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Abstract

Recently, manipulation with the UV driving laser plays
a significant role in high brightness electron beam pro-
duction by the photocathode RF gun. The method based
on pulse stacking with birefringent crystal serials was
tried to longitudinally shape ultraviolet laser pulse. Using
four or five pieces of a-BBO crystals to stack an input
UV pulse with appropriate initial duration into 16 or 32
sub-pulses is able to form quasi flattop UV laser pulse,
which can be applied for emittance optimization of the
electron beam based on the photocathode RF gun. More-
over, the negative slop of the energy transmittance of a-
BBO serials is also revealed to be a passive stabilization
mechanism for energy jitter reduction in the driving laser.
With appropriate design of a-BBO serials, this method
can fulfil the requirements for driving laser in a broad
scope of applications such as x-ray FELs and high-power
Terahertz(THz) radiation production.

INTRODUCTION

High brightness electron beams based on the photo-
cathode RF gun are playing an increasing significant role
in many scientific fields such as UED. Thomson scatter-
ing based X-ray light sources. coherent THz production
and FEL. Spatially and temporally shaped ultrashort ul-
traviolet(UV) laser pulses are utilized to illuminate the
copper photocathode at our laboratory in order to produce
the desired high intensity electron beams[1-3].

It has been assumed that the initial temporal distribu-
tion of the electron beam is the same as that of the laser
pulse, so electron beams with arbitrary temporal profile
can be achieved by laser pulse shaping duo to the negligi-
ble emission time of the photocathode illuminated by the
ultrashort driving laser pulses. The quasi flattop UV laser
pulse formed by shaping method based on the birefringent
a-BBO crystal serials can be applied to reduce the initial
emittance of the electron beam from the photocathode RF
gun[3]. The beam length can also be controlled by chang-
ing the initial pulse duration. In practice, for S-band pho-
tocathode RF gun the optimal drive laser has duration of
about 10ps and the rising/falling edge should be less than
1ps.In recent years, several shaping methods for ultrashort
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laser pulse have been developed such as frequency do-
main shaping technique represented by the AOPDF[4]for
temporally flattop pulse production. Other methods such
as Neumann’s method by Fabre—Perot interferometer,
pulse stacking by beam splitter plates [5], or by polarizing
beam splitter cubes[6] have also been proposed and test-
ed. Due to lack of material that can transmit UV light, the
feasibilities of using a-BBO crystals, which can transmit
UV light[6-7] has been investigated and employed .

For electron beams another key requirement besides the
low emittance is that the rms beam charge jitter should be
less than a certain value, typically 2%, so it demands that
the UV laser pulse energy jitter should be less than 2%
rms. Efforts have been tried to reduce the energy jitter of
UV laser. Active stabilizing of the pump lasers is applied
to meet the requirement for the UV energy jitter (2% rms
) to guarantee the peak current jitter (12% rms) at the
undulator in the design of Linac Coherent Light
Source(LCLS) I andII[8]. In the SwissFEL, multiplex-
ing of six ultra-stable diode-based pump lasers and com-
plex pre-compensation loop are applied to achieve 0.54%
energy jitter in IR for pulse energy of about 20mJ[9]. In
the FERMI system[10], the UV laser energy jitter is de-
signed to be 3% rms to ease the parameter realization. In
this paper, a passive mechanism for energy jitter reduc-
tion in UV is investigated by taking advantage of the
negative slope of the UV energy transmittance in the
cascaded pulse stacking system mentioned above employ-
ing a-BBO crystals[11].

