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Abstract quality problematic. A simple, flexibleéron-dominated

A dipole "septum” magnet without a material septum héjslpole electromagnet has been designed for use in proof-of-

beendesigned andested agpart of a fast beankicker p”T‘C'p'e 'expenments on tH_ETA'” acc_elerator aLLNL.

o . . This design scales tdull radiographic parameters, and
system for use in intenseglectron-beam induction . : -

i . . allows a wide range of experimental tuneability.

accelerators. This septum magnet is a simpbe;based
electromagnet with two static, oppositasiented dipole
field regionsused to provide further separation ladam drift
centroids given a small angle kick by a fast beam kickarnci dent Br~15 deg
The magnet geometry includes removable pole pieces tobeam
allow experimental flexibility. Fielderrorsexperienced by ———"
the beam depend crucially on the magnitude ofirthi&l _
kick that provides displacement of the bearantroids fast dipole 6i~1deg Cati _
from the transition regiometweenthe two dipole field ki cker Static Beantine

. . . di pol e
regions. Results of simulations are reported. P
septum

Bean i ne

0r~15 deg

1 INTRODUCTION Fig. 1: Fastkicker system consisting of a pulsedst
Intense  electron-beam inductioraccelerators are dipole kicker, a drift, and a static dipole septum magnet.
presently under consideration at Lawrence Livermore ] )
National Laboratory (LLNL) foruse inadvancedlash x- The ideal "box" geometry of the septum magnet is shown
ray diagnostics of implosions [1]. A key component of? Figure 2. There aretwo regions with oppositely
these radiography machines is a fast, high current stripliReiénted uniform, dipole magnetic fields of thesame
kicker used to rapidiswitch an intense electroneam Magnitude radially separated by ahin field transition
micro-pulse on the order of 50 ns in duration iseparate region. The two beams emerging from the kicker are
beam transport lines to achieve multiple lines of sight dAcident inthe uniformfield region aradial distanced
target [2]. This fast kickesystem iscomposed of two from the centgrlmearjd arefurther separatedrom eqch
elements in series as diagrammedig. 1. The first is a Other by the dipole fields abe beamsraversethe axial
fast dipole kicker that is only capable of imparting a smafgngth | of the magnet.
angle bend @ =1°) to the centroid. This is followed by a
shortdrift distance toallow the kicked beam centroids to
radially separatébut not so long as to allow significant
expansion due to the lack of transverse focusing), and then I
a staticfield dipole septum magnet thaincreases the : '
angular separation of the centroidd, &15°) and steers - :
them into separatetransport lines. In this study, we BA‘ .': : :. iB
|
e
|

centerline

I . . .
I<—f|e|c| transitlign region

describe the design and construction of a prototype sept
magnet with two oppositelgriented dipole fieldegions.
This "septum" magnet is not a true septum since I
material isallowed inthe regionbetweenthe two dipole d
field apertures across which intense electrails spray
during the beam switching process. Any matquiasent
in this regionwould be hit by intense electrons and
resulting plasmas close to the beseferenceorbits could
interfere with subsequent micro-pulses. Unfortunately
this lack of a material septum makes achieving gt

[ axial length |

Fig. 2: Ideal box geometry of the dipole septum magnet.

The requireddipole magnetidield B is related to the
beam energyE, and the incidenandexiting beamangles
6, and 6, by
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Here, m and € are the mass and charge of an electron, anttident beam radiugr,) andcentroid separatiorf2d) at
C is the speed oflight in vacuo. On traversing the the septum magnetare about 1.5 cmand 6 cm,
magnet, the beam centroids will move radially a distancerespectively. The bearoentroidwill exit the magnet a

A= cos6, — cosf, @ horizontal distance of ~ 3cm.
~ |sing, -sing| -

2 SEPTUM MAGNET DESIGN

An iron electromagnet has bedasignedusing iron poles
with shims to enhance field quality. The maggebmetry
is illustrated inFig. 3 and is essentially two "C" type
dipole magnets brought into closadial proximity. The
poles consist of insertable plates allowing easy pole
replacement enabling experimental evaluation chraye

of aperturegaps, and field smoothing shims using the
same basic assembly. The rapidity of the transition
between the two dipoléeld regionsdependsritically on
h/d, the ratio of magnehalf-gap h relative to the
incident centroid displacement. The ratiod/r,, where Fig. 3: Schematic of dipole septum magnet geometry (not
r, is the beam radius, must also be sufficietilge such to scale).

