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Abstract

The status of K? and neutron propagation and interaction in the KOPIO GEANT
MC v05_2 is described. Several problems have now been remedied.

1 The problem and the solution

We use the GEANT3 GCALOR package in the KOPIO Monte Carlo (MC). It has several
known flaws [1] that are troublesome for KOPIO.

1. Neutron elastic scattering for kinetic energy above 20 MeV is not implemented. Ac-

curate simulation of neutron elastic scattering is crucial for simulation of the neutron
halo [1].

2. The K? interaction cross section for kinetic energy below 50 MeV is zero.

The MC has been modified to use GEANT3 FLUKA for neutron kinetic energy above 20
MeV. FLUKA has neutron elastic scattering enabled. For neutrons with energy below 20
MeV, the MICAP package, which has elastic neutron scattering, of GCALOR is still used.

For the K} the MC has been modified to use GEANT3 GHEISHA for kinetic energy below
50 MeV with the K¢ cross-section coming from code donated by the KLOE experiment.
Above 50 Mev, GCALOR is used.

GCALOR is used for all other particles.

2 Results

Figure 1 shows the generated and accepted neutron momentum spectra for the KOPIO
MC with a 5 cm thick lead spoiler in the neutral beam. The results are compared to the
expectations based on the n,2%Pb total cross section [2, 3]. Figure 2 shows the same result
but in terms of neutron kinetic energy. Figure 3 shows the results for kinetic energy less
than 200 MeV. The expected and MC results are compared in a single figure as a function
of momentum and kinetic energy in Figure 4. There is a small, but clear, discontinuity
in the transmission rate at 20 MeV where the MC switches from MICAP to FLUKA. The
agreement between the calculation and the MC is good with MICAP and adequate with
FLUKA.



Similar transmission measurements as a function K momentum and kinetic energy are
shown in Figures 5 and 6. In order to compute the K? transmission, the K? was artificially
given an infinite lifetime in the MC. The MC results are compared with expectations based
on the measured K?, Pb cross section for momenta between 168 to 343 MeV /c [4], above 2.1
GeV/c [5] and the calculated cross section from the eikonal approximation [6]. There is good
agreement, between KOPIO MC and the expectations from the measured cross section. In
contrast to the neutron situation, there is no clear discontinuity in the K¢ transmission rate
at the transition between the GHEISHA and GCALOR simulations. Prior to the inclusion of
the KLOE modifications, the K transmission rate below 50 MeV was zero with GHEISHA
and 100% for GCALOR. The step like structure in the generated K¢ spectrum at low kinetic
energy is due to the interpolation algorithm used in the KOPIO MC.

The transmission rate for neutrons and K? through the 5 cm lead spoiler averaged over the
generated spectra is 53.35 £ 0.16% and 69.23 & 0.12%, respectively, for a relative n/K? rate
of 77.06 & 0.27%. In TN-023 [1], the comparable neutron and K? transmission rates at 0.75
GeV/c are 51.8% (Table 1) and ~ 65% (Figure 3 “FLUKA no interaction”), respectively,
for relative n/K? rate of ~ 70%. For the current KOPIO MC at 0.75 GeV/c and 5 cm
of lead, the neutron and K? transmission rates 63.3 + 0.9% and 72.1 4 0.6%, respectively.
Extrapolating these results to 7 cm of lead gives 52.7% and 63.3%, respectively, in good
agreement with the results of TN-023.

3 Conclusion

The neutron and K} interactions as simulated in v05_2 in the KOPIO Monte Carlo are
now in reasonably good agreement with measurements. Neutron elastic scattering is now
implemented for all momenta.
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Open points = MC, Solid points from 208Pb o and 5 ¢m spoiler
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Figure 1: Top: Generated neutron momentum spectrum,

second from top: accepted, unscattered neutron spectum,

second from bottom: accepted, scattered neutron spectrum,

bottom, open points: ratio of the accepted, unscattered neutron spectrum to the generated
spectrum,

bottom, closed points: calculated transmission for a 5 cm thick 2°®Pb spoiler. “Accepted”
means that the neutron was in the beam at a z position beyond the most downstream
collimator.
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Figure 2: Top: Generated neutron kinetic energy spectrum,

second from top: accepted, unscattered neutron spectum,

second from bottom: accepted, scattered neutron spectrum,

bottom, open points: ratio of the accepted, unscattered neutron spectrum to the generated
spectrum,

bottom, closed points: calculated transmission for a 5 cm thick 2°®Pb spoiler. “Accepted”
means that the neutron was in the beam at a z position beyond the most downstream
collimator.



2003/09/26

15.45

Openﬁxmnhs— MC Sohdp@mﬁSfTOW1208Pb<7ondficmwspower

600

400

200

O
O\\\‘\\\‘\\\

200

100

Entries "~ 100000
Mean 0.7452E-01 1
RMS 0.5625E—01-

L ‘ L L L
0.04 0.06 0.08 Oﬂ 0.12 O W4 0.16

GENzNEUTRON KE(n) generated
‘ I I I ‘ I I I ‘ I I I ‘ I EmLtrl\eS\ I ‘ I I I ‘533\5

i
Mean 0.8530E—01
RMS 0.5771E-01

0

O\/FLW

@)

0.02 0.04 0.06 0.08 0.7 0.12 O W4- 0.1
GENZNEUTRON KE(n) acc. unscatt. (past last coll

\/034
O
0
(@)
N

‘ 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 EﬁLtrleS 1 ‘ 1 4\50 ]
Mean |
RMS

UDFLW
il
l

0 0.02 0.4 0.06 0.08 0.1 0.12 0. W4- 0.176 0.18 0.2
GENzZNEUTRON KE(n) acc. scottered (post \Ost coll )

: 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 ‘

" J

: . WW Whenees wwwww%
o 0 0% .
5‘;&&@. AT X 1
: L L L ‘ L L L ‘ L L L ‘ L L L ‘ L L L ‘ L L L ‘ L L L ‘ L L L ‘ L L L ‘ L L L :
0 0.02 0.4 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

Accepted/Generated vs KE(n) Ge

Figure 3: As for Figure 2 but for the low kinetic energy region only.
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Figure 4: Comparison of MC results (open points) and expectation (solid points) as a func-
tion of momentum (top) and kinetic energy (bottom). The applicable regions in kinetic
energy for the MICAP and FLUKA simulations are indicated.
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Figure 5: Top: Generated K momentum spectrum in GeV/c,
middle: accepted, unscattered spectum,

bottom, open points: ratio of the accepted, unscattered spectrum to the generated spectrum,
bottom, closed points (stars): calculated transmission for a 5 cm thick 2*Pb spoiler based
on the measured (calculated) K?, Pb cross section. “Accepted” means that the K¢ was in
the beam at a z position beyond the most downstream collimator. The applicable regions
for the GHEISHA and GCALOR simulations are indicated.
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Figure 6: Top: Generated K¢ kinetic energy spectrum in GeV,

middle: accepted, unscattered spectum,

bottom, open points: ratio of the accepted, unscattered spectrum to the generated spectrum,
bottom, closed points (stars): calculated transmission for a 5 cm thick ?°*Pb spoiler based
on the measured (calculated) K?, Pb cross section. “Accepted” means that the K? was in
the beam at a z position beyond the most downstream collimator. The applicable regions
for the GHEISHA and GCALOR simulations are indicated.



