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1.  GENERAL f : ' i i |

By advancing a Hall probe at a fixed radius—in-5 mm steps through the
bore of a typical tank 2/3 drift tube quadrupole, curves like those of
Figure 1 were constructed; magnets were energised at currents ranging

from 2.5 to 27A.

Up to about 15A, the effects of saturatiion are not particularly noticeable;
thereafter, the scarcity of iron in the;overhanging poletip ends becomes
significant, as does the suppression of the B vs. i curve (Figure 2).

Under normal circumstances, where currents will be in the range 5 to 10A
(gradients 'approximately 4 - 8 T/ﬁ), saturation does not represent a
problem. VWhere matching requirements have demanded high strengthsat the
first'two Tank 2 magnets, a careful examination of the implications revealed
that the second could just cope both thegrmally and hagnetica]]y, whilst

the first, a half drift tube quadrupole, required a redesign on both these

scores .

'

In deciding how best to present effective lengths of quadrupoles, where

it is conventional to talk in terms of gradient, k, rather than field, B,
and also in terms of strength, k&, (wheﬁe 2 should be the effective length
in question) the immediate difficulty is how to extract this parameter from
'gimple measykements made without a beam. For this application, it was
decided that a B-plot is equivalent to a k-plot, axially-speaking, so that
the effective lengths readily deduced from Figure 1 may simultaneousiy be
interpreted as the effective length required for a statement of quadrupole

strength,



gtify this assumption, a fami]y of radial field plots - Figure 3 =

To Jju

'
at various axfal positions was examined for linearity. It can be seen

that each plot, even in the poletip overhang region, is sufficiently

straiéht (certainly over the 'working' radial plus and minus 1 cm) to

warrant the assumption that k is spatially constant. A measurement of

B at 1 cm is therefore also a measure of k out to 1 cm.

AXIAL B-PLOTS

‘Two simple procedures have been adopted to produce curves like those of

Figure 1. The first; and more elegant, involved the use of a Hall plate
set in a long cylindrical rod snugly fitéing the drift-tube bore, and
alWayé preséed against the inner dﬂameteé above the probe by sprung balls
set diametrically opposite this 1i€e, and on either side of the probe - see
Figuré 4(a). A consistent set of axial field values was collected by
looking for a maximum at each axial position for the 45° azimuth, and a
minimum for ‘the 0° azimuth. It was possible to adjust the probe position,
radiaﬁly, té check that effective lengths were not significantly dependent
on ra%ius; :ln the first instance, this épparatus was used to measure the

2 in relation to the geometric centres of the

.

locations of magnetic centres

1

Tanks 2/3 quadrupoles.

The second method needed no more than a flat surface on which to mount the
magnet (either in or oﬁt of its drift-tuﬁe), a rule, and a retort stand

to caﬁry the Hall probe. After a]ignmenﬁ, the probe was advanced through the
magnet bore as before, and plots récordeq at various radii, azimuths and
energﬂsing currents. Cooling water flow was always sufficient to allow the
magnet(s) to reach equilibrium quité quickly. Figure 4(b) illustrates the
PFOCeiure, which was also used for the radial plots of Figure 3, and to
measure thejfields in the Tank 4 prototype quadrupole. Figure 5 shows

the B-i curve at a radius of 1 cm and at;the magnet centre, whilst Figure 7
is a fémily of half-axial plots - the Tank 4 quadrupole is longer than
typical Tanks 2/3 quadrupole and the Hall probe mount is not long enough to
permit a ful? scan of the former. An adaptation of the equipment first
described wiﬂ] be used to find magnetic centres and effective lengths of

production Tank 4 quadrupoles.
H |




i |
CALCULATION OF EFFECTIVE LENGTH

For each of the axial B-pldts, the area under the curve was measured

with a planimeter and the effective length expressed as:-

. area
eT Bp]ateau

Most of the points in Figure 8 apply to tﬁe 5''-long No. 16 quadrupole
of Tank 2, but some 4.5" long half drift tube magnet figures have been
|nc]uded ' Although there are quadrupoles of five different lengths,
Figure, 8 may be expected to apply equally to them all, since the
nncrementa] effective length, AL offfh has been plotted, and this may be

assumed to relate to end-effects which are the same for all magnets.

Tank 4 protofype quadrupole results are piotted in Figure6 .

RESULTS AND CONCLUSIONS ;
| : .
It is éonc]uded that, for Tanks 2/3 quadrUpo]es, the incremental

effect|ve length is a constant 1.6 cm up to about 10A, then reducing
rapxd]y W|th current to zero at 28A. At the operating current of

20 - 22A expected for the redesngned Tank:-2 half drift tube quad, it is

hoped $hat the increment will have fal]en:by no more than 30%.
]

To a first approximation, it may be assumed that the effective length
is not’depen?ent on radius or azimuth, in5the working volume of the

magnets at least.

The data of Figure 2 has been reorganised:in Figure 9 to show the
percentage departure from the ideal] as saturation is shown up by increasing
current. This information should be useful in beam matching and dynamics

comput?tlons. !

Tank 4 |S prototype quadrupole has been powered to 50% hlgher currents than
will be required, without evidence of saturation or variation in effective

length, and it is supposed that all productnon models should exhibit the

same hugh quallty : § ;




data condensed into Figures 1-9 represent many hours of "patient
) ata o ' 5
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