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PRODUCTION OF A n+ MESON BEAM USING THE DEFLECTED PROTON BEAM OF 

THE 1'84-INCH S'YNCHRO~CYCLCYI'RON 

Co Richman, llll. Skinner*, J. Merritt, and B •. Youtz 
Radiation Laboratory, I>epartment of Physics 

University of California, Berkeley, California 

August 30, 1950 

ABSTRACT 

The production of a meson beam using the deflected 340 llllev proton 

beam from the Berkeley .184-inch synchro-cyclotron is described. By making 

use of the large peak in the forward angle meson production cross section 
- - - -

~or ~rotons ~l).protons, an intense, fairly clean and monochromatic beam 

.has been produced. With a CH2 target 5 em thick and magnetic separation 
' ' . 

of mesons and protons, a fairly well collimated beam of about 5000 mesons 
. 

per second, issuingfrom a channel whose e:x:it area is 2 inches by 2.5 inches 
\. 

has been obtained. The peak of the energy spectrum of the meson beam occurs 

at 53.5 Mev and the half-width of the peak is 5 Mev. 

*Atomic Energy Commission Post-Doctoral Research Fellow. 
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PRODUCTION OF A n+ ME!SON BEAM USlliG THE DEFLECTED PROTON BEAM OF 

THE l84=inch SYNCHRO-CYCLOTRON 
' . c. Richman, M. Skinner, Je Merritt, and B. Youtz 

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

August 30~ .1950 

The detailed measurement of the scattering and absorption cross sections 

of mesons on various elements should be of considerable help in understanding 

tb.e nature of the ·interaction of mesons with -nuclei. A great deal of work on 

these cross sections has already been done1 using the charged n-mesons produced 

in penetrating showers. It would be very desirable, however, if such experi-

ments could be done with an intense, monochromatic meson beam under the controlled 

conditions which would be available if the meson beam were produced by one of 

the present-day high-energy accelerators. This paper is concerned 'with ,some 

progress that has been made toward producing such a meson beam with the Berkeley 

184-inch synchro-cyclotron. 

The 340 M~v protons produced by the synchro-cyelotron are very suitable 

for meson production. Studies have been made on the cross sections for pro­

duction of n+~ and n- -meso~s from carbon~ and lead3 , and of n+-mesons from 

hydr~gen4. 

On examining this .data one is immediately impressed by the large peak 

aroUDd '70 Mev in the differential production cross section for n+-mesons at 0° 

by protons on protons. 
5 . 

Fig. 1 shows some more recent data- on this cross 

section. The peak arise.s from the interaction of· the heavy Il.ucleons that come 

off from the collisionS. Act~ally9 two reaction are possible: 

and p + P _,. D + n + 
0 
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If we take the mass of the n+-meson .to be 2?6 m , the first reaction gives 
. e 

a continuous meson energy spectrum. with a maximum laboratory meson energy 

of 65.4 Mev for 340 Mev protons. -·The second reaction would lead to a line 

spectrum at 69.4 Mev. At ·the maximum meson energies the nucleons coma off with 

low energies and about the same momenta in the center of mass system. Under 

these ~onditions they can interact strongly, giving rise to the peak in the 

spectrum. Because of the limited resolution of the apparatus5 the existence 

of two separated peaks has not so far been verified. 

The use of hydrogen for the production of a meson beam has many ad-

vantages. The most important of these in the interests of an intense, fair­

ly monochromatic beam is that there are more mesons in an 8 or 10 Mev interval' 

from hydrogen than from anything else that has been studied. Furthermore, use 

of a production target which is rich in hydrogen means that mesons are obtained 

with a minimum stopping of the primary proton beam in the target. A fairly, 

thick target can therefore be used without working too far down on the excitation 

curve and decreasing the meson production per molecule. It may be noted further 

that, since the mesons in_the hydrogen peak have an energy of ?0 Mev, it is 

possible to build up the meson production using a thick target and still produce 

a meson beam with sufficiently high energy to be useful in scattering experi-

mants. 

