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CEBAF produces a continuous electron beam with aaDIMAD model ofthis particular machine configuration.
emittance of 2-3 nm-Rad. Transverk®v frequency This model usesthe experimentalalues to back-
magnetic oscillations act to diluteis emittance. These propagate betatron functions upstream of the diagnostic
fields are typically associatedvith AC line conductors. instrumentation used.

The CEBAF injector is approximately 40 m long. To  The 60 Hz motion at the A4 aperture in front of the
locatethe source(s) othe beam motion, measuregffsets quarter cryounitwas measured by positionitige beam
were back propagatedlong the beamline using thepartially on the aperture, desync'ing the pulser from the 60
DIMAD model. Field measurements welfeen made at Hz line frequency and observing the oscillations in
the calculated fieldsource positiongnd correlated with intercepted current on the aperture. This technique
the measuredoffsets. Correctionsand finalbeam assumeghat thespot is roundand thatbecause of the
measurements were made to verify the corrections. emittance defining aperture upstream, the cumensity
is uniform across the spot. Given these assumpttbiss,
|. CALCULATION OF SOURCE POSITION technique isvery sensitive, allowing motions of only .02
mm to be measured. The measurements at toed525
The beam motion at different points alotige beam MeV points were made by desync'ing the beam 20 Hz from

line can be related by the equation: the linefrequencyand thercycling the harp. The harp's
travel time across the pipesow enough, 10-15 sethat
k= (dl/d2)(cowzlcosv1)/(([51/[52)/(y1/y2))0-5 the 20 Hzbeat frequency generated looks like a multiple

maxima of the beam intensity ¢ime harptraceand can be
Where dland d2are the measurdoeam motions at quantified by comparing it to a trace taken with beam
points 1and 2 along theeamline. B is the calculated line sync'd.
betatron function,y IS the measured relativistic term for ~ The measured transversgam motions along the
the beam and¥ is the calculated betatron phase advanteamline, g/dz, the calculatedcos¥, /cos¥1) / ((B1/B2)
at the points of measurement along the machine. / (y1/y2))1/ parameters and their ratios aeabulated in
K is the variation in the normalized emittance. Whehable 2. The last column in Table 2 plots thdéram the
k is greaterthan one it indicateshat the observed first equation above. The values are very close to one.
transverse motion is greatiran that to bexpected from These results suggest a soubetorethe A4 aperture
a motion being simply propagated the lattice along the which is being propagated dowthe machine or a
beamline. Where k equals one theam motion is simply distributedeffect with the bulk of the disturbandeefore
propagating along thbeamline according to the lattice the 5 MeV point. The region of the injector meshsitive
function. Where k is lesthanone there is the suggestionio straylow frequencymagnetic fields ighe 15 cm long
of an unknown damping function or experimental error. acceleration regiobetweenthe cathod@andanode in the
The magnitude of thebserved motionghe energy and gun. The momenturgoes from 0 td®.34 MeV/c inthis
the calculated3d's are tabulated in Table for the three distanceand isdifficult to shieldbecausahe acceleration
measurement points, 0.5,a@d 25MeV. The betatron is electrostaticand thestructures are dielectrics. To
functions along the beamline were calculated usinguantitize the problerow frequency fieldneasurements
were madeusing a milliGauss meter, placing tipeobe
* Work supported by U.S. D.O.E. contract #DE-AC05-84ER40150 where the cathode normally sits whilerning the high
potential deck electronics ONand OFF. The
measurements indicated a total field of 13 mG in the
horizontal plane of which 10 m@as accounted for by
several AC fans in the CAMAC crate on the fusck.

