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The absorption of positive pions on N and Ar has been studied for=118, 162, and 239 MeV. A precise
determination has been made of the total absorption cross section for each energy and target nucleus. Com-
parisons are made with prior LADS results @, 3He, and“He. In addition, results are presented for the
detected multiplicities of emitted protons, neutrons, and deuterons following pion absorption.
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PACS numbd(s): 25.80.Ls, 25.10ts, 25.60.Dz

[. INTRODUCTION ously indicated; a fact that had already been suggested by the
results on*He of Steinacheet al. [11].

Pion-nucleus interactions have long been used to investi- For A>4, the particle multiplicities following absorption
gate the nuclear force in the nuclear medium. Currently, th@re not well known. Absorption on a two nucleon pair is well
most interesting aspect of the nuclear force accessibldocumented, and kinematic signatures of this process are vis-
through pion absorption is the possibility of a multinucleonible in absorption on heavy nuclei. It was expected that the
(>2) component of the strong force. There is an expandingverage nucleon multiplicity would be larger than 'two due
body of evidence from pion absorption experiments whichMainly to ISI and FSI. Results from ther(,p) experiment

indicates that a significant fraction of the absorption proces§f McKeownet al.[12,13 indicated that the avleargge number
directly involves at least three nucleofs2]. If a distinct ~ ©f nucleons involved ranged from about three @@ to more

: 181 L ifi :
multinucleon absorption mechanism does exist, it will dem-than five on™*Ta. These were significantly higher than ex-

onstrate a facet of the strong nuclear force that has not y&ected. suggesting that rescattering processes and perhaps a

appeared in any other subfield of nuclear physics. Difficultiednt!tinucleon absorption process play a very significant role.

persist in demonstrating its presence, however, since it may & Present the results of an eXperlmO(I—:‘nthusmbg the Large
not be clearly distinguished from an initial state interaction”\CcePtance Detector SystelibADS) to study the absorption

(ISl) or a final state interactiofFSl) [3—5]. In fact, basic of positive pions on N and Ar at 118, 162, and 239 MeV

properties of the absorption process, such as the total crodicident ki.netic. energies.. Quantit.ative results are giver) for
an analysis using techniques suitable for heavy nuclei and

section and the number of participating nucleons, are still no - ; 3 4
well known for nuclei heavier thafHe. comparisons are made to prior results®h *He, and*He
Several early experiments gave indications that the apwhich used the available kinematical constraints more fully

sorption process could be significantly modified by the pres[3’1o’14._1gi In p.art.lc.u_lar, the total absorption cross section
ence of more than two nucleons. The results of a measur@‘-nd parglclg mult!pllc.mes are presentésee[4,5] for some
ment of the total absorption cross section on a series dfierential investigations

nuclei ranging from’Li to 2°Bi at six energies in the
A-resonance energy region were published by Asletrgil.

[6]. The general result of this experiment was that the total
absorption cross section increases it proportion to the The LADS detector(see Fig. 1 was constructed at the
cross sectional area of the nucleus. For very light nuclei iniPaul Scherrer Institute in Villigen, Switzerland to study
tial experiments indicated an even largedependence, with multinucleon final states resulting from pion absorption. To
a large increase in the total absorption cross section betwedse appropriate for this task, the detector needed to be able to
3He [7,8] and “He [9]. However, in a recent papét0] we  simultaneously detect, identify, and measure the momenta of
have shown that this increase is more moderate than previnultiple final state particles. This required a detector of close

Il. EXPERIMENTAL APPARATUS
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FIG. 1. The LADS detector from Ref17].

to 4ar sr solid angle coverage with low energy thresholds andcombination of scintillator elements, the last of which was a

good energy and trajectory resolution. 1 cm radius, 0.1 cm thick counter mounted on the end of a
The LADS detector achieved these goals by using a thickong light guide in front of the target. This counter selected

cylinder of plastic scintillator, endcaps of the same materialabout 16 pions/s from an incident flux of typically 3

and two coaxial cylindrical multiwire proportional chambers x 10°/s. Additional details about the detector, data acquisi-

(MWPCsy. The cylinder scintillators were arranged in 28 tion, and analysis systems may be found in R&7).

