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Introduction
‘.ijaose

Well-controlled operation of the KEKB injector linac is strongly required
e for keeping the injection rate as high as possible,

¢ and for maintaining stable operation.

Beam Feedback Controls

e Beam position feedback [LINAC2000, pp.633-633]
e Beam energy feedback [/[CALEPCS’99, pp.248-250]
o ‘Beam energy-spread feedback

‘Motivation

e A nondestructive energy-spread monitor contributes toward further stable
operation/injection of the linac.

- We developed a new beam energy-spread monitor with multi-stripline
electrodes.
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Beam Energy-Spread Monitor with Eight
Stripline-Type Electrodes

Tsuyoshi Suwada
/KEKB Injector Linac

e This work was strongly motivated by

a pioneering work of R. H. Miller, et al.

[HEAC’83, pp.602-605].

—> They showed that a stripline-type BPM
with four pickups could be utilized as a
nonintercepting emittance monitor.

e Also our previous work using similar
stripline-type BPMs [Jpn.J.App.Phys.
40 (2001), pp.890-897] demonstrated
that the higher-order (second- and third-
order) moments of an electron beam were

directly measured depending upon the
transverse beam sizes.
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Multi-Stripline Energy-Spread Monitor:
Mechanical Design Parameters

Stripline electrodes

TABLE I Mechanical design parameters of the BESM.

Mechanical parameter

Tnnner radius R1 (mm) 20.6
Outer raidus R2 (mm) 234
Electrode angular width a (deg) 15
Electrode thickness ¢ (mm) 1.5
Electrode length { (mm) 132.5
Total length L (mm) 283
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Multipole Analysis of the Electromagnetic
Field Generated by a Charged Beam

Electic-FieldLine |
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charge for a conducting round duct is formulated by,
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e Assuming the transverse r-distribution p(r) of a traveling

charged beam, the total image charge J is formulated by,
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Multipole Analysis of 8-Electrode BESM

The multipole moments are defined by using the pickup voltages(V))

o for the 1st-order (dipole) moments, o the skew angle (x-y coupling) of the
beam is formulated by
2 Vcogi _
gy = fJ[RH)COOd?f JR,8) = . Hsa‘.cw- Js ",ZJqF
Z vV e and the beam enerqgy spread is also
formulated using the optics parameters
J_-—-fJ(Rn)sumaafJ(m;)wz ZVS'”’, and transverse emittances by
Vv ; 2
' i o2 It " ' AEI »
e and for the 2nd-order (quadrupole and WX )=y )= e, + : Mg | —P#yt a

Skew) moments,
Z Vcoss where gis the parameter due to

-—(x b= (Y + (X = ()= fJ(Rt?)cos?t?d?fJ(Rti)dfz ' .the gain imbalance and the
geometrical errors of the pickups
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Beam Test at the 180-degree J-arc
section of the injector linac

SCRO3
SDR033\ SDR0O31 Electron Bea

g
BMRO4 «H—H»«{H BMRO3 —ff——

QFRO32[ BESM

Electron Bean

= Beam-position monitc
= Beam energy-spread monitpr
| wall-current monitor
® Screen monitor

O Wire scanner

WV X/Y Steering magne

Pre-Injector
Optical-Transition-
Radiation Monitor Electron Gui
P

'\j =
H ~ ~
—

D U=l = 1=l 1=y =l =1 =l

180- rer
Linac ARC

Sector

Tsuyoshi Suwada PAC2003, May 12-16 @ Portland, 8

/KEKB Injector Linac US.A.




Beam Test:Experiment and beam condition

1. Beam Conditions:
esingle bunch (KEKB) electron and high-current e-/e+ production
beam (bunch width=12ps, bunch charge=0.9 and 8nC, repetition
rate=25Hz)
ebeam energies (E,=1.7GeV) at the linac J-arc.

2. Second-order moments (quadrupole and skew moments) were measured
by the BESM depending upon the rf phase of the booster klystron
and the transverse beam positions.

