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OBSERVATIONS OF MULTIPLE PION PRODUCTION 
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WilUa.m B. Fowler, Geor.fe Maenchen, Wilson M. Powell, 
George Saphi:r. and Robert W. 'Wright 

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

November 1955 

More than 500 events showing pion production in n ... p collisions have 

been obtained by exposing a hydrogen-filled diffusion cloud chamber1 to high­

energy neutrons from the Bevatron. The neutrons were produced by bom­

barding an internal Cu target with 6.Z .. Bev circulating protons. The cloud 

chamber was placed 75 feet from the target along a ·line tangent to the proton 

beam. and was in a pulsed magnetic field oi 15,300 gauss. The beam at the 
• chamber was collimated. to 5/8-inch by 2.5 inches. A 1'~-inch paraffin filter 

was inserted into the beam 55 feet from the cloud. chamber to reduce the 

number of low-energy neutrons; and a 2 -inch Pb filter, followed by a small 

sweeping electromagnet, was inserted 40 feet from the cloud chamber to re­

move the y rays. The energy distribution of the neutrons undoubtedly ex~ 

tended from a few Mev up to 6.2 Bev. However. since no events were re .. 

corded. with fewer than three outgoing prongs, neutrons below 2.80 Mev did 

not contribute. 

One e~ent had seven outgoing prongs (Fig. 1). Measurements o£ 

momentum and relative ionization of the prongs are given in Table I. A 

reasonable assumption is that all the prongs a.re either pions or protons, 

and there is no evidence to indicate otherwise. Track l ionize,s slightly 

more than minimum and is therefore an identified proton. Tracks Z and 6 

are minimum ionization and, therefore, are identified as positive pions. 

Tracks 3, 4, and 7 are negative and., therefore, are negative pions. Track 

5 is unidentified !rom ionization and momentum. Since the transverse 

momentum can be balanced within the errors of measurement there is 

* This work was performed under the auspices of the U.S. Atomic Energy 

Commission 

+ Also at the University o£ San Francisco. 

1 Elliott, Maenchen, Moulthrop, Oswald, Powell, and Wright, Rev~ Sci. 

Instr. Z6, 696 (1955). -
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probably no neutral particle leaving the collision; and since all the particles 

af'e identified. exc:~pt Track 5 we know that under these conditions it must be 

a protO:n. The reaction. is therefore b49lieved to be 

n + p .... p + p + w++ 11'++ 'ft' ... + ,..- + 11' ... ' 

where .five pions have been produced in a nuc:leon-nudeon collision. The 

·kinetic energy of the incoming neutron i.e approximately 4.1 Bev for this cas~. 

We are unable to rule out $ix-m.eson production. i.e. pp ++ ...... o or 

·. prr+++ .;. ___ but h9th these .P9S&ible reactions are considered lese probable. 

,.,. .. The total charge o£ +1, the relatively high momentum of all the positive tracks, 

ancf'the absence of a recoil blob at the origin make it htghl y urtlikel y that the· 
!·.·· 

·: · eve~t is a rare ca.rbon.;..oxygen star from the methyl alcohol in the clo·ud chamber. 

:~": 

..... ~- · Tab~ 1 
' d_ '·1 ~ . ~~~.:::.=.:=;:.=::-n..~.::.~~:.-= :..!.:! ... ..,., ... - ·~-::;:::;:::. ... ~:~.;;;::_::".::""'.:.:;::::':::;.;- .::.::.:.:~-.... - -~.;_ ~: . -_ . .., ·- .:. ___ ,;~::_· : ... _ ... ~_.,._:.::;~ 

, (,d1;i;;::~j T;;~-;~g~··- ·~~::£:1~~;~~~~g. e~;~!n~=d- ~::~1~ .. 
r'''1"~':'~~~~:.:;: .. :c·:<t~~~:·:·r· · ····" · . , (Bev/ c::) (Relative) balance £ication· ····' 
., J' · \'::''ji' . . . · . . (Bev/ c) 

.~ :d~>~~.) .. ;-,;-T~-.. -·--;,rJrs-~o.rnr·-~~----·~--cs-.. ·· ·····-- ------ --o·. «io·· --~---··-----,-·- ·--:Proton-·---
tt 0.67 f: 0.04 Minimum 0.71 tr+ 

0. 74 + 0· 10 ' Minimum 0.83 w"' ... 0.09 

4 1.19 :t 0.06 Mtnbn~~ 1.19 . . 1r .. 

3.0 :~::(a) Minimum l.S6 Proton 

ill..:i~3~! + 0.15 - + u.w ... O.lO Minimum 0.53 .. 
{, 

0.065!t 0.003 -3 0.065 tr"' .. . 
• .,.,.~ .... ", • .--4. ... ~·~· • ..,. ... n:"' .......... """';..,._,_"' __ "'" .... - ......... -!:. .. ·'"·""'·\--- 'f· • ...... ~·h ........ •• '"'' ••• -~··-~··-~··-r~ . 

