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ANALYSISOF HALO FORMATION IN A DC PHOTOINJECTOR

D. Mihalcea, P. Piot, Northern lllinois University, DeKallh. 60115, USA
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We discovered, by modeling the AES/JLab direct: /‘ DC gun I
current photoinjector with several beam-simulation code: 3
that nominal injector settings would create a large diffus
beam halo as a consequence of the internal space-cha
force in the beam. The injector-induced halo is sensitiv o
to the injector settings, but if the settings are judicigusl ' '
chosen, it can be largely circumvented. We present an ex- ) o
ploration of the parameter space for the AES/JLab photoifii9ure 1: Schematic layout of the AES/JLab photoinjec-
jector. Measurement of beam halo will be a crucial aspel®!- Emittance compensation solenoid is not shown. All
of commissioning this machine. dimensions are in meters.
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INTRODUCTION Electron bunches of up to 1 nC charge and about 20 ps
- rms) long are extracted from a photocathode illuminated
The present driving accelerator for the Jefferson I‘a\E/)vith an infrared mode-locked Nd:YLF laser. The maxi-

10 kW'IR Free-Electron Laser (FEL) provides a 10 mA um accelerating gradient in the DC gun is 6 MV/m and

Z\I:er?grerr?;ir;igtt?;?st\;g?szeei:iqtg 'r:zeel';i;g%ur) tci)1162(]) Me'ge electron energy at the exit from the gun is about 1 MeV.
’ ' _Atthe end of the gun there is a solenoid to compensate the

Since the gain of the laser increases with the electron beam . :
. .. ‘emittance growth due to space charge and external fields.
current [3], to achieve megawatt-class FELs the injector : . "
hree 750 MHz superconducting RF single cell cavities

should be upgraded to increase the average beam curren-{ X
at ampere level. raise the energy of the electrons up to 6 MeV. A third har-

The normalized transverse emittance scales linearly wimomlC C?"ty’ qu;a_lted _betwedetn f||_rst af‘d ?ﬁ cond 75?012/|HZ
the laser wavelength and the relativistic factda]: accelerating cavities, IS usedlo linearze the energyepe
dence on longitudinal spatial coordinate.
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4 BEAM HALO FORMATION

Shorter laser wavelengths and/or more compact driving ac-

celerators (lower energy) can be achieved by decreasing thd”Notoinjector parameters like cavities amplitudes and
emittance. phases, solenoid magnetic field, gun accelerating volt-

The next generation megawatt-class JLab FEL will re29€ are optimized tq minimize Iongitgdinal and. transverse
quire much improved quality of the electron beam. In pa,emlttance_s at the exit from the photoinjector. Fig. 2 shows
ticular the average beam current must be at ampere leJ8f Most important beam moments when the charge of the
and the transverse emittance not larger than a few microrfi€ctron bunches is 1 nC (750 mA), the initial beam radius
The upgraded photoinjector was designed at Advanced Et the cathode is 3 mm, and the initial longitudinal bunch
ergy Systems (AES) [5] and will be fabricated at JeffersoRofile is gaussian withr, = 20 ps.

Lab. The results from Fig. 2 were obtained with Parmela [6]

In this paper we present some simulation results for th@Nd Impact-T [7]. The most sensitive parameters in the op-
upgraded AES/JLab photoinjector. Due to the relativeljmization process were the magnetic field in th_e emlttancg
large space charge forces, there is the potential for uRPmpensation solenoid and the phase of the third harmonic
wanted halo formation. The goal of our annalysis is t&avity: The values of the most important beam moments
determine what are the photoinjector operating conditior® Within the desired limits when the current is 100 mA

that preclude halo formation and maximize the beam qua@d about 20% higher for transverse and longitudinal emit-
ity. tances when the current is increased to 750 mA.

