
Lawrence Berkeley National Laboratory
Recent Work

Title
POSITIVE HEAVY MESONS PRODUCED AT THE BEVATRON

Permalink
https://escholarship.org/uc/item/27g7001t

Authors
Birge, R.W.
Haddock, R.P.
Kerth, L.T.
et al.

Publication Date
1955-06-06

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

https://escholarship.org/uc/item/27g7001t
https://escholarship.org/uc/item/27g7001t#author
https://escholarship.org
http://www.cdlib.org/


. .. 

1 ' ... 

T . .. 
~i\ 
"' 

, .. UNIVERSITY OF 

C/ALIEORNIA 
l 

,{ : . I~~\' 
(' 

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 

UCRL3c76/ I I 

' 

I 
/ 

.l .,. 
'/l 

{ ·I 



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. 



U~ilVE: RSlT ¥ OF CiU.JJtORNIA 

Rf.>.diatioo Laboratory 
Ft...er 1.:eley, Califoz·nia 

Contract No. v~·. 7405-eng -4:13 

., 

c 

UCRL-3031 

POSITIVE H1t:A VY ~-AESONS· PRODUCED AT 'I'HE BEVATRON 

Robert W ~Urge. TJ..o•;,t:'Q. Haddock,, Le:ov T. K~r~h. Jarn~s. R. F·eterGon, 
Jack f~andweiss, · Donald H. StorK, a•1d Marum N. 'Whitehead 

June 6. 1955 .. 

Printed :for the U.S. Atomic Energy Commission 



. : ~~ r 

. . ~ ". . . . 

UC:RL .. 3G31 

· l?OSlTlVE HEAVY MESONS PllOtl-tJC,E::O A'l' THE BEVi\TROA"·f 
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.· Jack Sf:>.ndwei~s~ * .Donald !-t Sto~k. iltlti .M::a·ian N. Whitehead 

June 6·, l95S ' 

Nuclear emubio~a have been expo3ed to l 14;-. 13·~-, and 110-Mev poaitive 

hee.vy rneaorua produced at 90° by 5. 7 •. :eev protons 9triking a copper t~rget. '.fhe 
. . 1 

eltposures were rna.d.e u!!iing tlu~ atrcmg -focusing spectrometer. 

1. · The Strong -focusing Spectrome~ 

The 1')rindpal features of this appa:ratus coneist o£ a stro~g ~iocueing quadrupole­

· ... rnagnet lens eyl.!itel"n followed by a conventional ri\o:ncm.tum-analy~ing m~gnet. The 

a.rrang;ertlant is ehown: in Fig. 1. It can be showtl that Ute flux of heavy mee~on.r.; at 

the stnek poslti.on is 

dNk 
· N N cr;:r-= p t ( 1} 

.'where. dN,/dA is the nu.mhel" of hea.vy me$ons per u;1it area, N it> th.e total K . p 
... nun1ber of protont) trav~:;...-sing the target, Nt is the number of tn:rget nuclei per 

·.·"" 1;.1.n.
2 

intbe proton beam dh•ection. d 2 o ··/dSlaE is: .the .cross aection in cm2 

,. 

: .. , . ~ 1 -1 . 
. ,, '·', ' $ter Mev , ~C is t'ha velocity of the heavy ~nesons, dP/ dx io the n~~:orr.1enturn 

· .. ~ ~·~ 

Jispersi()n. of the. analyzh'lg lY.Jagnet, Mg and My are the l:wdzontal and vertict.l 

ma.gnific<:>.tions of the strong ~focueing lens, LH and · Lv Gl.'l"e the hohzorital and 

vertical dimensionm of the target, eH and fJV are. the effective horizontal and . 

· · ,.·' VQ?ticnt angular apertures of the strortg -focusing lens, and t and 1;'' · ill'C the . 

. ·: pj;"opc~ ti.rne of fHgl1e and the mean lifetime o! the heavy mesons. 

