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'!'he reaction 1r 
... + . 

+ p - 1r · + -n:~:-~n~ ,~ -r . id t = 365 Mev and 43Z Mev 
· 1r 1nc en 

was studied. In a previoutB experiment Perkins et al. investigated this reaction. 1 

Their total cross section was much larger than predicted by static model theory. 

Rodberg suggested that the larae difference between experiment and theory waa 

explainable-by the inclusion of a pion-pion interaction. Z Perkins also noted a 

poeeible deviation of the eneray spectrum of the observed pion from a statistical 

distribution. The significant interactions at these energies are 

- ~ 

(la) 1f +p-11 +p 1u 

0 
-'If + n (lb) 

_,-+,++n (lc) 

- 0 -w +1r +p (ld) 

_ ,o -t· no + n • (le) 

The 1r + from Reaction ( 1 c) ~ 30 Mev ~ T + ~ 180 Mev was observed at 
1f 

9 = 20, SO, 80, and 110 degrees. + The energy of the 1r was determined by a 

magnetic apect:roineter. 

The 1r... incident beam was produced by the primary proton beam of the 

Berkeley 184-inch synchrocyclotron striking an internal .Be target. A doublet 

quadrupole magnet located inside the shielding of the accelerator was used 

• Work done under the auspices of the U.S. Atomic Energy Commission. 

t Present addresu: Hebrew University, Jerusalem. Israel. 
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astigmatically to cornpensate the effects of the main field of the machine and 

yield a parallel beam outside the shielding. The 1t • beam was momentum-

analyzed by a 40-deg bend in an H magnet and focused at the target by a doublet 

quadrupole magnet. After collimation the cross section of the beam was 

3/4 in. X 1-3/4 in. The properties of the pion beams as determined by range 

curves and calculations are Uated in Table I. 

Table I. Properties of w" beams 

E~ner~x (Mev) Percent fl. 
.. 

Percent e Intenaiti 

365 ~ 15 4.1 1.0 3>-.106 /minute 

43l:!! 15 3.8 1.0 
6 lXlO /minute 

'fhe liquid hydrogen target was a 4-in. -long l-in. -diameter Mylar cylinder whose 

axis lay along the beam direction. The target was constructed eo that 300 deg 

could be viewed in the laboratory, obstructed by only 0.031 in. of Mylar. The 

experimental arrangement of the target area is shown in Fig. 1. For the spec-

trometer, a C magnet with llX. Z4-in. pole pieces and a 4-in. aap (maximum field = 

19 kG) was used in a wedge confiauration 
3 

to obtain focusing in the horizontal plane. 

The 'lfi, w1• counters were located at the image of the target for a momentwn 

corresponding to the desired 'If+ energy. The energy resolution and solld angle 

of the "+channels were determine4 to within .S% by wire-orbit measurements. 

1· 
A 'If count required a coincidence (l Z34'1ti w1 

1 
). Protons with momeatum equal 

to the ,..+ momentum were excluded by appropriate thicknesses of Cu absorber 

inserted between n1 and w1 
1

• .i:~or the monitor coincidences (1 Z) a fast co

incidence (4 nsec resolving time) followed. by a 40-Mc transistorized discriminator-
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scaler circuit was ueed. The high 11- beam intensities and cyclotron beam 

rf fine structure introduced problems in direct counter monitoring of the 11'"' 

beam. Therefore, a thin-walled ionization chamber wae used as an absolute 

monitor, and was calibrated versus the (ll) coincidences at lower beam in-

tensities. The accuracy of the monitor was ±lo/o at 365 Mev and *(). 5% at 432 

Mev. 

Positrons o! the proper momentum resulting from 

- 0 "'+p-11' +n 

1/80 - y + e + + e 

I + -
~e + e 

... \Yere not excluded by the "' -detection system. 

+ Dalitz e 

,,. i + vOnvers one 

'rhe number of conversion e + 

was experimentally determined by inserting Cu converting material between 

the target and Counter 3 in multiples of the amount of converting material in the 

target ( ~ 0.01 radiation length). The slope of the plot of yield vs. converting 

material indicates the nuAnber of conversion e + entering the epectrometer magnet. 

These measurements were made at 0 = ZO deg !or 365 Mev and 43Z Mev. The 

d2a + measured values agreed with calculations of d:tdn for conversion e made 

o 4 d
2a using the differential cross section data on w· + p -"' + n by Caris. cUtdfi 

for Dalitz e + was also calculated by using the Caris data and the energy and 

angular distribution of the Dalitz e + in the w0 rest system. 5 The total positron 

contamination at e ::: ZO deg was s:z 0.17 at 365 Mev and ~ 0.1 Z at 4lZ Mev. The 

values decrease rapidly as 6 increases. The calculated values were used to 

cor r,e c t ·, t;he data. The efficiency of the + 
1r detection system was calculated. 

