
Lawrence Berkeley National Laboratory
Recent Work

Title
THE PRODUCTION OF Pi + -MESONS BY PROTONS ON PROTONS IN THE DIRECTION OF THE 
BEAM

Permalink
https://escholarship.org/uc/item/2pg010k9

Authors
Cartwright, W.F.
Richman, C.
Whitehead, M.N.
et al.

Publication Date
1950-04-19

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/2pg010k9
https://escholarship.org/uc/item/2pg010k9#author
https://escholarship.org
http://www.cdlib.org/


UNIVERSITY OF 

CALIFORNIA 

TWO-WEEK lOAN COPY 

This is a Library Circulating Copy 
which may be borrowed for two weeks. 
For a personal retention copy, call 
Tech. Info. Division, Ext. 5545 

BERKELEY. CALIFORNIA 

UCRL 665 
Cy. 2 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



.. 

UN~i.ASJ~FIED 

UNIVERSITY OF CALIFORNIA 

Radiation Laboratory 

Contract No. W-7405-eng-48 

UCRL 665 
Unclassified Distribution 

THE PRODUCTION OF n+ -1rESONS BY PROTONS ON PROTONS 

IN THE DIRECTION OF THE BEAM 

w. F. Cartwright, c. Richman, M. N. Whitehead, H. A. Wilcox 

April 19, 1950 

Berkeley, California 



Unclassified Distribution 

-2-

INSTALLATION No. of Copies 

Argonne National -Laboratory 8 
Armed E:orces Special Weapons Project 1 
Atomic Energy Commission, Washinton 2 
Battelle Memorial Institute 1 
Brush Beryllium Company 1 
Brookhaven National Laboratory 8 
Bureau of Medicine and Surgery 1 
Bureau of Ships 1 
Carbide & Carbon Chemicals Div 9 Union Carbide & Carbon Corp. 

(K-25 Plant} 4 
Carbide & Carbon Chemicals Div, Union Carbide & carbon Corp. 

(Y-12 Plant} 4 
Chicago Operations Office 1 
Cleveland Area Off1ce 9 AEC 1 
Columbia University (J. R. Dunning) 1 
Columbia University (G. Failla) 1 
Dow Chemical Company 1 
R. K. Ferguson Company 1 
General Electric Richland 6 
Harshaw Chemical Corporation 1 
Idaho Operations Office 1 
Iowa State College 2 
Kansas City Operations Branch 1 
Kellex Corporation 2 
Knolls Atomic Power Laboratory 4 
Los Alamos Scientific Laboratory' 3 
MallinclQrodt Chemical Works 1 
Massachusetts Institute of Technology (A. Gaudin) l 
Massachusetts Institute of Technology (A. R. Kaufmann} 1 
Mound Laboratory 3 
National Advisory Committee for Aeronautics 2 
National Bureau of Standards 2 
Naval Radiological Defense Laboratory 2 
New Brunswick Laboratory · 1 
New York Operations Office 5 
North American Aviation 9 Inc. 1 
Oak Ridge National Laboratory 8 
Patent Branch (Washington) 1 
Rand Corporation 1 
Sandia Laboratory 1 
Santa Fe Operations Office 1 
Sylvania Eleetri'c Products 9 Inc. 1 
Technical Information Division (Oak Ridge) 15 
USAF 9 Air Surgeon (R. H. Blount) - 1 
USAFg Director of Armament (C. I. Browne) 1 
USAF 9 Director of Plans and Operations {R. L. Applegate 1 
US~',·Director of Research and Development (F.W. Bruner, R.J. Mason) 2 
USAF, Eglin Air Force Base (Ko Ko Compton) 1 



Unclassified Distribution 

-2a-

INSTALLATION~ No. of Copies 

USAF, Kirtland Air Force Base (H. G. Montgomery» Jr. 1 
USAF 9 Maxwell Air Force Base (F. N. ·Moyers) 1 
USAF, NEPA Office 2 
USAF, Office of A1;omic Energy (A. A. ·Fickel, H. C. Donnell~) 2 
USAF 9 Offutt Air ·Force Base·· (H., R. Sullivan, Jr.) 1 
USAF~ Wright~Patterson Air Force Base (Rbdney Nudenberg) 1 
U. s. A..""my, Atomic Energy Branch. (A. W. Batts) 1 
U. S. Ar.my, Army Field Forces (James ·Kerr) 1 
U. S. Army, Commanding General 9 ·Chemical Corps Technical 

Command (John A. MacLaughlin thru Mrs·. G. Benjamin) 1 
u. s. Army, Chief of Ordnance (A. R. Del Campo) · 1 
u.s . .Army 9 Commanding Officer Watertown·Arsenal 

