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Abstract : A high current linear induction accelerator now is being constructed in Ingtitute of Fluid Physcs. It
congstsof 18 blocks, totaly 72 induction acceerating cdls, and 18 connection cdls with ports for beam diagnostic
hardware and vacuum pump. The god of thefacility isto obtain high qudity , high current pulse dectron beams. In
order to reduce corkscrew motion caused by energy spread and misadignment of a focusng syssem ome measures to
control the transverse motion of beam centroid must be taken. At first magnetic dignment is performed by usng
pulsed-wire technique very carefully , then the tilt errorsis corrected by apar of steering coils, which are located in-
dde each cdl , ater that based on the dignment data a Snyple esimate of the beam centroid motion has been done by
tranger matrix agorithm. In thispaper, the caculated and anayss results are presented.
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1 Introduction

“ Dragon " is a high current linear induction accelerator to produce high quality pulsed eectron beams,
which now isbeing constructed in Ingtitute of Fluid Phydcs. The main body of the accelerator consgstsof 72 induc
tion cells. Indde each cell thereisa lenoid focus magnet and apair of X, Y dipole steering magnets“]. The cdls
are asembled in blocks of four followed by a resstance BPM and a connection cell with portsfor beam diagnostic
and vacuum pump. The eectron beam urce is a 3kA pulsed diode injectorm. To trangport and accelerate the
pulsed dectron beams to the end of the machine, corkscrew motion caused by energy spread and misdignment is
oconcerned. Inlinear acceleratorsin which a lenoidal beam trangort system is used , misalignment of the focus ng
system does exist , and there is still energy soread within the beam pulse duration.

During the block construction period , pulsed-taut wire technology was used to characterize the magnetic field
of each cell and dign the magnetic axis® ®'. First of dl , four accelerator cells and one connection cell are assenr
bled on a mounting bench with the help of alaser track. The block mechanica axisis defined by the center of the
beam pipe of thefirst and thelast cells. Next the off sst and the tilt of cell solenoid magnets are measured with taut
wire and the tilt is canceled with steering magnets. After that the blocks are aligned and assembled to the body of
accelerator very carefully with a laser  track. The dignment satus before  oorrecting
tilt by steering coilsis shown in Fig 1 and Fig 2 . The maximum tilt along the beam line is 2 mrad and the
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Fg.1 Measured focus magnetic fidd tilt dong the beam line
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Hg.2 Measured focus magnetic fied off set dong the beam line
maxi mum offset is 0. 4mm.
In order to estimate the beam centroid motion of the pulsed beam under the circumstance of* Dragon I” trans
port magnetic syssem, a MA TL AB program is written to calculate the centroid trgectory usng matrix formalism.

2 Physical models

A dmple model is used to trace the beam centroid motion. Theirnput electron beam comesfrom a 60ns, 3kA ,
3MeV injector ; the diameter of the beam isaround 5cm. It istrangorted through a beam line conssting of a seria
of lenoids and is modeled as a string of rigid disks; we assume that there is no interaction between the beam
disks. Asaresult al the beam disks can be trangorted together. We consder particle coordinates x, x' , y and
y , where x and y are the transverse atia coordinates (incm) , X =dx/dz and y =dy/ dz are the dimenson-
less transverse velocities, and the motion of the two coordinatesis uncoupled.

During the caculation, we approximate the 0.16 field distribution approximation
lenoid magnetic field as a seriesof small slenocidswith o014}
hard edge and different amplitude, the width of each o012} [j \_1
small solenoid is2.8cm, thefidd amplitude is the aver- % o.10 1—-’ \-\[
age of the loca magnetic fidd over the length of the “-;; 0.08 J L
smal lenoid. Fg. 3 shows the goproximation of the g 0‘06 i [ \
cell magnetic field distribution. 000 J‘ L

The accelerating gap is approximated only as an en- i

ergy increment A E, in this way the beam enters each R T T T /0 10 20 30
olenoid with different v , and the magnetic fidd e
strength increases proportionaly and d multaneoudy to Fg.3 Approximation of the magnetic fidd distribution

the increase of energy.

To accommodate the misalignment of magnetic field axis, typicaly the off set and the tilt , gecia treatment e-
quationsare needed. Fortunately , the equations provided by LAMDA!®! are very suitable to lve the problem.
The algorithm alow for a transverse displacement of the center of the olenoidd x , dy , a rotation about the axis of
symmetry 0, , and a small angle tilt about the center of the solenoid6 ;.

Mapping the beam centroid through the lenoid is accomplished in three steps: fringe fidld at entrance, uni-
formfield and fringe fidd at exit. The matrixes used are as the following.

At the entrance of the lenoid:

0
X 1 0 0 O [ x k
Kc .
X' 0 1 - kd/2 0| ¥ ) 2(-6y+J2‘6tsrﬁr)
= +
y 0 0 1 Oy 0
Y- out k/2 0 0 Y in _%(-6X+J2_et(f)§r) |

The area with uniform field of the solenoid:
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Where k.= KB,/Y (cm™ ) , K=& mc®, L =2.8cmisthe width of each small slenoid, B, is magnetic flux den-

sty,y =(1-B? Y2, and
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3 Cclculation and results

By varying the initid condition (x, x' , y, y) of theparticle at the entrance of thefirst cel of the accelerar
tor , map the calculated results of each small lenoid; the output data of the previous smal magnetsis the input
condition of the following small solenoid. According to the principle, one by one the beam centroid motion along
the beam line of the accelerator isobtained.

Two cases are cond dered , oneincludes al magnetic field error (tilt and off set shownin Fig1 and Fig2). The
other only condders the effect of the offset , because the tilt error can be canceled by the steering dipole magnets.
The resultsof taut-wire magnetic axis aignment experiments show that inour case the tilt amplitude of dl cdlsare
reduced to less than 0. 15mrad. Three groupsof different initial parameters are conddered: x =0, X' =0, y=0,
y =0; x=0, x =0.001, y=0, y =0and x=0, x =0.001, y=0, y =0.001.

Fig.4 and Fig.5 show the caculation results when conddering both the tilt and the off set error and only the

off set error.
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Fig.4 Caculated beam centroid trgjectory (focusfidd with both offset and tilt error)
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Fig.5 Caculated beam centroid trgjectory (focusfield with offset error only)
From the three figuresin Fig.4 , with both the tilt and the off set error the digplacement of beam centroid in
x and y direction at the end of the accelerator isaround 8mm. Changing theinitia parameters X' and y from O to
0.001 makes very smal change on the trgectory. In this case the influence of magnetic field error is much
stronger.
From the threefiguresin Fig. 5 the tilt error of al cell are canceled by steering dipolefidd, the beam centroid
in x and y direction at the end of the accelerator is around 0. 8mm when the initid beam parameter x' and y e

gua to zero. Changing x' and y to 0.001 , the beam centroid diplacement at the end of the accelerator increase to
around 1.5mm.

4 Summary

The cdculation results show if the input beam isof very good quality, the mainly error in* Dragon 1” focus
magnetic field which will bring beam centroid diglacement is the tilt error. By correcting the tilt error with steer-
ing dipole, the amplitude of the beam transverse motion will be reduced goparently. The caculation results a

show that paying attention to the aignment of the focus magnetic field is needed , which a0 has been proved in
beam trangport experimentsof* Dragon I”.
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