+ + + ' Losses of y due to 11 - fJ. + v (::::~ Zo/o to 7o/o), Coulomb scattering, and nuclear 

absorption of the 1r + were taken into accounto 
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d2a da 
The results for dl'*dQiil • (fi'f:q:• and a total are presented in Table II • 

.. 
:&~igure Z illustrates a typical 'IT· energy distribution along with a phaBe-epace 

statistical distribution normalized to &'ive equal :g. . At 365 Mev i.;[. is 

da • isotropic. At 43~ Mev dO* -w-as fitted to a curve of the .form a 0 t· a 1 cos 8 • 

The coefficients a
0

• a 1 obtained by the least-squares method are presented in 

Table III with those of Perkins 1 for comparison. 

ThE! total cross sections agree with Perkins et al. 1 and therefore sub

stantiate the experimental deviation from calculations based on static models. 6 

The inclusion of a pion-pion interaction by F.odberg
2 

produces agreement with the 

measured total cross au~ctions but predicts a pion energy spectrum favoring higher 

energies than phase-space statistical distributions. The striking feature of the 

measured 'If+ energy distributions is the low-energy peaking. The laboratory

system energy and angle of the observed "'+ determines "'\• the total energy of. the 

11- and n(T = 3/Z) in their barycentric ay~tem. 7 The isobar model8 assumes that 

final-state w-N combinations in the resonant state (T = 3/Z. J = 3/Z. 

w = 1Z30 Mev) are preferred. At our incident ,.~ energies the total center-of-mas& 

energy available requir\'!s a low-energy 1ft if w is to approach 1230 Mev. The 

low-energy peaking agrees with the qualitative predictione of the isobar modele. 
z 

In Fig. Zb dZUobterved is plotted veraus w for all experimental point& at 

d U phase space 

both energies. The increase of this ratio in the region of the (3, 3) pion-nucleon 

resonance is pronounced. Anisovich 9 has presented a model which explains the 

enhanced total erose eection for Reaction (lc) and the .strong influence of the 

(3. 3) resonance on the n +differential distributions, using only the resonant 

pion-nucl~ou final .. state interaction. 
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Table n. Differential cross sections with respect to 1r + energy and angle; 

1r+ angle; and total cross sections <*denotes total center-of-mass quantity). 

1 . T~ 
c.i 2 C' I d ':" *dSl* da/do* 0'1' 1r tnc. 

e{deg) (Mev) 8(deg) (.'Mev) 
(tJ.bl sr- Mev) (f-Lbl er~ (mb! 

365:9:15 20 35M.Z 33 l. 26:;b() .19 167. 7lfd3.5 z.:o.t':eJ.;0.9? 

48:&::6.0 31.5 Z.04i30.17 

65.5 ~6.8 31 1.48*0.13 

83.S ::1:8.2. 30.5 1.00:&:0.08 

so 37.5 ~.3 78.5 2.17;1:().16 174.1%13.0 

52.5 ~4.8 75.3 2.05~.15 

70.2 •7.0 73 1.53=o.ll 

87.3 ~.6 71.5 1.27~.09 

105 :t:ll. 5 70.5 0.77%0.06 

80 37.5 a1.2. 116 1.87=:().2.3 l4ti.4:»13."l 

53.7 s3.l 109 1.99*0.15 

71.0 :t:S. 3 107.5 L2.9:Z0,09 

96.2 :itO. 1 105 0.69:t0.06 

11 s. 0 :i:5.1 104 0.45*0.05 

110 53.0 aZ.. 5 138 2.29CO.ll 167.6:11:16.5 

76.1 ±:4.3 135 1. 82:!:0 .13 

96.0:'.±7.2 133 o. 98*0.08 

115.0 S4.5 132 0. 73:t.0.08 

432*15 20 19.5 :t:3.3 37 3.11 $(),33 297.1*24.1 3.26*0.14 

35.0 :t:4.3 34.5 3.81*0.32 

53.0 .0.1 33 3.67:t0.27 

69.5 ;i;S.5 32 2 .• 46.i(). 2i) 

90.0 ~.5 31 1.5lltC.l4 
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Table III. Least-squares-fit coefficientll for ~g. = a 0 + a 1 cos ()ill at 

~r _
1 

. d. t~4.ll Mev. 
" nc1. en ------- ------~-----........;......-.. ~--------========================= 

This experiment 

Perkins et al. 

a
0 
(~Job/ s r) 

Z59.3 ~i: 11.3 

267.7 :t 20.4 

--------~---------

46.9 * Z0.6 

137.7. 36.3 
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LEGENDS 

Fig. 1. Diagram of hydrogen target and counter arrangement. 

Fig. z. 

Fig. Z. 

versus T*w+ for T 1r· incident = 365 Mev alld 

9"+ = 50 deg. Solid curve is a phase-space distribution normalized 

dO' 
to m• 

dz 
(b) The ratio of dtfan* 

observed dz 
I and normalized at4• phase space 

versus w, the total energy of the 1f and neutron in their barycentric system. 
dz 

The errors indicated include that of d~f.qfi* and the uncertainty in the 
z 

normalization of a~Zan. phase space. 
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