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‘ BEAM SHAPING MEASUREMENTS ON THE 730 PULSER FACILITY

by L. Hatch

, INTRODUCTION
It has become of great interest to test the fea51b111ty of usmg
multlpole magnets in the electron beam to (1) dlstort the beam proflle into
- an elhptlcal shape to more efficiently 1rrad1ate rectangular ob_]ects and
' "'(2) to be able Wlth the use of two quadrupoles, focus the electron beam to
small intense spots with the ultimate pos 51b111ty of both controlling the
beam intensity with a "knob' and improving the shot to shot reproducibility,
A'.ﬂ_rs't step towards these goals was realized during a recent series of

shots on the 730 pulser facility.

EXPERIMENT DETAILS _

It is not at all obvious that the elec’erons in high intensity
50- 100 klloamp electron beams react to externally applied electric or |
magnetlc fields as a s1ngle particle would, At low pressure < 0.5 torr in
a field free region the elec_tron stream pinches and externally applied
fielé.s do not effect the electrons in the usual single particle way. At
pressures around 2 torr in a field free region conventional _stillrphotogi'aphy
of the electron beam (i.e., the recombinati‘on.light} seems te imply that the.'
electron trajectories are sfraight——fhe electrons ‘do not affect their |
neighbor's trajectory and merely ''drift.,"" In the drifting mode the beam

-could be expected to react to the magnetic field in the conventional way.

It was deczded to test the notion of using a multipole to distort

 the drlftlng beam by constructlncr a quadrupole from four permanent bar .
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. magnets. - The figﬁre below shows the magnets in place,-

@y - )

FIGURE.l., QUADRUPOLE CONSTRUCTION AND
MAGNETIC FIELD CONFIGURATION

The theory of quadrupoles is described in detail in PIIR-26-67
by W. T. Link; however, the relevant features will be repeated here, The
field configuration is shown in Figure 1(b). Pole tips of the same magnetic

| polarlty are placed opposite one another producing zero f1eld at the center
of the aperture but a field measured in the x or v direction which variés
linearly with displacement. from the center. Particles that travel down the
center experiehce no lateral forces. However, an electron which finds
itself at point A would experience a force towards the originx = y = O, An
electron at B would experienc.e a force away from the origin, Hence the

- configuration Given would produce a beam divergent in the vertical y
_dlrectlon and convergent in the horizontal x direction. The beam will
actually come to a focus in the x direction if the incident trajectories are
parallel and the electrons all have the same enef’gy_ This is the same as

the thin lens case in light optics where parallel rays converge to a common
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feeus- beca‘use the amount of angﬁler change in the incident ray is
- proport10na1 to the distance from the center of the lens., However, the
magnetlc quadrupole is not axially sym:metrlc in its treatment of electron
trajectories so that one plane converges while the other diverges, Two
quadrupoles in series rotated 90° with respect to one another would'cause

- convergence in both planes and would act like a lens.

 Some results of the analysis of the trajectories of parallel beams_-

' of monoenergetic particles in quadrupoles are given below, If_ the field
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FIGURE 2. QUADRUPOLE MAGNET AS A LENS

gradlent is k (K Gauss/cm), the momentum of a single charged partlcle

- P, the ”effectlve” length of the magnet L then the focal distance is .

3.3 P(MeV/c)
k(KG/cm) L{cm) °

flem)} =

For the ideal case of a monoenergetic 3-MeV parallel beam of electrons

with the quadrupole used in this experiment when the aperture was 4 em'.

T 33x3 |
i §aox45 T 55 em
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The diagram below shows the experlmental layout in the 730

pulser facﬂlty machine, . The diameter of the electron beam passing into
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FIGURE 3. ARRANGEMENT OF EXPERIMENTAL APPARATUS |

the quadrupole was determined by a .2-cm thick piece of graphite with a
hole in it. The aperture of the magnet, i.e., the distance between
- opposing tips was made the same as the e_.:pertufe size, For the first few |
- shots this was 4 c¢m and was 'subsequently. opened up to 5 and .fi.nally

