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Abstract II. THE TILTED TARGET

In order to generatemuon beams for a muon Collider, Calculations of pion yield from a target suggest that
pions produced in aargetmust becaptured beforghey tilting the incident proton beam and target widspect to
can gothrough phase rotatioand decaynto muons. A the solenoid axis increases the pion yield for a ginent

20 T solenoid with alearbore of 150 mm can capture proton intensity to the target. Pionsoduced in the
particles with a transversaomentum of 225 MeV/c or upstream end of the targate not recaptured bythe target
less. As captured particlésavethe capturesolenoid, the downstreamfrom the point where they were created.
induction is decreased to 5 T while the beam piipeneter Simulations of pionproduction suggest that the pion
increases ta300 mm. Phase rotatioand decay of the production is maximized at &It angle of about 150
pions will occur at 5 T. The capture solenoidnd the milliradians (seeFigure 1). Above the 15illiradian
solenoids jusdownstreanfrom the capture solenoid aretilt angle the transverse momentum of some of the pions
subject to high heatoads (up to 2.4 MW). The in the target becomes too high for capture to occur.
conventional inner solenoid of the 20 T hybrid magnet
system and the water cooled absomvér absorb most of 3
the beam power from the protons thus protecting thé

superconducting solenoisystem from heating. Tilting & °% /(4"‘%

0.40

the targetandthe incoming beam about 150 milliradians £ i
with respect tathe solenoid axisappears to increase the 030 7
net pion capture byabout sixty percent. Thipaper . /
describes approachdsr capturing muons from dilted 0.25 1/
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target while getting rid of the spent proton beam.
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Capture of the pions from the targesin occur in a Target Tilt Angle (radians)
solenoid of any inductiomprovidedthe solenoid bore is _ _ .
large enough[1,2]. A capture induction of 20wTthin a Figure. 1. Muon Production at the Cooling Channel
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radius of 75 mm isneeded tocapture pions with a Entrance for Optimized Targets as a Function
transverse momentum up to 225 MeV/@ncethe pions of Target Tilt Angle

have beercaptured inthe solenoidal field, thehannel

solenoidal induction iseduced to 5 T.Becausesome of An increase inthe yield of pions from thetarget

the particle transverse momentum is transferred to forwarteans that the input beam power from dhieer can be
momentum, thelear bore radius ahe 5 T solenoid is reducedfor instance, from 3.8 MW to about 2.4 MW.
only 150 mm. The pionare transferred to aystem of Even with improved efficiency, a copper target will absorb
phase rotation rf cavities thaspeed upthe low about 230 kW of energy from the proton beafooling
momentum particles and slodownthe high momentum the target is a difficult proposition, which will not be
particles so that the particles travel bunched in time to tlaedressedhere. Tilting the targeandthe input proton
muon cooling system. Ninety-nirgercent ofthe pions beam allows virtually all of the beaenergythat has not
decay to muons within the first 80 meters. been transferred to the captured pions to be absorbed in the
The hybrid capture magnet option was selected for tleapture solenoid. = The superconducting agnet will
following reasons: 1) When a superconducting outsesbsorb less than 500 W of the energy from the beam.
solenoid isusedthe operating power for theater cooled
solenoid is lower. 2) The current density time water lIl. BITTER SOLENOID INSERT

cooledsolenoid can be low enough to insure thatlifes In this study, a Bitter solenoid insert that hasirarer

time will be long (at least 25000 hr Bylditional space iy of 120 mm has been assumed. The extra burer
inside the water cooled solenoid canrhadeavailable for i s allows awater cooledheavy metal (tungsten or
a heavy metawater cooledshield, whichreduces the gome gther high Z, high density metal) shield that is 30
incident energy from the targetto the water cooled oy thick to beinserted aroundhe target region. An
solenoid and the surrounding superconducting solenoid. oytra 15 mm on the inside of the solenoid is allotted for
* This work was performed with the support of tidfice of High Water cooling Ch_annels for the shield. The Bittelenoid
Energy and NucleaPhysics, United States Department Bhergy insert outerradius has been set at 345 mm. The
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of 370 mm. The 25 mnbetween the Bitter solenoid and
the cryostat wall isllocated for watecooling. Much of V. TRANSFER SOLENOID SYSTEM

the space at the ends of the Bitter insert solenoid should-g&, transfer solenoidystemguides the magnetifield so
filed with a water cooled shield to protect the 4 the magnetic induction decreases ismmothfashion
superconducting solenoids on the outside from particle$,, 20 T to 5 T at the start of the phase rotation
coming from the target. channel. Atransfer ofthe capturedpions from the 20 T

. The Bitter solenoid in.sert. iglivided along its Iength target region to the 5 T beam transpamtiphase rotation
into three regions, each withdsferent current density[4]. (qgion requires an increase ithe minimum beam pipe
The gradation ofthe current density inthe windings .oqius to 150 mm.

allows for the magnetidield to be shapedilong the Once the solenoid magnetic induction haseen

solenoid axis, in the higtiield region. ~ Thecurrent 4 ghtdown to the field in the pion decaychannel or
densny in the Bitter solenoid section can danged by phase rotation channel, tldtameter ofthe solenoid coils
ch{:mglng the thickness of the plates in the so]en0| ust be changed to match the diameter of the coils in the
Thick palates have a lower current densiban thin  gecaychannel solenoids or the solenoids in hfease
plates. rotation cavities. Thehange in solenoid diameterust

