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Abstract Emittance
Compensatlon

The symmetrized 1.6 cell S-band photocathode gun devel-  waveguide Magnet " ical Transition

oped by the BNL/SLAC/UCLA collaboration is in opera- \ Gate  Radiation (OTR)

tion at the Brookhaven Accelerator Test Facility(ATF). A RF Gun g Valve / gf;(r):gf:]orous

novel emittance compensation solenoid magnet has also TS T b

been designed, built and is in operation at the ATF. These " %T =T

two subsystems form an emittance compensated photoin- v ﬂﬁ Hr

jector used for beam dynamics, advanced acceleration and dr—

free electron laser experiments at the ATF. The highest ac- / Laser h

celeration field achieved on the copper cathode isﬁfmgo Buckinzon

and the guns normal operating field is 13§ . The max- Magnet

imum rf pulse length is 3is. The transverse emittance of < >

the photoelectron beam were measured for various injec- 66.4 C

tion parameters. The 1 nC emittance results are presented
along with electron bunch length measurements that indi-
cated that at above the 400 pC, space charge bunch length-

ening is occurring. The thermal emittaneg, of the copper  Figure 1: The BNL/UCLA/UCLA 1.6 cell S-band photoin-
cathode has been measured. jector
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1 INTRODUCTION of average power. Gatgq pulses seed two flash lamp
pumped multi-pass amplifiers and are subsequently fre-

The BNL/SLAC/UCLA S-band emittance compensated[1huency quadrupled. This nonlinear process leads to a fac-
photoinjector has been installed at the Brookhaven Acceler of two reduction in the laser pulse length. The 266 nm
erator Test Facility(ATF) as the electron source for bearbeam is transported to the rf gun area via a 20 meter long
dynamics studies, laser acceleration and free electron laggtacuated pipe. A spherical lens and a pair of Littrow
experiments. The 1.6 cell rf gun is powered by a single XKprisms are used to compensate for the anamorphic mag-
5 klystron, and is equipped with a single emittance comaification introduced by the P2ncidence on the cathode.
pensation solenoidal magnet. There is a short drift spade time slew across the cathode caused by this oblique in-
between the photoinjector and the input to the first of twgidence is also corrected by using a diffraction grating. The
SLAC three meter travelling wave accelerating sectionspot size of the laser beam on the cathode is 2 mm diameter
This low energy drift space contains a copper mirror thagdge to edge.
can be used in either transition radiation studies or laser

alignment. There is also a beam profile monitor/Faraday 2 EMITTANCE STUDIES
plate located 66.4 cm from the cathode plane. The pho- ) )
toinjector beam line layout is presented in Fig. 1. The normalized transverse rms emittancg.n, was mea-

The high energy beam transport system consists of nir&fed using the two screen method. The measureg
guadrupole magnets, an energy spectrometer, an energy\gél_ues tha_lt are reported are greater than or equal to the real
lection slit and a high-energy Faraday cup. Diagnostics |Ream ermttance. Table 1 list thg relevant beam parameters
cated in the high energy transport consist of beam profiféS€d during these beam dynamics studies.
monitors and strip lines. The strip lines are used for an on

line laser/rf phase stability monitor. Laser Spot. Size 1 mn;&adms hard edge
The drive laser is a Nd:YAG master oscillator/power am- |_Cathode Field 1307

plifier system. A diode pumped oscillator mode locked at | [T Gun Beam Energy | 5.75 MeV

81.6 MHz produces 21 psec FWHM pulses at 100 mw | Final Beam Energy | 40 MeV
Cathode Magnetic Field <5G

*WORK SUPPORTED BY THE DEPARTMENT OF ENERGY,
CONTRACTS DE-AC03-76SF00515, DE-AC02-76CH00016 AND DE-
FG03-92ER40793 Table 1: Beam Study Parameters



2.1 Low Charge

PARMELA[2] was used to simulate the emittance compen-
sation process and the subsequent acceleration to 40 MeVv
A correlation of the minimum spot size with an emittance
minimum was noted during these simulations. This was ex-
perimentally verified during the commissioning of the 1.6
cell rf gun, using the beam profile monitor located at the
output of the second linac section, as can be seen in Fig. 2.
The result in Fig. 2 is for a total bunch charge of 0.329
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The dependence of transverse emittance on the bunch
charge under two different experimental conditions are pre-
sented in Fig. 3. The linear dependent emittance ver-
sus charge was conducted under constant solenoidal mag-
net field that was optimized for a total charge of 390 pC
and only the laser energy on the cathode was varied. For
the quadratic dependent emittance versus charge, as the 3
laser energy was varied the beam was optimized using the 1
solenoidal magnet and steering magnets to produce the
smallest symmetric beam profile at the first high energy % 10 20 30 40 50 60
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profile screen. Note that even under these diverse exper- @ (°)
imental condition the measured emittance are consistent

