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Abstract
The Advanced Photon Source (APS) injector includes an 2 EXPERIMENTAL BACKGROUND

Sband linac with the capability to accelerate beams to  The APS facility’s injector system uses a 250-MeV S-
650 MeV. The linac has recently been upgraded with the band electron linac and an in-line 450-MeV S-band
installation of an rf thermionic gun in addition to the positron linac. The original electron gun was a
standard DC thermionic gun. The rf gun is predicted to  conventional, gated DC thermionic gun. The diagnostics
have lower emittance (5t mm mrad) and may be used to ~ station was initially commissioned using this gun’s beam
support the APS self-amplified spontaneous emission [7]. More recently an rf thermionic gun was installed that
(SASE) experiments. The critical characterization of this IS designed to generate low-emittance beamsm(snfn
gun’s beam has begun with a beam diagnostics stationn@d). It is configured with an alpha magnet that allows
the end of the linac that can address beam transverse dpg&m injection just after the first linac accelerating section
emittance, and bunch length (peak current). This stati6h4]. Both in-line linacs can be phased to produce 50- to
uses both an optical transition radiation (OTR) screen @0-MeV electron beams when the positron converter
45 to the beam direction and a Ce-doped YAG singl@rget is retracted.
crystal normal to the beam with a°4girror behind it. ~ The predicted lower normalized emittance of beams
The visible light images are detected by a Vicon ccffom the rf thermionic gun and PC rf gun versus the DC
camera and a Hamamatsu C5680 synchroscan str@4 results in correspondingly smaller beam spot sizes.
camera. Spatial resolution of about 30n (o) and We have agdressed th|s_ at selected diagnostics stations by
temporal resolution of 1 pw) have been demonstrated.SWOpl,ernentlng or replacing the ;tandard Qhromox screen,
Examples of rf gun beam characterization at 220 MeV aY@th its approxmgte 20Qm spatial resolution and 300-
reported. ms decay t|me, with the OTR and_ Ce-doped YAG screens.
For the station at the end of the linac the OTR screen was
a molybdenum mirror from Melles Griot and oriented so
1 INTRODUCTION that its surface was at 430 the beam direction. The
The ongoing interest in high-brightness particle beams h@gped YAG crystal of 0.5 mm thickness (obtained from
been “stimulated” by the potential applications to selfStartec) was mounted with its surface normal to the beam
amplified spontaneous emission (SASE) free-electrfirection with a Zerodur mirror at 4%0 the beam just
laser experiments [1,2]. At the Advanced Photon Sour¢ghind it.
(APS) the injector linac has recently been upgraded withan glignment laser was injected on-axis into the bore of
the installation of an rf thermionic gun [3,4] and a lasefkne |inac just after the first accelerating structure and used
driven photocathode (PC) rf gun [5]. The rf gun iy assess the relative orientation of the two mirrors
predicted to have lower emittanceri(3nm mrad) and jnyvolved at the station. The laser was reflected into the
sufficient peak currents (~100A) to be used in the APg§ptical transport line and then used to simulate the path of
SASE experiments [6]. The PC rf gun is expected to havge visible light images. In the case of OTR, the direction
even better brightness [5]. The capability to characterigg the path is particularly critical since OTR is emitted
such beams includes a beam diagnostic station Wilound the angle of specular reflection. The visible light
improved spatial and temporal resolution that can addregss transported out of the linac tunnel to an optics table
beam transverse size, emittance, and bunch length (pgak two 150-mm-diameter achromat lenses and two
current). The station uses both optical transition radiatiqfiirrors. For these experiments the OTR or YAG:Ce light
(OTR) and a Ce-doped YAG single crystal normal to theould be viewed by a Vicon CCD camera and/or a
beam with a mirror behind it. The visible light image$iamamatsu C5680 dual-sweep streak camera. The
were detected by a charge-coupled device (CCD) camefmchroscan unit was phase-locked to 119.0 MHz, the 24
and a dual-sweep streak camera. Spatial resolution ®fbharmonic of the 2856-MHz linac frequency. A low-
about 30um (o) and temporal resolution of about 1 g3 (  jitter countdown circuit has been built using Motorola
have been demonstrated in earlier studies [7,8]. ExampeSLIN PS Logic to generate the "24ubharmonics with
of beam measurements for the rf gun are reported. sub-ps jitter [9]. The synchroscan unit was critical to the
bunch length measurements due to the lower
charge/micropulse in early experiments. The model
*Work supported by the U.S. Department of Energy, Office of Basic M5677 slow-sweep unit was used in the measurement of
Eneray Sciences, under Contract No. W-31-109-ENG-38. the YAG-Ce response time, which was previously
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reported [10] as about 80 ns (FWHM). Although beam
energies as high as 540 MeV have been used, one set of
data is at 220 MeV, the energy that would be used for
SASE experiments at 517 nm.

