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PRODUCTION OF A w* MESON BEAM USING THE DEFLECTED PROTCN BEAM OF
| THE 184-INCH SINGHRO-CYCLOTRON

C. Richman, M, Skinner*, J, Merritt, and B, Youtz

Radiation Laboratory, Department of Fhysics
Unlversity of California, Berkeley, California

August 50 1950

B .‘Tne”pnoduetion of a meson beam using the deflected 340 Mev proton
beam from the Berkeley.184—inch synchro-oyclotron iS'described,. By makiné
‘use of the large peak in the forward angle meson production cross sectlon
for protons on protons -an 1ntense fairly clean and monochromatic beam -
'hhas been produced, With a CﬁggtergetWS em thick_and magnetic separation
of mesons -and profons;-a fairly well-ooliimated beam of aboutJSOOO mesons
per second- 1ssu1ng from a channel whose exit area is 2 1nches by 2,5 inches
heS'bEen obtained, The peak of the energy spectrum of the meson beam oceurs

&t 53,5 Mev and the half-w1dth of the peak is 5 Mev,

*Atomic Enefgy Commission Post-Doctoral Research Fellow, ’
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PRODUCTION OF A * MESON-BEAM USING THE DEFLECTED PROTON BEAM OF
THE 184-inch SYNCHRO-CYCLOTRON

C,wRichmaﬁ; M, Skinner, 7, Mérrift, and B, Youtz

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

 August 80, 1950
__The_detailed megsufemgntrof ﬁhe seattering and absorption cross sections
of mesons on_va:iéus elements should be of considerable help in understandingv
the natufe of the-inte?acpiénAof mesons with-nueleiu A great deal of WOrk on

1 using the charged w-mesons produced

these ¢ross sactions has already been done
in penetrating showers, It would be very desirable, however, if sﬁch experi-
ments could be done with an’intense; monochromatic meson beam under the controlled
coﬁditions whi§h would be available if the meson beam were produced by one of
\

the presegt-@ay high—energy aceelefatdrsp This paper is concerned ‘with some
‘ progréss that has been made toward producing such a meson beam with the Berkeley
184-inch synchrb;cyclotron° |

| The.340 M?v protons ﬁrodueed<by the synehronéycloﬁron are very suitable
for Mesén'productién, StﬁdieS‘have been made on the eross sectidns»for p?o-(
duction of - and n“.nmesoﬁs'from carbon? andvleads; and of n*-mesons from
hydrégen4, | |

| On examining this .data one is immédiately impressed by the large peak
' afound 70_Mbv in_the”différential production cross section for n*-mesons at 0°
by protons en prétons, Fig, 1 shows some more recénb datas 6n this cross

séctidn; The peak arises from the interaction of the heavy nucleons that come

off from the eollision5° Aétqally; two reaction are possible:

P+P—P+N+u'

and P + P-—D + ut

o
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If we take the mass of the ﬂ omeson to be 276 mé; the first reaction gives'

a contlnuous 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
gpectrum at 69°§ M§v,m,At-the”ma§ipnm meson energies the nucleons come off with
low energies and about the same momenta in the center of mass system, Under
these gqnditions theY'can inﬁeract_strdngly; giving rise to the peak in the
speeﬁrum, Because of the limited ?eso}utioh of the apparatus5 the exiétenee

of two séparated peéks has ﬁoﬁ S0 far beeg verified, |

‘The use:of hyarogep for the production of a meson beam has many ad-
vantages; Thq most impor?an@ ofvfhése ig the interests of an‘intense, fair-
ly moﬁochrématié beaﬁ is that thére are more mesons in an 8 or iO Mev inter&ai‘
from hydrogen than from anything else that has been studied, Furthermore use
. of a productlon target Whlch is rlch in hydrogen means that mesons are obtained
’with a.pinimum_stopping of the»primary p:oton beam in the target, A fairly.
thick target can therefore be used without working too far down on the excitation ‘:
curve agd-decreasing thg meson'production per moleculeu - It may be noted furtherv
thatg sinee the mesons in“phé hydrogen peak have an energy of»?O Mev;_it is |
pogsibie to_build up the meson producﬁién using a thick target and still produce
a meson ﬂéam with~sﬁfficiéntly highwehergy to be useful in scattering experi-

