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Abstract 130 A: for I,,; = 130 A, B7*** = 77.5 mT and fot,,; =
The AO photo-injector produces electron bunches of 1260 A, B;"** = 132.5 mT.

14 nC charge with an energy of 18 MeV. Detailed measure- 2 MEASUREMENT PRINCIPLE
ments and optimization of emittance have been carried out

for a number of gun and laser operating conditions, bearh® emittance measurements were done using the slit tech-
line optics conditions, and at a number of beam line locdligue: five actuator-mounted slit masks allow the measure-
tions. Results are compared with the predictions of simuldDent of the vertical emittanag atz = 3.7 m, and of both

tions using HOMDYN. €, andey atz = 6.5 mand:z = 9.6 m. The beamlets passing
through the slits are viewed with optical transition radia-
1 INTRODUCTION tion (OTR) screens located at a distarce 384 mm,d =

The photo-injector consists of a 1.625-cell RF gun resona%ﬁl;si:]gﬂs;tggfoemnr?mfr&r;:;;hti:lléstér:e;z?;txﬁLyﬁghe
ing in the TMy10,» mode at 1.3 GHz. The gun contains g

a high quantum efficiency G$e photocathode. The UV wide slits spaced 1 mm apart. As presented in [4], we first
lightis provided by a pulsed Nd:YLF laser. To confine theused a Matlab program to analyze each of the slitimage and
’ : pute the rms normalized emittance as given by HOM-

space charge dominated beam, three solenoids (a prim ) )
a secondary and a bucking to zero the magnetic field on the N and defined by [5] as:
cathode) are installed around the gun and the beam is accel- _ SNV I Y 1
erated by a 9-cell superconducting cavity upon exiting the enu = Ay (u?)(w)?) — (wn) (1)

gun. After the 9-cell, a magnetic chicane composed of foyfhareq, represents the transverse coordinater y, ¢ is
dipoles allows longitudinal compression of the beam. Ape velocity of the beam, angis the Lorentz factor. This
quadrupole doublet and three quadrupole triplets are us@ghinog gave poor resolution (underestimating the emit-
to transport the beam to a spectrometer at the end of thé,ce) if the slits images were not clearly defined, which
beam line ¢ = 11.2 m). was often the case in the measurements we made while

The predicted performance of the photo-injector is preyarying the photo-injector parameters. We then decided to
sented in[1]. For the measurements presented in this papgsmpute the emittance using

the RF gun’s pulse length was 88, the repetition rate was

1 Hz, and a train of 10 bunches was used, with charge up €n,u = BYOuT, g5, (2)

to 12 nC per bunch. The longitudinal distribution of the 7

laser pulse hae; = 4.6 ps, as measured with a streak canwherea, is the rms size of the beam at the slit location and
era. The 9-cell was operated with a useful pulse length, . is the divergence of the beam measured as the ratio
of 100 us, an accelerating field of 12 MV/m and?6ff  of one slit rms size divided by the distanddetween the
crest to minimize the energy spread. For a peak RF field slits mask and the OTR screen. A Gaussian fit was used to
the cathode of, = 40 MV/m and a launch phase ¢f = obtaine, anda, ;.. All the results presented in this paper
40° to maximize the energy at the exit of the gun, the totalvere obtained using the definition (2).

energyE; and the relative energy spreadf a 1 nC un- 3 OPTIMIZATION OF THE EMITTANCE
compressed beam were then measureh, at 18.2 MeV
ands = 0.25%-+ 0.02%, in agreement with the HOMDYN AT THE EXIT OF THE 9-CELL

[2] simulation, which give®; =17.8 MeV andd = 0.25%. All the measurements in this section were made: at
In the following, @ is the charge per buncl, is the rms 3.7 m, which is at the exit of the 9-cell.

size & ory) of the laser beam on the cathode, dpg is 361 Launch phase
the current in the solenoids. The three solenoids were usg 1sh funci fth launch ph
with the same current, implying a non-zero magnetic field iqure 1 shows, as a function of the gun launch phage

on the cathode<7 mT) and a residual magnetic normal-Wlth @ = 1nC, Eo = 40 MV/m ando = 9'7 mm. For eagh
ized emittance [3E™¥" < 2¢2. Due to the saturation value of¢o, we measured, as a function of the solenoid

n,rms H—. H H
. ; . . . current, and we show minimum values in Figure 1. Three
of the primary and bucking solenoids, the maximum ax- 9

ial magnetic fieldB}*** produced by the three solenoids' ©9!IMes can be seen: fgs < 30°, we had to increase Fhe

. laser energy to keep a 1 nC beam, and then the emittance
presents a non-linear dependance w.r.t. the current abav ;

InCreased; forpy > 60°, the energy of the beam at the

*Operated by the Universities Research Association under contract wiXit Of the gun was too low to allow a correct t'ranSport
the U. S. Department of Energy. to the spectrometer; for 30< ¢9 < 60°, the emittance
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Figure 1. Normalized emittance of a 1 nC beam versus gun
launch phase.

was nearly constant, between 2.8 and 3 #mm mrad. Thus,
we do not see an ideal phase that lowers significantly the
emittance, but rather aregion (30° < ¢o < 60°) for which
theemittance islow. In thefollowing experiments, we have
chosen ¢ = 40°.

