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Introduction:  The origin of biological homochi-

rality in terrestrial organisms (proteinogenic amino 
acids with L-form enatiomar dominant and sugars in 
DNA and RNA with D-form enatiomar dominant) is 
one of the most important but unsresolved problems in 
astrobiology. A most attractive scenario by the astrobi-
ological contexts is that the single-handedness phe-
nomenon was originated by asymmetric chemical reac-
tions under asymmetric interstellar/circumstellar con-
ditions stimulated by polarized space radiation.  

Typical polarized radiation sources in space which 
can induce asymmetric chemical reactions is circularly 
polarized light (CPL) [1]. This CPL scenario is sup-
ported by the occurrence of L-enantiomer-enriched 
amino acids in carbonaceous meteorites [2], and the 
observation of CPL of the same helicity (left- or right-
handed circular polarization) over large distance scales 
in the massive star-forming region of Orion [3] and    
NGC 6334-V [4] nebulae. 

One of the serious drawbacks of the CPL hypothe-
sis above is that polarization direction (left- or right-
handed) depends on relative position to radiation 
sources. Another possible hypothesis is based on the 
radiation source with absolutely determined polariza-
tion direction. It is well known that electrons from be-
ta-decay radiation are spin-polarized, that is, the spin 
angular momentum is polarized to the direction of mo-
tion due to parity non-conservation law in the weak 
interaction. The helicity (the projection of the spin 
angular momentum onto the direction of kinetic mo-
mentum) of beta-ray electrons is universally negative 
(left-handed). Spin polarized electrons (SPE) can be 
emitted as beta-decay electrons from radioactive nuclei 
or from neutron fireballs in supernova explosion [5].  

Experiments:  Ground simulation experiments for 
the extraterrestrial homochirality scenario have been 
conducted by using CPL from synchrotron radiation 
(SR) facilities. Solid films of achiral hydantoin (a pre-
cursor molecule of achiral glycine) were irradiated 
with CPL at 215 nm from a free electron laser (FEL) of 
UVSOR-II (IMS, Japan). As the results of the circular 
dichroism (CD) spectra measurement of the CPL irra-
diated hydantoin, opposite CD spectra depending on 
the polarization direction was observed ilike as DL-
amino acid experiments  [6]. 

The same kind of ground simulation experiments 
by using SPE from beta-decay radioactive nuclei have 
also being conducted. DL-Isovaline (Iva) films were 
irradiated the with a flux of SPE from high-dose beta-
decay radioactive isotope source (90Sr - 90Y) of the 
Russian Federal Nuclear Center. In the CD measure-

ments using beamline-15 of HiSOR, the samples were 
set so that the film-deposited surface of them faced to 
the source of the CD-probe SR beam. The samples 
were rotated around the axis of CD-probe SR beam. 
Furthermore, linear dichroism (LD) spectra of the 
samples also simultaneously measured by using a la-
boratory spectropolarimeter including LD measuring 
equipment. As the results of these measurements, the 
prospective emergence of optical anisotropy in the 
irradiated DL-Iva films was successfully detected [7]. 
The experiments by using SPE from spin-polarized 
electron accelerators, by which the polarization direc-
tion of SPE can be well-controlled, are also planning. 

Summary: The measured CD spectra of our CPL- 
and SPE-irradiated amino acid films showed apparent 
emergence of optical anisotropy presenting the irradia-
tion effects of polarized spase radiation. Present results 
can be important for the solution of biological homo-
chirality problems. 

References:  
[1]  Bailey J. (2001) Origins Life Evol. Biosphere 31, 
167-183. [2] Glavin D.P., Elsila J.E, Burton A.S., Cal-
lahan M.P., Dworkin J.P., Hilts R.W, Herd C.D.K. 
(2012) Meteoritics and Planet. Sci. 47, 1347-1364. 
[3] Fukue T., Tamura M., Kandori R., Kusakabe N., 
Hough J. H., Bailey J., Whittet D. C. B., Lucas P. W., 
Nakajima Y., Hashimoto J., (2010) Origins Life Evol. 
Biosphere 40, 335-346. [4] Kwon J., Tamura M., Lu-
cas P. W., Hashimoto J., Kusakabe N., Kandori R., 
Nakajima Y., Nagayama T., Nagata T., Hough J. H. 
(2013) Astrophys. J. Lett. 765, L6-L11 [5] Gusev G. A., 
Saito T., Tsarev V. A., Uryson A. V. (2007) Origins 
Life Evol. Biosphere 37, 259-266. [6] Takahashi J., 
Shinojima H., Seyama M., Ueno Y., Kaneko T., Koba-
yashi K., Mita H., Adachi M., Hosaka M., Katoh M. 
(2009) Int. J. Mol. Sci. 10, 3044-3064. [7] Sarker P. K., 
Takahashi J., Matsuo K., Obayashi Y., Kaneko T., 
Kobayashi K. (2013), Proc. 17th Hiroshima Int. Symp. 
Syncrotron Radiation p.p.198. 

1030.pdfInternational Astrobiology Workshop 2013 (2013)