(Carroll H. Deitrick} 1 
U. s. Army, Director of Operations Research (Ellis Johnson) 1 
U. S. Ar.my 9 Office of Engineers (B. D. Jones) 1 
U. s. Army9 Office of the Chief Signal Officer 

(Curtis T. Clayton thru George c. Hunt) 1 
Uo S. Army, Off'iee of the Surgeon General (W. s .. Stone) 1 
u. So Geological Survey (T. B. Nolan) 1 
u. s. Public Health Service 1 
University of California at Los Angleles 1 
University of California Radiation Laboratory 5 
Univ~rsity of Rochester 2 
University of Washington 1 
Western Reserve University 2 
Westinghouse Electric Company 4 
Univ. of Rochester, Physics Dept. (R. E. Marshak) 1 

Information Division 
Radiation Laboratory 
Univ. of California 
Berkeley, California 

Total 145 



fi; .• 

UCRL 665 
Unclassified Distribution 

THE PRODUCTION OF n+-MESONS BY PROTONS ON PROTONS 

IN THE DIRECTION OF THE BEAM 

W., F. Cartwright, c. Richman, M., N .. Whitehead, H., A., Wilcox 

Radiation Laboratory, Department of Physics 
University of California, Berkeley, California 

April 19, 1950 

1' 
A simple method has recently been developed for measuring the differ-

ential production cross sections of positive and negative n-mesons when various 

nuclei are struck by high energy charged particles from the 184-inch synchro-

cyclotron. In this method mesons and other particles leave a target and lodge 

in suitably arranged absorber blocks., Nuclear emulsions are embedded in these 

blocks to sample the population of stopped positive and negative n-mesons of 

all e.nergieso The method is not very desirable for extreme forward angles, 

however, because the number of scattered beam particles relative to the number 

of mesons leaving the target rises very rapidly in the forward direction. 

We have consequently been concerned with developing the following technique 

for making easy and reliable observations in the extreme forward directions. 

A magnetic field is produced in the region about the target (see Fig., 1). The 

external beam from the cyclotron traverses this target after being integrated 

by a calibrated ionization ch~ber. Positive and negative n-mesons leaving 

the target in the forward direction circle out and away from the beam on 

opposite sides, as indicated by the dotted trajectories in the diagram., Broad 

channels are cut symmetrically in massive Cu shielding blocks as shown in the 

figure, and positive and negative mesons possessing appropriate momenta are 

able to traverse these channels and to lodge in the absorber blockso Nuclear 

emulsions are embedded in these blocks, as in our previo'.lS method., Some 

1c. Richman and H., A., Wilcox, Phys. Rev., in press. 
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protons and other heavy charged particles also are able to traverse the 

chal4~el on the positive side~ but those which do so must necessarily possess 

roughly the same momenta as do the mesons., Hence their ranges -,l!Jill be much 
... 

smaller than the meson ranges, and a complete separation is obtained between 

the positive n-mesons and the "background" of heav-,y charged particles coming 

fran the targeto On the negative side lJ.o trouble is to be expected from elec-

trons because they do not ionize sufficiently heavily to leave background 

tracks in the nuclear emulsions an.ployed. 

This technique for measuring meson production cross sections can easily 

be adapted for use over the entire meson energy and angular spectrum .. 

In our first application of this method we have used the 345 Mev external 

proton beam from the cyclotron., Two different targets were used, of which 

one was pure carbon and the other was (CH2)n (polyethylene).. The angle of 

observation was oo *5°. By subtracting the carbon production cross section 

from that of the CH2 molecule.~~ we obtain the production from the two nfreett 

protons., The preliminary results on the p-p differential prod·u.ction cross 

section are presented in Fig. 2.. These results are based upon 231 n+-mesons 

from the CH2 and 176 n+-mesons from the c.. The errors indicated are statis-

tical probable errors# and are valid for the relative values. The absolute 

scale is uncertain by ± 15 percent .. 

The strikingly high peak in this curve in the neighborhood of En ~ 70 Mev 

was the first feature to be discovered., G .. Fo Chew has suggested2.that the 

presence of this peak may be due to the attractive n-p resonance interaction 

in the final states following the collis:iono We are now engaged in an im-

provement of the energy resolution of the experiment in order to see whether 

2 Go Fo Chew, private communication 
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or not this large peak has fine-structure, as might be expected if Chew's 

explanation is correcto 

We wish to thank Professor Eo o. Lawrence for his interest and encourage-

ment. We wish also to thank Mr. J. Vale and the cyclotron crew for making the 

bombardments. Thi~ work was sponsored by the Atomic Energy Commission. 

Information Division 
scb/4-19-50 
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