,. t. Mass r~iea~l'U:rements 

The 'UWii!S of e~ch heavy :meson can 'be found by :rneasuring the range of the 

n·nttfOOn :i.n thtJ ~uclcar er:nuhion stack r.~-nd by following ita ~rack bad:. to the poh'lt 

of ent.r&utce to dete:rmiti~ ita momentum. The n1omentum of the meson can th.()ln 

be d:etermined by meaaurement 6£ the rangeB o£ the protons entering the l'lt~ck f.lt 
. ' 

tha sa:me(oiut_. Ideally. the m_aGs ;7esoluHon should have a totc;ll width 
· I! _ 13M ~ L\P , · n _ (dP ) t\1'-rt • I BP , where /),A - /d. MLI L .. 1 . . 1 ... '~"' . . . X .t: .t .,.,._ ~ 

* National Science .'foundation Predoctor.;.l Fellow. 



ln pra1:tice this res4:>1ution. ie somewhat b:t·oadao.~ad by multiple GC<Atte.ring in the 

thin wi.ndvw .:u1d i~ the e.ir, by a.berril.tions of the eu·ong-focuzing leu$, -<lnd by 

.m·ult.iplct scattering and ~~nge· str:aggling in th~ r1u<:le~r emuleicm., Syr.:;ten1bl.tic 

: ;.meertalntiea C<ilfi arise fror.'l ~nergy l0$1\:l in the air p;ath through the analyging 

. nH~gnot and from lack of preciaion in deter-mJ.!:lcltion (';[ the :mome>ltun·hr<Mlge 

ri!llations. Tl\e resolution and yleW o! h~~vy me!Hms 3:r<:! sufficient ao thil.t 

systematic errors iru:ur:red in this :'i'ltethod may be cG'!nparaMe to or large:' th.otn 
·• . f 

thG statistieal uncert.11.~~ · ,, 
). ·scanning _......_ ___ . 

. St:anning i® done by ee~,rehing for tracka several ceutimetei.'S ahead o! the 

• l"egion in w~ich the heavy 1>'1oeo.n!3 ax-J& ex?ac:ted to. stop. Each tr<\Ck h~ving the 

.· l~pzoopl'iate gr;litl density and d!re<:tion is followed to the end of its ranr$e ..1nd is 

., , . ide11'1:U'iecl by its de~ay ll$ <:.\ heavy mei:lo~. Becau.ee the heavy n.lefi.lons have ;,.\ spre., ... d 

in ·rnnges, it is netZe~l!f<iry to examine thti selective biae cauaecl .at th<! point of 
. '• 

se<inning by light grain count for long~1·ange particles and by hu•ge &ccumul<J.tcd 

·.. .·multiple CH:atter-ing for short ... ~ange particle$. The scanning regicm was chosen 

· ·' ~~ far enough .from tb~ stop.J>ing region to give negligible bias for .z:na~aes betv.rt~en 

. :f$00 and 1100 me. In the wo:rGt ca.se for the figuree showl1. the extremeo of 

• .:grain count at the sc;:anning poh:tt deviated by about 10%. and the largegt accumul~ted 

:r?,ns._ !:nulUple .scattering angle was celc,.dated to be le$r; than l. 5° $:tee.ter than the 

,ave1·age~ 

·•• 4. Rea;u1ts ...... 
A. 135 M~·v. The f.,irat stad~ of twelv~ pellieles. 2 in. by lin. by 600 fnicrr.m.s, 

was el<Cpused to 135 wr:vlev K mesons produe~d io a copper target of dimenaiOllS ' 

J:;.H '"' 1 ia. ~ Lv r-= 1'.3.25 1.n. Thi-ee KL'a had fortuitoufily fiat secondary h•acks 
. . 

rri<nie. than 5 centimeters long be£Qre lea .. .rin& th(;; ot~ck. TI1e second~.u·y n'latH~ee 

:· wel"e dete·rmincd by tHain count and multipl~ tH.:attering to be· 2.93 a: 29, li'S * 33. 

and 2$9 ¢ 31 electron mass~.u;. The respective l?j3.'s ~1.t the det':<'-Y poitlts were 

133 r± 18, 134 :t: Z.O and 157 ~ 19. An 8% uncertainty in th~ !Scattering constor.nt 

ie indu.ded. Orain.;,eount ea.libt·o.tion~~ were ma.clq; by ueing·the readil}? 4Wa:U<:.b1~ 

pion tr~cks thnt ca.me fr~m the target D.nd tr~v~rsed the stack with sellllcted 

mom(;mt-utn. These three decayr.;~ thtiH~efore, a.gre~ w~JU with the eota.blished 

RtrZ decny scheme. 

