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The process of pion-induced pion production in nuclei has been studied wittheé, 7" 7~) and
A(w™", 7t 7 p) reactions for four nuclefH, °C, 4°Ca, and?°®Pb at an incident pion energy af, =283
MeV. The #* 7~ and 7" = p particles in the final state were detected in coincidence with the CHAOS
spectrometer at TRIUMF. By looking at kinematic quantities such as missing momentum and missing energy,
we have been able to draw some model-independent conclusions about the dynamies-efitheprocess in
nuclei, which do not vary significantly with target mass. We find that the incident pion interacts mainly with
one surface nucleon via the leadindN— 77N channel. The pion pair releases no appreciable energy to the
residual nucleus, which remains substantially bound throughout the reaction. These findings underline the
guasifree nature of the pion production reaction in nu¢®0556-28137)00605-5

PACS numbsgps): 25.80.Hp, 13.75.Gx

I. INTRODUCTION dom which should be used to describgi.
A nuclear medium is characterized simply by its density

In the field of pion physics at intermediate energy, thep. For p<p,=0.16 fm~3 (the nuclear saturation density
experimental investigation of the pion production process irthe meson mass distribution is predic{&] to be modified
nuclei has received poor attention. Before the advent of they the density of the nuclear environment ferr pairs in-
meson factorieLAMPF, SIN/PSI, and TRIUMF, there are  teracting in thel=1=0 channel, and such a modification of
only a few reported results from measurements on emulthe mass distribution can be observed experimentally since it
sions, dealing mainly with total cross sectigtig These data occurs ap<p,, i.e., in conventional nuclei. A similar modi-
have a poor statistical significance and the premeson factoffication of the mass distribution is predicted in thel=1
database was able to give only a marginal idea of the dynanehannel, but only at the experimentally inaccessible density
ics of the pion production process in nuclei. The better qualef p~1.5p,,.
ity and the more intense fluxes of pion beams delivered by In this article, we extend the analysis presented in F&f.
the meson factories have slightly improved thefor the A(w*,#" ™) reaction, and report on new results on
mA— A’ database: there are four data points on Ahe the semiexclusivé\(7 ", 7" 7~ p) reaction. The experiment
dependence, and one datum on Thdependencg?] of the  was performed at TRIUMF by using the CHAOS spectrom-
total cross sections, and a few articles which address tweter[9]. This facility is particularly suited to detect events
peculiar aspects of the di-pion dynamics in nuclear mattewith many charged particles in the final state, and this per-
[3-5]. formance was fully exploited in the present measurement.

The most recent work6] examined theA dependence of The targets studied weréH, '%C, 4°Ca, and?°®%b, at an
m"a" and ¥~ invariant mass spectra, measured in theincident pion energy of .+ =282.7 MeV.
A(7", 7" 7") reaction atT ,+=282.7 MeV. It was found The pion production data have been analyzed and reduced
that the shapes of the mostly=0, I=2 7" 7" spectra did to common kinematical quantities: missing momentum,
not vary significantly with A, while the mostlyJ=I=0  missing energy, and proton kinetic energy. The distributions
«* 7~ spectra showed an enhancement near the thresh-  of these quantities do not require, by their nature, a direct
old, which increased dramatically with increasiAg This  comparison with the predictions of models to understand the
behavior can be attributed to nuclear-medium modificationsinderlying physics. Thus, conclusions eventually drawn are
of meson properties. Such studies provide a useful tool fomodel independentThe specific dynamical features of the
understanding meson dynamics in a nuclear many-body enpion production process addressed in this article(Brélow
vironment and, consequently, the relevant degrees of fregnany nucleons are involved in the initial pion production

0556-2813/97/566)/29988)/$10.00 55 2998 © 1997 The American Physical Society



55 PION-INDUCED PION PRODUCTION IN NUCLEI 2999

137 MeV/c

-500
FIG. 2. ACAD representation of a CHAOS fast trigg€&FT)

telescopeAE1 andAE2 are NE110 plastic scintillators 3 mm and
12 mm thick, respectively. The 20 adjacekE1l counters define

