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A series of counter experiments is being carried, out at the 

Berkeley flevatron and 184-inch cyclotron to measure total and differen-

tial scattering cross sections for plons at energies above the firat 

1,2.3 
resonance.; 	In this letter we report the results of rneaouromsnteof 

the total cross section for positive and negative ptons on protons in the 

energy range from 450 Mev to 1650 Mov pion kinetic energy (lab). 

The experimental arrangement is shown inFig._1. The pionewere 

produced in an internal Pt target, plunged into the circulating proton beam 

of the Devatron. The Pt target was located in the field-free tangent tank, 

allowing us to examine both poitivo and negative pione with the same 

experimental setup. Our magnet system consisted of an &-in. -bore focus-

lag quadrupole doublet, an 18x36-in. bending magnet which deftcctd the 

particles through an angle of 23 deg, and a 4-in. -bore focusing quadrupole 

triplet, used as a field len. The absorber was a 48-in, target of liquid 

hydrogen. 4  

The beam incident on the liquid hydrogen target was xnonitorod by 

coincidence of a sot of plastic scintillation counters, M (1. 5 and 2 in. in 

* 	diameter), and a gas Cerenkov counter, 5  for discrimination against protons 

Wórk done under the auspices of The U.S. Atomic Energy Commission 
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in the positive beam. in. the energy range in which protons of the same 

V.  

momentum had a velocity less than 0.8 c, a liquid nitrogen Cerenkov 

counter was used in place of the gas counter.. The transmission of pions 

was measured by a set of scintillation counters, S to S 6 , In coincidence 

with the monitor telescope. The scintillation counter. S 	was placed In 

coincidence with SI 
 to S to reduce the accidental background. Cóuntàrz 

to S. subtended different solid angles from the target, ranging from 1 5 

to 7.1 mUheteradians Fhe cross section was determined for each of these 

counters and extrapolated to zero solid angle Eight transmission measure-

ments were made at each energy, four with the hydrogen tsrget empty and 

four with it full. 

The momentum of the p.on beam was determined by deflection through 

the bending magnet. It was measured by the current-carrying-wire method 

at four different times, before, during, andafter the experiment. The 

conItency of these meurements was of the order of 1%. The momentum 

was also measured with a gas 6erenkov counter pressure curve. This gave 

the same result, but with somewhat less accuracy. The momentum spread 

determined by the counter telescope and the uncertainty in momentum were: 

bth 1.5%. 

It was necessary to make several correctiona to the data. Several 

species of accidental countS were monitored continuously 4uring the 

oper(mcnt. These were negligible for negative pions. A fairly significant 

acldental rate was observed in the monitor telescope for positive plons. 

This was due to the high flux of protons in the beam, and can be corrected 

for with the known proton-protoncross section. 
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The beam Is also contaminated by muons from ¶docay, and by 

electrons. The muon contamination originates from two regions:  before 

the boflding magnet, and after it. The contribution from pion decays 

before the bonding magnet wasmeasured directly by means of a gas 

60rankov counter pressure curve. An exact calculation of this contributIon 

is difficult, and we were forced to make some simplifying approximations. 

The rneanired contamination agreed very well with the approximate calcula-

t[on. The contribution from decays after the bending magnet was not 

moaurab10 by the pressure-curve method, but..it is calculable In a olmple 

stratghtfoward manner. The total muon contarninatton varied from 

2. 5tt4. p% at 1650 Me-v to 9, 5± 1.0% at 450 Mov. The electron contamination 

was also measured by the pressure curves, and it was estimated to be less 

than 1%. 

The effect of Coulomb scattering In the hydrogen target was taken 

into account in the extrapó]ation oIthe cross section to zero solid angle. 

At higher energies, the effect was negligible at all solid angles; at lower 

energies, the smaller solid angles were affected. Where necessary, the 

cross sections were corrected by a method similar to that of Sternholtner. 
6 

The number of countS taken in each measurement gave a statistical 

uncorts.inty of l%or loss in the cross section at each solid angle. The 

fluctuations in the series of eight transmission measurements for, each 

particular cross Section were conitent with this. The errors on the 

pointa in Fig. 2 include the systematic errors due to muon. Coulomb,, 

and accidentals corrections in addition to counting statistics. 
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The total cross sectionfor positive and negative piong  on protons 

are shown in 	2. Our results show peaks in the 	cross g3ction 

at 600 15 Mcv and at 900 15 Mev. Thoo are sonewhat lower,  energies 

than indicated earlier by MiT experirnent, hutthey are in substantial 

agreemcnt within statistics •  with the measurements of the group at 

Saclay1 
8 
 which are also plotted in Fig. Z. The exictence of s m -imuu in 

thew cross section was, indicated earlier by an experiment at Brookhavon. 

Our results, in this and in a previously reported operimcnt1 2 confirm its 

existence and show it to be centered about 1350 Mov. 

We wish to acknowledge our indebtedness to PQfessors Burton J. 

Moyer and A. C. Helmhol for th,ir conatant help and oncouragement; to 

Michael Longo and John At1inson for their valuable aid In all phases of the 

experiment, and to the Bovatron staff and crow. 
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FIOUR.E LEGENDS 

Ftc, 1. Exprirnenta1 arrsngomnt. 

Fig. 2. Total v 4 p CrO3 sections v. pion ktntic energy. 
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This report was prepared as an account of Government 
sponsored wor1. Nei ther the tJnited Sta tes, nor the Com-
mission, nor any person acting on behalf of the Commission: 

Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness, of the information contained in this 
report, 

I

or that the use of any information, appa-
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

Assumes any liabilities wi tb respect to the use of,. 
or for damages resulting from the use of any infor-

mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 