PRINCIPLE

Pulse Stacking by a-BBO Crystals

The a-BBO crystal is a kind of negative, uniaxial crys-
tal with the centrosymmetric crystal structure, which is
excellent material for linear optics due to its large bire-
fringence over the broad transparency range from 190nm
to 3500nm and its extraordinary axis lies in its surface
and perpendicular to the incident laser pulse. Its Sellmeier
equation for ordinary and extraordinary light are ex-
pressed as:

W) = (27471 + 0.01878 0.01354A2 (n
M= 14 2 —001822

M) = 23171+ 0.01224 0.01516A2 )
el = 14 2001667
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Where the A is the central wavelength. For the UV driving
laser at central wavelength 266.7nm , ny(A) =
2.031,n,(A) = 1.778. So the relative retardation T Cin
ps) after propagation in the crystal for length L (in mm
) between two types of linear polarized light centred at
wavelength 266.7nm satisfies L = ¢T/(n, — n,) where
¢(2.99792458 x 108m/s)is the velocity of light in vac-
uum, as show in Fig.1. A crystal with a thickness of Imm
can make the relative retardation to be 0.856ps.

Figure 1: The principle of birefringent crystal: the rela-
tive retardation will be produced between ordinary
light(o) and extraordinary(e) light through a- BBO crys-
tal.

As described above, if linear polarized sub-ps UV laser
pulse entered at 266.7nm is normally incident on the left
surface of a-BBO crystal, with the angle between the
polarization direction and extraordinary axis to be 45°
then 1mm thick a-BBO crystal will split the input pulse
into two perpendicular polarized sub-pulse with 0.856ps
duration. Suppose there is four pieces of a-BBO crystals
with thickness Ly/2™ (n=0.,1,2,3) placed successfully
as depicted in Fig.2.

Figure 2: schematic of four pieces of a-BBO.

The extraordinary axis of the odd crystals is parallel
with the original input pulse polarization direction, while
the extraordinary axis of the even crystals is tuned to be
45° with that of adjacent crystals. The crystal serials will
produce such pulse train including 16 alternatively varied
polarization sub-pulses with equal spacing and amplitude,
shown in Fig.3. The appropriate design of initial incident

pulse length can make the stacking pulse to be quasi flat-
top laser.
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Figure 3: The incident UV pulse can be split into 16 sub-
pulses with alternatively varied polarization by a-BBO
crystal serials.
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Energy Jitter Reduction by a-BBO Crystals

The experimental set-up is also shown in Fig.2. The in-
cident laser is generated by the terawatt Ti:sapphire laser
system and the adjacent frequency tripler with central
wavelength of 266.7nm. The schematic of four pieces of
a-BBO can make the stacking pulse to be quasi flattop
laser. Only part of the incident laser energy can be trans-
mitted in cascaded crystals. The transmittance which is
defined as the ratio of the transmitted pulse energy to the
incident pulse energy can be influenced by the thickness
of the crystals, line-width and peak intensity of the inci-
dent laser.

In this experiment, the duration(FWHM) of the pulse
with 9nm bandwidth is compressed to 1.1ps with residual
nonlinear chirp by the grating compressor before it is
injected into the cascaded crystals. The effective beam
diameter is around 9mm. The maximum pulse energy
achievable is around 1mlJ. In our set-up, the thicknesses of
the crystals are 4.8, 2.4, 1.2, 0.6mm separately.

In a practical laser system, there are many elements that
contribute to the unwanted energy jitter of the output UV
pulse, such as energy jitter of the oscillator, the fluctua-
tion of the pump power and other environmental factors.
Another property of a-BBO crystal about UV laser ener-
gy-absorbing can be applied to build a passive mechanism
for energy jitter reduction in UV. Assuming that the ener-
gy of transmitted UV laser is given as E,, =

n (Ey) Eip» where then (Ej;,) is the function of the

incident laser energy E;,, therefore, the relation of energy
variation can be obtained via differential manipulation.

dEout — dn(Ein) dEin
Eout n(Ein) Ein

As is show in Eq.(3), besides the energy jitter of the in-
cident laser, the energy jitter of the transmitted laser is
also partially determined by the relative variation of the
energy transmittance of UV laser. Therefore, if the trans-
mittance decreases with the increasing incident laser
intensity, the UV energy jitter can be reduced to produce
more stable electron beams. Defining R as the ratio of the
relative energy jitter of the transmitted laser energy com-
pared to that of the incident laser, thus,

dEout dEinl — |1 + dn(Ein) Ein
Eout Ein dEin T](Ein)

In the function, dn(E;,)/dE;, represents the slope of
the energy-transmittance curve, therefore negative slope
of the energy transmittance can reduce the energy jitter of
the transmitted laser which is required to produce the high
quality electron beam.

