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Abstract 2.1 Peak Field Survey

Design of the helical dipole magnet for the Siberian
Snake of RHIC idinalized. Effectiverotation angle and
multipole components agalculated by TOSCA are
presented. Plans for productiand measurement of these
magnets are described.

Peak fields were searchedusing a 300A/cable
calculation model which isxpected to producg.88 T at
the magnet center. A peak field 4138 Twasfound in a
cross-sectional plan@erpendicular tahe beam axis and
at the center of the magnet. Tipsak field isexpected to

1 THE FABRICATION METHOD AND be 0.02 T higher than a peak field which was found in the

THE STRUCTURE OF THE MAGNET end region, where the inneadius ofyoke isincreased to
. . . . prevent quenches, of the magnet.
Fig. 1 shows an overview of the helical dipole magnet.

From a cryogenic point of view, it is necessary to 2.2 The Multipole components
minimize the heat leak from thiadependentlypowered

helical dipole magnets fdRHIC [1]. Therefore, athin,

round cable of 1 mm diameter comprised of sewaes

will be used instead athe Rutherford-type cable used in
the regular arc magnets. The&apton-wrappedcables are
wound in precisely machinechelical slots on an
aluminum cylinder. Thin fiberglass sheets containin
B-stageepoxy are inserted betweelayers. Finally, the
wound cables are locked ithe slots by heating, while

applying radial pressure. The fabricatiotechnique was the sextupoleandthe decapolecomponents as a function
applied to build a half-length model, which showegoad of the operating current per cable. The amplitudeach

quench performance. Also, 3D magnetic field calculations . : .
by using TOSCA [2]agreedwell with the measured component isexpressed as i@tio to thefield strength at

properties of the half-length model [3]. It wakus the center of the magnet.

The multipole componentswere estimated by
calculating thefield at 100 points on aircle of 3.1 cm
radius atthe center ofthe magnet. In thecase of the
helical magnets, the multipolesderived from the
expansion of the vertical component of theld are not
the same as thosterivedfrom an expansion of thazi-
$nuthal field component, due to the presence of a
longitudinalfield component. This 3[2ffect is a unique
intrinsic feature of this type of magnet [#ig. 2 shows

confirmed that the fabrication methaddstructure of the °° T 0
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The field in the helical magnet was computed by using Operating Current / cable (A)
the computecode TOSCA. Only thg upper half of the Fig. 2: Multipole components
magnet was modeled and a periodicity condition ussesl.
The coilsweredividedinto 910‘BR20’ blocks. Thermal Dips are observed arour250A/cable in the sextupole

contractio.n factors o®.99806 for the yokeand 0.99594 componentsand areconsistent with the results dfeld

for the coils were taken into account. It vassumedhatl  maagurements in the half-length model. This saturation

the shape of coils igletermined bythe shrunk aluminum ot is due tahe 3D helical structure. In thease of a

cylinder. 2D analysis, the dipare not found. Planned operating
current isfrom 90A to 320A, corresponding to a dipole
field of 1.2 T to 4.1 T.
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Fig. 5 shows variation of integrat&j as a function of
the operating current. Thiadicated integral of B, is

In the helical dipole magnets employed for the SiberidiPrmalized to the integral of dipole field strength.
Snakesdeflections of beanorbits are expected to cancel

2.3 Rotation Angle of the Helical Structure

due to a360 degree rotation of the magnetfield. 0.001
However, in actualmagnets,there are fringe fields, L
requiring a careful adjustment of the rotation angle in the ™ ]
straight section t@ancelthe orbit deflections. Iffig. 3, *** ]
the vertical B,, and the horizontaB,, components of the <
dipole field in atypical helical magneare shown. A £ o[ ]
symmetry condition implied in the choice obordinate §“
system makes an integral &, component along the ~
beam axis automatically zerdherefore, we have to pay |
attention only to thé, component,and have toensure I 1%
that the integral of this component becomes zében ' s
this condition isachieved, wemay say that thignagnet 0 50 100 150 200 250 300 350 400
effectively has a rotation angle of 360 degrees. Operating Current / cable (A)
1510 1 [T T T T T LI INERE Fig. 5: Integral 0B, vs. operating current
& 110° g : /\ ,E; 7
§ so00 | | : . B SnE All the values of thentegratedB, arewell within the
= FloL i | ARE requirements from beam optics considerations.
§’ 0 =7 guE Furthermore, we can make small adjustments to the
%.sooo, . K ] effective rotation angle, if necessary, by modifying the
'L'L_l 104; \ ] iron yoke lengthafter measurements ahe first full
: - I ] length helical dipole magnet are completed.
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3 EFFECTIVE MULTIPOLE
COMPONENTS

