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ABSTRACT tained dictates the large center tungsten shield, whittrim
determines the codndoverall magnet size. Even with this
This paper describes a method for buildingStbmag- amount of shielding, several watts/meter of heat will still
nets thatcould be useful for the muon collider. Designs fdtave to be removed ithe cryogenic system. Iaddition, the

both dipole and quadrupole magnets are included. coolant (not specified) circulating through the tungsten must
remove several kilowatts/meter of heat.
l. INTRODUCTION The design has wind-and-react coils made wittSNb

Rutherford cable wrapped witlthin stainless tape as

High field magnets are advantageous in the colficey “insulation”. Aside from the superconductor, only stainless
of a muon collideér. The luminosity is directly proportionalSte€lparts are used to build the coils, €a@.the coil wedges

to thefield level in its dipole magnetsnd its intersection @1d €nd parts. Two layers of coils assembleandcollared
region quads need the maximossiblegradient tofocus with stainless collars, then encased in a stainless welded tube.

the beam at the collision point. In addition, the magnets bfiS tube is inturn welded to stainless end plates, which
the collider ring must operate in tfece ofheatingcaused by contain the endorceswhen the magnet igowered. The as-
the still substantial radiation escaping the shielding in tR€MPly isthenplaced in an oven programmed to provide the
machine. Required apertures are large; the combinatior &uired temperature and tirogcle toreact the NgSn. Since
large aperturesand high fields means that large LorentZNe structure is all stallnless steel savecaple itself, it can
forcesare generated However,the magnets do not need tdolerate thehigh reaction temperature without component

ramp during machine operation. A possible solution to théi@nage and without the buildup of dangerous thermal
requirements is @os ® coil design made only with NBn stresses. The cable differential expansion relative to stainless

superconductor and stainless steel components. ilsozoa/cc\:/c())riz?odated ithe cable itself, which necessarfigs 5-
0 .
In this design, the NBn is completely encased in a strong
ll. CONCEPTUAL DESIGNS mechanical structureeforereaction and not released thereaf-
_ ter. Thus, there is npossibility of damage to the filaments
A. Dipole Magnet once the NaSn compound forms in the reactigmocess.
Upon cooldown to cryogenitemperature, much of theoil
Fig. 1 shows a conceptual drawing of the proposed dipofsrestress will be lost but the structure is designed to provide
adequate mechanical support to eliminate stick-slip motion
that could lead to training quenches.

The finite turn-to-turn electrical conductivity tfis de-
sign will allow eddycurrents while ramping but the muon
collider magnets only operate DC. The magnitude of these
eddycurrents, though not consequential in the muon collider,
are of significant interest and their effect on field quality must
be measured. Quenches spread quickly, themghymizing
local voltagesand heating. The larg®rces in thesénigh
field, large aperture magnets require thaw methods to
support the coiturns must baleveloped; several options are
under consideration.
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Figure 1: A quarter-sectioview of adipole magnet for the

. . High gradients are important to achieving small spot size
muon collider ring. gn g P 9 p

at the finalfocus but are difficult to achieve becausthe re-

quired apertures are large. Fig. 2 shows a conceptual draw-

magnetf fohr the arcs Off the ChO”'dercSQg' Thedrequement 1Y of a quadrupole magnet that accommodates these conflict-
most of the energy from the muarecayproducts be Con- g requirements. The principle of coil construction is the

" Work performed under the auspices of the US Department of Energy
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same as for the dipole magnets discussgalve. Shielding
against muordecay products is done differently, however, in
order that the coil apertures rfmcome todarge. Thedecay

products from upstream muatecaysare absorbed irthick 16 4 5 K performance of currently available superconduc-

ab_sork_)ers_ at the. entrance of the magnet. A Iesser amount & i< <hown in Fig. 3. Ahigh fields, NbSn has a sub-
sh!eldmg is provided around the beam tube. D_etalled Cal_gﬂintial advantage over NDbTi: lilas a critical current, Dbf
lations qfdecay showermust_be done to determine the oPtii 500 A/mm at 14 T whereas NbTi reaches thigel alreczady
mum th|(_:kness of these shields. Only the supe_rconductg{% T. Further, its highbritical temperature Jof 18 K com-
coil and its support structure are operatestrgbgenic tem- pared to 9 K for NbTi makes it more forgiving of temperature

perature in this design. Calculations améasurements of excursions caused b o . : .
L . ! y radiation heatiexactly what is desir-
the heating in 17 m SSC magrietadicate that witfcross- able in the muon collider. The data from Figar@ used to

f'O.W cooling, a heat input to Fhe 40 mm diameter S,SC magi&iculate the achievable magnetic fields in pineposed de-
coil of 2.4 W/m would result in a coil temperature risemfy signs

0.14 K. It is estimatethat at least 30 W/m of heabuld be
tolerated in this coil structure. A high héa&d would not be
acceptable in the entire machine but could be managed for the
limited number of insertion magnets.

lll. PARAMETERS
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Figure 3: Ciritical current vs. field for \Nbn andNbTi su-
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perconductors at 4.2 K.

Table | gives the parameters of the supercondsttand

Tungsten
W) — | and cable used in the calculations.
0 Table t Superconductor parameters
Inner Outer
Strand diameter mm 0.75 0.70
b) Quad (Dipole) 1.5(1.3) 1.8 (1.5)

— Cu/SC ratio
Cable thickness, mm 1.5 1.4

N Warm Yoke narrow edge

a Cable width mm 15 15.4
Num of strands 40 44

10 — Vacuum N
W S.S. Collars /
CM — End Table llgivesthe parameters of the dipad@dquadrupole
- ] |Plate SC Coil magnets that could be achieved with #pecified supercon-
m ductor. With the designs that adescribed, it would be pos-
a Vacuum ( sible to reach higher fields with improved superconductor.
w )
N Beam Pipe )
O —_ —_ —_

Figure 2: A quarter-sectioview (a) and arelevationview
(b) of a quadrupole magnédr the IR region of the muon
collider.
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Table I Typical parameters for NBn dipoleand quad-
rupole magnets. Operating temperature = 4.2 K. Infinite
permeability iron is assumed.

Dipole  Quad
Coil aperture mm 160 100
Num of turns, inner coil 55 17
Num of turns, outer coil 71 24
Quench field (at pole) T 12.5 10.3
Quench gradient T/m 206
Quench current kA 10.3 14.9
Quench, &, inner A/mnt 1335 2105
Quench, &,, inner A/mnt 1027 1403
Quench, g, outer A/mnmi 1514 2460
Quench, d,, outer A/mni 1010 1367
Yoke aperture mm 280 220

IV. SUMMARY

Magnets producingigh fields are importanfor the col-
lider ring of the muon collider. The desigdsscribed here
appear able to reach thdsigh fields. Theyare feasible be-
cause there is no needramp the field in a short time---the
magnets operate in a DC mode. Even higher fields than those
listed appear attainable in these designs with impreupdr-
conductor.

! R. Palmer et al, “Muon Collider Design”, BNL 62949
(March 1996)

2 Robert Palmer suggested the use of stainless steel foil for
cable insulation in this application.

® R. Shutt & M. Rehak, “Cross-Flow Cooling for SSC Mag-
nets”, Brookhaven SSC Technical Note 104 (September
1993)

4 The data for N§Sn come from: J. C. McKinnell, et.al.,
IEEE Trans. Appl. Supercond. , Vol. 5, No. 2, p. 1768
(1995); the data for NbTi are the measured performance of
cable used in the RHIC 130 mm quadrupoles
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