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IcTopus OTKpbITUA. [TepBoe yYKa3aHMe Ha CyLLecTBOBaHMeE pe3oHaHCca
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HE interaction of negative pions and protons has been in-

vestigated by Steinberger and co-workers! for pions of 85-
Mev energy by transmission measurements and by Shutt and
co-workers® for pions of 55 Mev by direct observation of pion
tracks in a Wilson chamber. Both measurements indicate a sur-
prisingly low value for the cross section in this range of energies.
We have undertaken to extend the total cross section measure-
ments to higher energies,

The negative pions are produced in the large Chicago cyclotron
by protens of 450 Mev striking a target which in some of the
experiments was copper and in others beryllium. The negative
pions are bent in the fringing field of the cyclotron and enter
channels in a 6-foot steel shield which separates the cyclotron from
the experimental room where the measurements are taken.
Further monochromatization and purification of the pion beams
are carried out by a deflecting magnet located in the experimental
room. In this manner one obtains a sharply collimated beam con-
taining pions with energy defined within 43 percent. In addition
to the pions this beam contains some muons and electrons of the
same momentum. Their number has been determined from a range
curve, The muons amount to between 5 percent and 10 percent.
The electrons are present in negligible numbers for beams above
100 Mev. Below this energy the electron contamination increases
rapidly. For this reason low energy measurements have been
taken by reducing with a beryllium absorber the energy of the
122-Mev beam.

By using various channels we have taken measurements over the
energy range from about 80 to 230 Mev.

TanLe I. Total cross sections negative pions on hydrogen.
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The pion beam is monitored by two scintillation erystals of
1-inch-square cross section separated by a distance of about one
meter. The coincidences of these two counters indicate the number
of particles entering the equipment. Beyond the second crystal
the pions enter the scattering chamber, which is a glass cylinder
3 inches in diameter and 74 inches long, closed by 0.005-inch
copper windows. This chamber can be alternately filled with and
emptied of liquid hydrogen. The particles which are not scattered
out of the beam are recorded by the coincidences which they give
in a pair of liquid scintillation counters, of which one has a 3-inch

diameter and the other a 4-inch diameter. The double coincidence |

rate of the first two scintillators is recorded and at the same time
the quadruple coincidence rate of all four scintillators. The at-
tenuation of the beam iz obtained from a comparizon of the ratio
of the guadruple to double coincidence counts with and without
the hydrogen and is computed as a cross section.

A number of corrections have been applied to the results on
account of the following effects:

(1) Background due to accidentals (usually 1 percent or less).

(2) Angular spread of the beam due to geometry, diffraction
scattering, and pi-mu decay. In some experiments the multiple
scatlering was compensated by means of an equivalent aluminum
foil ; in others it was computed. This correction is important only
at low energies,

(3) Muon and electron component in the original beam. It is
assumed that muons and electrons suffer unly Coulomb scatlering
and have no specific nuclear interaction.

(4) Correction for scattered particles recorded by the end
counters, This correction was computed on the assumption of
isotropic scattering in the center-of-mass system. It amounted to
between 4 percent and 2 percent depending on whether the recoil
protons are or are not recorded. The correction would be larger if
the scattering were predominately forward but smaller if charge
exchange scattering were important.? The results of the measure-
ment are presented in Table 1.

The data show that the cross section rises rather rapidly above

80 Mev until it reaches the “geometrical” value =(k/ue)® at 150,

Mev, where the cross section seems to level off, or perhaps to go
through a maximum, although our measurements do not permit a
decision between these two possibilities.
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1Tn wview of the importance of the charge exchange process r:purte‘l in
the followdng Letter, it spems likely that the cross sections have been over-
corrected by about 2 percent to 3 percent.

