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Homochirality

L-Alanine D-Alanine

Major Minor0 Almost all biological molecules 
on the earth have strong chiral 
imbalance. 

0 Amino acid : only L-chiral,

0 Sugar : only D-chiral

0 The mechanism how this bias is 

generated is long-standing mystery.

Homochirality

Purpose of my talk :  propose a new 
scenario related to the electron chirality 
and the weak interaction in particle physics 

enantiomer

CORN rule
Carboxyl (CO), other (R), amino (N)
clockwise (D) or
counter clockwise (L)



Extraterrestrial generation

0 The same amounts of L- and D-molecules are produced, 
without  catalysis.

0 Homochirality is generated as:

0 The origin of the initial small imbalance is not solved.

0 The initial imbalance is considered to be produced

in space, since the chiral imbalance in amino acid 

was found in meteorite (but very smaller).

1. Parity symmetry breaking creates a small 

imbalance between enantiomers.

2. Chiral amplification enhances imbalance to large bias 

and Chiral transmission may transfers this chirality to  

other enantiomers. 



Hypotheses

0 Some mechanism are proposed.

0 Circularly polarized light may trigger the formation of an 
enantiomeric excess in space. 

0 Electrons (and others) from beta decay generates circularly 
polarized bremsstrahlung photons (Vester-Ulbricht
hypothesis).

0 Tiny energy difference between enantiomers and phase 
transition

0 We compute this energy for comparison with electron chirality, 
though we consider this scenario implausible.

0 and so on. 



Parity-violating
energy shift

0 Energy difference between enantiomers

0 About 10-18 eV. Too small

0 We use this quantity,

0 Check our computation

0 Comparison with total chirality,
which is the chirality integrated over the whole molecule. 

Electron chirality at nuclear positions
for point-like nuclei. 

Mn
PV : Parameterization of contribution

from each nucleus

L-Alanine D-Alanine

Energy difference



Electron chirality

0 Electron has chirality?

0 Helicity : Inner product of spin and momentum: + or –

0 Helicity can be flipped by Lorentz transformation.

0 The notion of helicity is extended into Lorentz consistent one.

0 Chirality density

0 g : Gamma matrix

0 The charge of the weak interaction is dependent on the 
chirality of electron, not the helicity.

0 The electron mass term can flip the chirality.

●
Chirality L ⇔ R

eL

Helicity -



Chirality of molecule and electron

0 Nonzero EPV → nonzero electron chirality at nuclei

0 Question: Is total electron chirality is zero or not?

0 For enantiomers, parity symmetry is violated and total 
electron chirality can be nonzero.

0 Electron chirality is flipped by electron
mass (interaction with Higgs).

0 Total electron chirality of enantiomer
has not been paid attention

0 Only one paper studying EPV

reported nonzero electron
total chirality of H2Te2.

Chiral molecule

Nuclei Nonzero
electron
chirality

Is electron chirality nonzero
after integration over whole molecule?



The introduction of 
background is over.



Our proposal for homochirality

0 In chiral molecules, total electron chirality may be nonzero.

0 left-handed electron number is different between both enantiomers.

0 Left and right-handed (chiral) electrons have different charge
of the weak interaction.

0 The weak interaction (e.g. beta decay)

0 Violate Parity symmetry

0 If total electron chirality in enantiomers
are nonzero, one enantiomer of a chiral
molecule may be more lost by the weak
interaction with astrophysical particles
slightly than the other enantiomer in space.

●

●

First, electron chirality in chiral molecules are studied.



Check our scenario

0 Does enantiomer have nonzero total electron chirality?

0 What processes are important?

0 Which particles? Cosmic electron, neutrino, or proton?

0 Which energy? Low energy?

0 Fluxes of those particles?

0 Cross section?

0 Confirm the total electron chirality 

0 H2X2 molecules (X = O, S, Se, Te)

0 Amino acid (Alanine, Serine, Varine)

In this work,



Computational detail

0 Molecules: 
0 H2X2 (X=O, S, Se, Te)

0 Amino acid (Alanine, Serine, Valine)

0 Electronic structure computation

0 DIRAC14 (public code)

0 Basis set: dyall.aenz (n=3,4)

0 Hartree-Fock with 

Dirac-Coulomb Hamiltonian

0 Other computations

0 QEDynamics

H2X2

X=O, S, Se, Te

L-SerineL-Alanine

L-Valine



H2X2 molecules
Simple and Easy to Understand



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

1 H He

2 Li Be B C N O F Ne

3 Na Mg Al Si P S Cl Ar

4 K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr

5 Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe

6 CS Ba * Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn

Total chirality

H2Te2

H2S2

H2Se2

H2Te2 is consistent with the result of other group,
while for other molecules any groups do not reported any results
Total chirality should have the same dependence on dihedral angle.
The structure of molecules governs the amount of total chirality.

H2O2



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

1 H He

2 Li Be B C N O F Ne

3 Na Mg Al Si P S Cl Ar

4 K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr

5 Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe

6 CS Ba * Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn

Total chirality

H2Te2

H2S2

H2Se2

The values are larger for heavier nucleus due to larger spin-orbit interaction

H2O2 have different pattern from others. It is considered that the accuracy is not 
sufficient, since the result is not converged for better basis set.

H2O2



Result :MPV (X)

H2O2

H2Te2

H2S2

H2Se2

All molecules have similar dependence on dihedral angle,
while the values are larger for heavier nucleus due to larger spin-orbit interaction

Consistent 
with other 
groups



H2Te2

0 Contributions from 
each orbital
0 Contribution from a high-

energy orbital is larger 
than total chirality.

0 Small total chirality is 
derived as cancellation 

between contributions.