3.2 Fiedonthegun

Figures 2 showse,, asafunction of the solenoid current for
1and 8 nC and Ey = 30, 35, and 40 MV/m. In al cases,
¢o = 40°; for Figure 2a, & = 0.8 mm; for Figure (2b), o
= 1.5 mm. We can see that the emittance of a1 and 8 nC
beam at the exit of the 9-cell can be kept at the same mini-
mum value for Ey = 30, 35, and 40 MV/m, but at the price
of delicate tuning of the solenoid field while lowering E.
Operating the RF gun a Ey = 30 MV/m presents the ad-
vantage of producing 4 times less dark current (~0.9 mA)
than at Ey = 40 MV/m. Due to the fact that the dark cur-
rent has never been a problem at A0, we did most of the
emittance measurements at Fy = 40 MV/m.

3.3 Charge

Figure 3 shows ¢, as a function of charge. Measurements
weredonefor @ =1, 4, 6,8,and 12 nC, ¢, =40°, and E; =
40 MV/m. For each charge, we measured the emittance for
three different values of the laser spot size o on the cathode
and as a function of the solenoid current. Figure 4 shows
the measurements at 1 and 4 nC, and Figure 5 showsthe op-
timum case of 8 nC (o = 1.5 mm), in good agreement with
the HOMDYN simulation. The values shown in Figure 3
are the minimarelative to o and I,,;. Thus, the optimized
emittance measured at the exit of the injector has a linear
dependence on the charge and agrees with the HOMDYN
simulation.

4 EMITTANCE ALONG THE BEAM
LINE

Table 1 shows the emittance of a 1 nC and 8 nC beam mea-
sured in three locations aong the beam line and compared
with the HOMDY N simulations. We used the parameters
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Figure2. Measurement of the emittance at the exit of the 9-
cell for (a) InC and (b) 8nC versus current in the solenoids
for three values of Ej.
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Figure 3. Minimum normalized emittance at the exit of the
9-cell versus the charge per bunch.

of the RF gun and the 9-cell that gave the minimum emit-
tance at the exit of the 9-cell, asindicated in Figure 3.

ForthelnCcase: ¢ =0.8mm, I,,; =260 A, and we used
the first triplet (z = 6.1-6.4 m) to optimize the transport
until the end of the spectrometer. For the 8 nC case: o =
1.5 mm, I,,; = 245 A, and we used the first and second
triplets (z = 7.8-8.1 m) for the transport.

Table 1 shows that the emittance of a 1 and 8 nC beam
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Figure4. Measurement of the emittance at the exit of the 9-
cell for (a) 1 nC and (b) 4 nC versus current in the solenoids
for three transverse rms sizes of the laser beam.
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Figure 5. Normalized emittance of a 8 nC beam versus
current in the solenoids.
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Table 1. Emittance measurements at 1nC and 8nC for dif-
ferent locations along the beam line, with comparison to
HOMDY N simulations.

Emittance [# mm mrad]
z Q=1nC Q=8nC
Item | [m] Meas | Sim Meas | Sim
€y 37 |37+£01| 1.7 | 100+£01 | 114
€, | 65(50+02| 15 |11.6+05 | 122
€y 65|51+£02| 15| 89+0.7 | 116
€ 97 | 68+02| 10 | 144+ 05| 115
€ | 97 (58+02| 11 |183+09 | 124

remains stable along the beam line. We can see also from
thistable that the measured emittance of a8 nC beamisin
good agreement with HOMDY N, but thisis not true in the
1nC case. Measurements of the beam envelope throughthe
beam line [6] also show good agreement with HOMDY N
at 8 nC but not at 1 nC. Work is in progress to understand
the disagreement with HOMDY N.

5 CONCLUSION

We have determined the parameters of the photo-injector to
produce and transport alow emittance beam with a charge
of up to 12 nC. The vertical emittance has been measured
at the exit of the 9-cell (z =3.7m) at e, = 3.7 = 0.1 7mm
mrad and €, = 19.9 + 1.2 ¥mm mrad, for acharge of 1 and
12 nC respectively. The emittance measurements show a
good agreement with HOMDY N for a high charge but not
for alow one (<4 nC).
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