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Abstract

In order to measure the temporal structure of an electron beam at the injector part of the x-ray free electron laser (XFEL)
facility, SACLA, we designed and produced a L-band transverse deflector system. Since the injector part is equipped with
many acceleration cavities, the phase and amplitude of each cavity should be precisely adjusted to produce an electron
beam with a designed temporal structure. In SACLA, the electron beam generated by a thermionic gun is firstly
compressed by the velocity bunching process. Therefore, the goal of the L-band deflector is to measure the temporal
profile after the velocity bunching with a bunch length from 10 ps to 1 ns and to adjust the phase and amplitude of the
acceleration cavities in the injector. In order to cover the wide measurement range and to correct a rotating kick by the
longitudinal magnetic field of a solenoid lens, we designed a L-band deflecting cavity that can generate an arbitrary
polarization including both linear and circular ones. The produced cavity was installed into the SACLA injector and the
temporal profile of the electron beam was measured. A 100 ps-long bunch was appropriately streaked by the deflector for
both vertical and horizontal direction, and the temporal resolution was estimated to be approximately 10 ps. An energy
vs. time phase space structure was also measured at the dispersive part of a bunch compressor chicane. Thus, the L-band
deflector system provides helpful information for machine tuning.
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Figure 1: Schematic layout of the SACLA accelerator.
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Table 1: Beam Parameters and Requirements for the
TCAV

Beam energy ~1 MeV

Bunch length 10 ps — 1 ns (typically 30 ps)

Normalized emittance 1 mm mrad

Time resolution <3 ps for a 10 ps bunch

RF Field polarization  Linear and Circular (Selectable)

Beam size ~1 mm FWHM at the screen

Screen size 10 mm in diameter
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Figure 2: Electrlc field contour plot (left) and magnetic
field vector plot (right) of the TM110-mode in the TDS.
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Figure 3: Schematic setup of a transverse deflector
system with a linear polarization.
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Figure 4: Schematic setup of a transverse deflector
system with a circular polarization.
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Figure 5: Schematic drawing (left) and photograph
(right) of the L-band TCAV.

Table 2: Design Values of the L-band TCAV

Table 3: Low-Level RF Measurement Results

Resonant Frequency 1428 MHz
Resonant Mode TM110 (linear and circular)
Shunt Impedance 2.1 MQ

Input Power 2.5 kW max. for each port

Maximum Kick Angle 60 mrad for 1 MeV electrons
Cavity Inner Radius 256 mm

Cavity Inner length 60 mm

Unloaded Q (Qo) 2.3 x10*

Loaded Q (Qv) 9.5x 10°

External Q (Qext) 1.6 x10*

Filling Time 6.6 us
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Parameter Port 1 Port 2
Resonant Frequency 1428.0 MHz 1428.0 MHz
Unloaded Q (Qo) 1.78 x 10* 1.80 x 10*
Loaded Q (Qr) 8.19x 10° 8.35x 10°
External Q (Qext) 1.51 x 10* 1.56 x 10*
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Figure 6: Beam profile after L-APS.

Figure 7: Beam profile after L-APS with vertical
streaking (left) and horizontal one (right). The bunch
head is top (left) for vertical (horizontal) streaking.

Figure 8: Beam profile at the dispersive part of BC1
without streaking (left) and vertical streaking (right).
The high energy part is left for both images and the
bunch head is top for the right image.
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