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Abstract

For the drive beam generation of the CLIC Test Facility, a
RF photo-€electron gun is required to generate a charge of
1 pCinatrain of 48 bunches. The extracted beam energy
of 6.5 Jleads to a pronounced decrease of the field gradi-
ent, causing strong variationsin the transverse and longitu-
dina beam dynamics. The drop in beam momentum yields
avariationin focusing of thefollowing solenoid leading to
a blow-up of the transversal emittance. A second effect is
the change of the bunch spacing caused by differing bunch
velocities. These effects are to alarge extent determined by
the beam loading in thefirst cell, which contains the photo-
cathode. In order to reduce this effect with moderate ex-
penseof RF power, anew gun design hasbeen devel oped us-
ingaTMy, resonancein thefirst cell followed by two stan-
dard TMg; cells. Beam simulations show that with thisgun,
the overall change in the longitudinal bunch spacing can be
strongly reduced. Also thechromatic effectsin the solenoid
duetothedropinlongitudinal momentum arepartially com-
pensated.

1 INTRODUCTION

RF photo-electron guns as electron sources offer several
strong advantages. The length of the generated bunchesis
dominantly determined by the duration of the driving laser
pulse so that a big part of the usua bunching structures can
be omitted. The emitted electrons get accelerated by an RF
field alowingfor high gradientsaswell asfor ahigh charge
per bunch.

Inthe CLIC accelerator study, these propertieshave stim-
ulated research towards agun design suited to generate the
bunch train required for the drive beam. The current set-
up for the CLIC test facility (CTF) requires a train of 48
buncheswithan overall charge of 1 uCtobedeliveredtothe
following structures. A description of thefacility isgivenin
[1].

The two mgjor challenges are the following. Oneis the
control of the space charge forces, which isdone by acom-
bination of transverse focusing by a conical photo-cathode
backplane and a prolonged first cell [2].

The other, described here, isthe pronounced beam |oad-
ing caused by the bunch train extracting 6.5 Jwithin 16 ns
from the RF field corresponding to a power of more than
400 MW. The primary effect, the drop in longitudinal mo-
mentum along the bunch train, is corrected in a subsequent
beam | oading compensation structure. More severe are sec-
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Figure 1: Transverse phase space plot of the first, middle
and last bunch behind the solenoid (3 TMo; cells).

ondary effects caused by the drop in gradient.

Being emitted from the photo-cathode, the el ectrons need
acertaintimeto reachrelativisticvel ocities, dippingback in
RF phase. The amount of the phase dip depends on the ac-
celerating gradient. As beam loading causes the gradient to
drop, trailing bunches lag behind in RF phase. For the cur-
rent designusing three TMg; cells[2], thephasedipreaches
14.2 degrees at 3 GHz at the entrance of the following ac-
celerating structure.

The divergence of the bunchesisin a zero order approxi-
mation constant at the gun exit. But thefocusing strength of
the solenoid is varying with the particle momentum. So the
last bunch with alow momentum getsmore strongly focused
than thefirst one. This chromatic effect leads to a blow up
of the transverse phase space, which, as is shown in figure
1, can result in avery large multi-bunch emittance.

2 RF DESIGNAND PHASE SLIP

Normal means to solve these problem fail in thiscase. A
compensation using external storage cavitieswould haveto
supply thebeam power of 400 MW. A reduction of thebeam
loading using a higher gradient and/or a lower R/Q would
require a prohibitiveamount of RF power, since already the
old design using three TMo; cells consumes 16 MW. Asa
consequence, alocal solutionisto be preferred, which does
not necessarily reduce the primary effect, the beam loading,
but decreases the phase dip and the chromaticity.
Concentrating for the moment on the build up of the phase
dip, one sees that the mgjor part of it is happening as long
as the bunches are in the non-relativistic domain. That is,
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Figure 3: Secondary mode (f=2990.5 MHz) involved in
beam loading.

the principa contributionis caused by the beam loading in
the first cell which contains the photo-cathode. A locd re-
ductiononly inthefirst cell, being manageabl e with an eco-
nomic amount of additional RF power, gives a strong de-
crease of the phase dlip.

The stored energy in thefirst cell, being originally 2.5 J
for the longitudinal peak gradient of 100 MV/m, can be
more than tripled to 8 Jusing a cell resonating in the TMo,
mode (Fig. 2). By that, dso an increase in Q to 16300
is obtained, leading to a power consumption of 19 MW at
the nominal gradient of 100 MV/m. Now, the bunch train
causes the gradient, being 100 MV/m in the beginning, to
drop down to avalue of approximately 90 MV/min thefirst
cell and 70 MV/m in the following cells. That is, the field
distribution is no more a pure w-mode and contains other
modes. The additional component isthe neighbouringmode
with a zero phase advance between the first and the second
cell and and = between the second and the third (Fig. 3).

