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TIME-RESOLVED IMAGING FOR THE APS LINAC BEAMS*
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Abstract
The particle-beam imaging diagnostics for the Advanced
Photon Source (APS) injector lime have been enhanced by
the instzdlation of optical transition radiation (OTR) screens
and the use of Cc-doped YAG crystals as beam profile
monitors. Both converters have improved spatial resolution
and time responses compared to the standard Chromox
(A120$Cr) screens used elsewhere in the linac. These
enhancements allow us to address the smaller beam sizes (<
100 W) and the critical micropulse bunch length of higher
brightness gun sources For the Linac macropulse of 30-ns
duration composed of 86 micropukes at S-band frequency
intervals, only the OTR mechanism is prompt enough to
separate individual micropdses and to allow streak camera
measurements of the mieropulse averaged bunch length.
Tests have been performed at 400 to 625 MeV using the
gatedDC therrnionicgun source.Beam sizes less than
c7X=30pm have been obsewed with a micropulse bunch
length of at= 2-3 ps using OTR. First resuks on the loweremittance rf thermionic gun are brieff y discussed.

1 INTRODUCTION
The imaging of particle beams on Iinacs via intercepting
screens and video cameras is a well-established practice.
However, the time-resolving of individual micropulses in
an rf linac macropulse and the measuring of micropulse
bunch length requires a radiation conversion mechanism
that is prompt compared to the time scale of interest [1]. In
the case of the Advanced Photon Source (APS) injector
lime, the addition of a lower emittance gun and the critical
need for high peak currents in the developing self-amplified
spontaneous emission (SASE) free-electron laser (EEL)
application have motivated our enhancement of these diagnostics [2]. Opticzd transition radiation (OTR) screens ,and
Cc-doped YAG crystals have been installed in selected
places in the beam line. Both converters have improved spatial resolution and time responses compared to the smnd.ard
Chromox (Alz03:Cr) screens used elsewhere in the lin:lc.
Of the three converters only the OTR screens provide the
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response required to separate the S-band micropuks and to
alIow streak camera measurements of the microptdse averaged bunch length and longitudinal profile. At low currents
the YAG:Ce provides good spatial resolution like OTR but
we report an appment “size-bhming” effect for the
YAG:Ce converter as current is increased that may limit its
usefulness. Many tests have been performed at 400 to 625
MeV using the gated DC thermionic gun source to commission the diagnostics, and the tirst results with the tf thermionic gun were obtained in the summer of 1998.

2 EXPERIMENTAL BACKGROUND
TheAPS facility’s injector system uses a 250-MeV S-band
electron linac and an in-line 450-MeV S-band positron
finac. The primary electron gun is a conventional gated DC
thermionic gun. For one alternate configuration an rf thermionic gun, designed to generate Iow-emittance beams (< 5
z mm mrad) and configured with an a magnet, injects beam
just after the first Iinae accelerating section [3,4]. Then both
in-line Iinacs can be phased to produce 100- to 650-MeV
electxon beams when the positron converter target is
retracted.
The rf gun’s predicted, normalized emittance at higher
peak current is lower than that expected of the DC gun, and
correspondingly smaller beam spot sizes (e 100pm) should
result. In an early test we used a Ti OTR foil to cover half
of a standard intercepting screen based on Chromox of 0.25
mm thickness (rotated 45° to the beam). The 45° angle also
directed the OTR light out the same 90° port as the Chromox radiation. Previous experiences on the Los Alamos
linac-driven FEL with a low-emittance photcdecrnc irtjector (PEI) showed the OTR screens could be used for profiling small beams [5]. This assembly allowed us to steer the
e-beam from one converter to the other to compare
observed beam spot sizes for spatial resolution tests and
assess response time. Because the Chromox decay was so
slow, we used a Spiricon video digitizer that could digitize
and save images to disk at a 15-Hz rate. This proved more
than adequate to track the Chromox decay time.
In addition, we subsequently installed a Cc-doped YAG
single crystal of 0.5 mm thickness (obtained from Startec)
normal to the beam direction with a polished metal mimer
at 45° to the beam just behind it. A separate actuator was
used to insert the OTR screen (Molybdenum mirror horn
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has been applied to the distribution prior to histogramming.
Photons below 1.0 MeV are incapable of e+e- pair production. The distribution peaks at 1.5 MeV and has a standard
deviation of 2.4 MeV. Less than 9x 10-2 photons per electron have energies greater than 6 MeV.