trapezoidally-shaped sectors each consisting of a 160 cm

long dE-E-E scintillator telescope. Each scintillator bar was

read out by photomultiplier tubes on each end, giving energy I1l. DATA ANALYSIS

and rough position information. The inner radius of the cyl-

inder was 30 cm, and the thickness was 35.5 cm, sufficient to 1 here were several steps which led to the determination
stop a 200 MeV normally incident proton. of particle multiplicities following absorption. First, pion ab-

The scintillator endcaps were inserted into the open engsorption events were isolated and then classified according to
of the cylinder. Each consisted of two rings of scintillator, ("€ number and type of emitted parti¢eeg., 21n). These
divided azimuthally into 14 sectors. The beam pipe passeM'eldS were converted to cross sections by normalizing to the

through an 8 cm radius hole through the center of each—thBUmber of beam particles and target scatterers. Finally, cor-
only region uncovered by plastic scintillator. The front face "€ctions were made for various inefficiencies of the detector.

of each scintillator endcap was covered by a thin dE scintjlA more complete description of the analysis can be found in
lator, also in 14 sectors. Ref. [18].
The entire inner face of the cylindéincluding the region
between the cylinder and the endcapss covered by the ) .
outer MWPC. The inner MWPC lay in the 90 cm gap be- A. Particle reconstruction
tween the endcaps. A particle was identified as charged or neutral depending
At the center of LADS, there was a cylindrical, high pres-on whether the appropriate dE counter fired. The MWPCs
sure (100bar) thin-walled gas target made from carbonwere used to identify the few~{1%) charged particles that
fiber. It was 25.7 cm in length and 2 cm in radius. Theslipped through the cracks between the dEs. The finite beam
energy threshold of the detector was dominated by energgize, multiple scattering, or nuclear reactions could cause a
loss in the walls of the target and in the MWPCs. It dependegbarticle to deposit energy into adjacent sectors. The likeli-
on the trajectory of the particle, ranging for protons fromhood of this occurring was significant, about 30% for an
about 16 to about 22 MeV. energetic charged proton. This was much more likely than
The experiment was performed in theM1 area at the the possibility that an accompanying neutral particle was in a
Paul Scherrer Institute. A narrow beam was selected with aector adjacent to a charged particle. Therefore, sectors
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FIG. 2. An E-dE/dx plot for particles in the cylinder scintilla- FIG. 3. AnE-TOF plot for particles in the cylinder scintillators.
tors. The data are from 239 MeX" incident on N. The curves The data are from 239 Me¥% " incident on N. The curves show the
show the tests used for PID. tests used for PID.
which recorded a neutral particle adjacent to a charged par- C. Neutral particle identification

ticle were recon_structed into a single charggd particle. Both neutrons and photons were common among the final
~ Several additional constraints were applied to those pargiaie particles detected by LADS. High energy neutrons were
ticles which were detected. First, particles which had les,ssymed to come from the reactions being studied, while low
than 2.5 MeV of associated light detected were interpreted aSnergy neutrons were associated with evaporation from the
noise and were ignored in the analysis. For charged particlagha| state nucleus. High energy photons were assumed to
this restriction increased the effective detector threshold bbome from 77-0 decay fo”owing sing|e Charge exchange
2.5 MeV. This restriction was also applied to neutral par-(SCX) reactions, and the low energy photons were associated
ticles. Second, any particle that had a large reduced time-ofyith electromagnetic deexcitation of residual nuclei. Differ-
flight (TOF) (1/8, or the amount of time in ns needed for the ent treatments were required for the different cases. The low
particle to traverse 30 chwas ignored in the analysis. This energy particles were ignored, the high energy neutrons were
cut eliminated many random hits, but only very low energyincluded in the multiplicities, and the high energy photons
particles in real coincidence with the pion absorption eventindicated that an absorption event did not occur.