I — — — the geometric solid angle of CHAOS, which is 1.5 AE1l is a
=500 0 500 <mm) cylindrical segment of radius 710 mm, 178 mm hidlE2 consists
of two distinct rectangular counters 180 mm hi(jhis a SF5 lead-

FIG. 1. Top view of CHAOS and a typical glass block coupled to three photomultipliers through plexiglass

m A— 77 p[A—1] event. m indicates the incoming beam light guides. It is used as a Cerenkov counter.
pion that has induced the reaction. The four circles correspond to
the cylindrical wire chamberg$WC), the outermost being a drift

chamberWC4). WC4 is surrounded by 20 CFT's, the CHAOS fast ened in the regions traversed by the pion beam, because of

trigger telescopes. In order to free the pion beam path, two of the . . . . .
are removed from CHAOS. CFT’s are also used for particle masri,]l']e intense pion flux used. The spatial resolution of the wire

identification. The telescopes which have recorded an event a@hgmbers, with the magngtlc field set at 0.5 T, resulted in a

marked with crosses. The boxes behind them have a height propof¥Pical momentum resolution of 2%w.

tional to the response functions in the three telescope layers. The Particles are mass identified by using the CHAOS fast

square external frame represents the inside dimensions of the matfigger telescopesCFT) [12]. Each CFT telescopéillus-

net dipole; units are in mm. trated in Fig. 2 consists of three layers: the first two layers,
AE1 andAE2, are NE110 plastic scintillator counters used
as differential energy counters, the third layer is a SF5 lead-

reaction?(2) Where does the interacting nucleon lie in the glass counter 5y, thick) used as a Cerenkov counter.

nucleus?3) Is the pion-pair propagation strongly influenced Tyenty adjacent telescopes cover 360° in the reaction plane,

by the presence of the nuclear environme@?How does  powever, the two CFT telescopes which intercept the pion

the production process depend on flaweragg density of  peam are removed from CHAOS during the actual experi-
the nuclear environment? ment.

The coincidence between an incident pion sigrﬁ,Lr()

and at least two signals from distinct CFT’s defines the first

The experiment was performed at the CHAOS spectromlevel trigger(FLTz). That is, a FLT signal is generated every
eter facility of TRIUMF by using the medium energy pion time the S;+xIIi_;(AE1X AE2); logic condition is satis-

beam M11. The incident pion beam had a central momentufled. The FLT signal enables the electronics of the second
of 398.5 MeVt and a momentum width of 1.2%s{. The  |evel trigger(SLT) [13] which is designed to use information
intensity was 4 — 510°7"/s at the target spot. These from the three innermost chambers to reconstruct particle
working conditions were kept constant throughout the datagacks, i e., to calculate particle momentum, polarity, and dis-
taking phase of the experiment. tance of closest approach to the target center. This track in-
formation is then used to accept or reject an event. The de-
A. CHAQCS spectrometer cision is made in a very short time, typically in fews,

The CHAOS magnetic spectromeféi] consists of a di- depending on the number of detected tracks. In the present
pole magnet, four concentric cylindrical wire chambers, andexperiment, the SLT was required to have either two tracks
a system of 20 counter telescopes that surround the magnet opposite polarity, or three tracks emanating from within a
poles. Targets, either cryogenic or solid, are accommodatefixed distance of the target center. These requirements dras-
at the central vertical axis of the magnet. tically reduced the number of events passed to the data ac-

A typical 7" A— 7" 7 p[A—1] event is displayed in quisition system, and eventually recorded on tape for off-line
Fig. 1. The proportional wire chambers WC1 and WC2analysis. Typically, for an incoming beam rate of about
record the passage of the incident pidmbeled;" in Fig.  4x10°w*/s, the number of events passing the FLT and SLT
1). These chambers, along with the drift chambers WCI3 ~ was 4000/s and 60/s, respectively. Finally, out of these 60,
and WC4, are also used to reconstruct the trajectories diO events/s were recorded on tape, for a dead time of about
particles emerging from the target. WC3 and WC4 are dead15%.

