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Victor Perez-Mendez, and Julius Solomon
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~ A series of counter éxperimentu is .beihg carried out at the
YB:crkeley Bevatron and 184-inch cyclotron to measure total and differen-
tial acattéring cross sections {or pions at ensrgics above the first

resOnanca.}l‘ 2.3

In this letter we report the results of measurements of
the total cross section for positive and negative pions on protons in the
energy range from 450 Mev to 1650 Mev pion kinetic energy (lab).
The expeﬁmenta.l arrangement is chd_wn in _}E‘_i_&___l__ The pions were

produced in an intern‘al'Pt target, plunged into the circulating proton beam
| of the Bevatron. The Pt target was located in the field-free tangent tank,
allowing us to examine both positive and negative pione with the eame
experimental setup. Our magnet system consisted of an 8-in. -bore focus~
ing quadrupole doublet, an 18x36-in. bending magnet wﬁlch deflscted the
pa:_tlc)en throﬁgh an hnglél of 23 deg, and a 4-in. -boré focusing quadrupole
triplet, \.med as a field lenB'.- The absorbar was é 48-in. target of liguid
hyd::'ogc_m.,‘a |

| Thé beam incident on the liquid hydrogen target was monitored by

coincidence of & set of plastic scintillation counters, M (1.5 and 2 {n. in

v ’ .
diameter), and a gas Cerenkov counter, > for discrimination egainst protons

Work done under the auspices of the U.S. Atomic Energy Commission
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in the pésitive bveém. In the energy range in which protons of the same

| mofnentum had a velocity less than 0.8 ¢, a liquid nitrogen éerenkov
counter was uged in plaée of the gas counter. The transvmiss.io.n of pions
_wés measured iby a set of scintillation counters, _Sl to 86' in coincidence
with the monitor teles'cope. “The s.c‘i"ntillatior‘x count@r. SG.' was placéd in
.coincidence with Sx'tb 86 t.ov reduce the accidental background. Counters

Sl to :36 rsiubtan'ded different. dolivd angles from thé target, r:afn.ging from 1.5
to 7.1 ‘rvni_llisteradiana:.v The crussv section was determined for each of these
cpuﬁter_s .ian.d:exti'a;io»late'd to’ zero solid anglé. ﬁight tranamiseioﬁ mé‘avsv'ur.e_-
ments were méde at éach energy, (ouwrxwith th;: hydregen targét ex'dpty and
four with it ”full. |

The r'nom)en'tum of the pion beam wizs é:ete‘rmined by_c‘ieﬂéction“thrdugh
the beﬂndingv xfxa‘gnétv.b_ vIt was measured by the _current-‘car,ryli‘xig'.w‘ire method
at fourvdlffevrent times, before, durmg. apd after the ‘expeﬂnﬁeni.' The
congistency of these mea\smrementﬁwas of the order of 1% The momentum
was aléo meavaufed with a gas'éere;ﬂaov counter pressure cufve. Thic gave
the came result, but with somewhat less accuracy. '!i‘he momentum spread -
determined by the :counter telescope and the uncertainty in momentum were
beth 1. 5%,

It was necessary to make several corrections to the data. Several
specles of accidental counte were monitored continuously d_“u‘ring the
sxperiment. These were negligible for negative pions. A fairly aignificémt
accidental rate was observed in the monitor teleacope for posi;iée pions.
This was due to the high flux of protons in ﬁze beam, afxd can be corrected

for with the known proton-proion'crogs section,
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Tho beam is also coﬁtaminated_b’y rriuoixa from « decay, and by
electrons, The muen cdnt@inination o:i'glnat@a from two regions: before
the bending _mégiwt, and after it. The c'oatx;ibuti'ovn from plon decays
bafore the bendipg magnet was measured dircédy by means of a gas
-%exénklbv counfer preséure curve. Aﬁ‘-ekace éalculaticm of this contrib'ution
is difficult, and wé weré forced to make some simplifying app?o#i_mationg,
The mcasured contamination agreed very well with the appréximate calcula-
t{ons. The c'oz.xtributionr from decays after the bending magnet was not |
“moasurable by the pressure-curve method, but. it is calcu.lable'in‘ a simple
mtraighﬁorxﬁ&rd rnvz;xmerb. ‘The total muon cont,émin;htion varied from |
2. S:t:l.{)%'at 1650 Mev to 9.5%1,0%at 450 Mev. The electron coﬁtaminﬁtion
| was aiao meamured By the présn}ure curves, and it was eetirri.atad to be lea;
than 1%, | |

The effect of Coulomb scattering in the hydrogen target was taken
into &ccoun.t in the extrapélation of the cross aeétion to zero solid angle,

Az higher energiss, the effect was hegligibl@ at all soild anbglrea; at lower
ensrgies, the smaller solid i-nglem were Aaffectegl;, Where necessary,: thg
crogs sections were corrected byk a ',r'x‘wt'hod similar to that of Sternheimer. 6

'X’ﬁe numbar of counts taken iAn'eachA méamurem@nt gave a statistical
uncertainty of l%of lees in the croas mﬁ:tion at sach solid angle. .Th@ _
fluctuations iﬁ the series of eight trangmission measurements for each
'partﬁcul&r cross seéition were conmigterlxt with this. The errors on the

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

and accidentals corrections in addition to counting statistics.
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Tﬁe total cross sections for pomtxve and negatlva pions on protons
are ahown in Fig, 2. Our results show pealm in the © Cropp section
at 600 + 15 Mev and at 900 £ 15 Mev, ’I'heéc are somew‘nm iowef encergles
than indicated earlier by MIT exp@z’irhén* 7 but they are in sﬁbstamtiél"
agreecment, within gtatxstxcs. thh the measurements of the group at
Sdclay,s which are also plotted in Fig. 2. The existence of 8 maximum in
the:_vr+ crogs sec_tioh w,a:a.indicéted earlier by an experiment at_;Bs'ookha.ven.'q
“Ou,r results, in this and in a previously reported experiment, z confirm its
existence and show it to be centered about 1350 MMov. |

"We’wiah to acknowledge cur Indebtedncss to Prefessors B@ftoh J
Moyer and A, C. Helmholz for their éonsmnt help and encouragernent; to‘ ‘.
Michael Longo and John Athinson ior their valuable aid in all pkuw@a of tha

3 experiment and to the Beovatron staff a*xd crew,
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FIGURE LEGENDS

‘Fig, 1. Experimental arrangement.

Fig. 2. Total w4 p cross sections _'{E.’pion kinetic energy.
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This report was prepared:as an account of Government
sponsored work. Neither the United States, 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, 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 with 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 1in 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.