- ments,

A convenient,target; righ in hydrogen and easy tc handleQ»is polyethylene
(CHg)n,v The"thickness of thé_térget is determined by a compromise between the
two cdmpeting reqéirements that a ;arge number of mesong be produegd and that
* their energy be approximafély mbnéehromatic aﬁd high enough for the desifed use,
Because éf the hydrogen; the production from'CHZ fdr a thin_térget is strongly_
peaked at about 69 lev (see Fig, 2), A S cm CH2 target reduces the. peak energy _

only to 53,5 Mev and still as we shall see furnishes a considerable beam of
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meséns,‘ TperéAis péa 6th§r_advantagé tb using a hydrogeh;rich target, One
migh£ expeét that fo;”é fpick target‘thé iﬁtenﬁe peak woﬁid be'conSiderably
broadeﬁed; and thérefore 1owér9d; because the mééons'which are creatéd in
different-pérts 6f the targét lose-diffefeﬁt ambﬁnfé of energy before they
ieéve the ?argét, There is, however, & eompehsating effect since the peak
enérgy of the mesons prqduced décreasés as the proton beam energy is degraded
going through tpe targef; Fortunately, for a hydrogen rich target and 340 Mev '
protons thig_compenéétibh is véry nearly exact for the mesons in the peak of‘
the spectrum, Wifh ab ém Cﬁz target,.a.ég Mev meson created at the front of
the target by a 546 Mev proton loses 15 Mev in the targét and emefges with 54
ybv; whereas at the back of the target the pfdtons have an energy of 323 lev,
having lost 17 Mev; and pgodqcebmesons with a peak energy of 54 Mev,

_ '.The‘sqgttering exper;ments enVisioned for the meson beam require the use
of the deflected proton beam of the 184-inch cyclotron, This beam has at
present, a maximm iﬁtensity of about 6 x 10~10 amps, spread over a circular
area of diametér 2 inches,

Since‘the;mesons come off pfedominantly in the forward diréctidn when
the prdton beam strikés a CHp targéy; it is necessary to bend them away from.
the protOn'beam using a chanﬁel placed insidé'a magnet, The attendant ioss
in sbiid.angle is nét so serious as éne mighﬁ think sinée this channel serves
the additionalvpurﬁdse of a beam collimator which would be necessary with any.
érréngeﬁeht, "

| A high magnetic £ield is desireble for the efficient separation of the |
mesons from the profons,' Such separation was achiéved with a field of 14,300
gauss giving a 54 lev mesom a radius of curvaturé of 12,4 inches énd.a 340

Me%vprbtom‘a radius of curvature of 80 inches,



TUCRI~-922
e

_T@e dgsigﬁwoﬁ t@g chahﬁei was also dgﬁermined by a cdmpromise.between
%conflictiég~fequireménys; to allow as‘ﬁanj'mgsohs to tfavefse the cﬁannel as
\Eﬁssibie'whiie; howevéf;”giving a Well;coliimated mesoh béam'uncontaminated
by pfdfons scattered frém fhe CH? target or the magnet pole pieces;

Thé channel; wpose_walls_were made of brass; was‘designed touaccepﬁ
aliﬂmééon-energies-bgﬁweén 48~aéd,éd Mevz that #s# mesons in this ensfgy_region
from every éoint 9f the_target have an ﬁnbbstructed péth to every poiht of the’
éxit aféa of the éhanhélgv Thevchannel was built so that a 54 Me# mesoﬁ pro=-
duced 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 wide by 2,5 inches high, This meens that the end of the
chamnel subbends a solid angle of about 2.2 x 10°% stersdians at the CHy |
targeto | ‘ '

The set-up is showg in Fig, 3. (The.magnet was designed for a pair-
épeétrometer apparabus; whiéh requiredvthé unusual poie face sﬁapeo) The
pés%tion;ofmthe 032 target.and the éhannel on the pole'fa@e were chdsen 50
that both the ppdﬁon.aﬂd meson beams miss the yoke of +the magheﬁ°‘ The magnet
gap wés 3,4 ihches, » |

| VWith;this‘chanhéi arrangﬁént the meson beam collimatien wés such that
8) % 05 2 9° (see Fig, 3), | |

The mesons WereAdeiected by meansg of nuclear emnlsionS'placed'in :
élu@inum“apsorbers in the usual waynz Béth Ilford Cs and Eastman Kodak NIB
platés wére uséd° mThg emglsi@n thi@knessas Wgre about 2001k, The exposures
were made for about 10 gxiﬁ-_ﬁtég right at the end of the channel, A calibrated
jonization éhamyer place§ in frént of thé magnét in the proton beam'waé used

'to measure the current of protons thfough the target; and a suitable integrator
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then gave @he total éharge t#aﬁ pad gone through the fargeto The écénging
df the plgtes was very easy beéaﬁsé of‘the high coneentratidn of mesons with
vvery littlé background,