__ABitter solenoid ischaracterized by aurrent density e 5ccomplishedwithout altering thedesired induction
in the winding that varies inversely as radius. The h|ghe§|tong the solenoid axis.

current density is found onhe insideradius of the The option shown in Figure 2 has the final 5 T

solenoid Thg hig'hest current density part of the highegtienoid coil inside diameter set at 3mn. The system
current densitycoil has acurrent density 0L08.8 A per g gjitaple fortransferinto phase rotation cavities that
squaremm, which is lower than the highesurrent p5e their 5T solenoids inside the cavities. Solenoids
density sections of some of the higield hybrid jagige the cavities is suitable if treecelerationgaps in
solenoids[5]. Most of the magnpower is dissipated in 4,4 cavity are kept relatively small (below 110 mm).

the highestcurrent densitysection. The cooling System This option shows the spent proton beirapturedwithin

must handle about 15.6 MW (13.3 MW of resistive e sugerconducting trar?sitior?magnet ggtion.

heating plus 2.3 MW of beam power). A plot of magnetic induction along the axis of the

captureand transfer solenoids as a function distance

IV. SUPERCONDUCTING OUTSERT SOLENOID  from the end of the target is shown in Figure 3. Figure 3
The water cooledBitter insert solenoid isurrounded shows thatthere is asmooth transition of thenagnetic

by a superconducting outsert solenaigistem. The induction from the end of the target to the start of the first

combination of the Bitter magnet inserand the phase rotation cavity (with a 5 T solenoid within it).

superconducting outsert generated a magnetic induction of Table 1 shows somparameters fothe capture and

20 T in the region of the target. Tlseperconducting transfer solenoidptions. About 15.5 MJ of the system

outsert isdefined agthe three coils thatare immediately stored magnetic energy deie tothe currentthat flows in

outside of the Bitter magnet insert. Other superconductitige water cooled Bitter insert coils. The Bitter solenoid is

solenoidsdownstreamfrom the outsert coils form the inductively coupledwith the superconducting solenoids.

transition region that shapes the magnéétd between A shut down of the Bitter solenoidwill increase the

the targetandthe phase rotation system. Within thecurrent in the superconductingmagnets. Thiseffect

transition region solenoids, the spent beam from the targdtould be tolerable provided the superconducting solenoids

must bedealtwith. Theenergy absorbemust be thick are well cooled. A loss afurrent in the Bitter solenoids

enough to prevent heating of tlseiperconductor in the system will probably cause treiperconducting solenoids

outsert and transition region coils. As a result,ghergy to turn normal.

absorbewill extendsomedistance downstrearfiom the

target. The material that absorbs particles fromtanget Table I: Capture Solenoid Parameters
will become radioactive. The superconducting magnet
around the target, the Bitter solenoidand energy Magnet Length to x =3 m(m) 3.92
absorption material should be split so thatah be taken Cryostat OD at x =0 (m) 1.50
apart so that the radioactive material inside magnet can ®gyostat OD at x = 3 m (m) 0.70
dealt with. The split in the magnet could occur at the eriitter Magnet OD (m) 0.69
of the transition solenoids. Induction at Target (T) 20.32
The outsert solenoid cryostat starts atdius of 370 Induction at Target from Bitter Magnet (T) 12.86
mm. The outsert coil alone is wilbroduce a central Induction at Target from S/C Magnet (T) 7.46
induction of about 7.5 T. Operatingiderthis condition, Target Region Length (m) 0.23
the outsert solenoidan bemadefrom niobium titanium Bitter Magnet Peak Current Density (A mm)108.8
in a coppermatrix operating at 2.0 K. The outsertBitter Magnet Power (MW) ~13.0
solenoid has three coils with an inrradius 0f400 mm. Beam Tube ID atx =0 (m) 0.15
The outerradius ofthese coils is about 540 mm. TheBeam Tube ID atx =3 m (m) 0.30
peak magnetic induction in the outsert coil is about 8.3 Transition Length (m) 1.10
Transport Channel Induction (T) 5.0
Stored Energy to x = 3 meters (MJ) 59.2

Stored Energy S/C Magnet to x =3 m (MJ) 43.7
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Figure 2 A 20 T Hybrid Capture Solenoid with a Transfer Solenoid System to 5 T in Phase Rotation RF Cavities

25 capture and transport to a phasttion system. Tilting
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Figure 3 The On Axis Magnetic Induction as a Function of
Distance from the Target in the Capture Solenoid System [4]

IV. CONCLUSIONS

A hybrid solenoid that uses a Bittemter cooled solenoid 5
combined with a superconducting outsert soleragipears (5]
to be an attractive magnet system for capturing and
transporting piongenerated in #rget struck by a high

energy proton beam. The hybrid solenoid permits one to
shape the magnetic field in a way that is desirable for pion
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the target willincreasethe number of piorcaptured by
about sixty percent. The problem of high hieaids from

20 uncapturedparticles can be solved with enougtater
cooled absorbeinside of the superconducting magnet
system. Thavater coolednsert solenoid is part of the
15 energyabsorption system.
target system is that the spent proton beaahany high
energy electronproduced atthe targetare disposed of
before they reach the phase rotation system.

Aadvantage othe tilted
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