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Abstract

A beam-energy-spreadonitor is underdevelopment in
order tocontrol andstabilize theenergyspread ofhigh-
current single-bunch electron beams f@roducing a
sufficient number of positrons. The author lpasposed a
new monitorusing multi-stripline electrodes inorder to
reinforce this purpose. Thigeport describesthe basic

design of the monitor based on a numerical analysis. T

analysis result shows that the resolution of earergy-
spreadmeasurement igxpected to béess than 0.3% for
nominal operation conditions.

1 INTRODUCTION

following method can be applied oot only measuring
the energy spreadhut also to measuring thieansverse
spatial structure of the beam.

2 MULTIPOLE ANALYSIS

The electromagnetidiield generated by relativistic
charged beams inside a conducting dualisostboosted
hnethe transverse direction to the beam axis dukorentz
contraction. This phenomenon shows that if the \eeb
of the image charges is negligibly small, the
electromagneticoupling of the innesurface ofthe duct
to the beamsan bewell treated as &wo-dimentional
electrostatic potential problenThus, anyderivation of
the image charges induced on the dusinsply attributed

The KEK B-Factory (KEKB) project[1] is progressing into the electrostatic potential problem on tliansverse

order totest CP violation in thedecay of Bmesons.
KEKB is an asymmetric electron-positroncollider
comprising 3.5-GeV positromand 8-GeV electronrings.
The KEKB injector linac[2] wasupgraded in order to
inject single-bunch positroland electron beamslirectly
into the KEKB rings. The beancharges arelesigned to
be 0.64 nC/bunctand 1.3 nC/bunch with a maximum
repetitionrate of 50 Hz forthe positronand electron
beams, respectively. High-current primary electo@ams
(~10 nC/bunch)are required in order togenerate a
sufficient number of positrons. Since thEKB is a
factory machine, awell-controlled operation of the
injector linac isrequiredfor minimizing the tuning time

plane. For aconducting roundduct, the imagecharges
induced by aine charge can be solved asbaundary
problem in which the electrostatic potential égual on
the duct[4]. The formula for the imagehargedensity )
is given by
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where €,¢) and R,6) are the polacoordinates othe line
charge and the pickup point on the duct, respectively;
the duct radius;and| is the linecharge (sedig.1). The
formula can also berepresented by expanding power

and maximizing stable operation. Stable control of thé&eries off/R,

beam positions and energies at several setitoosighout
the beam-positiorand energy feedback systems[3] are
essential in daily operation; however, the enesgead of

the primay electron beams is often enlarged due to a long-

term phasedrift of high-power and booster klystrons.
Thus, beam diagnostiand monitoring toolsare required
to cure the beam energy spread; furthermore thosealso
expected tocontrol the longitudinalwakefields of the

high-current primary electron beams pulse-by-pulse,

especially at thel80-degree arc othe injector linac. A
beam-energy-spread monitor (BESMith multi-stripline
electrodes ione of the very usefuhonitoring tools for

satisfying such requirements. The monitor has been newly

designed based on aumerical analysisinvolving a
multipole analysis of theslectromagnetic fieldyenerated
by charged beams. The BESdiétectsthe spread of beam

sizes at large dispersion secions by detecting any variati

of the electromagnetic fielddistribution induced in the
monitor with the multi-stripline electrodes;thus, the
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Efbure 1: Polarcoordinates of dine chargeand eight
pickups defined in a conducting duct.



If the transversedistribution of a traveling beam is obtained,becausethe square differenceo- o;?) of the
according to a Gaussian function inside the duct, the totaéam sizes is only related to thaarupolemoment. This
imagecharge {) is formulated byintegrating theimage is becaus¢he equipotential lineare invariant under the
charge density with a weight of the Gaussian distributiocondition o,>- g,’=const if the beanpositions do not
inside the duct area, change.

3 NUMERICAL METHOD

I .
IRO = A[i(naR G x _ _ _
2mR A numerical analysis was carriedit based on a charge-