B. 11·1 Mev. .A. stack of 107 t>ellicles 3. 5 hi. by 3. 5 in. by 600 microns 

was. e~posad to 114-Mev K mesons produced in the sa.~.n~ target us above, 

Preliminary re.sults frotn. this er~osure are iiven in 11:Sevatrcm K-Meisons!' » b~i 

Birge et d., which ito to appear as e ~Uer to the .Editor in the Phys, Rev. 
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We have now reca.lculattH:l th.-e masses of the K roesona, usin,g the position where 

t~e trlllck was !irtst picked up re.thet' tbi!n thtt por:ition oi ite ending (as was done io 

the preliminary repot·t) to debu::nine the m*entl:im o! the particle. The :r2su.\ts 

of t.hio m;asa. detGl"t1"~inatitmeplotte~ sop<J.A"ately for XL rx•ilbsor~s a!:ld •r mesons t~-rc 

· -·aho,vn in .Fig. l. The dis't?ibu.U.ons include 2.95 KL mesons~ 29 "m~~:Hma, a.nd 7 

· ?>ltr?rnat~ dect~~ya of the rr into one eha:rgerl pion, -::;:-::· 

. Ttle l."l'laes uncertai.t~ties gh·en are 0 (rw. '\vllet"e q .:-:; ,./~:.} ie th~ root .. meane- · 

.. 0qtt~re d~'Vitltion from tiu~ average ~"l'lase and N it1 the total number of events :l.n 

the dletribtttion. '1'4e avere.ge m.aee o£ tb~ K,. mesons i$ 970.6- * !.6 t:n , with 
I . ~ • . 0 

t<: ";Jl ZS.l. .For the "'' mee·on!ll. the av~rage mass iB 97H~.s: 5.1 me' with o " 3,). 

A comparison of t:he rru~a~ured. '7'-meaon ,-nas.e c;,£ 97S ~~ ~~ with the accepted 

· value f:?l 966 m
0 

irtd.ieetea m possible systemati.c: error. Only th<e relri..ti'~Te 

niaa,.ea are sig.nificant t.o the listed unc~l'taintiea . 
. ' 

11 :!z 2, 

;.~lthough tlte difierentit>l crosit section uneql·rectecl f.t)1• decay in flight in 
. . - 32 . 2 . - 1 .. ! . . 

~estimated f1:o:tn, Eq. (l} to be ZA :?t 10 , c:m ~ter M.ev , th~<1 qua.t;,.t:;,ty l·,r __ , i~ 
i•. 

· · subject to b.:rgc uncertsttnti~.a. The ratios. howe".rer$ a1:e valicl and an <!CCtn"ate 

.··detf.lrrninatior.t 6f the c::>()S.S section for K production awaits a mc<lsul'et:"'ent of th~ 

· pion cross se~Uon. 

C. l'70:Mev. 

6~i} micl"a-ns was ·e11;po-sed to 170 .. Mev 1~ mesons p-:rodtlced in. a copper turget o:f 

di):)."lens1r.ms l...H ::~: 3/fJ. in. a-ad 1wv :.:: 3/~ in. Tl&ifli v~lv~e of J.,H gc.v;;:: n be·~i:<n• 

.mo~.11en~un~ resolution th.an iu th~ previou.e; el:posures. Results on. th~ n.u;u;;,:;efi ub ... 

tair.'led from 165 i<., me;.lot1s an& 15 'r meson8 (amen&~ which i<lre included th:::·0e with 
,! •• 

s.ltern~ttive t".()Ode of decay) are plQttecl irs Fig. 3. 

963 . .?. ::1: Z.G ;;:n , ""'lth ;.-:. e 
. :· ro.ot~meiln-squ.sr& deviation c1 ;: 25.6 me, For. the 7 rn~sous th~S aver.:1"e :rnat.H> i~ 

'966.1 ::r. 4.8 m with u -:- 18.1 m • e e 
The fz : 1 ratio o£ KL to .,.. rtu!H.socu!) fonncl in thic GtHck t·e·mains abot\t the 

tUl1-:1e &Hs that obt;;tined at llA'~ :-.1ev. 