The quantities used to identify each case were the parti-
cle’s reduced TOF and the light deposited in the scintillators.
The reduced TOF, illustrated in Fig. 4, was initially used to
separate neutrons from photons. Because it was more impor-
bination ofE-dE/dx andE-TOF techniques. If more than 10 ta}nt in the analysis to ensure that neutrons were counted than

v's excluded, the cut appearing in Fig. 4 is offset from the

MeV of light was detected in thE blocks, then the primary . .
) : . center of the valley. To separate energetic from evaporation
method wasE-dE/dx. Figure 2 shows a typical spectrum for neutrons, a cut was applied to the reduced TOF correspond-

this method, with the cuts used to identify pions, protons, . 0
- ing to 20-10MeV. The separation ofr- decay photons
and deuterons shown as hyperbolic lines. When less than ]fpom nuclear deexcitation photons is discussed in Sec. Il F.

MeV was detected in th& blocks, the method used was
E-TOF, illustrated in Fig. 3. Bands associated with the dif-
ferent particle types are clearly separated. For the majority of
the particles detected, the PID method applied &edE/dx. In the analysis of pion absorption experiments of the type
E-TOF was generally used only for the least energetic pardescribed here, a significant problem is the possibility of
ticles, although some use was also made of the TOF informistakenly labeling a proton as a pion or mistakenly labeling
mation to resolve ambiguities in the identification of highera pion as a proton. This section will investigate the magni-
energy particles. The above techniques were sufficient ttude of the probability of the former, and Sec. IIIG will
correctly identify over 90% of the charged particles detectedexamine the magnitude of the latter.

Corrections to account for the remainder are described later The situation in which a proton is mistakenly identified as
(Secs. llID and 11l G. a pion is frequently due to reactions. The term “reaction”

B. Charged particle identification

Particle identification(PID) was performed using a com-

D. Reaction corrections
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1750 where N, is the corrected number of pions on target and
C Nouclei IS the number of target scatterers. The sum is over the
1500 - separately prescaled experimental trigger typ&g]. For
- each, it corrects the yield from the analysN53e" P9 by
1250 | ; 1n
r the ratio of the number of events counted in the scalers
1000 & (NS to the number of events recorded on tape
- (Nevens ontape accounting simultaneously for the computer
750 | Neutrons dead time and the prescale factors.
- A beam pion is defined by a coincidence between several
500 | counters. Both timing and pulse height values for these
C counters are required to be within tight limits to reduce con-
250 | tamination from extraneous particles and pion reactions in
r the beam counters. Additional corrections were made to the
i
0

ol Lo b beaa b beam flux for the effect ofr™ decay.
2 3 4 5 6 7
Reduced TOF (1/5) It was also necessary to correct the counted beam flu>_< to
account for any pions which missed the target. Attenuation

FIG. 4. The reduced TOF spectrum for neutrals detected aftePf the beam due to pion interactions was calculated from the
the interaction of 162 MeVir*’s with Ar. The cut used to separate Known cross sections to be 2%4.%. To estimate the frac-
¥'s from neutrons is shown as a dotted line. tion of the beam missing the target due to multiple scattering

and beam divergence, events from interactions in the air be-
used in this context usually refers to a particle undergoing d&ore and after the target were used. Events were selected
nuclear interaction in the scintillator such that not all of thewhich had a two track vertex from the MWPCs. The ratio of
kinetic energy of the particle is seen as light. We will definethe number of events within the target’s radius to the total
a reaction as having occurred any time a charged particle isumber of events was measured for 1 cm slices before and
labeled by PID as something which it is not. Various resolu-after the target, which were then averaged. The percentage of
tion effects are thus included with the nuclear processes. the pions missing the target varied from 4% to 9%.

In order to determine the probability of mistakenly iden-  The number of target scatterers was straightforwardly cal-
tifying a proton as a pion, data were used from the interaceulated from the temperature and pressure of the target gas,
tion of 239 MeV 7 *’s with ®He. A data sample was filtered both of which were monitored during the experiment. For the
out in which each event had exactly three charged particlepressures involved in this experiment, deviations from the
detected. The three particles were numbered randomly, arideal gas law become important. The factor of compressibil-
the first two were required to be identified as a proton in thaty, which is unity for an ideal gas, amounted to as much as
cylinder by the PID procedure, and to have been recorded ia 5% correctiorf19].
both MWPCs. These two tracks were used to make a clean
cut on the target region in bothandz. A missing mass was F. Single charge exchange subtraction
calculated from these two protons, and a cut applied at the . . .
proton mass, ensuring that PID was correct for these two If a photon converts in the scintillator, a substantial frac-

particles, an absorption reaction occurred, and that their erfion Of. its energy will typically be detec_ted. Thus the light ,
ergy information was correct. deposited can be used as a good estimate of the photon’s

