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Measurement of thes~p—3#°n total cross section from threshold to 0.75 GeXe
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We report a new measurement of the p— 37°n total cross section from threshold ,=0.75 GeVt.
The cross section near thve(1535)%‘ resonance is only a fewb after subtracting the largg— 37°
background associated with™ p— »n. A simple analysis of our data results in the estimated branching

fraction B[ S;;— wN(1440)% *]1=(8+2)%. This is the first such estimate obtained with a three-pion produc-
tion reaction.
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In this paper, we present a new measurement of th@|(1440)+—f,n [1]. The dominant resonances in our en-

7 p—37°n cross section from threshold top, - 3_ I .
=750 MeV/c. If this reaction iss-channel dominated, it is ergy range areN(1520); = and N(1535); . For the first

expected to proceed via sequentiéli decays: resonance, the decay* — 7N(1440);* involves ad-wave
transition and should therefore be suppressed. Thus, the fa-
vored first stage should be 7 p—N(1535);"

—m°NO(1440%t ", which involves answave transition.

Within a simple model consistent with this picture of the
and reaction, we have extracted the branching fracti§jis;;
1 — wN(1440) "], whereS,; denotes theN(1535); ~ reso-

7 p—N* = 7N°(1440 =" — 7% on—37°n, nance. _ .

2 Two factors determine the complexity of the measure-

. _ . ment.
wheref, denotes the strongwave isoscalatr interaction. (i) The detection of six photons in the final state requires

The first process is expected to dominate because the branc-nearly 4= sr solid angle photon spectrometer with good
ing fraction for N(1440); " — 7A is about double that for energy and angular resolution.
(i) The threshold for # p—3#°n is at p,
=463 MeV/c. The w~ p— yn channel opens up ap,
*Present address: Indiana University Cyclotron Facility, 2401=685 MeV/c, introducing a large background due to the

1
m p—N* - 7ON°(1440 §+ —0mPA°%— 37O

Milo B. Sampson Lane, Bloomington, IN 47405. —37% decays. The total cross section fer production
"Present address: Collider-Accelerator Dept., Brookhaven Nagrows very rapidly, reaching about 2.5 mb at, -
tional Laboratory, Upton, NY 11973. =750 MeV/c [2]. This value is about 100 times larger than
*Present address: TRIUMF, 4004 Wesbrook Mall, Vancouver, BCthe expected 3° production. Good resolution of thend
Canada V6T 2A3. invariant mass is necessary to reject this background.
Spresent address: Indiana University Cyclotron Facility, 2401 The Crystal Ball multiphoton spectrometer readily fulfills
Milo B. Sampson Lane, Bloomington, IN 47405. these needs.
'Present address: Nuclear Physics Div., Dept. of Energy, 19901 The Crystal Ball(CB) is constructed of 672 optically iso-
Germantown Road, Germantown, MD 20874-1290. lated Nal(Tl) crystals that cover 93% of# sr. Electromag-
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TABLE I. 7~ p—37°n total cross section. Only statistical un-
10 - B certainties are listed. At 471 Me¥/ the upper limit for 3r° pro-
duction is listed at the 90% confidence level. Column 1 lists the
average beam momentum, column 2 lists the number of rain3
events detected, and column 3 lists the calculated numbej of
— 37 background events. The number of good events was calcu-
lated as the difference between the number sf18 events and the

n— 30 background. A5-10% contribution from 27 is not in-
cluded in this table.

Counts

0 0.4 05 0.6
M3 (MeV) - 37°n detected 7—37° background oyoq(37°)
(MeV/c) (data (MC) (ub)
FIG. 1. Invariant mass distribution of the selectee3vents at
p,-=665 MeV/c. Crosses show the data. The shaded histogranf71+=5 0 00 <0.25
indicates the Monte Carlo results normalized to the number of ex547+5 1 0+0 0.11+0.11
perimental events. 653+ 6 36 0+0 2.5+0.5
665+7 31 0x0 3.1+0.9
netic showers in the spectrometer are measured with an eg77-7 29 3+0 58+1.8
ergy resolution og/E~2.0%[E (GeV)]*3% the angular ggg. 7 50 o5+ 1 103+3.3
resolution for photon showers at energieg 0.05-0.5 G_eV iS04+ 7 226 164- 4 6.5+2.4
ay=2°-3° for the polar angle and,=2°/sind for the azi-  ,45. 175 101 2 19.8-4.7
muthal angle. The experiment was performed in the C6 bean}l%i8 229 1263 20 744

line of the Brookhaven National Laboratory AGS. The cen-
troid of the beam momentum distribution is known to better
than 1%. Further details on the experiment and analysis can
be found in Ref[3].