Beam halo may develop if the size of the laser spot at

AES/JLAB PHOTOINJECTOR cathode is decreased in an attempt to increase the electron

bunch charge density. Figure 3 shows the transverse beam
This new photoinjector [5] couples a normal-conductinglistributions at two locations downstream of the cathode
DC gun a section of three 750 MHz superconducting Rhen initial distribution has radius 2 and 3 mm respec-
single cells and a third harmonic 2250 MHz cavity. Thdively, the beam currentis 750 mA, and the laser pulse du-
schematic layout of the photoinjector is shown in Fig. 1. ration is 20 ps. When the initial radius is 2 mm the halo has
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Figure 2: Beam moments as a function of the distance froffigure 4: The distance between the outermost particle and

the cathode. The average beam current is 750 mA and ttiee beam axisi(,,...), the radius of the beam (rms), and the

radius of the beam at cathode is 3 mm. normalized transverse emittance as functions of the beam
radius at cathode.

z=3.04m
3 _ tial beam radius is 2 and 3 mm. For comparison, the non-
Z— & E Z o) _realistic case when space charge fo_rces_ are shutdown dur-
. > . ing the simulations is also shown in Fig. 5. When the
aob spot size at the cathode is increased (from 2 mm to 3 mm)
R 3mm . .

Srbebg B T and the bunch charge is kept constant, the charge density
x (mm) x (mm) decreases and consequently both radial electric field and
radial velocity decrease. When space charge forces are
turned-off there is still a small radial velocity (Fig. 5)elu
to the external electric field in the gun and accelerating cav
ities. The outermost particles at the exit from photoirgect
. (prime candidates for beam halo) originate from those par-
o R 2mm R ticles that are farthest away from the beam axis at the gen-
0 R T eration level on the cathode’s surface where space charge
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X (mm) X (mm) forces are maximal.
Our simulations show that transverse velocity and dis-
Figure 3: Transverse slices of the phase space at the éance to beam axis are no longer linearly correlated when
trance in the third accelerating cavity (left) and at the exithe initial beam radius is lowered to 2 mm. Figure 6 shows
from the photoinjector (right). The radius of the beam atransverse velocity (in units of ¢) and distance from beam
cathode was 3 mm (upper plots) and 2 mm (bottom plotsyxis for all macroparticles when initial radius is 2 mm (up-
per plots) and 4 mm (bottom plots) and the z-location of the
bunch is upstream (left plots) and downstream (right plots)
the shape of cylindrical rings well separated from the coref the first SRF cavity. Outermost particles have larger ra-
of the beam. There are two such rings at 5.62 m downtial velocity moving toward the beam axis in the "2 mm”
stream of the cathode. The inner and outer rings contagase (Fig. 6 top left plot) and they cross the beam axis after
19% and 16% respectively, of the total bunch charge.  the reduction of the space charge forces due to the acceler-
To identify the properties of the beam halo we trackedtion in the first SRF cavity (Fig. 6 top right plot). These
the outermost particles through the whole photoinjectoparticles, circled by the red marker in Fig. 6, break the lam-
Figure 4 shows the distance between the outermost paitiar flow and depart from the core of the beam forming the
cle and beam axis, as well as beam radius and normalizedg-halo.
transverse emittance as functions of laser spot size at thewhen the initial beam radius is increased from 2 mm
cathode. For 1 nC electron bunches halo may developtth 4 mm (Fig. 6 bottom plots) the laminar flow is mostly
laser duration is set at 20 ps and the initial transverse sizestored but it is still true that the outermost particldgier
is below 2.8 mm. nate from those with larger radial velocities at the enteanc
For the outermost particle (at the exit from photoinjecin the first SRF cavity.
tor) Fig. 5 shows its radial position and velocity when ini- By diminishing the space charge forces it is possible not
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Figure 5: Top plot: the distance between the outermost parigure 6: Slices of the phase space showing the radial ve-

ticle and the beam axis as a function of the distance fromcity vs. the distance from the beam axis when the ini-

cathode, when the initial beam radius was 2 mm, 3 mniia| beam radius is 2 mm (upper plots) and 4 mm (bot-

and 2 mm with space charge calculation turned off. Botom plots). For each case the plots correspond to two z-

tom plot: the radial velocity of the outermost particle as gocations: upstream and downstream of the first SRF cav-

function of the distance from cathode. ity. The red marker shows the location of the particles that
generate the halo further downstream of the first SRF cav-
ity.
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spot size at cathode. In the case of AES/JLab direct-current
photoinjector beam halo at the exit from the photoinjec-
tor may be present when 1 nC electron bunches are gen-
erated with transverse size shorter than 2.8 mm. Other
techniques to lower the space charge forces, like the use
of electron bunches with flat longitudinal distribution &+ e
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