Now the energy of the third proton was calculated fromENeray. Nuclear deexcitation photons are usually under 10

the initial state and the energies of the first two protons. Th(M.ev while SCX photons are typically high energy. This

third proton was subjected to all of the PID tests discussed'lde s_epar_ation m?"‘es the identification by the amount of
previously. The probability for a proton to be mistakenly deposited light feasible. Figure 5 shows a spectrum of depos-

identified as a pion was then determined as a function oilIGd light for detected photons. Those photons depositing

roton enerav. It rose smoothlv from 0% at low eneray todr€ater than 14 MeV energy were iden;ified as resulting from
gbove 11% %)t/)ove 2500 SIVIeV y ° 24 SCX, and those depositing less were ignored.

Similar methods to the above were used to determine the 1€ !‘ADS %hoton de_tection efficiency was approximately
fraction of the time that a deuteron was mistaken as a protoEO%' Since ar” decays into two photons, roughly half of the_
[using the*He(w",ppd) reactio and that a proton was CX events had one or two detected photons. The remaining

; ; 3 + ; SCX events were handled by subtracting a scaled fraction of
mistaken for a deuterojusing the“He(r ", ppp) reactiori events with detecteg’s. The first step in this process is to
determine they detection efficiency for the LADS detector.
This was done under the assumption that the probability of

To obtain a cross section from the number of events of aletecting each of the two photons was independent. This
particular type(e.g. 21n), the following expression was assumption is not strictly correct, since the directions and
used: energies of the photons are kinematically linked. However,

E. Event normalization
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104 i TABLE I. Total cross sections forr* absorption(in mb) for
4] E . o . o X .
b P three different incident pion kinetic energies. In this table, the re-
3 i sults for?H and®He are from[14], and the results fotHe are from
(@) Hl i .
O . Evaporation [10].
: Target 118 MeV 162 MeV 239 MeV
H 11.5+0.4 10.9-0.3 4.3-0.2
*He 27.3t0.8 24.7%0.7 10.0:0.4
“He 524 51+5 27+2
N 182+10 163+11 107410
Ar 393+21 36622 282+21

method used to correct for the remaining contamination was
similar to that used for calculating reaction corrections. A
sample of events which included a charged pion in the final
state was selected from data witl?td target by using only
ﬁ MWPC information. These events were then passed through
—_— the analysis chain to determine their effect on the cross sec-
tion. Roughly 1% of the scattered pions were misidentified
as protons, leading to small corrections to the total cross
FIG. 5. The spectrum of energy calibrated pulse heights fors?Ct'on a”‘?' c_:o_r_rectlons of varying magnitude to the indi-
photons after the interaction of 162 Me¥*'s with Ar. The cut  Vidual multiplicities. These corrections were performed by
used to separate low energis from SCX y's is shown as a dotted  Subtracting a fraction of the cross section for detected pions.
line.

1 IIil|III|III|III|III|III|III

0O 20 40 60 80 100 120 140 160
Energy (MeV)

H. Events without an MWPC vertex

since LADS covers such a large fraction ofr 4teradians, . .
9 Events in which no vertex was calculated by the MWPCs,

h houl litt] i hi ion. . ;
there should be little error introduced by this assumption ﬁjlther because no charged particle passed through both

Cross sections were separately calculated for the cases A
which one photon was detected and the cases in which twghambers or because of |neff|C|ency of the MW.PCS’ were
0 analyzed to produce cross sections for the different par-

photons were detected. A comparison of these cases gave tflt‘sl itioliciti Th si ¢ d tall
v detection efficiencye,, . Then the final cross sectide.g., ucle multipliciies. The analysis was periormed essentially
f ! independently, with different reaction correction, pion con-
or o1p1,) Was determined from e : - :
tamination, and neutron detection efficiency numbers being

=1

_ Oy _ Y
T1p1n= 01910~ FsexX oph,

fa)
where c
_ (1_67)2 Y

SexX Zéy(1—67)+6§. i

O™

The uncertainty associated with this correction was sub-
stantial, in particular for the cross section with only one de- 10?2 o
tected charged particle, where the SCX cross section is sig
nificant in comparison to the absorption cross section. To
significantly reduce the uncertainties, the limitation was ap- i
plied that if only one charged particle was detected, it had to § O
have over 35 MeV of associated light. Even with these limi- I (') 1232 m:z
tations, the total SCX yield was as high as 28% of the total o L® o O 239 MeV
absorption yield for N at 239 MeV, and the associated un-
certainty in the correction dominated the error for that mea-
surement.