While the principal w-mode decreases as a result of the
beam loading, the secondary mode gets excited, so that the
gradients add up in thefirst cell and subtract in the follow-
ing, thus creating the required field distribution. In order to
prevent mode beating, the frequencies of both modes must
be sufficiently close. Alternatively one can say, therehhasto
be only a small energy exchange between the first cell and
therest of thestructure. Consequently the coupling between
the first two cellswas reduced to 0.3% using a smaller iris.

The improvement of the multi-bunch phase dip by the
new design is shown in figure 4. The curves, caculated
by MAFIA-TS2, contain aso theinfluence of the transient
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Figure4: Phasedip, (1): al cellsTMgqy, (11): first cell TMos.
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Figure 5: Schematic beam trgjectories showing the chro-
matic effects in the solenoid caused by the beam loading.

wake fields, being responsible for the visiblejitter. By re-
ducing the beam loading only in the first cell, the dip has
been reduced from 14.2. degree by morethan afactor of two
t0 6.7 degrees. Now the half of the phase dlip happensin the
following drift space and isdueto the energy difference be-
tween bunches. Further reductions could be obtained either
by reducing the drift length or by a dight detuning of the
gun with respect to the globa RF frequency.

3 TRANSVERSE BEHAVIOUR

For a standard gun with ahomogeneousdrop of the gradient
inall cells, the divergence of the beam at the gun exit isap-
proximately constant. But thefollowing solenoid mixesthe
longitudinal and transverse phase spaces, the last bunches
with alow momentum get focused more strongly than the
first ones (Fig. 5).

In this proposed design the field in the first cell has a
weaker dropthaninthefollowingcells. Now thegradientin
thefirst cell determinestheradia momentum at thegun exit,
whereas thelongitudina momentum is given by the overall
accelerating gradient, that is, influenced by the global beam
loading. Theresulting divergenceisproportiona tothegra
dient inthefirst cell divided by the average gradientsin all
cdls.

If the gradient in the first cell is held constant at 100
MV/mand thefieldsin thefollowingcellsvary between 100
and 120 MV/m, thereis, as shown infigure 6, an additional



Bunch Envelope

100/100/200 MV/m ——
I 100/120/120 MV/m ——— ]

r.m.s. bunch radiugmm
o = N w N [6)] (o)) ~

Iris2 Gun Exit

Long. position

Irisl

Figure 6: Evolution of the bunch radius in the gun for dif-
ferent accelerating gradients.
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Figure 7: Transverse phase space of the first, middle
and last bunch behind the solenoid (New design), E=100
MV/m.

radial 'focusing’ after thefirstiris; the bunch accelerated by
the120 MV/m exitsthe structurewith asmaller divergence.

The conclusion for the multi-bunch behaviour isthe fol-
lowing: Asthefield inthefirst cell dropslessthan the aver-
age field in the whole structure, the first bunch, getting fo-
cused less by the solenoid, has a smaller divergence at the
gunexit than thelast bunch, which seesa stronger solenoidal
focusing. That is, by a non homogeneous beam loading, we
introduce chromatic effects in the gun countering the chro-
maticity of the solenoid. This effect is shown in the phase
space plot (figure 7), the variation in divergence is aready
strongly reduced. But here the bunches are till discernible
in phase space, we get only apartial compensation.

In order to get a better transverse behaviour, we have to
adjust the chromaticity of thegun versusthat of thesolenoid.
If we increase the initial gradientsin the second and third
cell to avaue of 120 MV/m, asmaller beam divergence at
the gun exit is obtained (fig. 6), so we need less solenoidal
focusing and have smaller chromatic effects. This scenario,
if possiblefor CTF interms of avail able RF power (25 MW
for Q=16300), would give a multi-bunch emittance (fig. 8)
of asame order of magnitude as the single bunch emittance,
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Figure 8: Transverse phase space of the first, middle and
last bunch behind the solenoid (New design), gradients of
the second and third cell increased to 120 MV/m.

Old | New (1) | New (2)
phase dipin 14.2 6.7 5.0
degree (3 GHz)
divergence/mrad
first bunch 6.7 25 12
middle bunch 22 05 0.3
last bunch -8.7 -4.5 -2.0

Table 1: Resulting multi-bunch behaviour. Theinitial gra-
dient inthe old design and in (1) is100 MV/min all cdlls,
for (2) it is 120 MV/m in the second and third cell. The
phase dip assumes 60 cm drift followingthegun. Thebeam
divergence is calculated 25 mm behind the solenoid.

reducing at the same time the phase dlip to 5.0 degrees. An
overview of the various optionsisgivenin table 1.

4 CONCLUSIONS

A new design for a high intensity photo-electron gun has
been proposed and analyzed, based on compensating for
beam loading effectslocaly inthefirst cell. Thefirst cell op-
eratesinthe TMo, mode and iscoupled totwo standard cells
usingthe TMg; resonance. A reduction of theasynchronism
of the bunch train by more than afactor of two is expected.
Furthermore, the chromatic effects in the gun caused by the
non homogeneousbeam | oading isshown to compensate for
the chromaticity of the following solenoid. Following this,
the construction of anew gun has been launched. First beam
testswith the new structure are expected to follow in spring
1997.
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