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IntroductionIntroduction
• High-energy muons decaying in flight create a 

narrow beam of high-energy neutrinos

• Neutrinos will occasionally interact with matter in the 
Earth until it exits the surface

• At the surface, secondaries produced from neutrino 
interactions can be numerous and energetic enough to 
cause a hazard



Dose Equivalent ConversionDose Equivalent Conversion
• Dose Equivalent Conversion Coefficients:

• Assumes (Cossairt, et al):
Equilibrium & Heavy shielding (concrete)
500 MeV < Eν < 10 TeV
Good for both electron- and muon-type neutrinos
For a given type i of neutrino

1 Sv = 100 rem



Neutrino ProductionNeutrino Production
• Number of Neutrinos Produced along an arc ds

and into the phase space volume dx dΩν:

• Where:



Dose EquivalentDose Equivalent
• Integrating over phase space, x and Ων:

• Assuming:



Effect of the BoostEffect of the Boost

• The integrand depends strongly on β:



SingleSingle--Turn Dose from BendsTurn Dose from Bends
• Integrating 1 turn around a ring of radius R:

• Assuming:



SingleSingle--Pass Dose from StraightsPass Dose from Straights
• Integrating over a straight of length ℓs:

• Where:

(i.e., forward contribution)



Total Dose EquivalentTotal Dose Equivalent

• Nµ changes with each turn/pass:

• And over the course of 1 year:



LuminosityLuminosity
• The desired luminosity in the collider:

• Where:



Digging DeepDigging Deep

LF

LN

d
θ

Far Exit
Point

Near Exit
Point



The Near Hot SpotThe Near Hot Spot
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Annual Dose EquivalentAnnual Dose Equivalent
• At “Hot Spots” from Straights:

• In Plane of Ring from Bends:



7.59E-042.08E-041.05E-048.67E-05SvAvg Dose per yr from Straight (Far)<Ds>F

1.57E-012.08E-041.05E-048.67E-05SvAvg Dose per yr from Straight (Near)<Ds>N

2.19E-078.98E-069.09E-073.75E-07SvAvg Dose per yr from Bends (Far)<Db>F

4.54E-058.98E-069.09E-073.75E-07SvAvg Dose per yr from Bends (Near)<Db>N
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1011.722540.9811352.5885737.662mLength of Hot Spot at Far ExitYF

70.228540.9811352.5885737.662mLength of Hot Spot at Near ExitYN

9.193E-015.548E-015.548E-011.013E-01degUpward Angle of Neutrinos at Exitθx

16.2335.23813.0959.563mBeam Width at Far ExitXF

1.1275.23813.0959.563mBeam Width at Near ExitXN

102.68561.96761.96711.314kmAverage Distance from Beam at ExitZ0

192.04161.96761.96711.314kmDistance from Beam at Far ExitZF

13.33061.96761.96711.314kmDistance from Beam at Near ExitZN

1.0001.0001.0000.100ab-1Annual Integrated Luminosity∫dL

126.5745.09178.25250.96mAInitial Muon Beam Current per BunchI0

125.9444.19174.66238.19mAAvg Muon Beam Current per Bunch<I0>

0.010610.007560.029870.04206Number of Mu per POT at InjectionYµ

7.802E+147.802E+147.802E+147.802E+14Number of Protons per PulseNp

8.274E+125.896E+122.331E+133.281E+13Initial Number of Muons per BunchN0

8.233E+125.777E+122.284E+133.114E+13Avg Number of Muons per Bunch<N>

95475477384773847738Number of Turns in Ring / CyclenT,MAX

501014126Number of Turns in RingnT
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