G. Pion contamination ! T 1

2
. . . 1
Although the various PID methods correctly identified 0 Ao

most of the final state charged pions, some still slipped

through the cuts. There is a large scattering cross section for FIG. 6. The total absorption cross sections are shown as a func-
small angles, so the first step was to limit the acceptance afon of A. The triangles are for an incident pion energy of 118
the detector by demanding the detection of at least on#teV; the circles, 162 MeV; and the squares, 239 MeV. Uncertain-
charged particle with a polar angle greater than 15°. Theies are almost always smaller than the size of the symbol.
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FIG. 7. A comparison between the total absorption cross sec- . . .
tions from this detector and those from previous experiments in the Pion Kinetic Energy (Me\/)
vicinity of 165 MeV. The solid circles show the LADS results; the
diamond is from Webeet al.[7]; the cross is from Mukhopadhyay
et al. [8]; the open circle is from Baumgartnet al. [9]; the tri-
angles are from Ashergt al. [6]; and the square is from Ingram

FIG. 8. The total absorption cross sections are shown as a func-
tion of the incidentr* energy. The solid triangles are fiife; the
circles for “He; the squares for N; and the open triangles for Ar.

The curves are proportional to a parametrization of 4Hecross
et al.[21]. .
section[22].
calculated. The resulting cross sections were added to those
with MWPC information to produce the final results. the maximum. The strength with three detected neutrons was
divided bye3, and then the strength with fewer neutrons was
I. Background subtraction corrected accordingly. The process was then repeated for two

The above analysis was repeated for empty target runéa,nd one detected neutrons.

and the results subtracted from the final cross sections. The
background subtraction was a significant correction only for IV. RESULTS AND DISCUSSION
the events without an MWPC track. For these events, the A. Total absorption cross sections

uncertainties are significantly larger because of the smaller The total . for bi b i ted
signal-to-noise ratiqthe worst case for the N and Ar total . € tota] Cross sections for pion absorplion aré presente

cross sections was 1—to—1 for Ar at 118 MeMowever, the " Table I. The reported uncertainties include both the sys-

increased uncertainties only affect a small portion of thetematic and statistical errors. The normalization uncertainty
cross section<€ 10% of the total for Ar at 118 Me)/ Is the most important for the total cross sections, dominated

by the uncertainty in the fraction of the pions which pass
through the target.

Since the geometrical and kinematic acceptance of the

The neutron detection efficiency was determined by usingletector is nearly complete, the correspondence between the
the reactiorfHe(s*,pppn). By considering cases where all observed and the actual total absorption cross sections is
three protons were detected, the missing mass reconstructetbse, and no acceptance corrections were applied. Consid-
to that of a neutron, and the missing momentum had aration of the particle distributions, and of the acceptance
greater than 30° opening angle with each of the protons, itorrections applied to the He dafa,10,14—18, indicated
was possible to select a clean sample of neutrons with whicthat such corrections would be small compared to the quoted
to measure the detection efficiency. The results were aveuncertainties.
aged over the neutron energy and angle, and the determined The total absorption cross sections reported in Table | are
neutron detection efficiency was=36+4%. graphed as a function & in Fig. 6. The cross sections at

In the process of determining the neutron multiplicities,118 and 162 MeV are approximately equal, with the cross
small corrections were made for contamination from pho-section at 239 MeV being significantly smaller.
tons, contamination from the products of scattering and re- Of previous experiments that measured total absorption
actions in the scintillator, and small amounts of background:ross sections, the most extensive was that of Askegl.
noise in the detector. After the detected neutron multiplicitied6]. In that experiment, measurements were made of the total
were determined, the neutron detection efficiency was usetgaction cross section and the pion scattering cross section.
to correct the results. No significant cross sections werdhe absorption cross section was calculated by taking the
found with greater than three neutrons, so this was taken atdifference, and then subtracting an estimate of the SCX cross

J. Neutron detection efficiency
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TABLE II. Detected final state energetic particle multiplicities following absorption on Nin mb). The cross section is first given for
a particular number of charged particlgsotons and deuterons togethaccompanied by any number of neutrons. These values are then
broken down according to the number of neutrons and the proton and deuteron mix. The efficiencies of the detector have been corrected, but
limitations in its acceptance have not. For cross sections consistent with zero, the reported value is the 95% confidence upper limit.

