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Abstract 2 EXPERIMENTAL BACKGROUND

At the Advanced Photon Source (APS), an alternate The APS facility’s injector system uses a 250-MeV
configuration of the injector linacs (low-energy undulat®-band electron linac and in-line S-band 450-MeV
test line) using an rf gun as the source is projected to ppesitron linac. The electron gun is a conventional thermi-
vide low, normalized emittance electron beams~ 51 onic gun in standard operations. For the alternate configu-
mm mrad). In order to characterize such beams, thgion, an rf thermionic gun, designed to generate low-
present intercepting Chromox screens with limited spatighittance beams (<& mm mrad) and configured with an
resolution and temporal response are being complemendeghagnet, injects beam just after the first linac accelerat-
by optical transition radiation (OTR) screens at select@itly section [4]. Then both in-line linacs can be phased to
positions in the beamline to provide sub-100 spatial produce 100-650 MeV electron beams when the positron
resolution and sub-ps response times. Both gated camemserter target is retracted.
and streak cameras will be used to measure the beam prop-The rf-gun projected, normalized emittance is orders
erties. Additionally, coherent transition radiation (CTR)f magnitude lower than the conventional gun and corre-
and diffraction radiation (DR) based techniques will bgpondingly much smaller beam spot sizgg, (= 100um)
evaluated. These beam characterizations will support sgffsyit than from the conventional gun. The standard inter-
amplified spontaneous emission (SASE) scaling expegkpting screens are based on Chromox of mm-thickness
ments. and with a 300-ms decay time [8]. Previous experiences

on the Los Alamos linac-driven free-electron laser (FEL)
1 INTRODUCTION with a low-emittance photoelectric injector (PEI) support

An increased interest in diffraction-limited lightthe applicability of optical transition radiation screens in
sources for the next generation sources and the implemgiis case [9]. A summary of beam properties is given in
tation of prototype or scaling experiments has been evidgable 1. Initial tests of a Ti foil used as an OTR screen at a
since the Fourth Generation Light Source Workshop heddam energy of 650 MeV are described in the next section.
in Grenoble in January 1996 [1]. At the Advanced Photon
Source (APS), a research and development effort had been
underway for several years [2, 3, 4] to use the injectbable 1: APS Linac Beam Properties in the Low-emittance

linacs with a low-emittance electron beam source. More Mode (rf Gun)

specifically, an rf thermionic gun would be used for injec-=

tion into the 100-to 650-MeV linac subsystem based on th¥ frequency (MHz) 2856
gxisting 200-MeV elegtron Iingc and 450-MeV positrong.. energy (MeV) 100-650
linac. The low, normalized emittance beamms<(5mmm

mrad) require an upgrade to the existing Chromox viewingvlicropulse charge (pc) 350
screens for characterization of beam transverse size and ]

bunch length. We are in the process of installing opticaMicropulse duration (ps) 3-5 (FWHM)
transition _radiation (QTR) screens at ;elected positions iN/IacropuIse length (ns) 30

the beamline to provide sub-10é spatial resolution and

sub-ps response times [5, 6]. In order to compensate fiMacropulse repetition rate (Hz) 1-20
the reduced brightness of this conversion mechanism, both . .

gated, intensified cameras and streak cameras will be usb@rmalized emittancemm mrad)  ~5 (1)

to measure the beam properties. Initial tests with beam at

650 MeV have been done with a charge-injection device

(CID) camera. Additionally, the feasibility of using coher-

ent transition radiation (CTR) and diffraction radiation 3 BEAM CHARACTERIZATIONS

(DR) based techniques will be evaluated. The diagnostics a general description of the proposed techniques for

will be used to characterize, optimize, and monitor thgam characterization is given in Ref. 2. A subset of those

bright beams needed to support self-amplified spontaneggged on optical techniques and now in the installation and
emission (SASE) scaling experiments\at 120 nm and a testing stage are presented here.

beam energy of 400 MeV as described separately [7].
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3.1 Transverse Characterizations

Although beam position monitors are also planned
using the stripline pickup technology, the transverse beam
sizes and profiles are key to evaluating the beam emittance
and its preservation throughout the accelerator and trans-
port lines.

