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HOHFWURQ EHDP� KLJK PRGXODULW\� DQG HDVH RI

LPSOHPHQWDWLRQ� :H GLVFXVV H[SHULPHQWDO UHVXOWV DQG

IXWXUH SURVSHFWV�
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This paper is devoted to illustrate the setting up of a RF-
based streak Camera (RFC). Beam deflection was
accomplished by replacing the standard deflecting plates
of a conventional streak camera (SC) by a RF cavity

 located just after the accelerating optics.
The magnetic field in the cavity imparts a transverse

force to incoming electrons, whose direction depends on
the time at which each individual electron enters the
cavity, i.e. on the RF-phase experienced by an incoming
electron (circular scanning) [1]. The high sweep speed,
which is possible by the method, envisaged sub-ps
resolution [2]. The other components of a streak camera
keep unchanged.

The circular deflection of an electron beam can be
performed by transverse magnetic field of TM110 mode
with circular polarization in a cylindrical cavity. Circular
polarization is provided by exciting two orthogonal modes
shifted by �/2 rad in phase.

A complete treatment on theoretical basis for the RFC
can be found in Ref. [3].

Figure 1  Schematic drawing of the experimental apparatus
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The setup of the experiment is sketched in Fig. 1. It
basically consisted of three parts: electron gun, chopper-
system, and RFC.

In order to test the time resolution of the RFC, one had
to provide a sub-picosecond electron bunch. Since the
existing GaAs photo-gun operated at 40 kV [4] was
unable to deliver electron bunches shorter than 60 ps, a
system to form a sub-ps electron bunch was implemented.
This was a chopper consisting of deflecting cavity C1,
drift tube, and slit S (see Fig.1(a)). An iris with 400 µm
aperture was installed to reduce transverse beam size at
the entrance. The slit width of the chopper could be varied
through micrometric control.

The deflecting cavity was axially symmetric and made
of OFHC copper. The electromagnetic field of the TM110
mode inside the cavity was excited through magnetic
loop. The bunch outcoming the cavity was swept on the
horizontal plane and hit onto a vertical slit. In our case a
minimum beam size of about 200 µm provided a
minimum bunch length of 0.7 ps at the exit of the chopper
system. This way the electron bunch passing through the
chopper cavity was sufficiently short to calibrate the RFC.

The measuring part of the experimental apparatus—
strictly speaking—the RFC consisted of deflecting cavity
C2, drift tube, detector DEC and magnetic lens ML4.
Cavity C2 had the same design as the chopper cavity (C1)
but was fed by two orthogonal TM110 modes, resulting in
a rotating magnetic field orthogonal to the cavity axis.
Each mode was excited by separate magnetic loop. The
two loops were geometrically at right angle and fed by
two RF amplifiers, reciprocally shifted by π/2 rad in
phase. The resonant frequency of each mode could be
separately adjusted by means of two piston tuners.

Deflected electrons passed through the drift tube and
were collected by position sensitive detector. This was a
two-stage MCP coupled to a circular phosphor screen 28
mm in diameter (see Fig.1(b)). High voltage of 4 kV was
applied between the backside of the MCP and the screen.
The image on the screen was read out by a charge coupled
device (CCD) camera and acquired by computer. The
overall resolution of the detector was about 60 µm (rms)
mainly limited by the MCP.

A pulsed RF-power amplifier with three separate
channels was used to feed both the chopper and the
measuring cavities. Output power up to 800 W could be
independently controlled on each channel. Phase
difference between the two channels could be varied by
coaxial phaseshifter. The signal of the mode-locking RF
generator of the laser was multiplied by 64 in frequency
and used as an input for the amplifier. This scheme
provided synchronization between electron bunch and
chopper phase.

Figure 2. Image of a circularly scanned beam on the
phosphor screen. The chopper cavity is switched off.
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We firstly adjusted the optics to focalize the beam as
much as possible onto the screen. It was measured that the
profile of the spot exhibited an rms size of 1.7 pixels, i.e.
about 100 µm—limited by beam emittance.