T,=118 MeV
Charge multiplicity (mb) Deuterons 0 1in 2n =3n
0 14.6:3.0 21.8£2.2 4.0£0.9 0.2£0.1
1c 40.9=2.8 1 0.7+0.3 <0.3 0.x+0.1 -
0 71.3+5.2 28.3:2.9 3.3t0.6 0.4-0.2
2C 114.9=6.2 1 8.1t1.6 3.3:0.7 0.3:0.1 -
0 12.1+1.2 4.5-0.6 0.4:£0.1 -
3¢ 244e11 1 6.0:0.8 1403 - -
0 0.5-0.1 0.2:0.1 - -
= 4x0.
=4cC 14201 1 0.6:0.1 0.1+0.1 - -
T,=162MeV
Charge multiplicity (mby) Deuterons 0 1in 2n =3n
0 8.624.2 14.4:1.6 2.8:0.4 0.9:0.3
1c 21.2544 1 0.8£0.3 <0.2 <0.1 0.1-0.1
0 56.1+4.7 28.3:2.7 4.77+1.0 0.4-0.2
v
2C 98.7554 1 54+1.2 3.2£0.7 0.5£0.2 -
0 15.6-1.6 7.4-0.9 1.0-0.2 0.1+0.1
3¢ 33.8r2.4 1 7.1+0.9 2.5-0.4 0.2:0.1 -
0 1.1+0.2 0.5:0.1 0.1+0.1 -
= .6+0.
=4c 36+03 1 15402 0.5:0.1 - -
T,=239 MeV
Charge multiplicity (mb) Deuterons 0 1In 2n =3n
0 <8.1 7.+1.4 2.5-0.6 0.6-0.3
1c 11.2551 1 <0.6 <04 0.1:£0.1 —
0 26.7+-3.5 19.3:1.5 52:£1.0 0.8-0.3
2C 57.053.9 1 2.1+0.7 2.3:0.5 0.5-0.2 0.1+0.1
0 12.4-1.4 8.8:0.9 2.0:0.4 0.2:0.1
3¢ 31.9x23 1 4.9+0.7 2.9:0.4 0.7:0.2 -
0 1.8£0.3 1.2:0.2 0.3:0.1 -
= .3+0.
=4C 6.320.6 1 2.2:0.3 1.3:0.2 0.1+0.1 —

section. Figure 7 shows a comparison between the curretiis figure represent the absorption cross section on deute-
162 MeV results and the 165 MeV results of Réf]. While  rium scaled by factors of 2.3, 4.5, 15, and 33 in order to fit
consistent within uncertainties, the results of Rél.appear them to the 118 and 162 MeV data. Fte the cross section
systematically higher than the current data. Part of this difat 239 MeV has fallen similarly to that for the deuteron,
ference is due to the subtraction of too small a value for thavhile for the heavier nuclei, evg‘h—le, the decline is smaller.
SCX cross sectiofi20]. The %0 result of Ingramet al. [21] This behavior is broadly consistent with the underlying ab-
is in better agreement with the current results. sorption cross section being dominated by the same mecha-
Also shown in Fig. 7 are measurements3te by Weber NiSm as absorption on the deuteron: at high incident energies
etal. [7] and Mukhopadhyayet al. [8], and on“He by a pion which I_oses energy by a quasielastic scattering in thg
Baumgartneret al. [9]. As mentioned in the Introduction, nucleus remains at an energy where the absorption probabil-

these results had suggested an anomalously large rise in the 'S large. Thus the slower decline in the total cross section
or heavier nuclei could be a reflection of such cascadelike

cross section between these two nuclei, creating much intef- : . :
: ! ’ . rocesses precedingfadominated two-nucleon absorption.
est in the search for new absorption mechanisms. The LAD P 9 P

data modify the previous view significantly, although the rise
from 2H to “He remains large.