For the Monte Carlo simulation of our experiment, we
implemented thesEANT 3.21 package available from CERN
[4]. The 37°n acceptance was calculated with four-body
phase space. We also simulated the sequential preceps

(UN1Y 0 0AO
—m N (1440) followed byN(1440)~ A (1232), and from resonance production. The normalization for the

0 O - .
then A%(1232)—a"n. The result of the simulation for the —37° Monte Carlo distribution is calculated with the total

acceptance is consistent with that of the four-body phaseﬁumber of's broduced and the Crvstal Ball acceptance for
space distribution. For the interaction of neutrons with Nal 7s P Y P

0 .
we used thesLUKA and GHEISHA packageg4]. The combi- ;[jhei 77_’.37Td ]lc)ackgt;]ound e\t/)ents. Th2e total ntun:jbetrnjtf; ('js.
nation FLUKA/GHEISHA gives good agreement between the etermined from the number oj—2y events detected in

simulated and measured efficiency of the CB for neutron®Y" exp_erimgnt. In our calculations, we gsed #hbranching
with kinetic energies above 20 Mel]. ratios listed in Ref[5]. Above » production threshold, the

The event selection procedure is described in Ref. numberlof 77—>.37TO events produced in the experiment is
There are 15 possible combinations of two-cluster pairs &0~ €0 times higher than the number ofr8 events not from

form 37° event candidates from six clusters. We tested all 15
combinations. An event candidate was used when at leas€
one combination satisfied them8 hypothesis at the 80% 3 60 - (a) JFJF
confidence level; i.e., with probability>20%. The % I
— 30 background was suppressed by rejecting events that
satisfy thep— 37° hypothesis at the 99% confidence level. o
The resulting acceptance varies from about 17% for beam r n
momenta below; threshold to about 9% for momenta above o Lt oL +
7 threshold. 0.4 0.6 0.4 0.6
The invariant mass of 8° events selected fop., - ms, (MeV) M, (MeV)
=665 MeV/c is shown in Fig. 1 and compared to the Monte 0 . o
Carlo results. The width of the beam mo?nentum distribution_ FIG. 2. (@ 3m invariant mass 'distribution ~atp,-

. . . =747 MeV/c before subtracting the— 37° background. The ex-
0, -
(o) is about 1%(see first column in Table)| A small frac perimental points shown by the crosses are compared to the nor-

tion of photons. produce more than one cluster in the detectof,jizeq 7—37° Monte Carlo results shown by the shaded histo-
Because of this effect the data above 653 MeWfe con-  gram. See the text for a discussion on the- 3779 background(b)

taminated with 5-10% 2° background, which was sub- 30 invariant mass after they— 37 background subtraction.
tracted for the cross section calculations. The®2back-  crosses show the data. The p— 37°n simulation is indicated by
ground vanishes for momenta of 653 M&Vand below  the shaded histogram. The Monte Carlo results were normalized to
because of the strong decline in ther2production cross the number of experimental events. The diprat, =547 MeV is
section[7]. Above 685 MeVt, the analysis becomes more due to the removal of theg—37° events.

1477 197 1223 14.2£5.2

complex due to they—37° contribution. The left panel of
Fig. 2 shows the 3° invariant mass fop_.- =747 MeV/c
before subtracting the— 37° background. The experimen-
tal results are compared to the—37° Monte Carlo events
that satisfied all the above selection criteria far®3events

Counts
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_I_

068201-2



BRIEF REPORTS PHYSICAL REVIEW G7, 068201 (2003

70 1 1
3 7~ p—N(1535 5——m°N°(144q §+
% 2
< 20 - 4 — 7% 7°A°(1232 §+ —37n.
1
& | The cross section for this process can be written as
° 10 + ~ (7 p—m7°A°—37%n)
{1 )
e | =47Xx% I+ > |T[ 7~ p— m°N°(1440]|>B[N°(1440
0 %00 ~e00 700 800 . mOAYB(AO %)

Peew (MeV/c)

FIG. 3. The incident beam momentum dependence ofthp ~ Where J=1/2 is the spin of the intermediatd(1535); -
—37°n total cross section is shown by solid circles. The dashedesonance and=#/k with k the center of mass momentum
line shows theS_1l reaction cross section normalized to our datafgr the reaction. At the energy of thié(1535); ~ resonance,
below » production threshold. X?>=1.78 mb and the square of tAematrix amplitude can

be written as
n decays. While most of this large— 37° background is
eliminated by the confidence-level cut described above,
about 60% of events in the remainingr3 sample(before 2
background subtractigrstill originate from » decays. The =§B(Sll—>7-rN)B[Sll—> 7N(1440],
right panel of Fig. 2 shows the7® invariant mass after the