One Siberian Snake unit consists of four heldipble
magnets. Since, the dipole field effectively rotates through

define it in the actual magnet. There is a reference point&tull 360 degrees, the beadeflectionsare cancelled.
the center of curvature of conductors at each end. Thdrthermore, the symmetric combination of theur
differencebetween the dipole field directions tiese two Nelical dipole magnets, altering polarity, prevents any

referencepoints wasdefined asthe mechanical rotation Shift of the beam orbit. Thus, the spirection of the
angle. In Fig. 4, the integral of the vertical,B,, beam can be flipped without any effect on the beahit.

component was plotted as a function of thechanical However, during passage of particles through the Siberian

rotation angle. An operatingurrent of 300 A/cable was Snake unit, orbit excursions will reach 3.0 cm avirayn

assumed for this plot. Based on this, it wlasided to use € magnet axis. The real beamight, therefore, be
a mechanical rotation angle of 340 degrees. affected bymore complex multipole components at off

Fig. 3: Typical fields in the helical dipole.

In order tooptimize the rotation angle, weeed to

axis regions.
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Fig. 6: Beam Orbit in a Siberian Snake.
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Figure 6 shows the orbit of 25 GeV Proton beam in tHa spite of the high peak valuadicated inFigs. 7 and

Siberian Snake unit. Thieur rectanglesdenotethe four
helical dipole magnets. Due to tlt@rge excursions, the
multipole components seen by theal beam do not
coincide with the multipole components mentiorezalier
in this paper. Therefore, the multipole componemrtaind
the shifted beantenter were analyzedrigure 7 and 8
show the sextupoleand the decapole components
respectively along the beam orbit in the fitstlical
magnet of the Snake unit, which hb23 T dipole field.
The reference radius is again 3.1 cm.
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By integrating each multipole component throuegch of
the helical dipole magnets, wean investigate effective
multipole components. The integrated multipole
components are listed in Table 1.

Table 1: Integral of multipole components

S: Skew component

First Magnet | Second Magnet
Field 1.23T 410T

2-Pole 1968 Gauss cn -5226 Gauss ¢m
S 2-Pole 33 Gauss cm -1501 Gauss gm

6-Pole 413 Gauss cm -4498 Gauss cm
S 6-Pole -120 Gauss cnj -20 Gauss cn
10-Pole 319 Gauss cm 16300 Gauss dm
S 10-Polel  -248 Gauss cm 3475 Gauss dm
14-Pole -910 Gauss cm 3892 Gauss cn
S 14-Pole 664 Gauss cnj -9235 Gauss gm

8, the integrated components shown in Table 1 are not so
large, because ophase rotation otachcomponent. All

the values in the third and fourth magnats ofthe same
magnitude, but of opposite sign, as those in gbeond

and first magnets respectively. This meansder ideal
condition, integratedmultipole components through the
entire Siberian Snake unit should be zero.

4 COIL WINDING

In the half-length modemagnet, the coil wasvound
by handover 1800 turns,requiring considerablekill and
time. To solve this issue, an automatic winding machine,
having a 11-axis contra@nd anultrasonic bondinghead,
has been constructed. This winding machine is now in the
final stages of development.

5 LONGITUDINAL HARMONIC COIL

To measure the magnefield in the half-lengthmodel
magnet, we used two types of methods — a rotating Hall
probe and a 23 cm long rotating tangential coil. The Hall
probe can measure lod#ld strength, butdoesnot have
high enoughaccuracy toget good harmonics. On the
other hand, the harmonic codan measurehe field
precisely, however the phase of the multipole components
varies along the lengthreducing its sensitivity and
complicating the analysis alata. Inorder to eliminate
these demerits, a short tangential coil of 5 cm length has
been built. This coil also has a special winding to
measurghe longitudinal component of the field. In the
helical dipole magnetsthere is a strong longitudinal
component of the magnetic field, whicbuld be used to
obtain information about the field quality.

6 CONCLUSION

The design of the helical dipole magnet for the Siberian
Snake of RHIC is completed, including detailed 3D
analysis of the field. It is expected that the first full-length
helical dipole magnet will be tested in a few months.
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