




(a) model beams (b) seeded FEL

(c) seeded FEL with slotted foil (d) SASE FEL with slotted foil

Figure 4: Result of polarization modulation in case of combining two model pulses is illustrated on subfig. (a). Genesis

simulation results for the seeded FEL without, and with slotted foil are presented on subfigs. (b) and (c) correspondingly.

Both pulses in subfig. (c) yield 96% of linear polarization. Simulation results without seed (subfig. (d)) show 87% and 92%

degree of polarization. The top left plots show the power of combined pulses, bottom left plots show the ratios of the pulse

power, top right plots show Stokes parameters of the resulting radiation and bottom right plots - spherical coordinates of the

Stokes vector.

delay between these pulses can be changed by varying both

the separation between the slots of the slotted foil and gap

in the corrugates structure.

It is worth noting that the scheme proposed above also

works if the crossed undulators are planar. In that case the

polarization of the resulting radiation will be alternating

between right- a left-handed circular polarizations with an

intermediate state of linear polarization with 45◦ tilt, as in

Fig. 1 (first column).

Measurement the polarization properties at the sample lo-

cation (between two waists of right-handed and left-handed

polarized radiation), would show that they depend on the

transverse offset from the optical axis. In our case the sample

is located, where the radiation with the left-handed circular

polarization has passed the waist and is diverging, while the

radiation with the right-handed polarization is still converg-

ing for the waist located downstream the sample. The phase

difference between the two beams grows nearly quadratically

as a function of the distance from optical axis, hence the

resulting state of polarization varies. This effect is interest-

ing by itself and may possibly yield to some applications.

A the same time it causes degradation of the degree of po-

larization at the sample from 96% down to 70%. In order

to account for this effect one may increase Rayleigh length

of the image waists. The easiest way to accomplish it is to

introduce an aperture at the location of the focusing element

(lens or mirror). We have numerically propagated the radia-

tion wavefronts with OCELOT code [9] and have found that

by blocking half of the radiation intensity with the square

aperture upstream the mirror it is possible to improve the

transversely integrated degree of polarization up to 95%,

almost reaching the on-axis value of 96%.
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In Fig. 4-(d) we present Stokes parameters for the case

when no temporal coherence is introduced to the density

modulation of the electron beam. Both radiation pulses

exhibit temporal structure of SASE radiation and, when

combined, show degree of linear polarization around 90%.

This value may potentially be improved by either decreasing

the total radiation slippage (installing shorter helical undula-

tors) or by increasing the coherence time with, for example,

pSASE technique [10]

It may be beneficial to utilize twin bunch technique [11]

instead of combination of corrugated structure and slotted

foil to obtain comparable results.

The extensive study of the proposed method will be pub-

lished elsewhere.

CONCLUSION

In this paper we presented a method to modulate the po-

larization state of the FEL radiation pulse along its posi-

tion. It can be achieved by introducing the microbunched

electron beam with a linear energy chirp into two helical

undulators located one after another. If magnetic field of the

undulators is tuned to emit right- and left-handed circular

polarization, then the resulting radiation would be linearly

polarized with polarization plane changing along the pulse,

i.e. polarization-shaped. If magnetic field in the undulators

is tuned to generate the linearly polarized radiation with or-

thogonal polarization planes, the resulting radiation will be

alternating between right and left circular polarization. This

method allows to scramble the polarization of FEL radiation

with rate of several Tera-radians per second.

Two short pulses with polarization-of-interest may be se-

lected by introducing a slotted foil in the accelerator. Both

pulses will be naturally overlapped and synchronized. One

can independently control their polarization state and tempo-

ral separation by varying: magnetic field of the phase-shifter

between the helical undulators, distance between the slots

in the slotted foil and the corrugated structure gap.

Degradation of polarization degree due to transverse ef-

fects can be accounted for by introducing apertures at focus-

ing mirror locations.
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