7—3m° background subtraction compared to the Monteyhere 2/9 is the square of an isospin Clebsch-Gordon coef-
Carlo results. The experimental distribution agrees with thejcient (CGC). The first branching fraction is know(S;;
result of the simulation within the statistical accuracy. —aN)=0.51+0.05[1]. Other branching fractions needed
The resultingm~ p—37°n total cross section was nor- for the calculation are also knowr1]: B[N°(1440)
malized to the number of incident pions. The beam normal-—, 70A%]= 1 B[ N(1440)— wA]=%(0.22+0.03) and B(A°
ization was verified by comparing our” p— 7°n differen-  — 7%1)=2B(A—7N)=0.67. The numerical factors pre-
tial cross sections to the preliminary results of a speciateding the charge-independent branching fractions are
calibration run. We estimate the accuracy of our normalizasquares of isospin CGCs.
tion to be=9%. We may obtain our first estimate for the branching frac-
The beam-momentum dependence ofthgg—37’nto-  tion B[ S;;— wN(1440)] by ignoring other(smalley contri-
tal cross section is shown in Fig.(8ee also Table)l Only  butions too (7w~ p—3x°n). In order to reduce the statistical
statistical uncertainties are shown. Systematic uncertaintiegncertainty of our data, we calculated an average cross sec-
below 7 threshold are dominated by the uncertainty in thetion for our four higher-momenta points. If we se{= p
beam normalization. Above 685 Me¥,/ an additional un- _’3770n):‘7(7779_—’77077%0—)3770_”) and then use our av-
certainty arises from thej—37° background subtraction. €radge cross section and uncertaintyf,m p—3m7-n)=16

The total systematic uncertainty above thethreshold is +2 b to solve for the branchir_lg fraction, we_obtain
40%. No events were detected@j- =471 MeV/c, where B[ 31, 7N(1440)]=0.13+0.03. This value overestimates
we quote the upper limit for 8° production at the 90% the branching fraction because we have, so far, ignored the

0
confidence level. N"(1440)— fon decay mode.

The S, reaction cross secticii], normalized to our data . Now let us consider the contribution from the sequential
. ; L ecay process,
below » production threshold, is shown in Fig. 3 for com-
parison. The cross section reaches its maximum of 23.b 1 1
at 726 MeVk. This value is 60-80 times smaller than re- 7 p—N(1539H 5_—>7T°N0(144Q §+—>7T°[fon]—>37'r°n,
sults obtained in previous experimen®&-11. We believe
that much of this discrepancy may be due to the lage where agairf is the strongS-wave isoscalar interaction.
— 379 contribution that was not always recognized in theThe cross section for this process can be written as
early measurements.
We can use a simple model and our measurementsr8f 3 o(m p—m’fon—37°n)
production to estimate the branching rati®d[S;;

|T[ 7~ p— w°N°(1440]|?

1
— wN(1440)t *]. Consider the reasonable assumption that —=4mx% J+ > [ T[ 7~ p—7°N°(1440]|°B[N°(1440
379 production occurs predominantly via a sequential decay
involving three intermediate baryon resonances, —fon]B(fo— m070).

068201-3



BRIEF REPORTS PHYSICAL REVIEW &7, 068201 (2003

The two new branching fractions needed #eN°(1440) model assumes isospin invariance and that the peak cross
—fon]=B[N(1440)—f,N]=0.090.02 [1] and B(f, section form p—37°n is saturated bys-wave production

— 7% =5B(fo—7m)=0.33. Now we seto(m p of the N(1535) resonance; i.e., we ignore contributions
—37n) = o(7 p—7°7A°—=37%n) +o(m p—7°fon  from nonresonant background and other resonances. We fur-
—37%n), where interference effects between the two decagher assumed that the reaction proceeds through
modes of theN(1440) have been ignored. Our final esti- N(1535)% ~— #N(1440)*, where the different decay
mated branching fraction isB[S;;—7N(1440)]=0.08  modes of theN(1440) are incoherent with each other. Fi-
+0.02. This result does not include any contribution fromna”y, we assumed that the peak cross section can be approxi-
the model dependence of our calculation or from the systéMmated as the average of our four highest momentum points.
at||cal uncetr)ttal'nty of our iLotSr?_s?r(r::iltoonO?eaSl:r?}lmenés.f Th@ithin this model, the measured total cross section is con-
value we obtain agrees wi eli .07 quoted in Ref. _. . . . ., 14

[5]. Our result is the first estimate of t®,— 7N(1440) is(tSe;tZ\)/\g/zh Eltlwee zLa(l)r'zggmugn;re?fat\Ii(r)\?y[%léeswrll\lo(tlit?azde] the

branching fraction obtained with a three-pion production re- ; : .
action. Older determinations are based on isobar-modéyStemat'cal uncertainty of our cross-section measurement.

analyses ofrN— 7N and are of very low precisiofi,12]. We wish to thank SLAC for the loan of the Crystal Ball
We summarize our results as follows. The new Crystaldetector and Brookhaven National Laboratory for their hos-

Ball measurements for the total cross section ofp  pitality. This experiment was supported in part by the U. S.

—37°n above 7 threshold (excluding »—37° eventy  DOE, NSF, NSERC of Canada, the Russian Ministry of Sci-

yield a fewub, a value 66- 80 times smaller than the results ence and Technology, the Russian Foundation of Basic Re-

of the previous measurements. A simple model was usesdearch, and a sabbatical supp®itM.S.) by the Volkswagen

to extract the S;;— wN(1440) branching fraction. Our Stiftung of Germany.
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