A convenient .target, rich in hydrogen and easy to handle, is polyethylene 

( CH2') n• The- thickness of the target is determined by a compromise between the 
) 

two competing requirements that a large number of mesons be produced and that 

their energy be approximately monochromatic and high enough for the desired use. 

Because of the hydrogen~ the production from· CH2 for a thin target ~s strongly_ 

peaked at about 69 Mev {see Fig. 2). A 5 em CH2 target reduces the. peak energy 

only to 53 8 5 Mev, and still, as we shall see, furnishes a considerable beam of 
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mesons. There is one other advantage to using a hydrogen-rich target~ One 

might expect that for a thick target the intense peak would be considerably 

broadened; a~d therefore lowered~ because the mesons which are created in 

different parts of the target lose different amounts of energy before they 

leave the target. There .is, however, a compensating effect since the peak 

energy of the mesons produced decreases as the proton beam energy is degraded 

going through the target., Fortunately, for a hydrogen rich target and 340 Mev· 

protons this compensation is very nearly exact for the mesons in the peak of 

the spectrum. With a 5 em CH2 target, a 69 Mev meson created at the front of 

the target by a 340 Mev proton loses 15 Mev in the target and emerges with 54 

Mev, whereas at the ba~k of the target the protons have an energy of 323 Mev, 

having lost 1'7 Mev, and produce mesons with a peak energy of 54 Mev. 

The scattering experiments envisioned for the meson beam require the use 

of the deflected proton beam of the 184-inch cyclotron. This beam has at 

present, a maximum intensity of about 6 x lo-10 amps, spre~d over a circular 

area of diameter 2 inches. 

Since. the mesons come off predominantly in the forward direction when 

the proton beam strikes a _CH2 target, it is necessary to bend them away from 

the proton beam using a channel placed inside a magneta The attendant loss 

in solid angle is not so serious as one might think since this channel serves 

the additional purpose of a beam collimator which would be necessary with any 

arrangement. 

A high magnetic field is desirable for the efficient separation of the 

mesons from the protons. · Such separation was achieved with a field of 14,300 

gauss giving a 54 Mev mesol!ll a radius of curvature of 12 0 4. inches and a 340 

Mev ~roton·a radius of curvature of 80 inches. 
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The design of the channel was also determined by a compromise between 
-- --

, _conflictil%·' requirement_s 9 to allow as ma:ny mesons to traverse the channel as 

' 
pbssib'le whilev howeverv giving a well=collim.ated meson beam uncontaminated 

by protons scattered from the C~ target or the magnet pole J;lieces. 

The channel 9 w~ose walls were made of brassD was designed to accept 

all meson energies b~tween 48 ~d 60 Mev~ that isv mesons in this energy region 

from every point of the target have an unobstructed path to every point .of the 

exit area of the channel. The channel was built so that a 54 Mev meson pro= 

dueed at 0° in the center of the target is ·turned through 85° by the magnetic 

field· before emerging from the center of the channel. The exit area of the 

channel is· 2 inches wid·e by 2.5 inches higho This means that the end of the 

channel subtends a solid ~gle of about 2.2 x 10=2 steradians at the c~ 

target. 

The set-up is shown in Fig" 3. (The. magnet was designed for a pair-

spectronj.eter apparat·us, which required the unusual pole face shape.) The 

pos~tion. of the cii2 target and the channel on the pole face were chosen so 

that both the proton and meson beams miss the yoke of the magneto The magnet 

gap was 3.4 inches. 

With this channel a:rrangment the meson beam collimation was such that 

9
1 

~ 92 ~ 9° (see· Figo 3). 

~e ~sons were detected by means of nuclear emulsions place~ in 

aluminum absorbers in the usual way. 2 Bbth Ilford c2 and Eastman Kodak NTB 

plates were used. The emulsion thicknesses were about 2001J.. The exposures 

were made for about 10 minutes right at the end of the channel. A calibrated 
/ 

ionization chamber placed in front of the magnet in the proton beam was used 

to measure the current of protons through the target~ Rnd a suitable integrator 
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then gave the total charge that had gone through the target. The scanning 

of the plates was very easy because of· the high concentration of mesons with 

very l~ttle background. 

