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An electron beamcrossingthe 11 SSCL Linac beamhorizontally at right angleswill

undergoa vertical deflectioneachtime a Linac microbunchpassesby the crossingpoint.

For example,a 10 keV electron,which hasa f3 of 0.195,crossestheLinac beamtransversely

at the DTL-CCL interfacein 20.5 picoseconds4CR = 1.2 mm, while the corresponding

microbunchtakes64.8 picosecondsi.e., 4ct to pass by. So a beamof 10 keV electrons

can in principle fairly well resolve thesemicrobunchesin time. The maximum vertical

deflectionanglezM9 impartedto suchelectronscan becrudely estimatedfrom the number

N11 of 11 particlesin each microbunch,and the bunch’s length L = aic/IH- [1]. For

the 70 MeV H’s at the DTL-CCL interface,/3- = 0.3661, so that with the above oj,

CL = 0.178 cm, and, very roughly[1],
/ e2N

max 2meyzcLz2 CL

where e is the electron’schargeand n-is is its mass. Taking NB to be 3.58 x 108 H’s

per bunch, we obtain an upperbound for zXt9 for 10 keV electronsof 37 mrad. A more

careful numerical simulation of the deflectionangleas a function of the electronimpact
parameterwith respectto the centerof the H- beam,using the code ZBEAM [21, yields

the curve of Figure 1, whosemaximum deflectionangle is 22 mrad. If a well collimated,

small spot electronbeamis used,such deflectionsamount to severalmm at a detection

point 20 cm from the beamcrossing,and should be readily resolved, for example,by a

CCD detector. The gap betweenthe microbunches2.34 x io secondsat 428 MHz, or

25.7 cm providesa convenientundeflectedelectronbeamreferencepoint at the detector.

Thepreciseamountof deflectioncan readily be adjustedto any convenientvalue less than

the maximum by variationof the impactparameter,as Figure 1 indicates.

The purely vertical deflectionof the electronbeamwith microbunchpassagedoes not

by itself provide a time scalefor analyzingthe bunch structure. At the detector,we have

somethingakin to an oscilloscopewith a verticalinput signal only. We shouldthus alsolike

to providea horizontalinput signal for the desiredtiming purpose.In an oscilloscope,the

horizontalsweepfunction is normally accomplishedby using deflectionplatesto imposea

time-modulatedelectric field on the electronbeam. One could supposedoing the sameto

our electronbeamafter it has crossedthe H- beam. Ideally, the sweepfrequencywould
be a multiple of the 428 MHz bunch spacing, so as to produceoverlappingimagesof
many closely similar "nearestneighbor" bunches. This tremendouslyeasesthe intensity

requirementson the electronbeam,allowing the detectorimage to be built up over very
manybunches. It turnsout that theextremelyshort64.8 picosecond4cg bunch is difficult
to satisfactorilyresolvein time usinga 428 MHz sinusoidalhorizontalsweepfrequency,but
that a 1284 MHz the CCL bucket spacingsinusoidalsweepfrequencyis adequate-see
Figure 2.
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Figure 1, Electron vertical deflection angle versus impact parameter from the center of an H- bunch.
Electron energy is 10 keY, H- beamenergy is 70 MeV, and H- beam c is 0.3 mm. The
H- bunch has3.58 x io particles,and its CL is 0.178 cm.
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Figure 2. Gaussiantime pulseof t = 16.2 picosecondssuch as would beexpectedto be impartedvertically
on an electronbeamby a passing Linac H- bunch, which is swept horizontally by a sinusoidal
signal of frequency1284 MHz. The Gaussianspike is thus "openedout" to about one third of the
sweepamplitude,permitting it to be reasonablyprofiled in time.
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It is, however,difficult to providemuchhorizontalsweepdeflectionof the 10 keV electron
beamby using deflectionplates at such a high frequencyas 1284 MHz. The proposed

solutionfor this problemis to usea 1284 MHz resonantcavity in lieu of deflectionplates,in
order to takeadvantageof thehigh Q of sucha structure. Further,theelectronbeamwould

enterand exit the cavity through a coppershielding tube which hasa gap of calibrated
length at just the central zone of the cavity, where the deflectingcavity electric field is
strongest. The gap’s length is to be "tuned" to the electronvelocity so as to avoid self

cancelingeffects of the oscillating cavity electric field on the net electrondeflection.

Conveniently,the Linac hasa 10 watt referenceline for the 1284 MHz CCL bucketsignal,

a portion of which one might envision feeding into the proposedcavity via an adjustable

phaseshifter. Let usgo througha roughexerciseto estimatethe maximumdeflectionsweep

that might result from dissipatingone watt of power in a 3 cm x 16.52 cm x 16.52 cm

square-facedcoppercavity, whosefundamentalresonantTEO11 mode is 1284 Mhz. The

electrons,having traversedthe H- beam,are still traveling very nearly in their original

z-directionalbeit with a small vertical, or y-componentto their momenta.They enter

the coppershielding tubeat the centerof the nearestto the H beam3 cm x 16.52 cm

face of the cavity, whose3 cm edgeis orientedto be horizontalin the x-direction and

whose16.52 cm edgeis orientedto be vertical [in the y-direction. This internal copper

shieldingtubeleadsthroughthe cavity in the z-direction,allowing theelectronsto exit the

cavity throughthecenterof theopposite3 cm x 16.52 cm face,andthis tubehasa 2.28 cm

gapwhich is symmetricabout thecavity’s center. Ignoring theeffect of the shieldingtube,