. \;':;··'~i~F::~·'(~~·;'~. ·(a.) The total energy o! the outgoing particles is limited by the energy of .. · 
;'if) ;,~~;,/' ';.~ : ~-.: ~~ ·. · .. ·,. ~· original prot-ons i.n the Bevatron. The apper limit here ie obtained ::;; . 

j) i;:fi,,". .',. /.·.,:.:·, . ·in thia w•y rather than from direct measurement. ., · 
L~ ... ~.f.~?~::t;~, ~ :.· · ~ '.7 ~ •• · • . .. 

',~· ... ,.>7-r!f. -. · ~.;'~~;::_z.·~:;.:.:_·~.;;:;:-,.;~!-~~;::-:-~.~:· .. ~:.::.:-:;:.,::_.,~,.. .. ~..,::·.~:::; "':: ..... _:·:..::~: ..... _~ . .:-:-.-- :- ._ .. ·-.. ~ ~--~ ..... ~-- .~ ~_,..,. ____ . .. __ ,... . .... ·~ ----=~.~:. ... ~~c-.;c;;.:·r;c,-Jc,;;.: 

iii.-,'' . · · ·:,.,_.ble C:: ::::::":~: .. :::~:·.~:~a:;c:~~~;:8t::::~:,:::;evi~;~:Z~t· 
~.->;('~ · ·and·the number of pions prod~ed in the cOllision. A preliminary anal·ysl$ -~ 
z; :.·:. ~ :·j::; -~ .. 
~ l ~. ~ '; .th.~ live-prong evente indicates that 16 of these have one or more neutral 
. . . 
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'Table II 
~fo·~~-.....," ............ ~~.,... ... - ........... JI,._. ........ ,~ .... :\1"~,.....---..... ,Jt ........ ,~~~. •" ,~,..-w_.,.._'>tc•"' •• ~- •· • ~ .... •• ·~ .,.. • _,_ ......,. ...~- • 
~-~~~-·~·fl··~)QI.~~~.-... -f~~,.,..,~ .... ~_.,....., __ ~·oV6.-__.,..,.., __ vf';--R·-~··~,..._,...' ~-·------·· ..... -~.,.....,._,,..,_ ·-'••.-~- _...._ • ._,_, __ 

Relative fr~quende& of multiplicities of 
pion production. in n .. p collision$ 

. • . ~-~. > )' .. \ ~ ,;· ~~~\..,..,...,..,. ..... .i'<.""~-• .......... - ................... -- ... --~ .. -.. ~1<'-01 ..... , ...... __ .. , ... _ .... ;.. ... -y-r------- .. ""·- ___ , ....... ·-~- ··""--'" ~ .. -..... ·-·-·------ ... ,. .... ..-......... - -·· --~.-.; ... ---·-- ________ .... 
'· ·~· 1k .Ob.~J.,rved type 3 -prong j 5 -prong . 7 -prong 

·,'"·)"~· of .• ve·nt I • : :' • . ·. . .I 
~~ ... -~ ................. _·f-..---~- •• -- .,f.- -~~--- ,.,., .... \ 

· .· .L ·~,. · < Ideatitied 1 1 Gr 2 or a 3 or 4 or 5 · 5 or 6 or 
'" '· ,,~·>~>~~~!iA ... N'Q. tO{ pions m.ore more more more more more 

. :'r;i,:{;.:zr~ No~: ~f events .. 473 ... 3 29 16 1 o o· 

~~!'~ ¥'"...:''.:::-..:"c".:;.cc '""'-=-'"-''----·-'"": ~"- ::: .. :!. -" '""'·-- ---"- :.c. : :. ~- _. __ !_ -'--· -- .• . : --'~= 
,ji:) / '"~utgoing pat"~lclea. · ind.tcaUng the production. of four· or more pi one, ldonti-
~i:;!f-~{"1:~·. "'".{· _,.;' . . ' . ·.· •. . ' ' S,;-

;;'·.; '),· .:+~~.'Y ficati(',m of these. event$ is based on (a) ionization and momentum meaeurement:s · · 
' . ,.· 'i•-· ,~,·~·.··· '· . • . • ' •. 

