(®)
2013 2015

Search for axion-like particles with four-wave-mixing in the vacuum
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We have searched for axion-like particles (ALP), which can be a reasonable
candidate for dark matter in the Universe, by combining two-color laser fields in the same optical axis.
This search is based on ” four-wave mixing in the vacuum™, where one laser is used to create ALP and the
other one is used to stimulate decays of those produced particles. As a result of the search, we have not
observed the signature beyond statistical fluctuations. This result has been published as two papers. The
first result corresponds to historically the first search based on this unique method.



DE DM QCD CP QCD
0
DE 0
neVv CP
CP
Peccei-Quinn
DM DE NGB I
NGB
NGB
NBG NBG
cms
170MeV
cms QCD
QCD
aps
cms
aps cms NBG QCD
cms
aps
2 DM
aps 2
lw uw u O<u<l
lw+1lw - - Uuw +(2-u)w
2-u)w
3
2
2
2
DM
DE lw uw
low 1w - -
uw  (2-u)w
DM (2-u)w
2
10 J
QCD 3




24

2
w (
uw)
w@) 0w@-uw
@ @CEwwd @-vw
(2-u)w
2
>
>
>
> 800nm(1mJ/pulse)
1064nm(1J3/pulse)
> 800nm(0.6mJ/pulse)
1064nm(1J3/pulse)
>
B A BRI
sub-eV
(800nm) (1064nm)

4
[1] T. Hasebe, K. Homma, Y. Nakamiya, K.
Matsuura, K. Otani, M. Hashida, S. Inoue,
S. Sakabe, “ Search for sub-eV scalar and
pseudoscalar resonances via four-wave
mixing with a laser collider” ,

Prog. Theor. Exp. Phys. 2015, 073CO1.

[2] K.Homma, “ Perspective to search for
sub-eV neutral boson resonances with
stimulated laser colliders” ,
Eur.Phys.J.ST 223, 1131-1137, 2014.

[3] K.Homma, T.Hasebe, K_Kume, “ The first
search for sub-eV scalar fields via
four-wave mixing at a quasi-parallel laser
collider” ,

Prog. Theor. Exp. Phys., 083C01, 2014.

41 -
sub-eV

Vol .32, No.3,
171-177 (2013 10/11/12 )

22

[1] K. Homma, Search for sub-eV dark
fields at stimulated laser colliders
Outlook on Wake Field Acceleration: the
Next Frontier - CERN - Geneva - Switzerland
(2015.10.15)

[2] K. Homma, Quantum Optics in the Vacuum
toward Laboratory Search for Dark Fields
in the Universe CLE2015, OPTICS &
PHOTONICS International Congress 2015,
Yokohama, Japan (2015.04.23)

[3] K. Homma, HPLS TDR3 ELI-NP Science



Program and Instruments: Technical Design

Reports, Bucharest-Magurele, Romania
(2015.02.18)
[4] K. Homma, A strategy of searching for

dark fields via resonances coupling to two
photons with  high-intensity laser
facilities IZEST ELI-NP Conference
"Extreme Light"s New Horizons", Embassy of
Romania, Paris, France(2014.09.18)

[5] K. Homma, Quantum Optics in the
Vacuum 3rd International Conference on
New Frontiers in Physics, Crete, Greece
(2014.08.05)

[6] K. Homma, Toward laboratory search for
sub-eV netural bosons via resonances by
stimulated photon-photon collider 23rd
ANNUAL  INTERNATIONAL  LASER  PHYSICS
WORKSHOP, Sofia, Bulgaria (2014.07.16)
[7] K. Homma, TDR3: Combined Laser-Gamma
experiments ELI-NP TDRs at Midway-High
Power Laser System, Bucharest-Magurele,
Romania (2014.04.02)

[8] T. Hasebe, K. Homma, K. Kume, K. Otani,
Y. Miyasaka, S. Inoue, M. Hashida and S.
Sakabe, Search for sub-eV scalar
particles via four-wave mixing in the
vacuum , Institute for Chemical Research
International Symposium 2014 - The Science
and Technology of Mmart Materials -, Kyoto,
Japan (2014.03.10)

[9] K. Homma, Low energy stimulated
photon-photon collider toward laboratory
search for dark fields From Fundamental
Physics to Societal Applications at the
Embassy of France, Tokyo, Japan
(2013.11.19)

[10] K. Homma, Prospect to search for
sub-eV dark fields with high-intensity and
high-energy lasers 3™ IZEST meeting,
Livermore, USA (2013.07.17)

[11] K. Homma, Vacuum Quantum Optics -
toward Search for sub-eV Dark Matter / Dark
Energy Candidates - 22nd International
Laser Physics Workshop, Prague, Czeck
Republic (2013.07.15)

[12] K. Homma, Dark field search via
photon-photon coupling at ELI-NP  Towards
Technical Design Reports (TDR) of
experiments with intense laser beams at
ELI-NP, Bucharest-Magurele, Romania
(2013.06-28)

[13] K. Homma, Required Laser System
toward Laboratory Search for Low-mass Dark
Matter and Dark Energy Candidates ICAN
Conference, CERN, Geneva, Switzerland
(2013.06.27)

[1] ELI-NP

o 71
(2016.3.22)
[2]
36
(2016.1.11)
[31
36
(2016.1.10)
[4]
2015
(2015.12.22)
[5]
. 70

(2015.03.21)
[6] Extreme Light Infrastructure (ELI-NP)
70
(2015.03.24)

[71
2015 ARk 25
R - (2014.04.16)
(el
-, 69
(2014.03.29)
[°]

2013
(2013.05.08)

0



ELI-NP Extreme-Light-Infrastructure
, IFIN-H , ,

http://ww.eli-np.ro

I1ZEST(International Center for
Zetta-Exawatt Science and Technology,

https://portail.polytechnique.edu/izest
/en

[1] ELI-NP Summer School
(http://www_eli-np.ro)

Laser driven particle physics )
Bucharest, Romania (2015.09.22)

[2]

(2014 9 30

[3] ICEPP

2013

(2013.4.17)
[4] K.Homma, “ Vacuum Quantum Optics -
toward Search for Light Dark matter / Dark
Energy Candidates” , INRS-EMT, Montreal,
Canada (2013.04.02)

@
Homma Kensuke

40304399

®
Sakabe Shuji

50153903