At the 50-MeV station, two additional OTR screens
are being installed. Although their axial spacing is less
than 1 meter, beam quality will be initially checked at this
point using the two-screen beam size measurement tech-
nigue as well as the beam size versus quadrupole-field
strength scan technique.

Another key station is at the end of the linac in the
transport line, nominally the 650-MeV station. At thisFigure 1. One of the first OTR images of APS linac
point an optical transport line is being installed to bring thdseam at 650 MeV and ~3 nC in a macropulse from the
OTR light to an optical table outside of the linac tunnelconventional thermionic gun. A two-frame average was
This table will provide an experimental base for measureadsed to improve the statistics.
ments with a gated, intensified charge-coupled device
(ICCD) camera (Stanford Computer Optics, Quik-05A).
With the microchannel plate (MCP)-based shutter, 5-ns- 16 =
wide samples from the beam macropulse are possible. The Af
gain factor of the MCP also allows for imaging of defo- .Z
cused spots during a quadrupole field scan for an emittance 5 ' [
measurement. The tests of these cameras have alread £ ,q,
been done on the APS positron accumulator ring (PAR) + ;
and the booster synchrotron using synchrotron radiation & 7[ SL
from ~1 nC charge passing through a dipole. 600

400 e et \{..:"'.'.._

INTENSITY (ARB UNITS)

An initial test of OTR source strength has been done
using 1-3 nC of beam in a macropulse from the conven-
tional gun and at energies of 580 and 650 MeV. Since the 20— - —
Ti foil was placed over only the lower half of the Chromox X (um)
screen at this station, the e-beam could be steered ap
focused on the Chromox first, and then steered downwa
to the OTR foil. Figure 1 shows a sample beam image, ang

Fig. 2 shows the horizontal and vertical profiles with Gaus-

sian fits. Focused spots (~2 mm, FWHM) were readifife far-infrared (FIR) coherent transition radiation that will
imaged with the CIDTEC CID camera operating in the Xga generated by the few-ps or mm-long bunches to a FIR
gain position with 3 nC in a macropulse. However, Normgdichelson interferometer.  An optical autocorrelation

transport conditions usually have a large spot size at thighnigue will be evaluated as a bunch duration diagnostic
location and are seen much more readily with the Chcrgig
T

mox screen. This baseline measurement supports the

screen choice. , _ ~ C5680 dual-sweep streak camera viewing the incoherent
The PAR bypass transport line provides a uniqy§rtg signal from the 650-MeV station. The transport of

opportunity with its 10-m drift space to perform a threeyTr 1 the optics table outside the tunnel will facilitate
screen emittance measurement. As shown in Fig. 3, {h8se experiments. The most likely vertical sweep plug-in
center screen is 5 m from the two end ones. Relay op{iGf he a synchroscan unit phase-locked to 119.0 MHz, the
will bring the images to a lead-shielded ICCD camera. #yih sybharmonic of the 2856 MHz frequency. Low-jitter
fourth screen will be used for OTR interferometer expeiis ihe synchronous sum of beam bunches will be advanta-
ments in conjunction with the center screen. geous in dealing with the very low charge in a single
micropulse. Because the S-band micropulse spacing is

. o . ) much smaller than the 119.0-MHz period, the sequence of
Since longitudinal beam brightness is related to evalh'ﬁcropulses will best be displayed using the dual-sweep

ations of SASE gain, the measurement of bunch durati@hnique. This particular 119.0-MHz unit has been suc-

and profile are also critical in this program. cessfully phase-locked to an rf source at the Duke Storage
At the 50-MeV station, one of the OTR screens anging FEL facility which is injected by an S-band linac

one part of the beamline cross will be configured to se[ﬂ]_ At APS, a low jitter countdown circuit has been built

%ure 2: Horizontal profile for the OTR image in Fig. 1.
e solid line is a Gaussian profile fit to the data. The
am sizes are about 1 mno)l1

A baseline technique will be based on a Hamamatsu

3.2 Longitudinal Characterizations
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Figure 3: Schematic drawing of the three-screen emittance measuring station at the bypass area to the positron
accumulator ring. The 10-m drift space with,B-5 m will allow reasonable rotation of the phase space. A beam
waist will be produced on the center screen location.
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