H. L. Anderson, E. Fermi, E. A. Long, R. Martin, D. E. Nagle,
NHcTnTyT ApepHbix MccnepoBannii, Yukaro, UnnnHomnc, 1952
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cTopusa oTKpbITUA. (6onbwon) Ynkarckmimm LLMKNoTpoH

The great/large Chicago Cyclotron
(B npouecce co3pgaHua, 1951)

KapeTka ¢ muweHbto. Morna
nepeaBuraTbeca rno
nepmdepun marHmTa
LUMKNOTpOHa. PaspaboTtaHa n
co3gaHa 3. Pepmu

CneBa HanpaBo:
depmu, AHgepcoH n Mapwann

* DJHeprua npotoHos: 450 Ma3B.

* MuweHb: meab/6epunnnii

*  [IMOHbI KONJIMMUPYIOTCA 6-d)yTOBbIM (183 cm gna HopmanbHbIx Ntogei) CTa/IbHbIM LLIUTOM,
B 9KCMEPUMEHTANIbHOW KOMHATE — OTK/IOHAOLWMM MarHMToOMm

* 3arpasHeHue mwooHamu 5-10 %, ona nogassieHUA SNEKTPOHOB MCMNO/Ib30BaCA
b6epunnnesbii NOrNOTUTENb.




IcTopua OTKpbITUA. Pernctpupytollaa cuctema ™

*Cxema 3KcnepmmeHTaan01‘/’1 YCTaHOBKU BOCCTAHOBJ/1IEHA aBTOPOM AOK/1a4a

Cul

v

* Yuycno yactumu, BNeTatowmx B YCTaHOBKY, onpeaensaeTcs CUCTEMOM COBMNaAeHMA KPUCTaNN0B
cumHTnnanatopa CLU1 n CLU2. Nx nnowaab pasHa 1-inch-square (1-atonMm-KBagpaTHbii = 6.45 cm?)

* PacceuBatowan Kamepa (PK) npeacrasnset cobon unnnHap c gnametpom 3 atonma (7.62 cm) m
anvHon 7.5 atomos (19.05 cm). OHa 3aKpbiBaeTcs € ABYX CTOPOH MeaHbiMM oKHamn O1 n 02
TonwmHom 0.005 atonma (HeT 6bl B MUAAMMETPAX HanmncaTb). Kamepa MorKeT 3aN0NHATLCA KUOKUM
BOAOPOAOM.

* YacTuubl, KOTOPble HE BbINM CUNBbHO PACCeAHbI, PETMCTPUPYHOTCA }UAKOCTHbIMU CUMHTUNNATOPAMM
Cu*K1 n CurK2 no cucteme cosnageHuUn.

* OcnabneHue Ny4yka CYNTAETCA KaK OTHOLLUEHWE YMCNa COBNAAEHWNIM BCeX 4 CUMHTUNNATOPOB K YnCay
COBMageHU nepsbIX ABYX.



cTopusa oTKpbITUA. JanbHenwme namepeHumnsa

H. L. Anderson, E. Fermi, E. A. Long, R. Martin, D. E. Nagle, 1952
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C y4éTOoM ewe ogHOM CTaTbn, ONpPeaesieHo, YTo n3
TPEX PpacCMOTpPEHHbIX npoueccos: (1) pacceaHune
T, (2) pacceaHune m~ ¢ nepesapaakoli u (3)
pacceaHue m~ 6e3 nepe3apaaku, (1) obnapaer
Hanbonblnm cevyeHmem, (3) — HaMMEHbLLUUM.

Ecnn HabntogaeTca pe3oHaHc, TO COrnacHo
BploKHepy, 3TO pe30HaHC Co CMUHOM 3/2 U
n3ocnuHom 3/2.

