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Abstract. Photoelectron circular dichroism (PECD) was investigated for 

methyloxirane with intense few-cycle pulses. The observed PECD shows a 

dependence on electron energy. This may signify an influence of the chiral 

potential on the outgoing electron’s trajectory.  

1 Introduction 

Chirality is a property of matter that discriminates objects into two types: left-handed 

and right-handed which are mirror counterparts of each other. The identification of a 

specific handedness requires processes that are sensitive to this property of matter and offer 

so called chiral recognition. One of such processes that features this chiral recognition is 

photoelectron circular dichroism (PECD). This process leads to a forward-backward 

asymmetry (with respect to the laser propagation direction) in photoelectron distributions 

created upon interaction of a circularly or elliptically polarized laser with a chiral object. It 

was shown that the laser induced PECD is a universal effect that is independent of the 

ionization regime. It can be observed in all ionization regimes, from single- over 

multiphoton ionization until the tunnel ionization regime, and has been shown to be 

sensitive to dynamical changes of the structure of chiral molecules [1]. The fact that the 

effects of chirality can be observed in the tunnel ionization regime opens up the possibility 

to connect this fundamental effect to strong-field science with prospects for studying and 

driving sub-laser-cycle and attosecond phenomena connected to PECD. However, a 

thorough understanding of PECD in the tunneling regime is of yet missing. It was 

speculated that it emerges because of multiple scattering of the electron trajectory off the 

chiral molecular potential during the ionization process [1]. 

Here, we pick up on this point and investigate PECD using few-cycle laser pulses with 

the aim of obtaining signatures of the influence of electron trajectories in asymmetries of 

photoelectron momentum distributions. We find a dependence of the characteristic 

photoelectron-asymmetry on electron energy, which may be interpreted as a signature of 

the influence of the outgoing electron’s trajectory on PECD. 
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2 Experiment and Results 

PECD is a rather weak effect. Thus, it is favorable to perform PECD measurements with 

techniques that are able to improve the chiral recognition. One of them is coincidence 

detection of ions and electrons [2], which opens up the possibility to further enhance the 

strength of PECD by orientation of fragmenting molecules during data analysis [3]. Here 

we use coincidence detection using the COLTRIMS technique. We measure the momentum 

of electrons emitted during the interaction of near-circularly polarized laser pulses with a 

duration of ~5 fs with the chiral molecule methyloxirane (also known as 1,2-propylene 

oxide). The generated ions were detected in coincidence with the electrons. Low laser 

intensity ( W/cm2) was used to obtain dominantly singly ionized molecules. 

Measurements were done with enantiopure samples (which contained only one enantiomer 

of the molecule, denoted S and R) and near-circular laser polarization states with opposite 

helicities, denoted as A and B, respectively. Switching between helicities was performed by 

rotating an achromatic quarter wave-plate.  

 

 
Fig. 1. (a) Yield of electrons measured in coincidence with singly ionizaed methyloxirane in the plane 

defined by the laser propagation direction (vertical axis) and the direction of minor axis of 

polarization ellipse (horizontal axis). (b) Energy distribution of electrons. 

 

Fig. 1(a) shows the momentum distribution of photoelectrons for sample S and helicity 

B in a plane perpendicular to the laser polarization plane, spanned by the electron 

momentum component parallel to the laser propagation direction, , and the momentum 

component along the minor axis of the laser polarization ellipse, . The PECD parameter 

for a certain polarization state (A or B) is calculated as the normalized difference of the 

yield of electrons between the two enantiopure samples, denoted as  and . The 

asymmetry of this parameter due to the PECD effect is calculated with respect to the angle 

 defined as the angle between the laser propagation direction and the momentum of a 

given electron, ,  

. (1) 

The narrow shape of the electron momentum distribution in Fig. 1(a) is very similar to that 

observed in the tunneling regime (although the Keldysh parameter indicates that we are not 

in tunnel regime here). In the following we will discuss the dependence of the asymmetry 

of the PECD parameter with respect to  on the electron energy. 

3 Dependence of PECD on photoelectron energy 

The electron momentum distribution resolved in the angle  of the momentum and the laser 

propagation direction shows a clear asymmetry between two chiral samples. This is visible 
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in Fig. 2(a), which shows the asymmetry parameter from Eq. 1 integrated over all electron 

energies. The slope of the line shows the strength of the PECD. The slope is positive for 

PECD measured with helicity A and negative with helicity B. The momentum distribution 

of electrons [see Fig. 1(a)] is elongated along 90°, parallel to the plane of the laser 

polarization. The yield shows a minimum along  and . Therefore, in order 

to avoid high statistical errors, the range of the angle in Fig. 2 is limited to 50° to 130°. In 

Fig. 2(b) we plot the PECD parameter for certain energy ranges of the photoelectrons. From 

this figure it becomes clear that for low photoelectron energy one observes smaller 

asymmetry than the integral one. Although only the case of B helicity is shown, we observe 

the same behavior in measurements with helicity A. 

 
Fig. 2. (a) Measured PECD asymmetry as defined in Eq. (1) as a ratio of the yield of electrons for 

sample S and R. θ is the angle between the momentum of the electron and the laser propagation 

direction. PECD asymmetry inverts sign when helicity of laser is changed. (b) PECD for the case of 

helicity B plotted for two different photoelectron energy ranges. 

4 Discussion and Outlook 

We measured PECD of a chiral molecule with an intense few-cycle laser pulse employing 

coincidence detection of photoelectrons and -ions. We found a dependence of the PECD 

parameter on the electron energy. Because in strong laser fields the electron energy 

constitutes a measure of the emission time of the electron and its trajectory to the detector, 

this result may be interpreted as a signature of the influence of the chiral molecular 

potential on the electron’s trajectory. Because the electron’s trajectory also depends on the 

sub-cycle evolution of the laser field, this interpretation may be scrutinized by studying the 

influence of the few-cycle laser pulses’ carrier envelope phase (CEP) on the PECD 

parameter and its energy dependence. Further prospects would be dynamical control of the 

PECD using the CEP.  
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