Curve II“of Fig, 4 shbWS"theAnﬁmbef of mesons per Mev per steradién
leaving the 5 cm CH, target in the forward direction per imcident proton, In
prdervtéﬂob#aiﬁ this curve; thehmeéon densify in the emulsions was corrected
for 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 abso;ber;holQing the emulsions° The decay in flight cérrectﬁon is
,easiiy made anq amqugts to about 9 percent,. To make the second eorreétion we
have used-for the total nuciearlerdss section the geometrical area of the
aluminum.nucleus; with a nucleér radius of 1,5 x lO“lel/So With this cross .
sectidn; one finds tﬁat 16 percent of the mesons are lost in the aluminum,
Since thg true qorrectéop is not kﬁoWn; although there is gbod reason to be-
lieve that the above is approximateiy righti, Fig, 4 also shows the data,béfore
this corféetion was madé; The efrors indicated are statistieal probable errors,

The peak of the spectrumvoccurs at 53,5 Mev; and the half»widthAof the
péék isﬂ5M’ev° Comparisoﬁ of-Fig,74 with Fig, 2 shows that a’thick targef
§pp§rently dpes not spread the peak,.;The compensation of meson.energy loss in
the targét‘by profcn e#ergy }ossgias mehtioned above; is clearly effective,
Actually;'even with exact;compensation; oné woﬁld expect some spread in the
peak since those mesons made in a thiﬁ siibé at the front of the target‘in a
émall énergy iﬁfervai traverse the target and ieave it with a lowsT energy |
but in a lgrger eﬁéfé& intéfval, The fact £hat this sp:ead-is not observed
leads ome to believe that the peak of the thin target spectrum in Fig, 2 is
~ thicker than that of the true produétion spectrum, This could easily be the

@ase since the target used in that expériment was only 3/22 in, ‘thick which
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made a long protdn bombardmeﬁt‘ngeessaryé It is very likely fhatltﬁe proton
beam energy changed somewhat dﬁriﬁg the ldné bémbardment; thereby smearing out
the peak; ) { |
Integrafing curve i on Fig° 4ﬁpver the 12 Mev masbn energy interval from
48 to 60 Mev one obtains 7,5 x_10’5 mesons leaving the target invthe forward
diréetién“per steradian per incident proton, If one integratés the thin target
spectrum of Fig,‘z‘(which has been’ similarly correeted for decay in flight and
ébsorptiop) over‘thé lZ»Méé ihtervalvfrom‘Gz Mev to 74.Mev and multiplies this
by the number of CH, molecules per en® in the thick target one obtains 8,90x10~°
meééns pg? ste:adian per protég, The agreqment between these figures.shQWS
clearly that in going from a thin to a thick target not manjvmesons are lost -\
f?om %hé‘péak either due to absprptién'of protons and mescns in the CHé or to
thé effect 6f_working down on the‘excitation cﬁrve, (one is tempted to try,
by dgtaiied cbmparigen of the thin and thick target spectra; to"dfaw'furthef
ééhclﬁsiéns ébout the excitation function for>pr0tdns with energy between 340
aﬁd‘52§ Mev, Such a detailed anélysis is not warranted, howevér3 for-séveral
reasons: - 1) Thefe are indications, mentioned above, that ‘the true thin tar- -
get spaétrﬁm is somewhathifféregﬁ from that given in Figo 2, 2) One does
not khown how thg shape 6f7the meson energy spectrum ehangeé with prbton energy.
3) Né examinatiénvhas yet been ma@e of the low eﬁergy wing of the thiék'barget :
s?ectrum, (A direct measurement of the excitation function is being made by
‘Mr, W, F, Cartwright,) | - _ | ,
With.a proton'beam of 5 x 10=10 amp, there are about 5000 mesons per
secondeith energiés bgtweehmés and 60 Mev issuing from the channel, or a

meson current of 8 x 10~16 amp,
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Fig, 1 The‘differential cross section per Mev for the production of mesons

t

in the forward difectidﬁ by 340 Mev protons on protons,'

Fig, 2 ?hgmdiffe?epﬁ@al»cros§wsegtion per Mev per molecule for the pro;'

duétion of ﬁesons in fhe forWard direction by 340 Mev protons

on CHp,
Fig., 3 = Arrangement of the apparatus in the magnetic field,
Fig, 4 The'nﬁmber,éf mssons per Mev per steradian per incident proton

lgaving the 5 em CHp target in the forward direction, Curve I{
daté né#.dbrrectgd‘fér the absorption and scattering of mesons
ih the aluminum absbrber, Curve II: corrected data, This

' +
curve is based on 706 i -mesons,
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