Il. EXPERIMENT
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TABLE 1. Soft limitations on kinematical quantities for pions
1600 and protons. Events, after being mass identified, are accepted if they
fall within the ranges specified in the table. The notations,p

‘ Tp++T,-+Tp, andé,- .+ indicate the pion momenta, the particle
800 — energy sum, and the pion pair opening angle, respectively. Protons

are rejected if their momenta are below the CHAOS threshold,
which is 187 MeV¢. The CHAOS threshold for pions is 55

n
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Particle Momentum (MeV/c) A. Description of the kinematical variables

FIG. 3. Diffusion plot of theAE1 response function versus the ~ The measured pion and proton vector momenta were
particle momentum. The particle mass separation has been egsombined and reduced to common kinematical variables,
hanced by placing constraints on the particle polarity and the parwith only energy and momentum conservation. These vari-
ticle response functions in the other two elements of a CFT. ables are discussed in detail below.

Recoil momentuniThis is the momentum of the residual
nucleus in theA(w ", 7+ 7 p) [A—1] reaction. In the exit
channel, thd A— 1] nucleon system is undetected, thus, the

The targets used in this experiment wéié, °C, °Ca,  calculated recoil momentum simply refers to fA—1]
and 2%8Pb. The 2H target consisted of a cylinder, 5 cm in hucleon system, whether it is bound or unbound.
diameter by 5 cm in height, containing liquid deuterium. The ~ Missing energyFor theA(w ", 7" m~p)[A—1] reaction,
remaining ones were solid targets of thicknesses 0.3381® Missing energy is defined by the equation

2 1 40,
gzéglgnb- for 1%C, 0.180 g/cmi for “°Ca, and 0.604 g/cknfor Ew=EX 4+ Ta 1

B. Targets

:[MA_ MA—l_ mﬂ-_ mp] - [T;_+ + T;_, + Tp_Tiﬂ-+]y
C. Particle mass identification (1)

In the pion production reaction, a particle track was charwhereMa, Ma_;, m,, andm, are the masses of the target
acterized by two quantities: the particle vector momentunfiucleus, residual nucleus, pion, and proton, respectively. The
and the particle response functions in the CFT layers. AlnuantitiesTLT+, T;+, T;_, Ta-1, andT, are the kinetic en-
these quantities were used to identify it. Figure 3 shows @rgies of the incident pion, the two final pions, the residual
diffusion plot of the response functions kE, of e, p, nucleus, and the proton, respectivelii}_, accounts for the
andd versus their momentum. In order to enhance the parenergy necessary to remove a nucleon from a single orbital,
ticle mass selectivity, thAE; response function was filtered and to excite the residual nucleus. The nuclpis-1] can
with the particle response functions in the other two CFTde-excite either by emitting’ rays,[A—1]* —=[A—1]+ 1,
layers and with the particle polarity. Use of this approach inor a nucleon,[A—1]*—[A—2]+N, when the excitation
the present experiment resulted in a partioten(, p, and energy exceeds theN binding energy. In this case,

d) mass identification efficiency of 98¢42]. Ma_1<Ma_,>+My, andEy calculated with Eq(1) over-

During data reduction some soft kinematical cuts wereestimates the result. These energies are folded into the mea-
applied to particle momentéenergiey and angles. Events sured missing energy distributions because of the moderate
were rejected when a particle, identified either as a pion or agsolution of the experimental apparatus. Thus, Egedis-

a proton, had a momentum which exceeded the values afributions are expected to appear as broad peaks. Since
lowed by theA(w", 7" 7 p)[A—1] reaction phase space. T,_,~0 MeV, Eq.(1) simplifies to

