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Abstract Inelastic cross sections have been measured for H, Be, C and Bi targets
using proton beams at momenta of 58, 85 and 120 GeV/c using the MIPP experiment
at Fermilab. The cross section dependence on the atomic weight (A) of the targets
has been found to vary as”Awherea is 0.75+ 0.03 for a beam momentum of

58 GeV/c and 0.66t 0.03 for 120 GeV/c. The MIPP data have been compared
with the Monte Carlo (DPMJET/FLUKA) predictions and previous measurements.
Inelastic cross sections have also been measured as a function of multiplicity for
H and C targets using proton beams at different momenta. The DPMJET/FLUKA
multiplicity shapes disagree with those of data. Inclusive charged pion production
cross sections have also been measured in bins of true momentum for C target using
58 and 120 GeV/c proton beams, and compared with the FLUKA Monte Carlo.

1 Introduction

The Main Injector Particle Production (MIPP) experiment is a fixed target hadron
production experiment at Fermilab. It uses a primary beam of 120 GeV/c protons
from the Main Injector and these protons impinge on a copper target to produce
secondary beams af*, K*, p andp from 5 to 90 GeV/c[1]. The experiment is
designed to measure the total charged particle productiort oK*, p andp off
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various nuclei including liquid hydrogen (L4 NuMI?! target and thin targets of
Be, C, Bi and U. Now, what is the motivation behind taking thélata? Neutrino
experiments depend on hadronic production models for imeuflux prediction and

these models give predictions that differ up to 20%, whidhoithuces a large sys-
tematic error due to the neutrino flux. An improved undeditagn of hadronic rates
can help to minimize this systematic error. The hadroniocrgncsimulators such
as GEANT4, MARS, FLUKA, etc. model hadronic interactionséd on available
data. MIPP is a high acceptance spectrometer and has hitgtissadata with 6

beam species. These data could be used to improve hadremweissimulations.

2 Inelastic cross section measurements

Inelastic cross sections have been measured for 58 and 8f& @Ge)fon interactions
with LH» target, and 58 and 120 GeV/c proton interactions with Be,dBitargets.
The interactions are selected using interacton triggjemelastic cross sections as a
function of lab momentum along with statistical and systeererrors for different
targets are shown in figure 1. The Monte Carlo (DPMJET/FLUgAdictions and
previous measuremer(® 4] are also superimposed on the MIPP data. We expect a
little rise in the inelastic cross section value as we go &iginthe beam momentum
but we have observed that the MIPP measurement at 120 Gellwés than that
at 58 GeV/c for all the three thin targets, and it is worst fortdget. A similar
feature was observed in the previous analySep&Vith the present study, it was not
possible to figure out the exact reason for this discrepdneljastic cross sections
as a function of target atomic weight using 58 and 120 GeVétoor beams are
shown in figure 2. Inelastic cross sections have also beesurehas a function of
multiplicity for p+p and p+C interactions at different beanmomenta. The inelastic
cross sections using MIPP data along with total combineati(dsyst) errors are
compared with the Monte Carlo (MC) predictions and the exgstlata in figure 3.
The MC multiplicity shapes disagree with those of data.

3 Inclusive charged pion production cross sections

TPC and RICH detectors have been used independently to gattiele identifica-
tion (PID) in momentum ranges 0.3 — 1 GeV/c and 4.64 — 120 Ga¥#pectively.
The maximum likelihood technique has been used to detertiéngpectrum of each
particle type in datg2]. The observed (data) pion momentum spectrum is unfolded
using the MC K-matrix K(p|n;), which denotes the probability of getting a recon-
structed pion for a given true pion. Figure 4 shows the comparof the data and

1 NuMI stands for Neutrinos at the Main Injector and refers ®Hermilab Main Injector neutrino
beam

2 “@” indicates addition in quadrature
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Fig. 1 Inelastic cross sections as a function of lab momentum for diffdeggets.
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Fig. 2 Inelastic cross sections as a function of target atomic weight.
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Fig. 3 Comparison of the data and MC inelastic cross sections as a foraftimultiplicity. The
referencé3] and[4] data shown are the KNO scaling function normalized to the thosergrents’
absorption cross sections — see referd@ttor details.

MC (FLUKA) inclusive ™ production cross sections in bins of true momentum
along with the statistical and systematic errors using 38180 GeV/c p+C inter-

actions. The total inclusive pion production cross segtifmn the data and MC are
listed in table 1. The cross sections at 120 GeV/c are lowaar those at 58 GeV/c
in the lower momentum range, but higher at the higher mome&hteh is expected

due to the kinematics and available phase space. The diswies observed in the
lower momentum range are not understood.
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Fig. 4 Comparison of the data and MC inclusiw& production cross sections.

Momentum Data (mb) MC (mb)

range (GeV/c)
p+C— 1 +X,58GeV

03-1 170.68¢ 4.14 (stat)' $37, (syst) 193.83t 0.50 (stat)

4.64-60 109.83- 2.78 (stat) 52 (syst) 101.24+ 0.36 (stat)
p+C— 1 +X,58GeV

03-1 194.74: 4.72 (stat) 1983 (syst) 201.19+ 0.51 (stat)

4.64-60 173.9% 4.29 (stat) 375, (syst) 140.14+ 0.43 (stat)
p+C—m +X,120 GeV

03-1 127.72+ 1.31 (stat) 7' (syst) 211.0+ 0.46 (stat)

4.64-120 152.1F 1.73 (stat) §93 (syst) 212.62+ 0.46 (stat)
p+C — " +X, 120 GeV

03-1 141.92+ 1.45 (stat) ;2 (syst) 215.89+ 0.47 (stat)

4.64-120 185.3% 1.99 (stat) 1932 (syst) 269.67+ 0.52 (stat)

Table 1 Total inclusivert™ production cross sections for the data and MC.





