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Abstract

The design, construction and testing of a high brightness high
bunch charge RF photoinjector matching the requirements of the
TESLA Test Facility isdiscussed. Engineering design work, the
results of cold test measurements, and the planned experimental
program are presented. Conceptual design work leading to an
advanced high-brightnessasymmetric emittance RF photoinjec-
tor for application to TESLAS00 is also briefly discussed.

I. INTRODUCTION

The TESLA Test Facility (TTF), as proposed, is a 500 MeV
superconducting linac designed to study technological issuesin-
volved in constructing and operating TESLAS500, a0.5 TeV su-
perconducting linear accelerator. Studies of higher order mode
power deposition at cryogenic temperatures will require atrain
of bunches with the same frequency spectrum as will be present
at TESLAS500. The combination of relatively high bunch charge
(8 nC), short pulse length (1 mm), moderate transverse emit-
tances (< 20 # mm-mr) and long pulse train (800 pulses with
1us spacing) make the design challenging. In addition, the po-
tential for operating the gun over alarge range of bunch charges
(0.5nCto10nC), arangeof accelerating gradients (35 MV/mto
50 MV/m) and with different focussing fields required aflexible
focussing assembly. Asymmetric transverse emittances of 1 =
mm-mr vertically and 20 = mm-mr horizontally are required for
TESLAS500, and are potentially achievable directly from an RF
photoinjector, eliminating the need for an e ectron damping ring.
Given that the long pulse trains demand large damping rings,
elimination of the electron damping ring would represent asig-
nificant cost savings.

[I. DEVELOPMENT
A. Symmetric Emittance Photoinjector for TTF

Aninjector producing the required bunch propertiesand pulse
train structure was designed with the space and RF power con-
straints of the TTF in mind. A Brookhaven-style[2] 1 1/2 cell
m-mode structure was modified to operate at 1.3 GHz with sub-
stantially increased (factor of 5) intercell couplingto reducefield
balance tuning sensitivity. A single-cell iris coupler drives the
full cell only, leaving clear sufficient space to mount afocussing
solenoid over the half cell, shownin figure 1. An additiona fo-
cussing solenoid follows immediately after the gun to provide
a continuoudly variable magnetic center of the focussing lens,
a flexibility that will allow wide ranging examination of space
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charge emittance compensation[3] over a wide range of bunch
charges.
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Figure. 1. Symmetric emittance photoinjector

The gun is followed by a drift to allow the space charge in-
duced correlated emittance growth to reverse before entering a
moderate gradient (15MV/m) linac. AttheTTF, thelinacwill be
a 9-cell superconducting structure, and thus studies of dark cur-
rent deposition were carried out, and have shown that strategic
placement of several collimatorsahead of thelinac, together with
thestrong overfocussing that naturally occursfromtheemittance
compensating solenoid, are enough to reduce the dark current
reaching the linac by two orders of magnitude. Initia testing
of theinjector at the Argonne Wakefield Accelerator (AWA) Fa
cility will be carried out with aretrofitted copper 9-cell TESLA
structureto reproducethe spatial field profiles of theactua struc-
ture.

Thelinacisrephased to impart anegative «, sufficient to per-
mit pulse compression by a factor of two in a dispersive chi-
cane. A positive time dispersion in the chicane is chosen to
cause the space charge forces to oppose the compression, stabi-
lizing against charge fluctuations. The compression chicane is
composed of four identical C-frame dipoleswith moderate field
strength (0.9 kG) and a suitably formed vacuum chamber with
collimationdlitsplaced in the maximum dispersion regionto per-
mit momentum collimation of the beam.

Numerical simulation of al components of the injector
was carried out using a version of the beam dynamics code
PARMELA modified to accept externally generated field maps
for RF cavity and static magnetic focussing fields. RF field pro-
files for the gun and linac cavities were derived from Superfish
runs, and static field profiles for the solenoid focussing assem-
bly were derived from Poisson runs. Table | below outlinesthe
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Figure. 2. Symmetric RF Photoinjector Test Layout (top), Emittance and Beam Size Evolution the Injector (bottom)

predicted performance of the TTF injector prototypefrom sim-
ulations. Transverse emittances are listed as full-width-at-half-
maximum emittances, as would be measured using a dit emit-
tance mask and phosphor screen, while longitudina emittance
islisted as 100% RMS. All emittances are normalized. Figure 2
showsthe proposed beamlinelayout for the prototypetestsat Ar-
gonne, together with emittance and beam size evolution. The
longitudinal emittance has been scaled by a factor of 0.25 and
the bunch length has been scaled by afactor of 5 to permit dis-
play on the same axis as the other quantities.

| Parameter Value |
Bunch Charge 8NC =5 x 100~
Laser pulselength FWHM 7.4 ps
Launch Phase (w.r.t. £, = 0) 50°
Beam radius at cathode 6.53 mm
Pesk field on cathode 35MV/m
Post-Gun Energy 3.8MeV
Average Linac Gradient 15MV/m
Post-Linac Energy 18.5MeV
Horizontal Emittance 19.37 mm-mr
Vertical Emittance 19.77 mm-mr
Longitudinal Emittance 189 deg-keV
Momentum Spread 1.15%
Bunch Length 0.74 mm
Peak Current 1.28 kA