3 EXPERIMENTAL RESULTS

Preliminary results are reported in this section on rf gun
beam transverse size, emittance, and bunch Iength.
Additionally, the measurement of the YAG:Ce crysta
response time is reported.

3.1 Beam Transverse Sze

Recently measurements at 220 MeV were performed on
the beam at the end of the linac. Beam images were
obtained with both the YAG:Ce crystal and the OTR
converter. Figure 1 shows an example of the beam vertical
profile using OTR. The MAC-TA agorithm calculated a
spot size of ~170 um (FWHM) that corresponds to about
72 um (0), assuming a Gaussian-shaped profile. The
aspect ratio (H:V) was about 4:1 for this beam focus.
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Figure 1: An example of the rf thermionic gun’s vertical
beam profile: 17um (FWHM).

3.2 Preliminary Emittance

Having obtained reasonable transport and focus of th
beam, an evaluation of the beam emittance was performe

by the standard tracking of beam size with the quadrupol @a

field strength of an upstream magnet. In this screel
position there were two quadrupoles that were available t
be adjusted. A script developed by M. Borland was
adapted that automatically stepped the fields and logge
the measured beam sizes via the EPICS process variabl

3. The data are consistent with normalized emittarges,

= 8.8mmm mrad ancty = 9.5mmm mrad for a 25-mA
macropulse current. Errors are estimated as 20-30%.
Simulations of this particular rf gun setup widegant

[12] have reproduced the emittance asymmetry between
the two planes. It is noted that the measured and computed
emittance ratios are similar although the measured values
are 60% higher. These measurements were made without
an energy filter in the alpha magnet. As a result, the beam
contains a trailing, low-energy component that is expected
to significantly increase the projected (but not slice)
emittance. Although this low-energy “tail” contains only a
small fraction of the total charge (approximately 10% of
the total bunch charge by the time the bunch reaches the
end of the linac), it is the greatest contribution to the
projected  (longitudinal ~ whole-beam)  emittance.
Considerably lower measured emittances are expected
once the alpha magnet energy filter has been installed.

Horizontal spot size (pixels)

Figure 2: Variations of the observed horizontal beam size
with the two upstream quadrupoles Q9 and Q10.
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[11]. As shown in Fig. 2, the horizontal beam size can dggure 3: An example of the quadupole field scan versus
minimized by selecting a combination of fields from thebserved beam sizess, (circles) ando,, (triangles).

linac-to-PAR magnets LTPQ9 and LTPQ10. The Makmittances o,

y < 10Ttmm mrad were determined from

Video-20 digitized data were fit to Gaussian profiles ithe fitted CUFVES

this case. An example of emittance data is shown in Fig.
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3.3 YAG:Ce Crystal Response Time year at high macropulse currents of the rf gun and on the
PC rf gun.

The rf gun’s macropulse is typically 30 to 40 ns, shorter g

than the 80-ns (FWHM) response time of YAG:Ce 5 ACKNOWLEDGEMENTS

reported by Graves et al. [10]. This would preclude any

submacropulse imaging with this converter. We have usddie authors acknowledge M. Borland for adaptation of the
the slow sweep streak module operating asfull range On-line emittance software package for this linac case.
to assess the actual response times of our specific crystals.
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3.4 Bunch Length Measurements

Assessments of micropulse-averaged bunch length using
the synchroscan streak camera have begun. Preliminary
results at 540 MeV and for macropulse currents of less
than 150 mA are 3-4 pw). Low signal levels required
averaging over about 30 macropulses (few seconds) and
so may involve some phase slew blurring the image and
lengthening the apparent size. Measurements with the
optimized gun and an optimized optical path at 220 MeV
are planned. Use of a fifth-harmonic cavity signal to
optimize bunch length was previously reported by
Lewellen et al. [4].

4 SUMMARY

In summary, a diagnostics station that can support the
characterization of bright electron beams at the end of the
APS linac has been tested. It has also been used to attain
preliminary data for the rf thermionic gun beam quality at
low beam currents. Further experiments are planned this
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