0 Excited and ionized 
states may have larger 
total chirality ?



H2Te2 H2Te2
2+

0 Doubly charged ion (dihedral angle = 45 degree) 

0 H2Te2 : -1.530 x 10-5 H2Te2
2+ : 1.891 x 10-4

0 The value is much larger and the sign is reversed.

0 The value is not the value removed the 53rd contribution.

0 When an orbital is removed, other orbitals are deformed 
into the lowest energy configuration.

Computations of excited and singly ionized states 
requires post Hartree-Fock computation.



Large contribution

0 Distribution of orbitals which 
have large contribution spread  
through the whole molecule.

0 Orbitals having small 
contribution are localized 
around specific nuclei.

5250



Amino acid
Complex structure and small spin-orbit interaction

Accurate computation is difficult.

preliminary result



Amino acid

0 Small spin orbit interaction (H, C, N, O)

0 Confirmation of nonzero total chirality

0 Parity violating energy

0 Check of enhancement of total chirality by ionization

0 Structure dependence



Total Chirality
0 Integrated chirality

0 L-chiral : 6.84×10-9

0 Right-handed electron is
more major in L-chiral alanine. 

0 D-chiral alanine may be more fragile for weak interaction

0 But, our computation is not settled enough.

0 By ionization and/or excitation, this value is easily changed.

Isosurface value 
±3.65×10-8

Molecule Basis set Total Chirality

L-Alanine dyall.ae4z 6.85×10-10

L-Serine dyall.ae4z 2.42×10-9

L-Valine dyall.ae4z 9.82×10-11



Orbital contribution

0 Alanine

0 Total chirality is also derived as the 
cancellation between contributions 
of orbitals.

0 If ionized or excited, the integrated 
chirality will be significantly 
changed.

Orbital Energy [a.u.] Total chirality

1 -20.6106 2.7661×10-10

2 -20.5478 4.3366×10-11

3 -15.5855 -6.4808×10-11

4 -11.3725 1.8623×10-10

5 -11.2944 -6.2692×10-10

6 -11.2355 4.3173×10-10

7 -1.4665 -2.0182×10-9

8 -1.3680 -5.3355×10-10

9 -1.2262 -1.3387×10-9

10 -1.0285 6.1327×10-9

11 -0.9049 1.1911×10-8

12 -0.8195 5.6786×10-9

13 -0.7455 -2.0810×10-8

14 -0.6893 4.2155×10-8

15 -0.6652 -6.5984×10-8

16 -0.6367 -1.7544×10-7

17 -0.6182 2.9608×10-7

18 -0.5939 -2.3551×10-8

19 -0.5740 -9.2690×10-8

20 -0.5345 -1.7960×10-8

21 -0.5267 5.9972×10-8

22 -0.4718 -6.9716×10-8

23 -0.4586 8.4838×10-9

24 -0.4206 3.9723×10-8

total 3.4243×10-10



Doubly charged state

0 Large absolute value

0 The value are not simply
the value removed the
contribution of the 
highest occupied orbital.

0 When an orbital is 
removed, other orbitals
are deformed into the 
lowest energy 
configuration.

Molecule Basis set Total Chirality

L-Alanine dyall.ae4z 6.85×10-10

L-Alanine2+ dyall.ae4z -1.21×10-9

L-Serine dyall.ae4z 2.42×10-9

L-Serine2+ dyall.ae3z -2.04×10-8

L-Valine dyall.ae4z 9.82×10-11

L-Valine2+ dyall.ae3z 2.50×10-8



0 Alanine

0 Small contributions
→  Localization : s orbital of O, N, C

0 Large contributions
→  Not localized on specific nuclei

0 For other amino 
acids, the same
tendency has
been confirmed.

Orbital Energy [a.u.] Total chirality

1 -20.6106 2.7661×10-10

2 -20.5478 4.3366×10-11

3 -15.5855 -6.4808×10-11

4 -11.3725 1.8623×10-10

5 -11.2944 -6.2692×10-10

6 -11.2355 4.3173×10-10

7 -1.4665 -2.0182×10-9

8 -1.3680 -5.3355×10-10

9 -1.2262 -1.3387×10-9

10 -1.0285 6.1327×10-9

11 -0.9049 1.1911×10-8

12 -0.8195 5.6786×10-9

13 -0.7455 -2.0810×10-8

14 -0.6893 4.2155×10-8

15 -0.6652 -6.5984×10-8

16 -0.6367 -1.7544×10-7

17 -0.6182 2.9608×10-7

18 -0.5939 -2.3551×10-8

19 -0.5740 -9.2690×10-8

20 -0.5345 -1.7960×10-8

21 -0.5267 5.9972×10-8

22 -0.4718 -6.9716×10-8

23 -0.4586 8.4838×10-9

24 -0.4206 3.9723×10-8

total 3.4243×10-10

Large contribution

17th



Parity violating energy and 
ionization

0 EPV is also much enhanced.

0 Too small

0 Good news for experiments 
for searching this energy 

Molecule EPV [hartree]

L-Alanine -4.14×10-20

L-Alanine2+ 9.19×10-19

L-Serine -4.62×10-20

L-Serine2+
1.06×10-18

L-Valine -1.68×10-20

L-Valine2+ 2.21×10-19

1 hartree = 27.2 eV



Summary

0 Electron chirality in chiral molecules

0 Chiral molecules have nonzero total chirality of electrons.

Molecular chirality generate electron chirality

0 This may be the origin of the homochirality, because nonzero 
total chirality of electrons induces different rate of weak 
interaction between two enantiomers. 

0 The value of total chirality in a chiral molecule is drastically 
changed if the molecule may be ionized or excited.

0 Many study remains. Whether our mechanism can produce 
enough chiral imbalance or not.

0 Enhancement of parity violating energy shift by ionization 


