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Outside of the water shield and using the measured flux of 
6.457e-9 muon/cm2/sec at Homestake
Muons at top face: 56134 = 2.7918e-02 muons/cm2 = 4.3236e+06 sec
Muons at all faces: 91503 = 7.5849e-03 muons/cm2 = 1.1746e+06 sec

Using top face muon flux:
Neutrons >100keV: 3005 = 2.4909e-04 neutrons/cm2 = 5.7612e-11 n/cm2/sec
Neutrons >1 MeV: 2499 =	2.0714e-04 neutrons/cm2 = 4.7909e-11 n/cm2/sec
Neutrons >10 MeV: 1529 = 1.2674e-04 neutrons/cm2 = 2.9314e-11 n/cm2/sec
Neutrons >100 MeV: 529 4.3850e-05 neutrons/cm2 = 1.0142e-11 n/cm2/sec

Into the OV (inside water shield)
Muons at top face: 13826 = 2.7505e-02 muons/cm2 
Muons at all faces: 22641 = 7.5071e-03 muons/cm2 
Neutrons >100keV: 224 =	7.4272e-05 neutrons/cm2 = 1.7178e-11 n/cm2/sec
Neutrons >1 MeV: 215 = 7.1287e-05 neutrons/cm2 = 1.6488e-11 n/cm2/sec
Neutrons >10 MeV: 183 =	6.0677e-05 neutrons/cm2 = 1.4034e-11 n/cm2/sec
Neutrons >100 MeV: 77 =	2.5531e-05 neutrons/cm2 = 5.9050e-12 n/cm2/sec

Top face surface of water shield = 2.010624e+06 cm2
Top face surface of OVC = 5.02656e+05 cm2
Total water shield surface = 1.2063744e+07 cm2
Total OVC surface = 3.015936e+06 cm2

Summary of 1M muons (+and-)  
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the corrected neutron multiplicity (equation (10)) and
the muon fluxes and distributions outlined in Section II.
The neutron flux (φn) as a function of depth is shown
in Fig. 14 where we have included a fit function of the
following form:

φn = P0(
P1

h0
)e−h0/P1 , (13)

where h0 is the equivalent vertical depth (in km.w.e.)
relative to a flat overburden. The fit parameters are P0 =
(4.0 ± 1.1)×10−7 cm−2s−1 and P1 = 0.86 ± 0.05 km.w.e..
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FIG. 14: The total muon-induced neutron flux deduced for
the various underground sites displayed. Uncertainties on
each point reflect those added in quadrature from uncertain-
ties in knowledge of the absolute muon fluxes and neutron
production rates based upon our simulations constrained by
the available experimental data.

In Table V we summarize the neutron flux at the
rock/cavern boundary for the various sites considered
and note that we have not included the effect of neutrons
that emerge from one surface and back-scatter back into
the cavity. The results are in good agreement with the
existing simulation results for Gran Sasso [42]. If the
simulation results for Boulby [65] are modified using our
neutron multiplicity correction, good agreement is also
found between the two results. It is relevant to note that
there is a significant fraction of the neutrons with energy
above 10 MeV.

TABLE V: The muon-induced neutron flux for six sites (in
units of 10−9 cm−2s−1). The total flux is included along with
those predicted for neutron energies above 1, 10, and 100
MeV.

Site total > 1.0 MeV > 10MeV > 100MeV
WIPP 34.1 10.78 7.51 1.557
Soudan 16.9 5.84 4.73 1.073
Kamioka 12.3 3.82 3.24 0.813
Boulby 4.86 1.34 1.11 0.277
Gran Sasso 2.72 0.81 0.73 0.201
Sudbury 0.054 0.020 0.018 0.005

2. Neutron Production in Common Shielding Materials

Fast neutrons can also be created by muons passing
through the materials commonly used to shield a detector
target from natural radioactivity local to the surrounding
cavern rock. Fig. 15 shows the neutron yield in some
common shielding materials. We have also included a
simulation for germanium which will prove useful later
in this paper when we consider the DSR for experiments
based on this target material.
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FIG. 15: The muon-induced neutron production rate pre-
dicted for some common detector shielding materials. Note
that minor variations due to neutron back-scattering have
been neglected in these calculations.

The fitted functions have the same form as equa-
tion (13) but with different values for parameters which
are provided in Table VI. To convert the neutron produc-
tion rate to the total neutron flux, one multiplies equa-
tion (13) by the average muon path length which depends
upon the detector geometry.

TABLE VI: Summary of the fitting parameters describing the
muon-induced neutron production rate in common detector
shielding materials.

Material P0 P1

Lead (7.84±2.21) × 10−8 0.86±0.05
Polyethylene (6.89±1.95) × 10−9 0.86±0.05
Copper (2.97±0.838) × 10−8 0.87±0.05
Germanium (3.35±0.95) × 10−8 0.87±0.05

Generally speaking, muon-induced neutrons produced
in a detector target or surrounding shield can be actively
vetoed in coincidence with the primary, depending on the
veto efficiency and specific detector geometry. Specific
examples are provided later in this paper.

Table from Phys.Rev.D73:053004,2006

Homestake 0.048 0.029 0.0100.058 
(>100keV)



Some muon plots (x-axis Energy/GeV)

htemp
Entries  56134
Mean    246.5
RMS     413.1

en
210 310 410

1

10

210

310

410

htemp
Entries  56134
Mean    246.5
RMS     413.1

en {(id==10 || id==11) & z==800.0} htemp
Entries  91503
Mean    248.6
RMS     413.9

en
210 310 410

1

10

210

310

410

htemp
Entries  91503
Mean    248.6
RMS     413.9

en {(id==10 || id==11)}

htemp
Entries  22641
Mean    252.5
RMS     432.7

en
210 310 410

1

10

210

310

410

htemp
Entries  22641
Mean    252.5
RMS     432.7

en {(id==10 || id==11)}htemp
Entries  13826
Mean    250.1
RMS     423.3

en
210 310 410

1

10

210

310

410

htemp
Entries  13826
Mean    250.1
RMS     423.3

en {(id==10 || id==11) & z==400.0}

at OVCat OVC

Water shield Water shield

Raul Hennings-Yeomans (LANL)

Mean muon energy seems low...
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Some neutron plots at Water shield (x-axis Energy/GeV)
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Some neutron plots at OVC (x-axis Energy/GeV)
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