that the incident beamoesnot enter the field transition

region. Achievable d is limited by the fastkicker Figure 3 shows the 2D geometry of the septum magnet
technology and the maximum fast-kicker to septum designed. The beams giorough theaperture(2h) which
magnetdrift distance.Thus h was chosen as small asis about 7 cm high. The coils on the lsftle and right
possible consistent with the transverse size ofrisarly ~ side of the magnet have different polarities such tere
round beam incident othe septum magnet. Thﬂpme are two field regions with oppositelyoriented dlpole
fields bend the beam centroid into the gdiettl region as Magnetic fields. The amp-turns @fach coil can be

the beam traverses the box magnet geometry. Dtleigo estimated asNl = Bh/ u, ~800 Amp-turns. Here, h is
desire to increasthe centroidmotion A[Eq. (2)] and the the height of the half gap,u, is the free space
desire tominimize 3D fringefield effects, weak bending Permittivity, and N is the number of turns of the coil. A
fields were emp|0yed with |0ng axial magnet |ength total of N =300 turns was choseand the total power
relative to the magnet half-gap. Coils were stackethin ~ dissipation was small enough where no water cooling was
transverselyand long vertically to allow a moreapid needed. A part of each iron pole is made interaovable
transition between the dipoldield regions. Permanent Pplate. Therefore, if the beam radius is larger tegpected
magnetsand/or additionatoils could be used tenhance Or if the field quality is insufficient, the gap structure can
the rapidity of the field transition, but this was avoided foPe easily modified without reconstructing thewhole
simplicity and tohavethe unsaturated field scale linearly magnet assembly. Shims dfapezoidal shape were

with coil excitation. The uppeandlower half coilswere designed to make the fields more uniform in the transition
wound separate|y to allow the upmd lower magnet region. A picture of the septum magnet built for use in
assemblies to be unbolted for easy removal of the magi@of-of-principle experiments on the ETA-II accelerator at
assembly and independent excitation of each dipole regid#NL is displayed inFig. 4a. Figure 4b shows the
This allows easy access to the poles and the vatam Septum magnet in the beamlinBecause ofthe small
pipe as well as flexible experimental operati®hims aperture in the septum magnet, toeandbeam pipefrom
were employed nedhe field transition region teenhance the kicker istapered to aectangular shape ithe septum
field linearity. The vertical height of these shims waghagnet region before reaching the diverging beamline.
limited to prevent further restriction of thin walled

rectangular vacuum pipe theireadsthe magnetperture, (2) Sb)
thereby limiting the degree of field smoothing these shim
can produce. Nshims were employed onthe far radial
extent of the poles since the poles can easily be made wi
enough to achieve high field quality in that region.

shim shim

shim shim

removabl e plate removabl e plate;

The parameters chosen fiie designare anaxial length
| =20cm, incidentandexiting beam angles of, =1deg
and 6, =15deg, resulting in a bending field of

B=250Gauss for the beam energy & =~6MeV. The Fig. 4: (a) Septum magnet for the ETA-II experiment
(b) Septum magnet in the beamline
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3 MAGNETIC FIELD SIMULATION

The magnetic field was simulated using the 2D
magnetostaticcode Poisson. Only aquarter of the
symmetric structure was simulated. Due to the filds,
no iron saturationoccurredfor the full possible coil
excitation. Figures 5a and 5b show fiedd contoursnear
the transition region withouénd with the shims. The
curved field lines indicate non-uniform fields, with a
perfect dipole corresponding to straight lines.
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Figure 5: Simulatedield lines in the halfaperture of the
septum magnet. (a) without shims. (b) with shims.

Note that with shims, théelds in the transitionregion

are more uniform. Also the significanentroidmotion of

the beam from incident to exiting limits tleéfect of the
larger incident field errorsince the beanbendsinto the

high field quality region. Note also that the shimsludes

a smalltaperedcut from the iron pole. Theffect of the
shim is further illustrated inFig. 6, where the vertical

magneticfield on the midplane (y=0) of the septum
magnet is plotted. Note that the shimeduces the
undesirable variation in field at the beam edgd centroid
for the incident beam.

A harmonic analysis of the multipole content of fledd
in the gap of waperformed atx=3, 4, 5,and 6 cm and
y=0. Table 1 summarizes the multipoldield
contributions compared to the dipdleld at that value of
X when evaluated on a circle of radiu5 cm for

harmonic number&N = 2 (quadrupole), 3 (sextupole), and

4 (octupole).
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Figure 6: Vertical magnetifield on the midplane of the
septum magnet verses radial distance from magnet center.

Table 1: Harmonic analysis of the field inside the aperture

N x=3cm| x=4cm | x=5cm | x=6¢cm

2 6.5% 1.4% 0.3% 0.04%
3 4.5% 1.1% 0.2% 0.1%
4 1.8% 0.6% 0.1% 0.00%

4 EMITTANCE CALCULATION

To estimate emittance growth in the magdeé to the
field non-uniformity, a 3D PIC simulation wassed to
transport a uniform beam slice consisting sd#veral
thousand particles through the magnet [3]. Trhgectories
were calculated either bysing an analytic approximation
for the fields or byimporting the 2Dfield map from
Poisson simulations. Preliminary estimates show
emittance growth on therder of 4% for the magnet,
which is acceptable in the experiment.

5 CONCLUSION

An electromagnetseptum magnet waslesigned and
fabricated for experiments dhe ETA-II acceleratorThis
design avoided the use of a material sepaunchwas based

on a simplescaleable geometry which allows a high
degree of experimental flexibility. The device is in use in
experiments. Results of modetailedmeasurements and
experimentalfield map comparisons will beeported in
future work.
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