Figure 8 shows the total absorption cross section again, Observed final state multiplicities after absorption on N
but as a function of the incident pion energy. The curves orand Ar are given in Tables Il and Ill. These results are cor-

B. Detected multiplicities
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TABLE lII. Detected final state energetic particle multiplicities following absorption on Afin mb). The organization is the same as
in Table II.

T,=118 MeV
Charge multiplicity (mby) Deuterons 0 1n 2n =3n
0 39.6-8.8 71.7#5.7 18.9-3.4 3.2x1.1
1c 134.8-7.6 1 <1.3 1.3t1.3 <0.7 0.+0.1
0 110.1-10.0 68.5-6.2 13.3:2.4 2.0:0.7
2C 222.0512.0 1 15.6:2.9 10.7#1.9 1.9-0.5 0.3:0.1
0 16.3+1.6 7.4:0.8 1.4-0.3 -
.
3¢ 34.552.4 1 6.9+0.9 2.3:04 0.2:£0.1 -
0 0.6:0.1 0.1+0.1 0.1+0.1 -
= .5*0.
=4c 1.5+0.2 1 0.4+0.1 0.1+0.1 - -
T,=162MeV
Charge multiplicity (mby) Deuterons 0 In 2n =3n
0 19.0+9.3 45.2:3.0 27.5:5.3 3311
1c 96.259.6 1 0.7-0.5 <1.6 <0.8 0.3:0.2
0 88.1+9.5 70.2£5.0 22.5:3.8 4415
2C 2117115 1 11.2+2.4 11.6:1.9 3.2£0.8 0.5-0.2
0 21.8£2.3 13.3:1.3 3.3:0.7 0.4:0.2
4
3¢ 54138 1 9.3+1.3 5.0:0.7 1.1+0.3 -
0 1.3+0.2 1.0:0.2 - -
=4c 4.0=0.4 1 1.3+0.2 0.4:0.1 0.1+0.1 -
T,=239 MeV
Charge multiplicity (mb) Deuterons 0 1in 2n =3n
0 <16.0 25.0:2.5 15.9-1.7 7.7%27
-
1c 50.7:10.3 1 <0.3 1.70.6 1.1+0.4 0.2:0.2
0 44.7+7.6 54.5£3.5 25.0:3.4 7.9:2.7
2¢ 152.229.0 1 5.3t1.6 9.3:14 4.2£0.8 1.4:0.5
0 20.2£2.9 20.#1.9 6.1+1.0 1.70.6
3¢ 67.9-4.8 1 8.3+1.4 7.9:1.0 2.7+0.6 0.4:0.2
0 2.8+0.5 2.+0.4 0.4:0.1 0.1+0.1
=4c 10.3=0.9 1 2.8:0.4 1.7#0.2 0.5-0.2 —

rected for reaction losses and detector efficiencies as dis- The relative strength of the@ (one charged particle
cussed above. The reported uncertainties include both thehannel rises withA and decreases with incident energy,
systematic and statistical errors, with the former generallyith a low of 3% on*He at 239 Me\[10] and a high of 34%
dominating; here the uncertainties due to pion contaminaen Ar at 118 MeV. The energy dependence may be largely
tion, the SCX cross section, and the neutron detection effielue to the detection threshold, while tidedependence is
ciency are the main contributors. probably related to the increased availability of neutrons
The main goal of the analysis reported here was the dewhich carry away part of the energy. In fact, a general trend
termination of reliable total absorption cross sections, fomwhich is evident is that the number of neutrons participating
which correction of the yields for the detector's geometricalin the reaction is increasing with faster than the number of
acceptance and energy threshold was not necessary—thgs®tons. The ratio opn to pp multiplicities increases from
limitations of the detector had significant effects only on thean average of under 10% d#e [10] to about 30% on N,
observed multiplicities, not on the total yield. Since theseand to about 55% on Ar. Fgrpnandppp, the average ratio
limitations most commonly cause a final state particle to begoes from 1.910] to 1.9 to 3.4 for the three nuclei.
lost they generally cause high final state multiplicities to be Significant cross sections for four or more energetic
understated and lower multiplicities to be overstated innucleons in the final state were found, especially at 239
Tables Il and Ill. Rudimentary estimates indicate that in seMeV. The fraction of the total cross section with more than
vere casede.g. a three nucleon final state at 118 MeV three nucleonga deuteron counts as two nuclepnsas
roughly 70% of the actual strength is observed. about 15% for*He [10], 35% for N, and 40% for Ar at this
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energy. Since correcting for acceptance would increase thes2
cross sections, high multiplicity final states constitute an im-
portant part of the absorption process for N and Ar.