Curve II of Fig., 4 sh·ows· the number of mesons per Mev per steradian 

leaving t~e 5em Cfl2 ~arget in the fo~ard direction per incident proton. In 

order to obtain this curve, the meson density in the emulsions was corrected 

f6r the loss of a fraction of the mesons between the target and the emulsion 

due to a) decay in flight and b) nuclear scattering and absorption in the 

aluminum absorber holding the emulsions. The decay in flight correct'ion is 

easily made and amounts to about 9 percent. To make the second correction we 

have used.for the total nuclear cross section the geometrical area of the 

aluminum nucleus, with a nuclear radius of 1 0 5 :x: lo-13A1/3 ~ W.ith this cross 

section, one finds that 16 percent of the mesons are lost in the aluminum. 

Since the true correct~on is not known, although there is good reason to be-: 

lieve that the above is appro:x:imateiy right1
? Fig. 4 also shows the data before 

this correction was made. The errors indicated are statistical probable errors. 

The peak of the spectrum occurs at 53.5 Mev, and the half-width of the 

peak is 5 Mev. Comparison of Fig. 4 with Fig. 2 shows that a thick target 

apparently does not spread the peak. The compensation of meson energy loss in 

the target by proton energy loss, as mentioned above, is clearly effee~ive. 

Actually, even with exact_ compensationv one would expect some spread in the 

peak since those mesons made in a thin slice at the front of the target in a 

small energy interval traverse the target and leave it with a lower energy 

but in a larger energy intervalo The fact th~t this spread is not observed 

leads one to believe that the peak of the thin target spectrum in Fig. 2 is 

thicker than that of the true production spectrum. This could easily be the 

ease since the target used in that experiment was only 3/22 in, :thick which 
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made a long proton bombardment necessary. It is very likely that the proton 

beam energy changed somewhat during the long bombardment D thereby smearing out 

the peak. 

Integrating curve I O-!l Fig. 4 over the 12 Mev meson energy in.terval from 

48 to 60 Mev one obtains 7.5 x lo-5 mesons leaving the target in the forward 

direction per steradian per incident proton. If one integrates the thin target 

spectrum. of Fig. 2 (which has been sim.i.larly corrected for decay in flight and 

absorption) over the 12 Me~ interval from 62 Mev to '74 Mev and multiplies this 

by the number of CH2 molecules per cm2 
in the thick target one obtains s. 90xlo-5 

mesons per steradian per proton. The agreement between these figures shows 

clearly that in going from a thin to a thick target not many mesons are lost 

from the peak either due to absorption of protons and mesons in the CH
2 

or to 

the effect of working down on the excitation curve. (One is tempted to try, 

by detailed comparison of the thin and thick target spectra, to draw further 

conclusions about the excitation function for protons with energy between .340 

and 323 Mev. Such a detailed analysis is not warrantedD howeverD for several 

reasons~ 1} There are indicationsD mentioned aboveD that·the true thin tar-

get spectrum is somewhat different from that given in Fig. 2. 2) One does 
f 

not known how the shape of the meson energy spectrum changes with proton energy. 

3) No examination has yet been made of the low energy wing of the thick target 

spectrum. (A direct measurement of the excitation function is being made by 

Mr. W. F. Cartwright.} 

With,a proton beam of 5 :x: 1o=lO amp. there are about 5000 mesons per 

second with energies between 48 and 60 Mev issuing from the channel9 or a 

meson current of 8 :x: lo-16 amp. 
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Figures 

The· differential cross section per Mev for the production of mesons 

in the forward direction by 340 Mev protons on protons. 

The differential cross section per Mev per molecule for the pro-

duction of mesons in the forward direction by 340 Mev protons 

Arrangement of.the apparatus in the magnetic field. 

The number of mesons per Mev per steradian per incident proton 

leaving the 5 em CH2 target in the forward direction. Curve I: 

data not corrected for the absorption and scattering of mesons 

in the aluminum absorber. Curve II: corrected data. This 

+ curv.e is based on 106 11 -mesons. 
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