In addition, events were rejected far" 7~ opening angles

below 2°; in this cases* e~ pairs may emulater* 7~ pairs. Em=Ex_;. 2

The e*e™ pairs come from=® decays, and subsequent

conversion in the target region. The above limitations have dhis approximation derives from the low magnitude of the
negligible effect on the phase-space volume of the pion protA—1] recoil momentum, which does not exceed 400
duction reaction, while improving the degree of accuracy forMeV/c for the examined nuclei, as will be seen in Fig. 4.
particle mass discrimination to nearly 100%. The particle Proton energy This quantity is determined by the proton
momentum(energy and angle limits are listed in Table .  momentum which, for the\(#", 7" 7 p)[A—1] reaction
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— - TABLE II. Widths and shifts of the missing energ¥(;) dis-
' ' s ' | tributions for the A(w*, 7" 7~ p) [A—1] reaction. o, is the
L 208Pb J Gaussian half-widtfobtained by fitting the measurég), distribu-
] tions in Fig. § and a"EM is the instrumental half-widthcalculated
L + % 4 with Eq. (5)]. ug,, is the mean-value of thEy, distributions. In the
% i case of deuterium, the proton mass is subtracted.
OEy U'E ME,
§ § ; . (MeV) (MeV) (MeV)
; : ; i ; ' = 2H 7.6 7.5 0.70+ 0.01
zc 8.4 7.8 5.0+ 0.2
- 00g - “ca 12.0 7.6 3.7 0.3
* 208pp 14.8 8.1 9.5- 0.6

T In the data reductiofM,_; was taken equal to 0 MeV and
] Ex_, was replaced by its mean vaIum{M) whose values
are reported in Table II.

r

B. Data analysis and reduction

do/dp_ (Arbitrary Units)

The vertical error bars shown with the data points in Figs.
4—6 represent only statistical uncertainties. There is an addi-
tional systematic error due to the applied correction for the
irregular CHAOS acceptance. This has been calculated to
~ 10% with aGEANT simulation of CHAOS. Other system-
atic errors are negligible since the distributions are presented
in arbitrary units.

There are uncertainties associated with the kinematical
0 100 200 300 400 500 variables discussed above due to momentum measurements
associated with the M11 pion beam and the CHAOS spec-
T trometer. For the proton energy distributions shown in Fig. 6,

2 the error sizes are obtained by using E8), and are indi-
i H 1 cated by horizontal error bars. The widths of thg distri-
I butions shown in Fig. 5 reflect both the mstrumental uncer-
tainty a'E in determiningEy, and the uncertamtyr

- . establishmg the mass of thé— 1] system of nucleons.

! S ] (0g,)?= (o8 12+ (o, )2 @

O = W RO =N W R = N WD

r

O = NV W e WO

o

do /dp (Arb.Units)

T e e . Experimental results indicate that tHéA—1] system of
60 120 180 240 300 nucleons stays preferentially bound, thng,M:U:;M. How-

Momentum (MeV/c) ever, when the residual nucleus decays by emitting a nucleon
Og,, > O'IEM .
FIG. 4. Recoil momentum distributions for the  The variance .(r'EM)2 for Ey can be expressed in terms of
A(7", 7" 77 p)[A—1] reaction(full square$. The solid lines are h : 2 2 d o2 for th bl
taken from the?H(e,e’p)n data of Ref[14], and the DWIA cal- € vanances I I, and oy, for the variables
culation of Ref[15] for the sy, and Ips, proton knock outinthe 7' 77 and T, which were actually measured:
12C(e,e’p) reaction. mm P
(U':EM)ZZ(U'Ti +)2+(0'Tf +)2+(0'Tf )2+ (or)? (5
channel, is directly measured by CHAOS. The proton energy i i i P
can be also derived by measurlng the kinetic energies of thehe magnitude of((-E )2in Eq. (5) is determined mainly by
two final pions in theA(#", 7+ 7 )p[ A—1] reaction chan-
nel. If the[A—1] nucleon system is assumed to stay bound,
then the proton energy becomes both the uncertalnty in measuring the proton energy with
CHAOS and the proton energy loss in the target. The uncer-
tainty in the latter quantity cannot be eliminated for the solid
T,=[Mp—Mp_1—m,— mp]—[E,ﬁ,l+TA_1] targets, since the spatial resolution of the spectrometer is
i comparable with the target thicknesses. Thus, the particle
[Tt T =T ©) energy losses in the targets were simulated with a Monte

(ch ) and (o7 )2 The standard deV|at|0zmT accounts for
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FIG. 6. Proton kinetic energy distributions in arbitrary units.
Missing Mass (MeV) The full squares correspond to the observed protons in the
A(7", 7" 7~ p)[A—1] reaction. The proton energy is also derived
FIG. 5. Missing mass and energy distributions, in arbitrary'[AEq'453)]+by_mea:'ﬂ”1ng thetklnetlc energy of t:]_ﬁ two pions '3. the
units, for theA(#*, 7% 7~ p)[A— 1] reaction. Thd A— 1] residual (7", m" m)pl ] reaction(open squargs The arrows indi-

nucleus is assumed to be bound. The solid lines are Gaussian becﬁte the CHAOS threshold for protons.