The experiments closest to LADS in solid angle coveragess |
are those using the BGO ball at LAMPF. This large solid * ;5[ % %
angle detector has been used to study reactions for a 3
large range of incident pion energies and target mgd&&s
25]. The data most easily compared to the present result [
are from the 150 MeV measurement % [23]. In order to 25F E
compare the BGO ball results to the current N results, r v
they need to be scaled up by (14/#2)o account for the 2F
different number of nucleons, and down by Qifie ratio r
between absorption oAH at 162 and 150 Me)/ which 151 v 118 MeV
leaves them approximately unchanged. Thejp 2ross i O 162 MeV
section of 11622 mb can include additional protons, deu- s 0 239 Mev
terons, or single neutrons, but events with two or more de- i & McKeown
tected neutrons are vetoed. Constructing the approximatelr ©5
equivalent result from Table Il gives 121 mb, in good agree- :
ment. A more significant difference is found in thep 3 o — ‘1'0 ‘ Tz
cross section. Their result of 14 mb should be compared tc A
25 mb, which is almost a factor of 2 different. However, a
reanalysis of the BGO ball data, extrapolating the cross FIG. 9. The average number of final state energetic nucleons,
section using a lower threshold for protons, yielded a corWith corrections for detector inefficiencies and a very rudimentary
rected 3 inclusive cross section of 215 mb[26], in better correction for thresholds and acceptances, is shown as a function
agreement. The application of acceptance corrections to o@f A-
data would cause this difference to increase. Should this dif-
ference become significant, the discrepancy is possibly aexperiment, singles proton energy spectra were measured,
tributable to the difficulty associated with correcting the and a rapidity analysis was used to extract the average num-
BGO ball's results for its higher energy threshold ber of participating nucleons. The reported results, shown in
(=25MeV) and smaller solid angular coverage84% of  Fig. 9 for comparison, were averages over incideft en-
4 si). Finally, it should be mentioned that their cross sec-ergies of 100, 160, and 220 MeV. The results of R&2] are
tion for detecting an energetic deuteron is also lower byin good agreement with the current ones for I8wbut rise
about a factor of 2; no acceptance corrections were made & a more rapid rate, and the trend possibly disagrees for high
this result, so the hlgher threshold and smaller acceptancg, |t may be noted that the current experiment is a more
may account for the difference. direct measurement of the nucleon multiplicity than that of

Figure 9 shows the average number of energetic final statRef. [12], and thus less subject to assumptions and possible
nucleons for each combination of target and incident piomjases.

energy. The values fotHe and“He are calculated from the

results reported in Ref§10,14]. For N and Ar, rudimentary

corrections for the detector acceptance and energy threshold V. SUMMARY

were made by using a phase space distribution of nucleons to ] )

approximate the final state. This method, while acceptable The absorption of7™ in the A(1232-resonance energy

because of the almost complete coverage of the detector, f§9ion has been examined for N and Ar, and compared to

quite rough. An uncertainty of half the size of the correctionPrior results on’H, *He, and“He. Total absorption cross

was included in the error bars. sections are reported, along with the breakup into channels
For 3He' one can see that the average number is approxWith different numbel’S Of enel’getic ﬁnal state nUC|eonS. The

mately independent of energy. The average number of nucldy and Ar cross sections are the most precise measurements

ons participating in the absorption process increases Avith On nuclei withA>4 so far.

from 2.3 for®He to 2.7 for Ar at 118 MeV, from 2.3 to 3.1 at

162 MeV, and from 2.4 to 3.7 at 239 MeV. The fact that this

average has a significant increase wAtlat 239 MeV, while ACKNOWLEDGMENTS
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