Diagnostic E, MeV Line Sync'd B,m d, mm FWHM, Y Y, rad
mm

A4, aperture 0.5 no 52 0.6 - 2 0

harp 5.55 yes 27 1.17 11 0.12

harp 5.55 no 27 0.2 1.34 11 0.12

harp 25.1 yes 55 0.69 50 0.4

harp 25.1 no 55 0.13 0.82 50 0.4

Table 1



AE cosPo/cos¥y d1/d2 (BLB2)/(yL/y2))0-2 k

0.5 -5.5 1.01 3.0 3.25 0.93

55-25 1.08 1.53 1.49 1.11

0.5- 25 1.09 4.62 4.86 1.03
Table 2

The total vertical AC magnetic fieldas measured at 3.5reset to a pulse rate of 58 Hz but Heam washutoff. A
mG. The calculatebeam motion fothe horizontafield measurement of the signahs made for a baseline noise
at the second emittance defining apertuwas 255 figure and thebeam was restored. A second measurement

microns. The experimental result measurgds 360 was madeand the arrival time monitshowed a 1.8
microns. picosecondvariation from macropulse to macropulse.
This would correspond to an AC modulation in the
[I. EXPERIMENTAL VERIFICATION buncher amplitude at -24 dB. Correctittening of the
amplitude loop was taken and further tests are pending.
To verify the correlatiorbetween the field After all modifications were made ithe thermionic
measurementand thH®am motion measurements a tegfun region, the beam motion at the end of the injector was

was performeadneasuring th@bserved beam motiomith  remeasured by measuriog ando,, using a harp scanner
the AC fans in the CAMAC crate Oldnd OFF. The with a 0.3 mm/second insertiorelocity. The gun pulser
vertical motion of thdbeam withthe fans ONvas 250 +/- wasthenset to a 50 Hz repetition raé&d a second harp
20 microns. With the fan®@FFthe motion dropped to 50scan made. The 10 Hwat frequency coupled with the
+/-20 microns. The correlation of the ratio of thteserved slow harp speed, causdebe measured sigmas to have a
beam motions, 50/250 microns, tihe ratio of thehashy outlinethat grow larger as thebeam motion
transverse AC fields, 3.3/13.3 m®as0.81 +/- 0.4. The increases. Thdifference betweethe RMS sigmas with
large error term is due to the 20 micron resolution of thiee beam pulseline synchronousand atsome arbitrary
position measurement. frequency isthe motion due to the lingynchronous
After shielding several of thepower supply transverse magnetic fields. The data is present¢abie
transformers on the haleck the measurefields were 4.
further reduced to 0.5 mG in the horizontal plane 1.6 The synchronousand non-synchronous data are
mG in the vertical plane at the the cathode. Thessentially the same indicating little or no transverse AC
experiments at the 0NeV/c and 0.8MeV/c regionsvere beam motion.
repeated to verify reduction of the transvdseam motion.
The data along with the calculatégam properties are
given in Table 3. The data suggest another, snsdlace
of transverse beam motion betwe#me measurement The transverse AC magnetic fielsburces in the
points. An extensive search for such fields failed. TI@EBAF injector were tracedising experimentabeam
other possibilitiesvere anerror in the measurements, ammotion measurementsand back propagatedmachine
unknown or incorrect phase advance, magnification of theodel parameters. Thesources were quantified
beam motion by spherical aberration gome optical experimentally using direct field measuremesutsl beam
element or momentum changes causedoby frequency motion measurements. Theources ofthe fields were
oscillations in the rf controlsystems causing beam corrected to be a factor of 20 lowerthe horizontal plane
steering. Beam steeringffects from small momentum and afactor of 2.5lower in the vertical. The correction
changes are seen regularly when using the real-tinvas verified using direct field measurements Beam
bunchlength diagnostic. motion experiments also show a factor of four reduction in
To test this, a simple experimentas performed in the 0.8 MeV/c regiomnd areductionbelowthe 50 micron
which the signal from theavity used to measure theresolution on the€EBAF harpscanners in the 58leV/c
arrival time of the micropulsewas monitored with the region.
gun pulser AC linesynchronous. The pulsevas then

I1l. CONCLUSIONS

Beam Momentum| Horizontal Beam Vertical Beam Y B, m Ratios of motion
motion measured Motion
mm measured, mm
0.3 MeV/c - 0.03 1.2 3
0.8 MeV/c - 0.15 1.98 21 2.8
0.3 MeV/c 0.03 - 1.2 3
0.8 MeV/c 0.1 - 1.98 14 2.3

Table 3




line sync'd ox, line sync'd oy, non-line sync'd| non-line sync'd Aox, mm Aoy, mm
mm mm OX, mm oy, mm
2.26 3.66 2.25 3.5 -0.01 -0.16
Table 4
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