Then the RF power was fed on the cavity and phase
shift between the two modes was optimized to achieve an
arc of a circumference for the beam trace as shown in Fig.
2. The arc was not a complete circumference because the
laser pulse was shorter than one RF period. The radius of
deflection drawn by electrons on the screen is an
important parameter since it is bounded up to the
resolution of the instrument. Measuring the radius allowed
one to calibrate the RFC: here a diameter of 314 pixels
was measured, corresponding to 18.5 mm.

The response of the RFC to a short electron bunch was
tested using the chopper system and the adjustable slit. As
the RF power on the chopper cavity was supplied, short
electron bunches entered the RFC and were analyzed as
shown in Fig. 3, where a beam-trace image and its cross-
section are shown. The resolution of the instrument was
sufficiently high to follow the profile of the electron
bunch.

The ultimate capability of the RFC in terms of
resolution can be determined by probing through even
shorter electron bunches. As the RF power on the chopper
cavity was raised, the outcoming electron bunch became
shorter, like illustrated in Fig. 4. Error bars are rms values
of the distribution obtained after a large number of
measurements. The dashed line represents the resolution
limit achievable by the instrument in the present
configuration, i.e. 700 fs (rms).
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On the basis of the experience we gained during execution
of measurements, the RFC exhibits the following
advantages:
�� 0LFURVHFRQG DFFXUDF\ IRU WULJJHULQJ LV QHHGHG LQ

FRQWUDVW ZLWK QRUPDO 6&V ZKHUH WULJJHULQJ PD\ RIWHQ EH D

VHULRXV SUREOHP� ,Q DGGLWLRQ WKH SRVLWLRQ RI WKH WUDFH RQ

WKH VFUHHQ PD\ SURYLGH LQIRUPDWLRQ RQ WKH SKDVH RI WKH

LQFRPLQJ EXQFK ZLWK UHVSHFW WR WKH 5) ILHOG�

)LJXUH �� 'HSHQGHQFH RI EXQFK OHQJWK RQ 5) SRZHU

�� 7KH DFFHOHUDWLQJ YROWDJH RI FRQYHQWLRQDO 6& LV XVXDOO\

QR KLJKHU WKDQ �� N9� 7KLV PHDQV WKDW VSDFH FKDUJH PD\

KDYH QRQ�QHJOLJLEOH HIIHFW DQG OLPLW WKH SHUIRUPDQFH RI D

6&� 2Q WKH FRQWUDU\� VLQFH HOHFWURQ GHIOHFWLRQ LV GULYHQ E\

PDJQHWLF ILHOG IRU WKH 5)&� D EHQGLQJ IRUFH SURSRUWLRQDO

WR WKH EXQFK YHORFLW\ LV H[HUWHG� 2SHUDWLRQ XS WR �� N9

ZDV SURYHQ� OHDGLQJ WR VLJQLILFDQWO\ ZHDNHU GHSHQGHQFH

RQ VSDFH FKDUJH�

3) The RFC consists of separate modules: electron
source, electron gun, deflecting system and detector. Each
module can be conceived to be a part of a general-purpose
instrument.
4) The RFC was shown to feature a resolution no worse
than 700 fs (rms). However it is far from any physical
limitation and further improvement should be obtained by
increasing the angle of deflection or the screen size.
Alternatively one may resort to higher frequency cavities.

$ QHZO\ GHVLJQHG FRPSDFW 5)& EDVHG RQ WKH VDPH

5) FDYLW\ DV ZH XVHG LV FXUUHQWO\ XQGHU WHVW �)LJ� ���

([SHFWHG UHVROXWLRQ VKRXOG EH ORZHU WKDQ WKDW ZH

PHDVXUHG GXH WR EHWWHU EHDP TXDOLW\�
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