9 cm,

The magnets were blocks of ALNICO V with dimensions 1/2 1n._
x lin, x 6 in, To help shape the field near the tips small blocks were
glued to the ends of the 'rﬁadn-ets (Fiﬁuré la), The field strength near the
tips was about 1000 Gauss when the magnets . were arranged in the '
quadrupole con_f1guratlon., Plots of the field as measured with a Hall probe
Vg.uassmeter at two different radii for the Z-cm radius-aperture are shown '

in Figure 4, From these graphs one obtains the effective length L. of the
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: q'uad.rupo'leor. The tip length was 2.5 cni.bu't the effec.:.ti've length is ionger
because of the large fringing fields, Thé length L was determined by |
- making the product Bmax x L equal the total area under the curve. At
- the two radii measured the effective length L = 4.5 cm. If the effective
- length is a function of the aperture then it appears L = Tip length +
Aperture radius = 2.5 + 2 = 4,5 cm. At the largest aperture (9 cm
.dlameter) the field had an effectlve lencrth .= 5.5 cm = Tip length +
0,67 x Aperture radlus. ' L o o
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FIGURE 4, MAGNETIC FIELD IN QUADRUPOLE GAP

The focal length for 2 monoenergetic parallel beam with
momentum = 3 MeV/c is computed for each aperture size and listed in
the table below with the other physical parameters for each shot. These

parametlers are defined in F1gure 3.

The shape of thls beam was meastured with a single sheet of
~ red foil placed in froat of the large ten inch square 5 x 5 graphite
- calorimeter. The red foil was read to produce contour plots of intensity,

Normalization was made using the total calories measured in the graphite
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. calorimeter. The amount of current passing through the quadrupole was

_ estimated assuming 70 kiloamps prodﬁces 1500 calories in the célorim’.eter.'

Focal length

‘Shot oy | k

A I. f for P =3 MeV/c

7218 10cm 040 KG/em 4cm  45cm 5.5 cm
7219° 10 crm 0.40 KG/cm 4 cm . 4.5cm 5.5 cm

7220 10cm 040 KG/em 4 cm 45cem  55cm |
. 7221 ; 10 em 0.40 KG/cm 4 cm - 4.5 em _. 55 crﬁ-
7222 10em 024 KG/em-5em 5.0 em 83 em
7_2_23' ) 10 cm 0.24 KG/__cm 5 em | 5.0 cm - 8.3 rc1;n
7224 15-cm 0.06 KG/em 9 em 5.5 cm 2.5 cm
722._.5- - Tem 0.40 KG/em 4 crﬁ. 4.5 cm 5.5 cm

RESULTS -

The first result is that the electron beam when in the drlftmg mode

can be distorted using a quadrupole magnet. The electron beam has a

' 510n1f1cant spread in both energy and entrance angle into the quadrupole. The

quadrupole used in this- experlment does not act like a thin lens since its

'effectlve length is comparable to the focal length for the mean electron energy

All of these characteristics tend to smear out the focal point so that the .

dlstortlon ratio of the beam sha‘oe (major axis/minor axis of elhptlcal beam)

is in fact rnuch less than that estlmated for monoenergetic parallel electron

S

trajectories. Also for the small aperture shots beam mlsahgnmenL tended to
_d1stort the results because the entrance aperture of the quadrupole was

;assymetrlcally populated by electron tra_jectorles
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The table below tabulates the parameters of the elllptlcal beam

analyzed at the distance z from the quadrupole

Current

Shot k Vz . '-Ov_ ' : OH " Ratio Apertﬁre Orientation Cal'al'ies Arpere
7218 10 Not Measured 4 N ~200 10,000
7219 10 4.8cm 2.3 em 2. 4em  — ~200 10,000
7220 10 2.4cm  1.0.dm 2.4 __4_.c_m 4t~ 500 20,000
7221 10 23em  l3om 1.8 dem  —— 500 20,000
7222 10 5.0 em 2.8 cm 1.8 5 cm o | ~900 40,000
T 7223 10 33cm 55em 17 Sem  =be 900 40,000
7224 15 2.8 cm 5.0 em 1.8 9em  -ade= 1500 70,000
7225 7  3.2cm  ldom 2.3 4 em e ~500 20,000

Shot 7218 was not analyzed because the beam alignment was very poor
and the dose levels in the red foil were too low to read. The "orientation' symbol

indicates which plane should defocus by the sense of the double ended arrow, the

‘beam focuses in the other plane. The sigma's have been measured off the

contours and reflect the widths of the Intensity profiles along the two gxis.

~Figures 5-7 are intensity contours.- Fipure 5 contains only about 200

calories ‘because of poor beam"allgnment Figure 6 shows a beautifully -

distorted elhptlcal beam with 500 calorles or 20,000 amps. Finally, Figure 7
i contalns the contours for the full 70,000 amp beam passing through a 3-1/2 in.

‘aperture.  The distortion is considerably reduced in this case because the

magnetic field strength was very low.
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