fits of the distributions. In théH plot, the data represent the miss- distributions,uEM. For 2H and *%C, UiIEM accounts for most of

ing mass of the residual nucleus, a proton. In @, “°Ca, and A LM ,
2000 plots, the missing energy distributions are for the observed width of thE,, distribution, in accord with the

M_. =2m_ (full squares, and for an <M . <315 MeV assumption thgtA— 1] stays bound throughout the reaction.
T T T P 0 20 .
(open squargsM .+ .- being ther* 7~ invariant mass. The dotted “T the case of*®Ca and***Pb, Og, IS somewhat larger than

line is a phase-space simulation of the missing energy distributiortv"EM . For these nuclei, the residual nucleus is likely to de-

for the “*Ca(r*, 7" =~ p)p*K reaction. excite through nucleon emission.
Carlo code. In order to check the consistency of the simula- IV. RESULTS AND DISCUSSIONS
tions, a'EM was calculated and compared to the measured A. Recoil momentum

o i
standard deV|at|oanM. The values ofcrEM and O, are The recoil momentum distributions p] of the
reported in Table Il, as well as the mean value of Eyg¢  residual [A—1] system obtained from the present
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A(m", 7" 77 p)[A—1] measurements are shown in Fig. 4. represent the results obtained from the full data set, while the
These distributionsdo/dp in arbitrary upits} show marked  open squares are for those events in which the invariant mass
similarities to momentum density distributionsp® deter-  of the #* 7~ pair in the final state is restricted to be below

mined from studies oA\(e,e’p)[A—1] reactions. We will 315 MeV, which is the region in which aA-dependent en-
rely on this fact when interpreting the present results. Thusygncement has been reporfé&d.

it is useful to recall some properties of the,é’'p) process

2 . . < + + —
; H. For th I h
[14—16: By measuring the momenta of the scattered elec- or this nucleus, the reaction Bi( ", 7 "= p)p,
tron and the ejected proton in @(e,e’p)[A— 1] reaction and the unobserved patrticle is a proton. Since the momenta

one can determine the excitation energy and the recoil mgf the three observed particles are measured, the mass of the
mentum of the residudlA— 1] system. TheA(e,e’p) reac- undetected proton can be derived directly from the data.
tion is quasifree. Therefore, in absence of distortions, thélence, the ry distribution is presented instead of the proton
measured[A—1] recoil momentum distributions are the missing energy. The full line is a Gaussian fit to the data.
same as the momentum distributions of the ejected protonBhe best-fit parameters ape=938.9 MeV andr=7.6 MeV.
before the collision, and can be successfully compared witfThe symmetry of the m distribution and its mean value,
nuclear shell model calculations. approximately equal to the proton mass of 938.3 MeV, dem-

_?H. The solid line in Fig. 4 is the momentum density onstrate the reliability of both the measurement and the
distribution Xp? measured by Ref.[14] for the analysis.

2H(e(,je’p)bn reaction. Thedfull squarles inhdicate tge mbomen— 12C, 40Ca, and 2%%Pb. For these nuclei the missing en-
tum distribution measured presently. The two distributions i ' ) . :
(in arbitrary unit$ show the same behavior: the unobserve gy, Ew, has been calculated by assuming that .the recoil
nucleon in the two reactions?H(m, =t 7 p)p and nuclgus+ is bound. The reactions s_tudlefl are
2H(e,e’ p)n recoils with the same momentum, which corre- '2‘9(77 T 72707p)[A—1], and the recoll nuclei are lC
sponds to the nucleon Fermi motion. This is the first direct. c& and”"Pb. The full lines in Fig. 5 are Gaussian fits to
observation of the quasifree nature of the pion productiofhe data. The best-fit parameteyse(, andoe,,) are listed in
procesg17], which is accounted for by theN— 77N el-  Table Il. The choice of a Gaussian distribution to describe
ementary reaction. the data was suggested by the shape oBhdlistributions,