= °g L 2] simulation method[5] in order to calculatethe voltages
- (xX=%) T (Y =¥o) [ixdy, (3 induced on the electrodependent orthe beanposition
0 20)2( O g 203, = andsizes.Here,only abrief overview ofthis method is

given (seeref.6 in detail). The method ibased on the
boundary element method for analyzing a two-dimentional

and vertical root mearsquare(rms) half widths of the electrostatic potential _probl_em. Ithis methoq some
beam, respectively, and(y,) is thecharge center of the boundary elements and imaginary charges are introduced in

gravity of the beam. Assuming that the widths of th(—?rder toanalyze an electrostatip—fielsystem(seef@g_.Z).
charge distributiorare sufficiently smallcompared to the All of the conductor suriaces ithe systemare divided

duct radius g,,0,<<R, integration is easilperformed by |n|to rr:any do_mamsr,] wh|chare| called t()joundarty h
extending the integration areaxy- +, as follows: elements’, imaginary charges are aiso arranged near 1o the

boundary elements in a one-to-one manner. The
electrostatic potential ofdach conductor can lmlculated

wherel, is the beantharge,o, ando, arethe horizontal
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J(RO) = —2 +2E—cose +—sin9E so as to satisfy théoundaryconditions of thesystem,
2R} R R that is, so as that thealculatedequipotential surfaces

02 - 02 2 200 correspond tdhe conductor surfaces bysing thelinear

+2%X72y+x"2%%cosze+2xo)zlosinzeu]](4) superposition of the electrostafield contributed by all

R R R of the real (beam) and imaginary charges. The goodness of
the numerical analysis was investigated by analyzing the

wherethe higherorders are neglectedhe first to third  convergency ofthe electrostatic potentiaisalculated for

expandedterms correspond tothe monopole, dipole, each electrode in various segmentation numbers, while the

quadrupolemoments, respectively. Thieeam sizes are transverse chargdistribution obeyed aGaussian function

related to the quadrupole moment at the leadér. Thus, with a total horizonta(vertical) width of @,(g;), which

a beam-size measurement canpbdormed to detect the was also segmented byusing finite number of line

quadrupole momend{,.J. The formula normalized to the charges with infinite length. The paramegéd wastuned

total image charges is given by so as to producegood symmetrical and constant

electrostatic potentials on thelectrode surfaces. The

calculation convergency was deduced to be better than 1%.

Jovad = I J(R 6)cos26d6/ I JROAE (5  The obtained parameters are summarized in Table 1.
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The quadrupolemoment isdependenupon both of the
beampositions and the sizes from the above formulas;
however, theposition dependencecan be corrected by
using the dipole moments. It is also approximately given
by using then-pickup amplitudes\ [i=1-]),

/
Outline point on
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Normalization by summing then-pickup amplitudes (49

needs to cancelut the beanthargevariationdue to the Duct center

beam jitterandthe sensitivitydependence ahe pickups

due tothe angular width of thelectrodes. It is noticed Figure 2: Segmentation of the bealuct and electrode
that the absolute beam sizean not be independently surface based on the charge-simulation method.
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Table 1: Parameters used in the numerical method
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the variation of thequadrupolemoment to theenergy o . o0 ]
spread @/E) expected athe 180-degreearc, where the . 7F 5
horizontal dispersion is7,=7.2 mm/% and the beam Nbx i ]

energy is 1.7 GeV, with various vertical beam sizes. The 6 ]
beam-positiordependencgvas neglected inthis analysis : ]
for the sake of simplicity. Assuming that the noleeel 0 S EN Y A R S
of the pickup amplitudes is expected to be less than 0.5%, 0 5 10 15 20 25 30

which determinesthe minimum detectablecharge, the Number of Electrodes
detection error of the energy spread is expected to be ab%ure 3: Variation of thequare difference ofhe beam
0.3%. . C
Table 2: Design parameters of the BESM sizes depending upon the ngmber ofelectrodes. The
horizontal and vertical beam sizes are assumed g%
Inner radiusa [mm] 506 ando,=1 mm, respectively.
QOuter radiuh [mm] 23.4 0.3 e N
Angular widthA8 [deg.] 15 I o =01mm ]
Electrode thicknessimm] 1.5 02— = o eo1mm R
Stripline lemgth L [mm] 132.5 I v ]
Number of electrodes 8 E
E
5 CONCLUSIONS = 1
A new beam-energy-spreadonitor with eight-stripline I ]
electrodeswas designed onthe basis of the multipole 01F ]
anaysis forchargedbeams. Eightelectrodeswith each I ]
angular width of 15 degree are required to detect the precise

quadrupolemoment for a beancharge greatethan 0.6 0 05 1 15
nC/bunch. The rms resolution of thenergy-spread Energy Spread @_/E) [%)]
measurement isexpected to be0.3% for nominal o E

operation conditions. This is small enough to stablfigure 4: Variation of thequadrupolemoment to the
transport high-current primary electron beamshat180- energy spread expected at the 180-degree arc.

degree arc in the injector linac.