ABTOpPbI HAMEpPEeBaTCA NOMEPUTb YI/I0BOE
pacrnpeneneHme sTuxX peakuuni

BesumHa ceveHuit 4N T~ roBOPUT O BKNAAE
HECKONbKUX cocToaHul ¢ | = 3/,

MpY Manibix SHEPIrUAX CeYEHUsA PacTyT NPUMEPHO
KaK 4-as cTeneHb CKOPOCTU, YTO COBMaaeT C
oXuaaHmem ansa coctoanunin | =1/, ] =3/, m

NONIOKNTE/IbHOM YETHOCTbIO. 6



cTopusa oTKpbITUA. JanbHenwme namepeHumnsa

H. L. Anderson, E. Fermi, R. Martin, D. E. Nagle, 1953
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cTopusa oTKpbITUA. JanbHenwme namepeHumnsa

J. Ashkin, J. P. Blaser, F. Feiner, J. G. Gorman, M. O. Stern, 1954,
Carnegie Institute of Technology, Pittsburgh
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McTopunAa oTKpbITUA. TeopeTnyeckme OCHOBbI

K. A. Brueckner, 1951, Indiana University, Bloomington
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O macce PE30HAHCa

[NepBoe ynoMnHaHUE: B. J. Moyer, PDLRL, University of California, Berkeley, 1961

DATA FOR ELEMENTARY-PARTICLE PHYSICS
W. H. Barkas and A. H. Rosenfeld, 1961

Decay properties

Half-
width Spin and ' 3
Mass T/2 Spin parity |Orbital Branching Q k
(Mev) (Mev) 1 J wave Products fraction (Mev) (Mev/c)Ref.
P 750 +50 1 1- p T4 100% 480 350
w 790 *<15 0 1- 3 100% 510 —
/22 ? K+ 100% 25z 282 c (cepb€3HO, B CTaTbe AaXKe MHTepPBaa IHEPrui He
3/2 3/2+ p N+m 100% 163 234 |d NoKpbliBaeT NMK nepsoro (1230 MaB) pe3oHaHca)
1/2  3/2- d N+ ? 435 449 |4
+ others
1/2  5/2+ £+?  N+m ? 605 567 |d
+ others B peanbHOCTK, Macca, Mo BCEX BUANMMOCTU, bBbina
1900 #100 3/2 ? ? ? ? . e

BblYMC/IEHA 33 KY/IMCaMM CTaTel N ycpeaHeHa no
Pa3HbIM 3KCNePUMeEHTam

10



O Ha3BaHWKM YaCTULLbI

A. H. Rosenfeld, Berkeley, 1962 The first (and more satisfactory) part of the notation
is to choose a single symbol to denote baryon number B,
strangeness S, and isospin /. For the baryons with
I =1/2, 0, and 1 suggested names (N, 4, X, Z) already
exist. For=3/2(c.g. N;),(1238)and N3, (1922)) we
invent the symbol 4. Thus Y, (1520) can be written
A(1520), Y,5(1385) becomes X(1385). Note that A
now stands for any isospin zero baryon, so it can

MioAn nocne 1962: break up into X+ but is forbidden by conservation

MNorpewHoctb Ax = +5 , . .

of I to decay into A and a single pion.

Jltoan no 1962:
N§/2(1238)x = +5



Cnacmbo 3a BHMMaHue!



McTopunAa oTKpbITUA. TeopeTnyeckme OCHOBbI

K. A. Brueckner, 1952, Indiana University, Bloomington | Y4uTbiBaa ONTUYECKYIO TEOPEMY Trpr = 4mtAlmf (0)

o «MmnynbcHoe npubamskeHme» (ot cn. «impulse») 1+ sin x Sin(zx + 29) 4 sin 8 sin(22x + §) 4 sin®x 2in25
.. . L Otot = 207 = 2 > *
AeikIP=Tal  ppik|i-7gl sin24§ sin?4 sin%(6 + x)
P(r) =etkolll 4 ——— 4 —— 1=-=z ) +4 X2
|7 — 74 |7 — 7l
B npepene § — 0
. - - 2
ik |r4—7gl SIin“x
|74 — 7] x
R—-0

kn, = e'94sin g,

Monyyaem amnaAnTyay paccesHusa
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1

1 n2(et*R /R2)
pikR

R

172 S (eitkolFal=KIT5D 4 gilkol75l-kI7aD)
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