Tablel
Predicted performance of the symmetric injector

Thermal analysis of the injector structure under the 1% duty
cycle of TTF has been carried out. The peak power dissipation
of 4.5 MW (corresponding to a pesk cathode field of 50 MV/m)

during the > 1 ms RF pulse has been found to cause less than 6
kHz detuning of the cavity, or lessthan atwentieth of thecavity’s
3 dB bandwidth, afrequency changethat can be compensated for
by alow bandwidth feedforward system. Structural stress anal-
ysisusing ANSY S shows that the pesk stress intensity does not
exceed 40 M Pa, safely bel ow theyield strength of OFHC copper,
76 MPa. |n anticipation of possible microphonic detuning of the
cavity fromturbulent water flow in the cooling channels, achan-
nel of geometry similar to the proposed cooling channelsfor the
high duty cycle gun have been included in the prototype. Defor-
mation measurements show the deformation dueto 110 psi pres-
surizationis1.7 pm. Pressure fluctuations dueto turbulence are
generaly lessthan AP/ P, o« 10~2 for non-erosive flow rates,
and thusthe amplitudeof wall vibrationswill be completely neg-
ligible.

Coldtesting of thegun structure has been carried out on acom-
posite copper/brass model. The coupling has been measured at
0.21 %, in reasonable agreement with the Superfish-cal cul ated
value of 0.19 %. Tuning characteristics of the cathode (which
is mounted on a micrometer) and a separate paddle-style tuner
in the full cell have been examined, and & so found in reason-
able agreement with ssimulation. Field profiles derived from res-
onant frequency perturbation methods closely correspond to ex-
pectations from Superfish ca culations, as shown in figure 3 be-
low. Measurements of the dipoleshift inthe full cell induced by
theinput coupler show lessthan 1.1 mm ( 1/200 of an RF wave-
length) deviation from the geometric center of the structure, as
is shown in figure 3 below. Datafor the longitudinal field pro-
file were taken a monotonically increasing longitudinal coordi-
nate, whiletransverse datawere taken in random order, illustrat-
ing more clearly the contribution to the resonant frequency shift
from therma effects during the measurement.

Preliminary cal culationg[4] have shown that the beam density
is high enough to generate significant coherent synchrotron ra-
diation in the compression chicane at wavel engths comparable
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Figure. 3. Measured and calculated longitudinal and transverse
field profiles for the symmetric gun structure

to the bunch length (1 mm). Further simulation work is under-
way at thistime, includingmodificationto PARMELA toinclude
retardation and radiation effects in the space charge calculation.
The vacuum chamber in the dipole chicane will be fitted with a
tangent optical viewport in the final dipole (where beam density
and radiationintensity are maximum) to allow observation of the
emitted IR synchrotron radiation.

Commissioning of the symmetric emittance photoinjector is
scheduled to take place mid-summer, with preliminary high
power RF testing of the linac structure occurring earlier. Full
testing of theinjector including pul secompressionisexpected by
year’send. Inadditiontoafull characterization of the gun, emit-
tance compensation studies will be carried out using the dou-
ble solenoid to examine the effects of lens location and strength
on emittance compensation. A unique time-resolved emittance
measurement using a streak camera to streak the light from a
Cerenkov gas cell placed to intercept the beamlets generated
from a dit emittance mask will be attempted, to providethefirst
experimental verification of the physical mechanism of emit-
tance compensation.

B. Asymmetric Emittance Photoinjector for TESLA500

Emittance compensation for the flat beam photoinjector re-
quires the use of quadrupolesto focus the beam in both planes,
as solenoidal focussingwould couplethetransverse phase planes
and resultsin severe degradation of the small vertical emittance.
A quadrupoledoublet, positioned around the gunitself, provides
theinitia focussing kick for compensation. A subsequent triplet
at the exit of the gun allows for matching the beam into the sub-
sequent linac section for further acceleration. Initial studieshave
demonstrated compensation for the vertical emittance, whilethe
planned approach of using substantial guard charge at the hor-
izontal extrema of the bunch to minimize the nonlinear space
charge emittance growth of the core, followed by collimation
of the nonlinearly heated portions of the bunch at the horizon-
tal edges after further accel eration has reduced the space charge
forces.

After considering a number of geometries, an RF structure
suitable for accelerating a flat beam with minimal energy spread
and minima coupling of the transverse phase planes a struc-
ture composed of shorted sections of ridged waveguide was cho-
sen[5]. Field profiles from Hewlett Packard’s High Frequency
Structure Simulator in figure 4 below show that avery largeflat-
field regionisavailablefor accelerating large aspect ratio beams.
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Figure. 4. Transversefield profiles of the T My1, mode

Testing of the asymmetric gun structure will proceed with
fabrication of a cold test model to examine field balance and
field flatness issues. Powered testing of the injector at the AWA
reusing the injector beamline and diagnostics devel oped for the
symmetric TTF gun prototypeistentatively planned in the com-
ing year.

[11. CONCLUSION

Design of an input coupler for the normal conducting 9-cell
TESLA structure and subsequent testing at operating RF power
levels will complement the gun construction activities, leading
to first beam dynamics studies of the gun by mid summer. The
linac and compression chicane will be commissioned in early
fal, with design of the full-power TTF gun structure following
shortly thereafter. A continued attack on the beam dynamicsis-
sues, and construction of a cold test model of the RF structure
will form the main asymmetric injector effort.
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