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Abstract

Recently we have measured the envelope and the tran|
verse emittance of an 0.85 nC electron beam at the Fe
milab AO-Photoinjector facility. The transverse emittance
measurement was performed using the multi-slit method
The data have been taken with an unstacked 2.8 ps las@
pulse. In this paper we report on these beam measureme
and compare the results with the predictions from beam dyj
namics coded4STRA andGPT using 3D space charge rou-
tines.

INTRODUCTION

A layout of the A0 Photoinjector currently installed in
the AO hall at Fermilab is presented in Figure 1. It consists
of an RF-gun resonating in the Tdy) » mode at 1.3 GHz Figure 2: Fermilab RF gun as installed at the AO-
and followed by a 9-cell superconducting ILC-type cavityPhotoinjectoffacility.
A cesium telluride (CsTe) photocathode (fabricated and
rejuvenated on-site in a photo-cathode preparation cham- o o
ber) allows the generation of electron bunches of up to sel!V/m and the accelerating field on the 9-cell cavity in the
eral nano-coulombs when illuminated by a pulsed UV laséder of 11.8 MV/m. The three solenoids are set to 270 A
(A\=263 nm). Three solenoids (a primary, a secondary arfch which produces a longitudinal peak magnetlc field of
a bucking that allows the cancellation of the magnetic fiel§-1354 T. The launch phase of the RF gun is abotitz4l
on the photo-cathode) focus the space charge dominafti§ 9-cell phase set to minimize the energy spread. The

beam prior acceleration by the 9-cell cavity. measured kinetic energy of the beam after full accelera-
tion was~15.3 MeV. A picture of the RF gun and the three
RF gun solenoids as installed in the Afall at Fermilab is presented
solenoids 9-cell cavity X3 X4X5 X6 X7 X8  spectrometer in Figure 2.
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BE® T T \ CODE DESCRIPTIONS

Two tracking codes are used in this paper to simulate the
beam dynamics in the photo-injectoASTRA and General

Thebeam is transported up to a spectrometer by severaf'licle TraceGPT. ASTRA has been developed by DESY

guadrupoles. The distance between the photo-cathode dhtpmburg, Germ_any) and is, mainly used fpr the Qesign of
the spectrometer dipole is in the order-of1 meters. As electron photo-injectorsGPT is a well established simula-

depicted in Figure 1, several screens and multi-slit emifion code developed by Pulsar Physics (The Netherlands).

tance probes are located in the transport line for diagnos- BOth ASTRA andGPT perform the integration of the rel-

tic purposes. For the measurements presented in this f4LVIStiC equations of motion by the Runge-Kutta method
per, the measured longitudinal length of UV laser pulse%f fourth order forASTRA with a fixed integration time step

is ,~2.8 ps (RMS gaussian) for a transverse size sufi‘-”d fifth order forGPT with an adaptive time step. The

posed uniform with a radius of 1.2 mm. The electron bunchlectromagnetic fields include external contribution from

charge i99=0.85 nC. The peak field on the RF gun is 35 Accelerating and focusing fields and internal from the beam

space charge forces. Both codes have the ability of us-
“Work supported by Fermi National Accelerator Laboratory opering 2D external electric fields defined on the cavity axis or

ated by Fermi Research Alliance, LLC under Contract No. DE-AC02 - .

07CH11359 with the United States Department of Energy,. 3D external electric fields defined on a rectan_gular me;h.
t cbhat@fnal.gov GPT can handle both 2D or 3D external solenoid magnetic

t carneiro@fnal.gov fields, while ASTRA only supports 2D ones. For the simu-

Figure 1: Layout of the AO photoinjector.




lations presented in this paper, both codes have been pmeasurements have been carried outJe0.85 nC/pulse
vided with the exact 2D electric fields on axis for the RRwith a typical pulse-to-pulse charge variation of about 5%)
gun and the 9-cell cavity and with the exact 2D magnetiafter de-gaussing and turning off all of the magnetic ele-
fields on axis for the solenoids. The electric fields havenents between X3 and X8 (see Figure 1) and successfully
been simulated with the code CST MicroWave Studio [3{ransporting the beam from the source to the spectrometer
and the magnetic field with the code POISSON [4]. dump.