1\~·< ,l~ ~~.;_;:(-:-~~ ehowing that two of the positive particles aJ>e pions (she cases). (b) lack of , . 
~-~"\ •:t • . •; " >'v- ~\,.~- ~'>. ~ ' 

i;¥.;i£(.}kJ:;~~L-}:~tt::;/~'tansvtute.e momentum balance within the errors e>f rneasufement (seV'en· cases), 
~:{:lf"!l~~~. ·}~:~~-:. ··;:~:J:.~;- ;)~;··:: ; . ~ . - ' . ' ' • • . • ' . . ' 
iJt~f:~£!')!t~ r~i~~J~i!~ik;;:\·~r both {a) and (b) (three case$~. Production of tlu-ee pions is 1ncbcated tn three· 

.-~Wr' f'~f~1(f'·:~::.the five-prong·e'tet'd:s that show transvers~ motnent\lm balance. Becau!ae it 

·~.·J.~W:~l~ ... ';"·1~.;f~.~:}.;~~:-.; :;;_'f •. ;~a.ier to estab1.itJh the absence than the PJresence o£ tnomen.tum b~1anc~:,~:: . 
. ····i•{'/lf ...• :~ · .• '· ~~~ ~ ~i· ~·~"-' .. ' '.' ~. ... . ' . ' 

;1!f~~{~j,:!;~~~~f>>!:·;· :.-:.:$~ i6 ean only be considered within statistics as a lower limit to the l;"atio_ of:: 

:.~r_::.:~~0;(~{'1'H:,;:r~·.~~., three;pion to four ... or-more-pion. production in the five-prong events.. The . 
·, :!;' -~ ;:..f.,;··~" t:'::J,-l-,·~-:- .f ~ 1'.'· . i.·~ . . 

. i'Lri': ;~~¥::if;f:,t;..i:~::/;Y' group.~ !ive -prong events listed a.a u 3 or more" pion production consist•• 
· f;~·~~-{4: ~~-- t~::i .. :r.tJ~·.;;;~ <~·r ... ~. · . .. . · · . 
'R;,::::: '1~~~i;~t_;):-.~f .df .th~ae ev•nie for wb.icb the pl'e&en.ce or abeenc:e af one or more neutral . 
;;~,;:,·;}·:~%;;J);;:If~;f}:. outgoin.g pa.rttc:lee has not been established. The .grouping of the three .. prol;)g 
~-~···~\,~~~{:~~t~~;~.:~'~t~.~t0\.· ~J· • t . 

~i;:~;/;,~,jl?f.f..[t,~;;~!. ?·<~. evea.ts into the· "one or more" pion--production classification reflects the l~Clt 
~E~): ~·~·.{~~;~'~.::.:-~: :·>~~ ,~:.:~~- ~ .· -·. . - . . . . 
''· <' ·.iU·J;t:'i~( . .¢-,:·.r:.•,~ -of ana1ysu of this group. 
~·~z :-~; )~~·$..?/~~;:·\~·;!· :~.·. ~- ::' . ~ ; . . . • 

';' ;._ f;.er~:~:~~·::.,.:J, · · In a similar experiment using neutrons from Z.l ... Bev protons at the 
;.~ ... w:;'·f~J j~~t./·r--~,.~~~~·~1),'~·'~ ~-: ,4 

' ' • ' , : 

·r.:::·. · ,;;:~z~:~~t':·;. · , :Br~old1a ven Cosmot!'on; no five -prong events were found among 18 5 three ... · 

~}:~r.:,;~t~:~',,~;:\-:·::.·.pro•l events. 2 The mean available energy.in the center-of-mams sy$tem 
~1:·~.-,.~l':._';:,.~·.:•-.f~:· .. '-. ' . ' 

'·~X. ·;;fl~i~-~::/~; ".:,\:'hi the Brookhaven experiment was detel!mined to be 720 Mev, wherea.,& in' 
\. ~~. 1-r':.i :.-, v: 1 · : I" • ~ · .. • " • 

~'i/-<;:< 1\$\~'f;' .• . · ~;:.··tld.l 6xperiment the .available center-of -ma.es energie• extend up to 2 Bev. 
' (._~; -~ ,,;· i!";.i' I; .. :;_ . ·: . e, ',T • ' 

''Ji:.:~~_,f/ + ·~~;: ' ·.:'':' . Similar eviden~e for high multiplicities baa been !ound in 1r- -P 

t~:~::; ~~~~ ···< .{ : ,, collisiQUs.
1 

and p-p collisions. Negative pions with an average kinetic energy 
:·:·:"'f .. 
·~·_.; ;:~t. 
-~ ': .J'c.... ( ., 

!'·. 

Z.;· .Fowler. Shutt. Thorndike. and Whittemore, Phys. Rev. 95, 10Z6 (l<JS4):.' -1 M~enchen, Powell. Saphir, and Wright. Phys. Rev. !!_. 1619 (1955). 
~-.) /. 
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of 4. 5 Bev yielded three cases of four -or -more meson production in 

145 iuteractione; S.) .. Bev protons gave two ea.see o£ four-or-more meson 

production in 39 interactions, 

. The cloud chamber pictureli were st:anned by Alfred S. Fischler. 

,. Mrs. Marjorie E. Jsitt, Arthur A. Kemalyan~ and Joseph H. Wenzel. 

'·· They ~re all ecanned at tea.st three time.&. 

We at'e indebted to the members of the Bevatron staff for their kind 

cooperation" 
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Fig. 1. Photc)g:raph of s.e'!Rin .. prong event interpreted as production of 

five pions iu an n-p colUeion.. 
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