12C. The measured recoil momentum distribution for thewnhich, in fact, all appear to be symmetric around their mean
2C(#*,w* 7w p) reaction is represented by full squares.value.
The curves are the result of distorted wave impulse approxi- The dashed curve in Fig. 5 shows the results of a phase-
mation (DWIA) calculations for the*’C(e,e’p) reaction  gpace simulation of thé°Ca(m*,m* = p)p*K reaction.
[15] for protons knocked out from thepk, and Isy, orbit-  This represents the missing energy distribution one might
als. The two curves are normalized to the present data byypect to obtain if more than one nucleon were involved in
constraining their areas to have the same ratio as the aregg, pion production process. Evidently, both the shape and
subtended by the Gaussian peaks in Fig. 5. Within this apme centroid of this simulateéty distribution are different
proach, the initialm"n— " p reaction occurs 85% Of 5 the observed one. Simulations for other nuclei yield

; 5 .
the time on D, neutrons and 15% of the time OrBdy  gimijar results. They also predict large values of missing mo-
neutrons. More detail will be given when discussing Fig. 5'mentum(up to 1 GeVé), which are not observed in the

40, 208 ; )
e oS o e 3 s ot momentum diirbutons presented n g &
q The carbon missing energy is best fit by a sum of two

lt_our: a pteakdatt40b—6Ci 2/I8%\2’/2fggo|¥/lve3£t))y atbrtcr)]ad d":’jmbli' Gaussian distributions, with centroids at 5.0 and 37.7 MeV.
lon centered at abou " €vue to the moderale r;q |atter value is comparable t835 MeV, which is the

missing energy resolution of the experimental apparatus, anr%ean value of the &hole strength distribution in the

g?sléa{c?z:t:miir t?lfenuiglgagfotrﬁg?:]sitiaa\ﬁ'rl]ﬁle’Jt ',S n?é_pos'lzc(e,e’p) reaction[15]. The areas under the two distribu-
y ™ m P tions indicate the relative probabilities for the initial

action from individual neutron orbitals. However, it is evi- 4 + . .
7 n—a” P reaction to take place either on @3}, or a

dent that almost all of the measured yield is at low recoﬂlsm orbital of *2C. The ratio between the two areas is 5.6
momenta, below 350 Me¥¢/ This is a feature which is com- . -
+0.7, which leads to a probability for the elementary reac-

monly observed in quasifree reactions. For instance, for thﬁon 10 0CCUT 0N a gy orbital of 85% and on ady , orbital

(e,e’p) process, the missing momentum yield drops at o . ~
~250 MeVk [15 16, of 15%. For calcium and lead a second peak at 35—-40 MeV

. . o is not observed. This implies that the probability of neutron
The comparison of the recoil momentum distributions for : . :
the A(m*,m"m p)[A—1] reaction and the equivalent removal from internal nuclear orbitals is below 15%.
N m m P)LA . q These observations lead to the conclusion that the nucleon
guantity for theA(e,e’p)[ A—1] reaction leads to the con-

clusion that the initial stage of the pion production reactionmvOIVed In the pion production process is likely to belong to

) S ; . T external nuclear orbitals, regardless Af The relatively
in nuclei is a quasifree process. i.e., it involves only one

! small amount of observed missing energy is accounted for b
nucleon, and proceeds via the elementafly— 77N reac- 9 9y y

; ! ; ; Ex_., and thus leads to the additional conclusion that the
tion, while the residua] A—1] nuclear system is left sub- o - ; .
- - detectedw™ =~ pairs release a negligible fraction of their
stantially undisturbed. N X
kinetic energy to the nucleus. The same applies to the ob-
served proton.
Itis to be noted that th&,, distributions represented with
The measured missing energy distributions are presentdtie open squares in Fig. 5 are not significantly different,
in Fig. 5, and discussed below. The full squares in Fig. Sapart from a scale factor, from the ones represented by the

B. Missing energy
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full squares. Thus, the conclusions drawn above for the fulthe incoming pion. Kinematic quantities such as the missing
data set can be reasonably extended to the subset of the datamentum, the missing energy, and the proton kinetic en-
in which the #* 7~ invariant mass is limited to the range ergy have been extracted from the data set and used to de-

