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the cryogenicpoint of view, in RHIC, it isneeded to
minimize the heat leak from these magnets. this
Siberian Snakes that consist of four heliadipole account, the Rutherford type cable which is used for usual
magnets will be installed in the Relativistiteavy lon magnets is not adopted, and a thin cable of 1 mm diameter
Collider (RHIC) to preserve the polarization of the protorcomprise of seven wires will be applied. As a result, the
beam. To promote this project vaee collaborating with  design of the helical dipole magnets became different from
Brookhaven National LaboratoryBNL) in studying a conservative design.

helical magnet designs. At present, two typeshalical

magnetsare being developed.One is beingdesigned by 3 TWO TYPES OF THE MAGNET DESIGNS

the BNL magnet group,and the other by Advanced As mentioned above, themre two types ofmagnet
Magnet Technology (AML), Inc. These magnets use thgesigns, the Slotted Tymdthe Direct Whd Type, for
same superconducting cabléut have different shapes the superconducting helical dipole. TFebricated models
especially in theend regions. Weare evaluating the have halfsized length, and these are twisted by 180

performance ofboth magnet designsising the three  degree. Figure 1 shows these magnets.
dimensional (3D) magnetic field analysis code TOSCA. In

particular, saturationeffect, field strength, multipole
component and magnet quenching featureswill be
discussed.

Abstract

1 INTRODUCTION

We have studiethe Siberian Snake[1] for the RHIC-
Spin project and the development of the sugmerducting
helical dipole magnetare one of the key issues to the
success of this project. Two types adsigns for these
magnetsare being evaluatedand the half lengthmodel
magnet of each type was recently fabricated and the quer
performances wer¢ested. The first,called the Slotted
Type[2], was designed by the BNhagnet grougand the
other, calledthe Direct Vihd Type[3], wasdeveloped by
the AML. Using TOSCA, wehave calculated 3D
magnetic fields ofboth built nodels and investigated
these characteristics.

Slotted Type

2 DEMANDED PERFORMANCES Direct Wind Type

The Siberian Snake magneadopted byRHIC are atype
calledFull Snake,andhave toflip the spindirection by
180 degreeswithout any influences to the beaorbit.

Using the helical dipole magnet twisted by 3é€grees, In Slotted Type construction, the cabl® woundalong

the transverse magnetic field_s nhxa:elerateqbarti_clesfegl the slots machined on a column of aluminuandfinally
are cancelled and the defle_ctlon of t_he t_Jeams is el'_m'nat%aessuring radial direction, wound cables are hardesitd
F_urthermore the symmetric combination of thelical epoxy in the slots. The coil winding waiene by hand
dipole magnets, as sequenceL(ﬂ_ T,-39T,39T _and work basically, and mastery skills andlong production
1.2 T fields, can_evadethe shift of the peam)_rbn. time are necessary. A study of the automation winding for
Therefore the required performances for daglical dipole this type was just begun at BNL. On the contrary, the

magnetare to achievemore _than 3.9 T_ of thenield coils of Direct Wind Type are wound by a numerically
strengthand zero transverse fields when integrated alongOntrolled machineand this procedure  is completely

the particle trajectories. The optimization of the mUItipmeautomated. At first, a cylinder wrappedth fiber grass is
components is also important to avoid a tune shift. From ’

Figure: 1 The half length models for the Siberian Snake.
Only halves of the yokes are drawn not to hide the caoils.
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groovedalong the location of first layer cable. Then themaximum field strength around the axis, the coils in
cable offirst layer is wound up orthe groove,and the stronger field have a lower current. The operation current,
second ornext layer is wound up onthe gapfrom at high field slots, for 4.0 T isxpected to b€80 A. On
previous cables. Thus, the positions edch cable are the otherhandthe operation current of the Direct Wind
fixed, once the groove on thloylinder wasdecided. As a Type is 430 A. The reason of high field in the end section
result, a packing factor of theonductor ismaximized. In  of Direct Wind Type is its yoke geometry. The point at
addition, a turn number of upper layer is always less thavhich the high peak occurs is covered by the yoke. If the
that of lower layer. Most importandifference between length of the yoke is shorter, the strengthpefk field
these models is in the shape of the coil end. As faan be reduced.

