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Abstract

Measurement ofvakefield is planned athe Extraction
Line from the Damping Ring of ATFAcceleratorTest
Facility at KEK. In this experimentresidual’ long-range
transverse wake field excited by multi-bunch beaith be
measured, and will be compared with theoretical
calculation ofwakefields with cell-to-cell misalignment.
The residual wakefieldwhich is induced by cell-to-cell
misalignment of structure. Because the multi-bubelm
from the Damping Ring isexpected to bestable and
extremely low emittance, wean measure asmall
transversekick of 10 nrad by using 500 nm resolution
BPMs and optimized optics of the extraction beam line.

1 INTRODUCTION

In the linac of the KEK JLCdesign[1], the
bunch train which is 85 bunches of 7.2%&lectrons and
1.4 ns bunch spacing. In this multi-bundksign it is
important to control théong-range transverseakefields

generated irthe acceleratingstructures of the linac. The

transverse modes dhe acceleratorcavities cause the
multi-bunch beanbreak-upinstability. As of today, a
variety of structure schemes have been developeedtae

were injectednto the system withindividual control of
the bunch timing and intensity. This experimergasured
wakefield which was proportional to beam offset.

Our plan is to do the measurements of
wakefields atKEK in the diagnostics section of the
extraction line from the ATF damping ring (Figure 1).
This damping ring islesigned to generaextremely low
emittanceand stable multi-bunch beam. Using this low
emittance beam, the measurement with high sensitivity
will be expected. The purposes of this experinaatthe
measurement of the residual wakefield which is induced by
cell to cell misalignment of structure, when begoes
through theaverage center ofhe structureand single
bunch blow up will be minimized. It is important to
check theoretical calculation of transversakefield with
cell to cell misalignment. The superpositi@ffect of
long-range transversevakefield excited by miti-bunch
beam will also becomparedwith the result oftheoretical
calculation.

2 TRANSVERSE WAKEFIELD MEASUREMENT

2.1 Long-range transverse wakefields

The key requirement of this measurements is that

(detune or damp) the effect of dipole wakefields. One is thiis sensitivity to thelong-range transverseakefield is

detuned structure (DS) in which the dipole modds be

below the tolerance on theakefield strength in the KEK

canceled by spreading the frequencies of the relevant mode€ design. It is difficult to characterize the limit on wake

in the structure [2]. Another scheme, such asddraped-
detuned structuréDDS) is beingstudied atSLAC [3]. A
heavily-damped or a medium-dampsiducture based on
the choke-mode structure has also beevelopedecently
[4]. In the choke-modestructure, all of thehigher-order
modes are heavily damped.

The wakefield can be calculated begxisting
computer programs within certalimitations. So it is
important to compare the result of the theoretical
calculations with measuremensing real beam. Until
now, measurement of the wakefield suppression baea
made on X-band detunesdtructure (DS) atArgonne’s
Advanced Accelerator Test Facility (AATF) [5] and
detuned dampedstructure (DDS) at ASSET [6]. In
ASSET, themeasurement ofvakefields was performed
by using two bunchegelectronsand positrons) which
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function. However, the criterion ofvakefield strength
that emerge from recently studies ikess than 1.0
MV/nC/m? at each bunch location assumimgm.s.
misalignment of about 1Am [7]. When the bearoffset
to the structurecenter is 10um and wake function per
unit length for 1.3m-long structure with its cefierfectly
parallel to the beam is 1.0 MV/nC7nihe transverse kick
amounts to 25.4nrad/structure assuming thebunch
chargeand the beamenergy are 3 nC andl.54 GeV,
respectively.

Furthermore, if the cell-to-cell misalignment is
comparable tahe offset of the beam witfespect to the
structure, theeffect of the misaligned cells cannot be
ignoredand it becomes important to study tledfective
kick from the cell misalignment in the structure.
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Figure 1 Layout of the ATF extraction line

minimizing the effect of short-rangeakefield induced by

beam position jitter. To get the big R B;, B, andphase
The layout of the extraction line is shown inadvance from Sto S should be optimized.

Figure 1. The measurement wakefieldswill take place

at the latter half of the extraction line. THigear region

is diagnostics section and is dispersion free. Sthecture Define the sensitivity at the BPM taneasure

will be installed before the diagnostics sectamwill be  transverse kick of long-range wakefields as follows.

mounted on a remotely controllable support. All

quadrupole magnets are equippedwith internal high — pog- _Beamoffset bylong - range wakefield

2.2 Layout of Extraction Line and Measurements

2.4 Sensitivity

resolution beam position monitors (BPMSJhese are Ve“(net beamsize)z +(beamsizeb|0wup)2

stripline type, because these haventeasure a bunch-by- Ay ---(2)
bunch beam positions. Someére scanners located at the = + (y: vertical direction)
diagnostics section. \f(ayz) +(DYgr)?

