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Abstract

The MARS1O Monte Carlo program is used to estimatethe energy deposition from

200 MeV protonsin the superconductingdipole, quadrupoleand sextupoleSSCcorrector

elements.The study includesdifferent incidentanglesof interactionwith respectthe beam

pipe and different squared-beamsizes.
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1.0 INTRODUCTION

Plannedexperimentsusingthe BrookhavenNational LaboratoryBNL 200 MeV proton

beamwill study the behaviorof superconductingcorrectormagnetsunderexpectedSSC

ring radiation levels.1The magnetswill be studiedquench,before andafter warm-upand

cool-down thermocyclesafter radiation exposuresof the hadronicequivalent radiation

doseof the SSC. Additional experimentsat similar radiation levelsand low temperatures

will study the propertiesstress,electrical conductivity, etc. of materialsthat could be

usedfor the constructionof the corrector magnets.At the test energylevel, the energy

depositionis mainly due to ionization, a small amount from nuclearexcitation, and none

from the electromagneticphotons-electronsshowercomponent.However,duringnormal

SSCoperationabout30% of the expectedenergydepositedin thesemagnetswill be from

the hadronicshowercomponentand 70% from the electromagneticshower.2In a typical

beam-gasscatteringevent, this major electromagneticcomponentis due mainly to the

largeamountof photonswith energiesbelow 4 TeV which appearfrom ir° decayasshown

in Figure 1. The resulting hadronicdose of this experimentwill be comparedwith the

respectivecomponentfor the SSCoperationalradiationlevels. However,thereis no similar

comparisonof theelectromagneticcomponentbecausea gammaor electronsourcemachine

would beneeded.Theseexperimentsalsodo not considerthe quenchlevel for the corrector

magnetsunderspilling protons-anissuewhich will requirestudyoncethe SSCprototypes

are selected.

Estimatesof hadronicshowerenergydepositionin the coil are neededto selectcertain

parameterssuchasincident angle,beamprofile size, and radiation dose. This estimation

is done with the "inclusive" Monte Carlo programMARS].03 which hasseenextensive

use in high energydepositioncalculationsand also hashad many comparisonswith other
Monte Carlo programs.4The physics and the approachusedin this programcanbe found
in References3 and 5.

Themagnetexposuresto 200 MeV protons areintendedas "proof tests" of magnetcoil
winding methodsandmaterialsin the correctormagnet program. The describedstudies
checkparametersfor run planning as well as check similar BNL calculations.6Only the
MARS1O simulationsare describedhere.

2.0 CALCULATIONS AND RESULTS

From detailedmagnetcrosssectioninputs MARS1O generatescrosssectionsketchessee
Figure 2a,b, andc. The numbers1, 4, 5, and6 indicatethe following materials: Iron Fe,
coil NbTi+Cu+Kapton, liquid helium, andinsulatorGb and/orKapton. Themagnets
are all PhaseI correctormagnets.Thedipole andquadrupoleuseTexasAcceleratorCenter



TAC designedpole tips, coil shapesandapertures.The dipole is to be an orderedwind

magnet, the quadrupoleis a jelly roll magnet,and the sextupoleis a direct wind magnet

with poletips andaperturesuitablefor a high energyboosterHEB. All themagnetshave

a beamtubediameterof 3.244 cm, typical of the Collider spool beampipe. The coils are

modelledasa continuousmixture of NbTi+Cu+Kapton NbTi:Cu = 2.2:1 havinga total

densityof 7.7 g/cm3 and disregardingcoil p&cking fractions spacesbetweenthe wires.

Therefore,one must multiply the calculatedenergydepositonvaluesby the corresponding

packingfraction number. In eachcalculation, the numberof eventsproton-interaction

with the beampipe is takenas io to minimize statistical fluctuations. Therefore, the

valuescalculatedhavea negligible statisticalerror.

Figure 3 showsthe total energydepositedin the coil as a function of the squareroot of

the beam size. A squarebeamwasused. The abscissa,S/A, is the transversesize for a

beamof areaA. Theordinateis the total energydepositedin the coil. The beamincident

angle of interaction in this figure is 9 = 100 from the magnet axis. The beamhits at

the magnetmidplaneon one side coil. The maximumenergyconcentrationoccursfor a

point-like beamprofile. Therefore,a point-like beamshapeis usedfor energydeposition

calculationsactual beamsat BNL will be round beamsof about 1 cm diameter.

Figure 4 showsthe total energydepositedin liquid helium for the dipole and sextupole

as a function of the proton-incidentangle.

Figure 5a, b, and c shows the total energydepositedin the coil and the outer iron yoke

lamination as a function of the proton-incidentangle. More energy is depositedin the

quadrupoleQ coil and the sextupole8 coil than in the dipole D coil becausethe

thicknessof Q or S coil is greaterthanthat of the D coil. Energydepositedin the outer

iron yoke laminationof D dropsfor 9> 15°. This energyreductionis dueto higherlateral

and downstreamenergyleaks sincethe D outer radius is 0.895 times smaller than Q or S

router = 6.7 cm in the simulationmodel. Actually all coils aresimilar size. However, the
primary effect is to the iron yoke rather than the coil. As the figures show, an angleof
about 10° is a good considerationfor the testexperiment.

The coil is divided in 10 longitudinal sections. The model corrector lengths are taken

as = 1.0 m, Lq = 0.5 m, and Ls = 0.5 m. Figure6 showstheir crosssectionaldivision.

Themaximumenergydepositedin the coil occursin the regionwith the division closestto

or in the midplanewheretheproton strikes. Figure 7a, b, and c showsthe specificenergy
depositedin this region as a function of the distancealong the magnet coil. The proton
strikesa coupleof centimetersdownstreamfrom the longitudinal start of the coil, and the
specificenergyreachesits maximumin about20 cm for D, 15 cm for Q, and 13.5 cm for 5,
respectively.This maximumis about the same,max 5 x 1O GeV/g.
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Finally, Figure 8a, b, and c showsthe maximumspecific energydeposition,6max, in the

midplanedivisions as a function of the proton-incidentangle. The saturationeffect seen

in max for the Q and S is due to their greaterthickness.

3.0 CONCLUSION

The study of the hadronicenergydepositionin the superconductingcorrectormagnets

was madefor 200 MeV protons with the Monte Carlo program MARS1O. The energy

depositedin the coil was calculatedas a function of the proton-incidentangle and the

beam cross section size. Hadronic shower developmentand energy deposition depend

upon coil geometry.
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