3. Beam-size calibration was performed by a fluorescent screen monitor
with a high-resolution image processing system.

4. Data-acquisition system of the BESM comprises a signal-digitizing
system of a fast oscilloscope(LeCroy WavePro 950) with a sampling
rate of 8-GS/s (BW=1GHz) and a PC/Linux-based computer with a

Pentium IV microprocessor at 2.2GHz.
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Experimental Results:

Variations of the horizontal and vertical
beam-position dependence of J .,
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Experimental Results:
Variations of J ,,,,; and the energy spread depending
on the rf phase (0.9 and 8-nC e- beams)
Variations of J ;44 Energy Spread
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Experimental Results:

Time trend of the quadrupole moment and the rf
phase of the booster klystron
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Conclusions

eResult of the beam-size measurement by the BESM i1s

e consistent well with that obtained by the fluorescent screen monitor
system, and the 2nd-order moments need to be corrected with the
transverse beam positions.

eBeam energy spreads were
e (0.150£0.007% for the 0.9-nC electron beam,
e and 0.264+0.004% for the 8-nC e- beam, and the resolution is on the
order of 10-* depending upon the beam charge and the rf phase.

eGood agreement between the rf phase of the booster klystron and the 2nd-
order moment by the BESM for the variation of the time trend is a clear
demonstration of the principal function of the BESM, and it is an
important step towards the stable operation of the injector linac.

eWe have a plan to investigate beam characteristics of two beam bunches in
the two-bunch injection scheme.
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Multipole Analysis of the Electromagnetic
Field Generated by a Charged Beam:

Wall current formula and its multipole expansion(cont ’ d)

The multipole moments are defined
for the 1st-order moment,

(%)= [ xj(x Ve x,y) dxdy (y) = [ v x,¥){ x y)dxdy

for the 2nd-order moment,

(X)= [ X J(x ) x Yydxdy (y) = [V J(x Yl x,y) dxcy

and for the xy coupling term,

{xy = [ xydx, ) x y)dxdly
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Multipole Analysis of the Electromagnetic
Field Generated by a Charged Beam:

Wall current formula and its multipole expansion(cont ’ d)

Assuming a gaussian function for the transverse charge distribution, the
total image charge is formulated by,
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Multi-Stripline Energy Spread Monitor:
Charge Simulation Method

|x-postion vs.imduoed potential)
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Multi-Stripline Energy Spread Monitor:
J juaa-Sensitivity Calculation

B e e e e e e o I
- 4Pickups(SmallR) —
L — - 0

0.2 -
! -~ 8Pickups(SmallR)]

d
e {’/:/ ]
%Pickups(LargeR)

—— 8pu/Jg@Sigma_Y=0.1
— -8pu/Jg@Sigma_Y=2.1

I ——4pu/Jq@Sigma_Y=0.1 | ]
0.7 - 4pu/Jq@Sigma_Y=2.1 1
— Jg@Sigma_Y=0.1/8pu(smyliR)_

Jquad

Enérgy Spread,(E) [%] / \

Tsuyoshi Suwada PAC2003, May 12-16 @ Portland,
/KEKB Injector Linac US.A.



Experimental Results:
phase=0deg (0.9-nC e- beam)
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Experimental Results:
phase=+3deg (0.9-nC e- beam)
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Experimental Results:
Beam-size measurement by the screen monitor
system depending on the rf phase (0.9-nC e- beam)
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Experimental Results:

Variations of the skew angles depending upon the rf
phase (0.9 and 8-nC e- beams)
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Experimental Results:

Variations of J ., and the rf phase resolution
depending on the rf phase(0.9 and 8-nC e- beams)

Variations of J juq rf phase resolution
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Experimental Results:

Variations of the beam energy spread depending
upon the rf phase

The obtained beam energy
spreads were

« 0.150%x0.007% for the 0.9-
nC e-,

_ * and 0.264 +=0.004% for the
/ _ 8-nC e-/e+ production at the

rf phase of the energy-
spread minimum

: \\J 1 The resolution of the

.e \ P measurement is on the order of
'}'
g : 10-3 depending upon the beam
charge and the rf phase.
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Conclusions

eResult of the beam-size measurement by the BESM is consistent well with that
obtained by the fluorescent screen monitor system, where the 2nd-order moments
need to be corrected with the transverse beam positions.
oRF phase resolutions were
. less than 1 deg. for the high-current primarly electron(8-nC) beam,

and less than 1 deg. over the region of 1 deg. apart from the rf phase at the energy-
spread minimum.

eBeam energy spreads were
. 0.150+0.007% tor the 0.9-nC electron beam,

. and 0.264+0.004% for the 8-nC e- beam, and the resolution is on the order of 103
depending upon the beam charge and the rf phase.

eSkew angles of the electron beam were

. 21 and 20 mrad in average over the measured region of the rf phase for the 0.9- and 8-
nC electron beam, respectively.
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