statistics Analysis of Entangled
Photon Pairs via Biexciton Resonant, Yasuo
Yamamoto, Goro Oohata, Kohji Mizoguchi,
Nonlinear Optics (NLO) 2013, 2013 7 24

, NWI1A.6, The Fairmont Orchid, Kohala
Coast, Hawaii, USA

[22] Temperature dependence of infrared
reflection spectrum in layered iron oxide
LuFe,04, T. Go, H. Okamura, G. Oohata, T.
Nagata, S. Mori, N. Ikeda, K. Mizoguchi, The

International Conference on Strongly Correlated
Electron Systems (TSCES2013),2013 8 5-9
, Tokyo, Japan

[23] - ,

s 68 ,2013 3

, CuCl
II
, 68
,2013 3 27

[25] -
, CuCl

; 68 ;

LO ,
68 , 2013 3

Cul
, 68 ,

[28] , CdTe

, 68
,2013 3 29

23 ,2012 12 7

[30] L A ——

23 ,2012 12 7,

[31] s ,
(C4H9NH3)2PbBr4

2012 127,
[32] ;

, 2012 12

> s CuCl

,2012 12 7,



[34] b 2 b B
.23
2012 128
[35] b 5 b B
, CuCl
, 23 , 2012 12
8
[36] -
> CuCl
, 2012
2012 9 18
[37] -
, CuCl
s 2012 ,2012 9
18,
[38]
, CuCl -
2012 ,2012 9 18
[39]
(C4H9NH3)2PbBr4
, 2012
2012 9 18
[40]
, CuCl
2012 , 2012 9
18,
[41] - )
CdTe
2012 ,2012 9 18
[42] .
2012 ,2012 9 19 |
[43] -
5 LUF6204
2012 ,2012 9 19
[44] -
, CuCl -
.3
2012 9 13,

[45] S. Isshiki, G. Oohata, K. Mizoguchi,

Characteristics of coherent transverse optical

phonon in Cul thin films on Au nanofilms,

EXCON2012 (the 10th International Conference

on Excitonic Processes in Condensed Matter,

Nanostructured and Molecular Materials), 2012
7 3, Groningen, The Netherlands

[46] T. Okude, G. Oohata, S. Yoshino, Y. Shim, H.

Ishihara, K. Mizoguchi, Optical properties of

asymmetric ~ coupled CuCl microcavities,

EXCON2012 (the 10th International Conference

on Excitonic Processes in Condensed Matter,

Nanostructured and Molecular Materials), 2012
7 3, Groningen, The Netherlands

[47] Yasuo Yamamoto, Goro Oohata, Hideki
Ichida, Yasuo Kanematsu, Kohji Mizoguchi,
Photoluminescence of Excitons and Biexcitons in
(C4HgNH;),PbBr, Crystals under High Excitation
Density, ICOOPMA2012 (Fifth International
Conference on Optical, Optoelectronic and
Photonic Materials and Applications), 2012 6
4, Nara, Japan

[48] Shimpei Matsuura, Yasuyoshi Mitsumori,
Hideo Kosaka, Keiichi Edamatsu, Kenichi
Miyazaki, Yuka Kanatani, DaeGwi Kim, Masaaki
Nakayama, Goro Ohata, Hisaki Oka, Hiroshi
Ajiki, Hajime Ishihara, Polarization Dependence
of Four Wave Mixing via Biexcitons in CuCl
Microcavities, ICOOPMA2012 (Fifth
International Conference on Optical,
Optoelectronic and Photonic Materials and
Applications), 2012 6 4 , Nara, Japan

0

o
OOHATA GORO
10464653
@
®