Slotted Type, the coiénd is dividednto upper side and  ~
lower sideandthis configuration is the same aglinary
magnets. On the other hand, as for DireandMype, all S
of the conductors turn around on one side, upper or lower, Aoty JH-P
without beingdivided. Accordingly, length ofend gets . . p
longer comparatively. About the magnefields at the L AT >
end, non-symmetric distribution is expected. It is possible Ry ans
to adopt a design of thend dividedinto up anddown as ! - Pl o
same as Slotted Type. However,this case, the coil at Foimwa
the body region also should bdivided into two coils. 8 A L
Sincewound cables athe median plane excephe first y mav.d
layer cannot be accumulatedthen the cablesre not 2 AW Center Field (D-W
wound efficiently at thearea which contributesmost r Ay S rearee e
effectively to induce the dipole magnetic field. 1 Dy
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In both half length models, theeak fieldstrength at Figure: 2 Expected field strengths
body region and the end region were estimated using 3.2 The field uniformit
TOSCA. The results are shown in Table 1. ' © Tield untformity

In the helical structure, strong longitudirfegdlds will
Table: 1 Peak fields in helical dipole magnets. be induced abff axis area. We caroptimize thehelical
dipole magnet to eliminate the azimuthangle

Center | Peak Field| Peak Field |  dependence ahe fields, however we cannot expetlial
Field in Body in End dependencel5,6,7]. Accordinglthe definition, which has
(Ratio) (Ratio) beenusedfor a two dimensional magnet, cannot be
Slotted 416 T 4.67T 459 T applied. Then, wealculatedthe multipole component of
Type (1.12) (1.105) these model magnets using the Fourier expansion of the
Direct Wind | 3.91T 474 T 4.43T B, component along theircle of 3.1 cm radius. The
Type (1.21) (1.13) results are indicated in Table 2.
In both magnets, the peaks of thedies are found at Table: 2 The expected multipole component.
inner edge ofthe coil which isnearest tahe poles, and -
o Low Current High Current
the peak pfthe endfounq atthe _most|n5|deedge of_ the Siotted Type] C.F 044 T CF 216 T
curved coils. If we canfix entire coils of thehelical Two- op | 0.128% | 6P |-0133 %

magnets in ardeal condition, the Slotted Type coiill
reach a critical currenwith the body part, andthe Direct
Wind Type with theend part. The relationshifpetween || Slotted Typel C.F.| 136 T | C.F.| 403T
the critical current of the cable and expected peak fields ﬂu'e One- 6P | -0.609% [ 6P |-0.701 %
shown in Fig. 2. In the Slotted Typecable inthe body Current | 10P ) 0.063% | 10P ] 0.033 %
part reaches a critical current at 395 A, and therdipele DirectWind [ C.F.{ 0.40T | C.F.| 3.91T

Current 10P | 0.011 % | 10P | 0.016 %

field strengthnearbeam axis becomes.3 T. In Direct Type 6P | -0.907% | 6P |-0.278 %
Wind Type, a cable at thend part reacheritical current 10P | -0.951% ] 10P | -0.948 %
at 480 A, at that time thfield strengthnearthe axis is C.F. : Center Field

4.4 T. The Slotted Type magnet waesigned to beised 6P: Sextupole component

two currents, 9 to 1lland in order toincrease the 10P: Decapole component
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the end of other side emphasizes the longitudiekl of
In Slotted Type magnet, not only twonirrent mode but the body. So the direction of coil end in Direct Wind Type
also uniformcurrent mode is computed. ktase of one should be chosen carefully to avdhds effect. In case of
current mode, ofcourse, the multipole component isboth magnet types, we plan to optimize longitudiied
larger. We can control the multipole component bysing modification of the yokes.
changing the ratio of two currents in the Slotted Type. In
Direct Wind Type, theeffect of the iron saturation to the !
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sextupole component is large by reason of solafirance / DesignedHelical Pitch 2.4 m
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betweenthe yokeandthe coil. Anyhow, it isneeded to 9 Vi 7v \ B, 416T
study the adequatefield strength which should be % —swoczora| |/ \\ [/BE+Bfdr 501Tm
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3.3 Magnetic field distribution \\ \/\ / [B0¢ 4570 Gauss(in
As mentioned above, thegge longitudinal fields in the "
helical magnet. The more thilistancefrom the axis is, T asem *
the stronger the longitudinal field is. The beam owtiit
not be influenced much by the longitudinaimagnetic ) Direct-Wind type
field, but the spin motion is. Figure 3 shows the [ /7" """ A\ _ o
calculated field distributions on the axis in the two typess ,,: |—» \ Do e e 25m
of model magnet. In Direct Wind Type, strong § ,,[. lc=Sweoe / \ % Z+'2d( .
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» 7 | Using 3D calculations, the two types ofodel
magnet whichare candidatefor RHIC Spin projectwere
- T imsem ” analyzedandthe characteristicavere predicted. Wavill
optimize thedesign ofcoils and the shape of thgoke
» Direct-Wind type comparing the field measuremewhich will be held
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