with the data in Fig. 2. Figure 4:e;, yms VErsusp

We have noted that at Q=0 for the linear dependence . _
emittance versus charge there is a residual emittance tegi2 1 nC Emittance Studies

of 0.87 mm-mrad. This term is due 1, & @ndemag:  For x-ray free electron laser application such as the Linear
The magngtlc term can be neglected' since the initial Catt’foherent Light Source(LCLS)[5] the relevant photoinjec-
ode spot size and the small magnetic field at the cathoglg, parameters are 1 NG5y, = 10 psec and 1.08 mm

will contribute only 0.03r mm mrad [3]. The rf contri- .94 hormalized rms emittance. The measured and LCLS
bution should be small, since there is no transverse spagg) ,as are presented in Table 2.

charge forces to cause beam size expansions in the rf gun.

The beam, in this limiting charge case, will only sample a [parameterl LCLS Experimental Results
small portions of the rf fields which decrease the rf contri- g, 1nC 1.020+ 0.059 nC
bution byoZ [4]. The beams intrinsic thermal emittance [, 10 psec 14.7 psec

including the Schottky correction is given in Equation 1. A | ¢, ... 1.00r mm mrad | 4.74=+ 0.247 mm mrad

theoretical estimate of the thermal emittance at lflf’?ym‘or
a copper cathode was found to be 8.Bm-mrad. Table 2: 1 nC emittance results



Simulation results using PARMELA with a longitudi- and thermal emittance would not increase and the longitu-
nal flat top electron pulse ofy55, = 10 psec, full width dinal space charge forces would be decreased in the central
tenth maximum (FWTM), indicate thatea ,,ms <17 mm  portion of the bunch.
mrad is attainable[6]. The results of our experimental stud- Due to the non-uniformity of the transverse laser
ies present two challenges. Firstis the increaseg and pulse and transverse variation of the cathode quantum
second is the larger than expectgd,,s. These are not un- efficiency, the electron bunch transverse charge density
related since the emittance contribution due to rf scales agx, y) is not uniform. Laser assisted explosive electron
o2, Therefore an important issue is to find the mechanis@mission(LAEEE)[7] has been used to smooth out this ef-
causing the electron bunch length to increase. Two pofect. The measured improvementdg,,s due to LAEEE
sible mechanisms were studied; laser pulse bunch lengtire presented in Table 3. Qualitative data for(QE) of
ening due to laser power saturation in a doubling crystathe copper cathode is not available, but for the magnesium
or space charge bunch lengthening. Experimental studieathode LASEEE improved the QEy) by a factor of
of the correlation of the laser power angy, were under- two, from an order of magnitude variation across the cath-
taken. Figure 5 shows the results of these studies. Whitele spot to a 50% after LASEEE.
keeping the total electron bunch charge constant at 360 pC,

the laser intensity in the green¢ 532 nm) was increased. Before Laser Cleaning
The results is thatyso, = 10.9 psec. Keeping the laser in- Q¢ 918+ 77.5pC

tensity in the green constant and varying the uv on the cath- €n,rms | 5.184 0.257 mm mrad
ode to increase the electron bunch charge from 400 pC to After Laser Cleaning

1 nC results in an increase in thgyy from 10.9 psec to Q¢ 1020+ 58.7 pC

14.7 psec(Fig. 5). This clearly shows that the 1 nC electron €nrms | 4.74+ 0.247 mm mrad

bunch length is not due to the laser pulse length but due

to some beam dynamics issue, almost surely longitudinal . .
space charge forces. Table 3: High charge emittance study results before and

after LAEEE

Q (nC)
0 0.333 0.666 1.000 1.333 3 CONCLUSION

20 20

We have presented the results of emittance studies of the
BNL/SLAC/UCLA 1.6 cell S-band emittance compensated
15 -7 lis photoinjector. Emittance as a function of laser injection

phase, charge and peak magnetic field have been presented
T 1. g in the low charge regime. Emittance results for the 1 nC

10*"}'—1L¥ % ’ % 1108 regime are presented before and after laser assisted ex-
= plosive electron emission cleaning. Longitudinal bunch

lengthening has been observed in the 1 nC studies and pro-

T (psec)

5 1 posed solutions have been presented to counteract this ef-
. |Q(r(r?§) fect. We have measured an upper limit to the beams intrin-
0 ‘ ‘ ‘ 0 sic thermal emittance and found it to be < 0.8 # mm
0 1 2 3 4 mrad.
1 (mJ)
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