the fundamentalTEO11 mode within the cavity has the non-zeroelectromagneticfield

components,

y, z, t = E0 siniry/1 sinirz/l sin27rfi - to,

y, z, t = 1/s,ñEo sinrry/l cos7rz/1cos27rft- to,

y, z,t = -1/v’Eo cosiry/I sin7rz/1cos2irft - to,

where I is the length 16.52 cm and f is the frequency1284 MHz. We here takenote of

the relation I = c/v’f. The interior of the cavity extendsfrom 0 to 1 in y and z, and

from 0 to 3 cm in x. The maximummagnitudeF0 of the electric field may be relatedto
the power P dissipatedby the surfacecurrentswhich the magneticfields stimulateon the

cavity inner walls, as we shall indicatebelow. In the shielding tube gap region close to

the centerof the cavity, one can approximatethe non-vanishingelectromagneticfields as

simply,

y, z, t = F0 sin2irft - to,
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The horizontalx-direction deflectionof anelectronwhich passesthroughthe gap with

constantz-velocity c/is is governedby the simple Lorentzforce equation,

dp1/dt = -eEosin2irft - to,

with initial condition at the beginning of the gap p1t = 0 = 0. We wish to solve

for pt = lg/ci3z, the x-momentumat the end of the gap, where I is the gap length

of 2.28 cm. This is thechangein horizontalmomentumzp which theelectronexperiences

upon traversingthe gap. Of course,it dependson the phase2irft0 of the electric field at

time t = 0 whenthe electronentersthe gap. We obtain,

=

!} [cos2irf t0
- .4- - cos2irfto]

eEo.f r I1’.f 7r fig
=-sinI -I Isinl2irfto- I-

irf ...//3lJJ /flZl

To maximize the deflection sweep, then, we needto choose the gap length to satisfy

= i3I/h, which the 1 of 2.28 cm doesfor our 10 keV electronsand our I = 16.52 cm

cavity side.

With this choiceof I, the horizontal deflectionangleA9to, which equalsipto/pz

wherePz rnyc/3, comesout to be,

Mto =
- eE0

cos2irfto.
lrfme7zc$z

For this expressionfor zOto to be useful, we now needto relate F0 to the power

dissipatedon the cavity inner walls by surfacecurrents. Theseare driven by the magnetic

fields at the the cavity wall inner surfacesaccordingto the relation,

= - n x B3,

whereB3 is the magneticfield value at a cavity inner surface,n is the unit normal to that

surface,and the surfacecurrentdensityi hasdimensionsof currentperunit length. Thus

the averagepowerP dissipatedon the inner wall surfacesis the time averageof,

p p2
P I i 2jc .tC j 2

AL I 4J8 Lid
- 2 I 113,tang

iwalls 4ir iwalls

Here .1? is the wall resistance,which is given in ohms, where one ohm= 30c1 in the
units we are using by a831, wherea is the conductivity of the cavity surfacematerial
copper in inverseohms per unit length, and 6 is the skin depth for the frequencyf,
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namely irfpa4. Thus, we may write B = R.f, whereit irp/a and, for copper,

has the value 2.62 x b-7 ohms s.

With our aboveexpressionsfor the componentsof the B field in the cavity, we can thus

calculatethe power P dissipatedin the cavity walls. We obtain,

= 1 Eoc22it110
+ 2w/I,

where w, is thecavity’s x-dimensionof 3 cm. We now solve this for the maximumelectric

field magnitudeF0 in the cavity,

8irVf P
= c2 Rf41 + 2w/i

If we thus dissipatea P of one watt in our cavity, E0 comesout to be 402 volts/cm. We

canput this expressionfor F0 into that obtainedabovefor Mto to obtain,

8v’e P
LsO,to = - i cos2irfto.

me7zc3/3z ltf51 + 2w/IflJ

Thus for one watt of dissipatedpower,we estimatea deflectionsweepof 29 mrad. From

theendof theshielding tubegap to the end of the cavity, the electronsmust travel another

7.12 cm, at which point this deflectionsweepproducesa sweepdisplacementof 2mm,which

would be adequatefor a typical CCD.Theseestimatesarewithout doubt on the optimistic

side, taking no accountof the power lost on the surfaceof the small diametershielding

tube, andoverestimatingthe cavity electric field strengthin the gap region. Howeverone

hasleewayto increasethe powerconsumedby the cavity to a valuegreaterthanone watt,

and also to place the CCD electronbeamdetectorsomedistancedownstreamfrom the

mouth of the cavity exit.

The Kimball PhysicsERG-21 high performanceelectrongun would seema very sat

isfactory sourceof electronbeamfor this "1.284 GHz oscilloscopebuilt acrossthe Linac

beam" diagnostic. It offers an energyrangeof 5 keV to 50 keV aswell as collimation as

good as 20 irad half angle with a beamspot of 20 pm or less, which is the resolution of

the typical CCD. Its beambrightnessat 10 keV can reach0.5 mamppermm2. It can also

produceelectronbeampulses shorter than 1 ps, so as to overlap imagesof only closely

similar bunches.The Linac’s pulse length is 6.6 ps.

Oneconceivableconcernaboutthis approachfor visualizingmicrobunchstructurein the

Linac is the possibility that imperfectionsin the cavity electromagneticfield could have

a decollimating effect on the electronbeam. Such imperfectionscould arise particularly
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from the field distortionscausedby the coppershielding tube outlets at the endsof the

gap. A computerstudy of this could be useful, and ameliorativemeasuresmight include

flaring androundingoff theseoutlets,aswell asmaking provisionfor refocusingcapability

downstreamof the cavity in the form of magneticlenses.

It is of someincidental interestto also note the expressionfor the Q of our cavity mode,

Q
- 2ir2 w/1

- c Rffi + 2w/l

For our situation, this Q comesout to 11,800.
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