13cflnning is still .in progress, and at the p:re~ent time ;;.;.n exarroh\atiakl of 1l1.e 

(Seco~ln:ry tracks ie aleo under way. MaeseFJ of the few .mesons whose modes of 

d0eay have been. identifierl r..r.e included in "table I. 
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'l'he mac$ t>ee.olutioo. ie~ not l'iluf!ici<:ntly ila~row to mive evidence for htto 

. di!ltu~ent !Ct.; maee va.lu0s OM the 1:m.sis of. the ;;tbov~ data. Couso.qu~ntly~ a 

· ·.:. number ...,! fairly fiat oecol:ldat·y~.ac:ks rermaining in th;\1'! sta.cke fo:f." -diata.nces 

gre~\~er th4ila 5 een~imll'te::ra have ooen !ollo·.:'ed. _ Ti';.eae wert'!. chosen witb\")ut 

• refe::eut.:~ to eh.e mass vah'l.e$ ar.ui: :.:~~a.~n-::-~Ounted-'5 ~:~hitimeter s or -further . · 
. .. . . . . 

-~!::rQti1 th~ de(;&~· point. 'A?:. 5 .(,':ep.t:imetera C;be .gl'<'l.in count for a K'lf2 oecon\'iary ia 

. . about 1.-2'7 tim'i!O r-&1inim\1m and that !Q:t .. a. K <~· is 1.04 U:rntta rni1.1hnu.rn. Tl~.e 
',~· • • • f ' I ~ • 

.. -·· . _ piol)S o£ t;:n~wn mon1s;a~m com.ing :b'om the target w0:re used for gra.in .. cou.nt 

,,·. 

_calibration. The nle~sur!!nnents separated tb.4lla-e K~ mG!sor.u.l into two qprm11>s~ ..... . . 

· ·. pl'Ob~ble l'.;TfZ r...<'lcljloas and prGbabie ~JtlZ mGson.s. The aver::.ge ;;natlls of each· 

, tgi'a~p. relative to th0 -r !naes is ehown in ":fable 1.. :ResultG from. th~ 114-Mev 

',. llil:tnc!' t~nd the i''fO.Mev stnd-{ arc combined. 

'fhr~e K p.l meeons h;Jlvc been. fo;.and. 'l'l\e meson ~econdary re.1tgcs were . 

<' 1.44, . l. s. I'.H'!d 4.1 em. Two C4'\G¢0 of th1"ee light: noncoplanilr eocondadO!!i (listed 

-as ~:3L ) ha~e been found and are under ~ttl.dy. 'l:'.be <:\Verage iTla&ses of theee ~•nd 

of 9 .,• mesons a:re .abo listed in. Table 1. 

6~ 't·Mesoru.; 
'H ·.,;.TO lo4 

. . 

.. ·.made on tlHt second~ries of z.~1 9f these 'f mesone. 'fhe range alontz the track 

: ,··was dete1·minecl for each stopping. pion secondat·y and the r::n1.ergy waa computed 

~ '· ' 

" . ' .by UG~ of the :rangfi tables of :Bazk&G. £ 'l:""ne UUT.O.OOR'eJ of 'r deeayr.• in the I'(Jgiotlfi . . ~ 

a, b, and c of the Febd analysis .Jt t.l.l'e S~ 8, and 8, respectively-. T11e resulf:tB i'l!'e 

Hated in Table II . 

.Aa ~ test for pola:d.ztLtion o-t: tl1e T mesoru.1~ direction cor.dnEhl of each 

. S~cond&l"y were meacrUl"Cd With ~espect tO the f.lilt@D of the ~n'luhion ~ta,c;:,, the 
projections of the no:rmal to the decay plane c.m. the$e axee; were tiien es.lenlated. 

(Th~ normal to tbe pYoouction plane is one of theee axes.)NG; significant dif!e.rence 

frot:n isotropy wns observed. 

1. L. T. Kertho D. H. Storko R. VI. Birge, B.. P. Hadc:h>ck, and :.aN'. VV'bltehead, 
Dull. Am. Phye. Sex:. p Yol. 30, No. 3 .. 

l. vt·£>.tter H~ BarJ.ras ilml 0. M. Young, University of California Radiation l.aboratory 
Report No. UCRL .. 2579 Rev. 

3. E.~. Fabri, U Nuovc Cim~nto ]:_!_- 479 (1954). 

·. 
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