StDev= 2.41MeV
Mean = 3.37MeV

layers, and squares indicate the production when electromagnetic extraction is applied. In the latter simulations,
the total output Iepton distribution from each segment was
removed and only the photon distribution was used as input to the simulation of the following segment. This possibly leads to an underestimation of the positron count after
the second and third layers. In practice, energetic electrons
would not be removed by the applied field, though the total beam divergence would be increased, and they could
contribute to the positron creation through bremsstrahlung.
As shown in the figure, photons produce 68% of the total
positron count in the second segment, and 89% in the third
segment.
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Figure 2: Photon energy distribution from 14-MeV electrons on a 1.2-mm tungsten target.
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SIMULATION RESULTS

Our simulations were performed with the program EGS4
[6], together with a C-language user-interface code,
“shower” [7]. We smdied the positron-production efficiencies of single-block and multilayer targets at several energies. Optimized multilayer targets are able to produce
more positrons than single-block targets for a fixed incoming beam energy. For multilayer targets, we examined the
production rates with and without electromagnetic extraction between target layers.
The forward positron production as a function of singleblock tungsten target thickness is shown in Fig. 3 for 8MeV and 14-MeV electrons. For the higher-energy beam,
the production peaks around target thicknesses of 2.5 mm.
The production from the 8-MeV beam roughly follows a
similar curve. The variations seen in the figure are within
the statistical fluctuations of the Monte Carlo process. The
number of positrons increases by a factor of 4.5 for a 1.75
increase in beam energy. For target thicknesses greater then
2.5 mm, many positrons are lost in the material decreasing
the yield.
Figure 4 shows the forward positron production for a
three-layer tungsten target of 1.2-, 0.6-, and 0.6-mm-long
segments, respectively. The incident electron beam energy
is 14 MeV.
In the figure, circles indicate the number of positrons
produced when no electromagnetic field is applied between
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Figure 3: Positron production as a function of target thickness for two electron energies.
We used our high-energy simulation results as a guide to
optimize the multilayer target for a 14-MeV incident beam.
Specifically, we analyzed the positron production as a function of target thickness and the output electron and photon
mean energy variations to determine the optimal segment
thicknesses of a multilayer target. At 400 MeV, the best
target configuration is a 10.5-mm-long, five-layer target.
The 10.5-mm length is determined by the optimized singleblock target length.
The highest production differentials between layers occur when there is a 25% variation in thickness from the
first to the second layer and none or a small variation in
thickness between the last two layers. The output electron
mean-energy change from layer to layer is also a factor.
Yield is best when the energy decreases by about 50% in
the first two layers, and by 30% to 10% in the last layers. These observations, together with the single-block target results at low energies, led to a three-layer target with
segment thicknesses of 1.2, 0.9 and 0.9 mm, respectively,
as a candidate for an optimized low-energy target. Further simulations showed that the positron production is in-
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creased by 26% when the last-segment is 0.6-mm long. For
the optimized 1.2-/O.9-/6.mmmmtarget, the total number of
positrons whose energies are S 6 MeV is 1.3ex 10-2 per
incoming 14-MeV electron.
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Figure 4: Comparison of the number of positrons produced
by 14-MeV electrons on a three-layer targe~ with and without electromagnetic extraction between layers.
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OPTIONS FOR A LOW-ENERGY
POSITRON SOURCE AT APS

The linac’s DC thermionic electron gun has been supplemented by a thermionic rf gun [8], and additional
thermionic and low-emittance photocathode rf guns will
soon be installed. These guns will be able to handle the task
of storage ring injection, thus allowing the DC thermionic
gun to be used for other purposes.
The DC gun is currently being re-packaged for greater
space efficiency. The gun, together with its buncher and accelerating structure, could be located in the Iinac tunnel under the rf photocathode gun girder. Assuming good beam
optics, at least 13 kW of beam power could still be obtained at 150 MeV. If used to produce a low-energy, highpower beam, the gun and its associated rf structures could
operate semi-independently of the APS. The bunchers and
accelerating structure could receive rf power from the output load of one of the linac accelerating structures. We
estimate that the linac could produce a few kW of beam
power in low-energy mode. Available beam power in such
a low-energy machine could be significantly increased by
changing from pulsed to CW operation, and using superconducting rf structures.

be constructed. For an incident 14-MeV electron beam, we
estimate that a ffux of 10x 107 positrons per second carsbe
achieved, assuming a conservative moderation efficiency of
1OX1O-3.
PIans are now underway to measure the positron and
slow positron yields at another local facility with beam
characteristics similar to what we have considered in this
paper. Use of low-energy electrons to drive a slow
positron source has the advantage that it could be a semiindependent setup. Various configurations for such a
source have been investigated. Some options allow operation of the slow positron source in parallel with other APS
operations, while operation of other configurations is more
constrained.
An additional advantage of the low-energy driver is
that extraction and guide voltages for the unmoderated
positrons can be lower, since they are produced at lower
energies. The disadvantages are lower positron production
rates per incident electron. T’he beam power and thus the
positron production rate can be improved by increasing the
electron current. At high power and low energy, target ablation will likely be a problem. Detailed thermal analysis
must be carried outj and careful monitoring of the target
and support structures must be envisioned.
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CONCLUSIONS

A slow-positron source with reasonable slow-positron
yield and with a relatively low neutron background could

and M. White “Operation of the APS RF Gun,” these proceedings.