EXPERIMENTAL RESULTS
Pulse Stacking by a-BBO Crystals

As mentioned above, the desired UV laser has duration
of 10ps and the rising/falling edge should be reduced to
less than 1ps. The initial UV pulse length should be de-
signed appropriately as shown in Table 1.
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Table 1: The Stacking Result with 16 Gaussian Pulse
in Different Parameters

dlljrllziltsif)n irﬁziizll rising/falling Flucguation qu;jllsgegltﬁg
(ps) (ps) edge (ps) (%) tion(ps)
0.625 0.625 0.46 11.4% 9.97
0.65 0.60 0.52 6.13% 9.58
0.70 0.55 0.59 1.25% 8.79
0.70 0.60 0.59 3.15% 9.59
0.80 0.675 0.69 2.69% 10.79
0.80 0.60 0.67 0.71% 9.60
1.00 0.60 0.80 0.02% 9.60

As shown above in Table 1, the initial pulse with
FWHM duration range from 0.65ps to 1.0ps while the
pulse interval equals 0.6ps can satisfied the ideal require-
ment. While the input pulse duration range from 0.80ps to
1.0ps, the fluctuation is smaller and the stacking result is
most similar to the quasi flattop UV laser pulse as shown
in Fig.4(Left).

In the experiment , the initial UV pulse temporal profile
was measured by cross-correlation method. The stacking
result can be obtained by stacking the measured profile,
as shown in Fig.4(Right).

——1,=0.65ps, T=0.60ps
70ps, T=0.60ps Zoa
80ps, T=0.60ps
00ps, T=0.60ps

Intensity/a.u.

time/ps

Figure 4: Left: the stacking result with 16 Gaussian pulse
in different parameters(to:Gaussion pulse FWHM dura-
tion, T:pulse interval between pulses) Right: the actual
stacking result (t;=1.1ps, T=0.505ps.

x (pixel)
w S &
S 3 3
m

100 200 300 400 500
v (pixel)

! A VYT
/
200 300 400 500

100

e
n

Normalized Intensity

=]

v (pixel)
Figure 5: The electron longitudinal distribution produced
by the stacked UV laser.

The electron longitudinal distribution measured by RF
deflecting cavity at low beam charge is shown in Fig.5.
As mentioned above, the UV temporal distribution is
quasi flattop distribution and as agrees with that of the
laser pulse.

Energy Jitter Reduction by a-BBO Crystals

The experimental results are shown in Fig.6 and 7. As
can be seen in Fig.6, the energy transmittance decreases
and the energy absorptivity increases monotonically from
lower energy to higher energy. As has been shown in-

02 Photon Sources and Electron Accelerators

T25 Lasers

THPOWO059

Figure 6: The transmittance and absorptivity of a- BBO.

Figure 7:Left: the energy jitter of input laser and trans -
mitted laser. Right: the relative energy jitter of input laser
and transmitted laser.

Fig.7, the energy jitter of the input UV pulses (blue curve)
is almost a constant around 1.6%. However, the energy
jitter of the transmitted quasi flattop UV laser pulse (or-
ange curve) is almost same as that of the input pulse for
low UV energy but then decrease almost linearly to 0.6%
with high UV energy. This effect shows that the negative
slope of the transmittance can be applied for passive sta-
bilization of the UV pulse energy.

CONCLUSION

In this paper, the pulse stacking method using birefrin-
gent crystal of a-BBO serials and corresponding the pas-
sive energy jitter reduction mechanism can be applied to
directly shape UV laser pulse into a 10ps-spaced quasi
flattop pulse and the energy jitter can be reduced into
nearly half of input laser which is required to obtain flat-
ter pulse plateau and better beam quality.
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