ASTRA andGPT support 2D or 3D space charge calcu-
lations. For the simulations presented in this paper, the 7
space-charge forces have been computed using the 2
space charge routines. For both codes, the space-char 6|
fields are calculated in the beam rest frame via Poisson’
equation :
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the laboratory frame. A 3D cartesian grid is used for both 2 —ASTRA

codes with the calculation of the electrostatic potential a _SAFE);SUREMENT o
each grid points. ThaSTRA simulations presented in this 1 A1
paper were performed wittD* macro-particles and a mesh MEASUREMENT oy

of 64 x 64 x 64 while the GPT simulations used - 10* 0 2 4 6 8 10 12
macro-particles and a meshif x 20 x 20. Z[m]

Figure 4: Beam envelope measurements and comparison

ENERGY SIMULATIONS with the simulation codesSTRA andGPT for ()=0.85 nC.

Figure 3 presentsSTRA andGPT simulations for the ki-
netic energy of & = 0.85 nC bunch along the beam- Typical beam images taken by CCD cameras at various
line, using parameters of our experimental setup as prcations in the beam-line are shown in Figure 5.
sented earlier. An excellent agreementis observed between
these codes. Nevertheless, the simulated kinetic energy (- |
MeV) is slightly higher than the measured one (15.3 MeV).
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_§STRA Figure 5: Typical beam envelopes measured at X3, X4, X6,

: : : : X7 and X8. Horizontal projection data with gaussian fit for
0 2 4 6 8 10 12 . .
Z[m] the data corresponding to X3 is also shown.

Figure 3: Kinetic energy along the beamline frasTRA OTR screens were used at locations X3, X4, X6 and X7
andGPT. with trains of 10 pulses and YAG screens at X5,X8 with a
single pulse. The horizontal and vertical RMS beam spot
size were extracted from each image by a Gaussian fit of
BEAM ENVELOPE MEASUREMENTS the projected data (as dlsplayed in Figure 5) For each
measurement, a statistical mean and average deviation on
Figure 4 presents the measured horizontal and verticalimages were calculated. A reasonably good agreement
beam sizes at different locations along the beamline ansl presented in Figure 4 between the measurement of the
a comparison with theSTRA andGPT. The beam envelop transverse spot sizes at different locations along the beam-



line and the codesSTRA andGPT. As expected, the asym- 7
metry observed during the measurement was not reporte

by the simulation codes since a symmetric laser pulse (re  6f
dius of 1.2 mm) was chosen for both codes. The next ste

in the simulation would be to implement a realistic trans- g
verse and longitudinal laser pulse (taking into account the €
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asymmetries and inhomogeneities of the laser pulse). E 4*
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BEAM EMITTANCE MEASUREMENT ol —ASTRA
—GPT
The emittance measurements were done using the s 4| MEASUREMENT €, | |
technique: two actuator-mounted slit masks were used t MEASUREMENT &
. . . Y
measure the horizontal and vertical emittancgsafade,) 0 ‘ ‘ ‘
. 0 2 4 8 10 12

atz ~ 5.6 m (X7, see Figure 1). The beam-lets passing
through the slits are viewed with a YAG screen located at
a distancel = 1844. mm from th(_a slits (X8, see F|g_ure Figure 7: Comparison between measured and predicted
1). The masks consist of 6 mm thick tungsten slats with 5 ansverse emittances at X7.

pm wide slits spaced 1 mm apart. The RMS normalize

emittance was computed using the relation [5] :

6
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CONCLUSION

Enrms = B/ W) (W)2) — (uw')? ) We have carried out model predictions for AO-

' ’ Photoinjector beam transport using the codsTRA and
wherefc is the velocity of the beamy is the Lorentz fac- GPT for @ = 0.85 nC beam including space-charge effects.
tor, u andw’ are the transverse coordinate and divergencEnere is quite good agreement between predictions from
of z or y, and() denotes an RMS value. We adopted thdhese two codes. These predictions have been compared

formalisum explained in ref [6] to extract the un-correlatedVith the measured beam envelopes at various locations in
emittance as defined by Eq. 2. the beamline and the beam emittances from the multi-slit

technique. Good agreement is seen between envelope-data
and the model calculations. However, significant differ-
ences are observed between multi-slit data and the models.
The sources for the differences are being investigated.
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Figure 6: Measured beam-lets at X8 (mult-slits at X7). Pr
jection data with multi-gaussian fits are shown below.





