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In a worst casescenario,muonsproducedat one ITt will not causeproblemsat another
if the projected beamline from an ITt missesany excavatedregion near anotherby at
least5 meters.

A diamond-shapeddoublebypassschemehasrecentlybeenproposedfor the
SSC.While the detailsremain to be fixed, eachof the alternatebeampathshas
two interaction regionswhich are between2.0 km and 2.5 km apart. The size
and position of excavatedhalls around the IRs has not yet beendetermined.
The transverseseparationof IRs in the different legs is 40 to 50 meters. The
projectionof the beamline from one IR missesthe interactionpoint at the next
in the sameleg by 50 to 60 meters.

An SSCinteractionpoint IF is inevitably a sourceof muonswhich canprop
agatefor severalkilometersthroughsoil, andwhich presentpotentialbackground
and radiationproblemsin excavatedcavities experimentalhails, garages,etc.
alongtheir path. It is the purposeof this note to commenton theseproblems.

The muon intensity at greatdepthsis poorly understood,largely becauseof
uncertaintiesin the productionrate of prompt muonsin the forward direction
from the leptonic decayof heavy quarks. Cross sectionsestimatesfor the
relevantprocessesmay be in error by as much as an order of magnitude. A
summaryof the statusof suchcalculationsis given in Ref. 1.

A "worst case" calculationby A. Van Ginneken[2J was madeby assuming
a prompt muon productionasper a formula by Ritchie et al. [1, b 20 m of
free spacefor mesondecay,andc no magneticbending. As discussedin Ref. 1,
the Ritchie et al. prescriptionprobably producestoo many hard muons. b is
not very importantat greatdepthsbecauseof the relatively soft spectrumof the
decaymuons. Assumptionc is the most pessimisticof all, since the vertical
bendmagnetsin a real IR fan the muons vertically in sucha way that a real
"muon beam" doesnot really exist.

The resultsof Van Ginneken’ssimulationaregiven in Ref. 2; see especially
Fig. 157, which is reproducedhereasFig. 1. He showsa contourmapof per p-p
inelasticcollision as a function of depthand distancefrom the beamcenter line.
For dE/dx 2 MeV g’cm2, 1 muoncm2 3 x 10 rads"rads" = "rems" for



our presentpurposes.Thecosmicray flux at the surfaceis about 10.2 s1cm2,
providing a doseof about 3 x 10_to radss. Assumingan interaction rate of
l0 we can add a referencecontour to Fig. 157 about 3 x 10.18 radsper
interactingparticlefor comparisonwith the cosmicray intensity. This contouris
shownby the dashedline; we seethat for a wide rangedepthsz in the vicinity
of 2 km the doseis less thanthe cosmicray dosefor distancesgreaterthan4 or
5 in from the projectedbeamdirection.

The flatnessof the contourswith z in this region is the result of two ef
fects: Lower-energymuons"rangeout," but higher-energymuonshavemultiple-
scatteredto largeradii. This effect is moreobvious in Fig. 2, which is baseson
earlierbut similar calculationsby Van Ginneken[4.

The most conservativecriterion, then, is to requirethat no excavatedcavity
in an lB. regionwhich can be occupiedby peopleor activedetectorstesting or
in the beamshouldcomecloserthan4 or 5 in from the beamline asprojected
from anotherID. in either beamline.

However,we note that the peakintensityat the projectedbeamline under
theseassumptionsis only two ordersof magnitudegreaterthanthe cosmicray
intensity. The smearingby the vertical bend magnetsis almost certainly large
enoughto decreasethe intensity to belownatural backgrounds.Calculationsto
assessthis effect arepossiblebut havenot yet beenmade;if thereis goodreason
to violate the conservativecriteriongiven above,thenmoredetailedcalculations
canbe madeto assessthe safety and instrumentalbackgroundsituation.
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Fig. 157. Caitars of q1 doseepivalatt in re/inelastic collisicn in soil, due to nuis for
colliding bec of 3 T.Y eachfollowed by a 2C latg decay space. Caftan for wet soil
left * botta axes are integral powersof t.Si. Caftan for dry soil ri&It * tcp axes
nmt be scaledthen by 0.65 as Sx,un for ar exa,1e. ca,taws y be ritt.ed for
claritq or due to statistical ,ncertainty.

FIG. 1. Van Ginneken’sFig. 157 from Ref. 2. A dashedcontourhas beenaddedat roughly the
cosmic ray intensity,using 108 JR collisionsper secondto scalethe single..collisiondoseto a dose
rate.
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FIG. 2. Muon flux at selecteddepthsas a function of distancefrom the projected beam
line, in the absenceof vertical bendingmagnets.The calculationsby VanGinnekenare
similar to thoseof Ref. 2, exceptthat the mesondrift spaceis 80 m ratherthan20 m [4].
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