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We outline a fully relativistic formalism for describing agino-inducedA-mediated single-pion
production in nuclei. To describe the nucleus, we turn tdatikgstic plane-wave impulse approx-
imation (RPWIA) using realistic bound-state wave functidesved in the Hartree approximation
to the o-w Walecka model. Medium modifications of themass and width are accounted for
within a scheme that gives good results in photo-inducedrtuceon knockout reactions. As an
application, we presemt-mediated one-pion production calculations for the typlmiBooNE
kinematics. It is found that medium modifications roughlfveahe RPWIA cross sections. The
model presented in this work can be naturally extended todecthe effect of final-state interac-
tions in a relativistic and quantum-mechanical way.
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1. Introduction

The MiniBooNE and K2K collaborations recently collected a wealth of neutlsia in the
1-GeV energy range. In this energy regime, a great deal of eventsecattributed td\-mediated
one-pion production. Hence, a thorough understanding of these sea$ions is essential to re-
duce the systematic uncertainties related to the inaccurate description ofabésgr In turn, the
high-statistics data from planned neutrino experiments like MIMNERNd SciBooNE will offer
the opportunity to address a variety of topics related to hadronic and muoded physics.

In sectior[ R, we cover the main ingredients of our relativistic frameworlettogr with the nuclear-
physics input. Sectiof] 3 is dedicated to a discussion of one-pion produeticmations at Mini-
BooNE kinematics.

2. Delta-mediated one-pion production in nuclei
A schematic representation of the reaction under study is given by
VAL I+ (A1) +N+T, (2.1)

whereA denotes the mass number of the target nucleus. The lab-frame crosa seatésponding
to the process of Eq[ (2.1) becom§s [1]
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2.1 Relativistic bound-state wave functions

Adopting the impulse approximation (I1A) and assuming an independent-partadel (IPM)
for the initial and final nuclear wave functions, the hadronic currentimatlements can be written
in the form

(Faa™™) = 00w, ST Ay S v s Za (i), (2.3)
where theZ/, are the bound-state wave functions in momentum space, which are caldolted
Hartree approximation to the-w Walecka model[J2]. In Eq.|_(_g|.3)',\‘,’\,’:’NA is the form-factor pa-
rameterized\-production vertexs, v the Rarita-Schwinger propagator d‘rfginN the decay vertex
[[]. In the case the outgoing nucleon remains unaffected by the nuclenmgit is represented
by the free Dirac spinou(ky,Sy)-

2.2 Medium modifications ofA properties

In a nuclear environment, tilemass and width are modified with respect to their free values.
A convenient parameterization is given in Réf. [3], in terms of the nucleasitlyp. Adopting an
average nuclear density= 0.75pp, we calculate the following shifts

Ma — Ma + 30 MeV,

(2.4)
N — I +40 MeV.

In Ref. [4], a similar recipe was used to accommodate medium modifications ifthéation of
12C(y, pn) and2C(y, pp) cross sections. These computations proved to compare favorably with
the data in an energy regime where the reaction is dominatéddogation.



Neutrino-induced one-pion production from nuclei Christophe PRAET

14x10ul . . . . .
o — free proton ]
-- RPWIA
a S S RN +A med mod]
L £§ 8 ]
o] O_ E 6 ]
3o L. 0 N\ 1 = %0 .

1 1 1 L !
200 300 400 500 600 700 8

% 20 40 60 80 100 120 140 160 L
6, (degrees) E (MeV)

Figure 1: Cross sections per nucleon foy; + ij U™+ p+mt. The left (right) panel shows the cross
section as a function of the outgoing-muon scattering aeglergy). Each of the panels contrasts the free-
proton cross section (full line) with the RPWIA result, showith (dotted) and without (dashed)medium

modifications.

3. Results

In Fig. [, we show(v,, u~ 1" p) cross sections for an incoming neutrino energy of 800 MeV

and a carbon target nucleus. Relative to the free cross section, théARahgular distribution for

a carbon target is reduced by about 20%. The RPWIA energy distnibisttes out sooner than the
elementary cross section, because a certain amount of energy is ne&dedk the carbon protons
out of their shell. Further, Fid] 1 shows that the inclusiodahedium modifications results in a
50% reduction of the RPWIA cross sections. Itis important to note thatig@®% of the reduced
strength will reappear in the pion-leAsdecay channel, which is not taken into account higre [1].
Future work will focus on the inclusion of final-state interactions for thetepgtpions and nucleons.
To this end, we closely follow the lines of Reff| [5], where use is made dééivistic Glauber model
for fast ejectiles and an optical-potential approach for lower ejectileyéer
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