2m_ <M _+_-<315 MeV. termine the general features of the pion production reaction
in nuclei. A consideration of the distributions of these quan-
C. Proton energy tities has led to the followingnodel-independentonclu-

In the pion-induced pion production reaction on nuclei sions: (1) The 7— rar reaction in nuclei is ajuasifreepro-
P pion p 'cess, involving a single nucleon, and proceeding via

the prot.on energy can be determined directly by detecti.ng the N— ar7N. (2) The interacting nucleon preferentially lies in
proton in the final state, or calculated from the energies og

tion is quasifree, and that the residual nucleus is left in its].
ground state. In the former case, the measured proton ener : :

distributions will be affected by the CHAOS threshold. In %f:fcﬁbf_ S)”[eAr%yll]ossr'ezﬁ:'ﬁgh thf’elggzgrsve‘; prﬁézrl‘i g'igl éhe
addition, they will reflect any energy losses suffered by theamou'nt of energy to the residual nucleus through HFSI's
outgoing protons in collisions with the nucleons of the re- ‘

sidual nucleus. Such energy losses are commonly defined %;ese conclusions should be considered as input to new
hard final state interactiongdFSI). In this article, HFSI is odels addressing the dynamics of pion production in nuclei

distinct from a final state interaction which arises when thel[slt?gbarr;gdperlz\[”lcg a means for testing the the validity of ex-
outgoing particle loses some of its energy by interacting with Recent resulté from pion productidb,6] have reported

the nuclear potential, and leaves the residual nucleus in SOME - marked enhancement in ther invariant mass with
low-lying excited states. This type of FSI is accounted for by

* . 7increasing A, in the range 28@M _..<315 MeV, for
EA—_l' In the latter case, thg calculated proton energy dlstrl—I —J=0 interacting pairs. In the present analysis, distri-
gﬁfgss f‘r:e T]°t| dal_trehred either btythprotort1 HES'? or thebutions for events with the invariant mass of the detected

resnoid. Theyrepresent the proton Kinetic energ)bion pairs constrained to this range have been studied, and
at the production stage, provided the 7~ pair releases a

L . o compared with theE,, distributions for unconstrained
negligible fraction of its kinetic energy on the way out from events. The two distributions display the same behavior, and
the nucleus. ' '

5 o ._thus the same conclusions can be drawn for both the con-
H. The two proton energy distributions are reported in

. strained and unconstrained events. This can serve to elimi-
Fig. 6. The full and open squares correspond to the qbsgrv te some possible explanations of the observed M en-
and unobserved proton, respectively. The two dlstr|but|on§]

A : ancement. It cannot be due toArdependence in the initial
comc!de up to the CHAOS threShOId' ‘?‘S they shqu_ld, Slncestage of the pion production reaction, or to HFSI's. At the
for this nucleus, proton and pion HFSI's are negligible.

. energy of this experiment, the pion production cross section
2c, “Ca, and 2°%Pb. For these nuclei the shape 9y P pion p

: decreases sharply with the decreasing incident pion energy
of the observed proton (full squares in the [19], and thus it is unlikely that hard initial state interactions

b i . T -
Al ,bﬂ- ™ p'erAth 1] reactlog_ ?I%o t§:0|nC|fdtehs, W'thl')n the dgistort theM _+ . distributions near ther,. threshold. The
error bars, wi € energy distribution of the unobserve nly part of interaction remaining is thergr) —[A—1] in-

proton (open squargsin the A(w",7*7~) p[A—1] reac- t fi Theref th b d h t of th
tion up to the CHAOS threshold. This indicates that the rolell\j”iC If)rtlj.istribﬁii)r?ger;earetheomsetrr\\/r?ashglrgj \?v?tﬁei?cigas?ng €

P tlony s et ThiS obsorvation 1 consisiant wit (& MUS be_understood by studying the nuclear-medium
: fhodifications on ther-7 correlations.

previous finding that the initiadr " n— 7 v~ p reaction oc-
curs preferentially on an external nuclear orbit.

he final pion pair propagates through the nucleus with no
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