Firstly the Twissparameters athe teststructure

and measurement points are optimized. Then single bunghis ROS is the ratio of the beam offset loyig-range
blow-up by beam position jitter at the structwrél be  y5nsyerse wakefields to the beam size at the BPM. When
minimized by moving the test structure using B@ive o yalue of ROS is big, thimeasuremenwill be easy.

mover support and observing beam profile usingwire Here, beam offset by long-rang wakefieldly(,..), the net
scanners.Finally bunch-by-bunch beanpositions are "

measured by BPMs downstream thfe structure. The . _
monitors for individual bunchesvith 2.8 ns bunch short-range wakefield Ayy,,,) are given by
spacing have been developedAdtF 80 MeV pre-injector

beam size ¢,), beam size blow-up by beam jitter and

(811 By = R (1/5:) % BYjog
2.3 Optics o, = /gﬁyz ......... ©)
Let Twiss parameters othe structureposition DNygor = Rm(sl /52) X AL

(Sy bea, andB,, and those at the position of the BPM to

measure transverdack (S,) be a, and3,. The transfer where Ay, Ay, ande arekick angle bylong-range

matrix from the structure to the measurement point is ) ]
and short-range wakefield at the structanel enittance of

given by beam at BPM, respectively. We assume thatatiches
Ry RuD in a pulse have the same injection error, and ignore bunch-
Ra/s)=f, g H by-bunch jitter. From thesequationsand transfermatrix
o I3 _ s 1) from S to S, ROS is independent @f. And optimump,
. | g (osy +ausiny) VAb s g which make ROS maximum islerived from bunch
=g E(1+a1a2)sinw+(az—al)coswg c&(wsw_a sinw)D charge, beam energy, beam position jitted strength of
B BB, B \/ﬂz ’ @ short-range wakefield at the structure. When single bunch

wakefield is assumed agy (s) =20, 1.3x10*[V/C/m?]

wherey is phase advance from ® S. R, should be big [10], the optimumB, is given in the case of twparticle
to detect small transverse kick by Iong-rﬂge wakefields model by
the structureBeamsize at the BPM \(f“sﬁz ) should be )

. - - Ay )
small for the resolution of measurement, while besira B =0 Yjtter EﬂM(ZUZ)d:@nwD _________ 4)
at the structure (¢8,) should also be small for go, 2 E B
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where Ay;., 0, and g, arethe position jitter at the

structure, the verticadnd longitudinal beam size at the
structure, respectively. Maximum ROS is given by

A I
ROS, = VBE T ©)
2¢, A 2
Jey o 1§ k20
when sinp is equal to 1, i.e. phase advance fronoSs,
is T(n+1/2) (n: integer).
The beam position jitter at thestructure
contributes to theerror on the signal measurement

Extremely low emittance of ATF'€(=30 nm) and stable
beam has aradvantage ingetting a high sensitivity.
However, our long bunch lengtho,E5 mm) has a
disadvantagérom the effect of the short-range transverse
wakefields on themeasuredunch motions. To minimize

this effect, length of the witness bunch should be as small

as possible.
2.5 Resolution of measurement

To measuremuch smallertransversekicks by
long-range wakefield, the beam offset at Bl to the
transversekicks must belarger than the resolution of
BPM. For example, let theansversekick (Ay,,,,) be 10

nrad,andthe extractedoeam from the damping ring has
the following parameters in Table 1.

Table 1 : ATF design parameters

Beam energy E 1.54 GeV
Bunch charge q 3.0 nC
Particles/bunch N 1-3 10
Bunch spacing pt 2.8 ns
Bunches/train N 10-60

Bunch length o, 5.0 mm
Horizontal emittance ¢, 4.3-5.1 pm
Vertical emittance €y 30 nm

The beam position jitter atructure is assumed to be
0.10,. In this case, RQg, is equal t05.4x10°. For the
resolution of BPM is 0.5im, 3, has to be larger than 425
m which means vertical beam size & at the BPM. A
design ofthe beam optics which satisfietthe above
requirements was actually done, st®own in Figure 2.

The resolution of BPM is also realistic value with 2.8 ns9

bunch spacing [11].

Even in the case that the pulse-to-pulse or bunc
by-bunch beam jitters are larger than the resolution of
BPM and cannot be ignored, by measuring the orbits of
all bunches in a pulse at the same time in diagnostic
section, this measurement is free from the problem of th
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Figure 2 Optics of the ATF extraction line

3 CONCLUSIONS

At the ATF extraction line, the precismnsverse
wakefieldsmeasurementsvill be able to performusing
extremely low emittance beam, high resolution BPMs and
optimized optics of the extraction beam line. The
experimental study ofwakefields in an accelerating
structure with cell-to-cell misalignment will heerformed
with using ATF multi-bunch beam.
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beam position jitter. Then we can still measure the much

smaller transverse kick by residual wakefield.
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