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Abstract. In this paper, we report on studies of ion back bardment in high average current
dc and rf photoinjectors using a particle-in-celttle Carlo method. Using ;Hon as an
example, we observed that the ion density and gragposition on the photocathode in rf guns
are order of magnitude lower than that in a dc gérhigher rf frequency helps mitigate the ion
back bombardment of the cathode in rf guns.
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INTRODUCTION

The ion back bombardment could cause significant decrease of quafittiemey
of the cathode in photoinjectors by either surface pollution or cathaateriai
destruction. It is a major factor that limits the photocathodirie in some high
average current photoinjectors [1-2]. In previous studies, single pairiaaking and
simplified analytical model were used to estimate the ionrgéna and impact
deposition on the cathode of the gun [3-4]. In this paper, we used eossiftent
particle-in-cell/Monte Carlo method to simulate ion generation #md back
bombardment in both dc and rf photoinjectors.

COMPUTATIONAL MODEL

We have used the IMPACT-T code in this study. The IMPACT-T ¢®a@ethree-
dimensional quasi-static particle-in-cell (PIC) code to siteuleharged particle
transport in dc or rf photoinjectors [5]. Here, a bunch of photo-elecénmitsed from
the cathode will be transported through the injector subject to bottexieenal
accelerating/focusing forces and self-consistent spacgehfarces. The electron
beam collides with the background gas and produces ions through tinerelepact
ionization. The production of ions is simulated using a Monte Carlo mejikied the
ionization probability. Here, the probability of production of an iondnyelectron
impact ionization at each time step is given by [6]:

p, =1-expny.ovdt)

Where ngas is the density of background gas speciesjs the electron impact
ionization cross sectiony is the relative speed between the electron and the gas
molecule, andlt is the time step size. Given the ionization probability for actrele,



a uniformly distributed random numbg&is generated. I < p;, the ionization occurs,
an ion particle is generated. Once an ion is generated, ibavilubject to both the
external forces of accelerating/focusing fields and the splaaeye forces from the
electrons. The space-charge forces among the ions and the spaecfolees on the
electrons from the ions are neglected given the fact that the nwhlms is much

less than the number of electrons. The initial spatial locatidheoion is assumed to
be the same as that of the electron. The initial velocity ofisosampled from a
Gaussian distribution with given initial gas temperature. Herealse neglect the
detailed momentum exchange between the electron and the iontlygviact that this

is small compared with the large external accelerating forces.

SIMULATION RESULTS

Using above computational model, we studied ion back bombardment in a VHF
injector proposed at Lawrence Berkeley National LaboratoryHigjure 1 shows the
kinetic energy and transverse rms size of the electron bedmOwd nC charge
through the injector. The initial laser pulse is assumed tdflag-tp distribution with
1 mm radius and about 100 ps full length. The kinetic energy @i¢ceron beam out
of the injector is about 750 keV. The transverse rms size has blowignificantly
due to the strong space-charge effects.
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FIGURE 1. Electron kinetic energy (left) and transverse size (right) through the injector.

In this study, we used hydrogen molecule as our test case. Fgsinews the
electron impact ionization cross section of the hydrogen molecw@dwasction of the
electron energy [8]. The ionization cross section peaks around 5@etvoal energy
and decreases quickly towards the higher energy.
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FIGURE 2. Electron impact ionization cross section gfas a function of electron energy.

Using the cross section of hydrogen molecule and the parideliMonte Carlo
method, we simulated the;ltbn back bombardment of the cathode for the cavity with
0 MHz rf frequency, i.e. dc gun, 100 MHz rf frequency, and 200 MHz rf fregue
Here, we have assumed that all three cases have the @agitedinal electric field
profile. The background gas is assumed to b&Tidr in order to improve the statistic
of H ions. The following simulation results need to be scaled with gporeling gas
pressure for a realistic pressure betweef add 10"° Torr in the photoinjectors. The
electron beam repetition rate is 1 MHz. Figure 3 shows thieakk bombardment ion
density distribution on the cathode as a function radial distancarés frequencies.
It is seen that for the DC gun, the peak of theidth density is about one order of
magnitude higher than that of the rf guns. It peaks on the adislecreases toward
the edge that is larger than the initial electron beam sizs.i§ due to the fact that all
ions generated inside the gun when the electron beam passesttireuzavity are
accelerated back to the cathode. For the rf gun case, the ion danodiky on the
cathode is quite flat with a much smaller amplitude compareu twé dc gun case.
The maximum radial distance of ions that is slightly more theamm for the rf guns is
also much smaller than that for the dc gun. This suggests that the major comtiabut
ions to the back bombardment came from the ions generated notnfiathizacathode
where the electron beam has not blown up significantly. The ionsgdradrated
further downstream are not able to reach the cathode before the dfasiga of
accelerating field in rf guns.
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FIGURE 3. H, ion particle radial density distribution at catkodith 0 MHz DC gun, 100 MHz,
and 200 MHz rf guns.



Figure 4 shows the Hon energy distribution on the cathode for the three different
frequencies. It is seen that for the dc gun case, the maximuticlenergy extends to
about 750 keV that corresponds to the potential voltage across theratauglgap.
There are two peaks in the ion particle distribution, one is ned&wwhenergy, and the
other is near the high energy. The peak near the low energy te the contribution
from the peak of cross section near the low energy as showigureR2. The peak
near the high energy is due to the fact that the ionization prapateipends also on
the relative velocity between the electrons and background gascdinpensates the
decreasing of ionization cross section for high energy electAdhsons generated
from 5 cm to 11 cm by high energy electron near the tail oélaating field are
accelerated back to the cathode acquiring a large energy. Rbmgines, the situation
is quite different. The ions generated by high energy electownstream may not be
able to move back to the cathode. The main contribution to the cathtu imns
generated not far from the cathode. The ions oscillate insidarteedependent field
also acquiring a small energy when they reach the cathode.atbmints for the
single peak of ion energy distribution dominated by the ionization sexstton and
much smaller maximum ion energy amplitude than that in the dccgse. This
maximum ion energy amplitude also decreases from the 100 MHmrfagthe 200
MHz rf gun.
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FIGURE 4. H, ion normalized energy distribution at cathode WitliHz DC gun (left), 100 MHz
(middle), and 200 MHz (right) rf guns.

Figure 5 shows the power deposition on the cathode as a functiahadfdigtance
for the three frequency cases. Given the fact thabhk have a lower density and a
lower energy in the rf guns than those in the dc gun, this resultsaa order of
magnitude less power deposition on the cathode compared with the dcsguasca
shown in the figure.
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FIGURE 5. H, ion power radial density distribution at cathodéw® MHz DC gun, 100 MHz, and
200 MHz rf guns.

DISCUSSIONS AND CONCLUSIONS

In above sections, we have presented numerical simulations, abrHback
bombardment in both dc and rf photoinjectors using a particle-in-cetitéCarlo
method. These results suggest that using an rf photo gun could sigttyfiower the
ion density and energy deposition on the cathode. This will help improVéetimae
of the photocathode in an rf gun. Meanwhile, we also observed some iongltrappe
inside the rf gun due to the time dependent electromagnetic delity and space-
charge fields of electron beam. Further studies are neededsdssathe potential
effects of those trapped ions.
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