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Based on data obtained troIIl exposures or the Fermilab 3G-inch 
, 

bubble chGlber, we present a cOlllpal"atiTe 8tudY of inclUsive 1l++(236) 

production in pp collIsions at 102 GeV/e and ~OO  Gev/c. We Obs~e 

tha.t, to better than 1~  accuracy, the invariant cross sectloofor 

/)++(1236) production tor It I < 0.6 Gev2 and Ixl > 0." does not depend 

on energy. A comparison ot the observed prlT~rtlell  ot the neutral 

bar)'nn sTstem produeed in usociation with t.he 6++(1236) IUld t.he 

kncnm chAracteristic8 ot Tr-p collision8 reveals a reJllSrkab1e 

s:1lll11arity betveen the JITOPftrtlcs of these two neut.ral IDUltiplLrt.icle 

8)'$t.ems. 
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Thp. chllrllctcrilltico or inc1ucive ll(123G) production tit high 

energies have recently been stUdied tor pp col11sions at 303 GeV/c(l) 

and preliminary results hllve been reported at 205 GcV/c(2) and at 

€9 GcV!c(3). Here ve present an investigation o~  the energy derendence 

and other hitherto unstudied properties of the reaction: 

PP .. 6++(1236) + XO� (1) 

Where XO represents anything accompanying the 6++(1236). 

The data are from a 33,000 picture exposure of the Fenniiab 

3C>-incb bubble chlllllber to 102 GeV!c protons and from a 19,000 picture 

exposure at 400 GeV!c(4). In both eXJleriments the team transmitted to the 

bubble chllJllber had the seme mment'Jl1l as the extracted proton beam from t.he 

l:l!\1n rine and, consequentl:r, beam-like backp;round vas negli<:ible. 

We measured all charged tracks for a sample of 3000 events ~d  

2200 events at 102 GeV/c and 400 Gcv/c. respectively. The pro

cedures used for proton id~ntificatlon  have been described else-Jhel'e. (4 ),(5) 

In this paper ve vill be concerned with 6++(1236) production.in 

the backYard hemisphere of the center o~  mass, and, consequently, to 

avoid biasing this sample of data through our imposed scanning criterion 

used to select protons, ve vill restrict our coositlerlltion to eventD 

which have II
+ 

p invariant IIl11SSes ("'ti) in the 1.12 GcY to 1. 32 GeV 

intcrval and have 10... vllIues for the square:; of fuur-DlCClentu::. trWlsrer betvt:en 

2
target proton and the ~++  (ItA' < 0.6 cey ). With these cuts on 

Ht. and till • we retain for further study of Reaction (1) 160 events 

and 119 events at 102 ~V/c  and lioo GcV!c, respectivelY. 

Figure l(a} displays the ~+p  mass spectrum for the selected 
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data sa.mples. !,t both beam enerRies, a clear enhMce::.ent ill observed ill the 

,/p mass at the position 01' the 11++(1236). 'l'be cross section tor 

6++(1236) productioll tor Itlll <0.6 Gev2 1& observed to be, to vithin 

10% etat1utical accUTaCT, independent ot lieu lDOftllt\llll between 102 ~v/c 

IJId 400 CeV/c. A .Wlar plot ot the 1f-p 11&58 speetr\llll (i.e., tor tbe 

reaction pp .. (11-p) + X++, "hich is not 8bOVll) exhibits tbe presence 

ot a tar vealter s1.gr.aJ, at the ilo(1236), conll1stent with the production 

l ' 0 ++
ratio ot '9 tor the relative crose section8 iI II:; ,expected if 

inclusive A production proceeds through I • 1 exchange in the 

t-chlJlOel. (The crotlS section tor production ot 1I'p s"lItelllS outside 01' 

tbe 6(1236) range is the same tor 1f+P ~ tor ll-p pall'S.) The til dis

tributions tor Reaction (1) at 102 GeV/c and at 1100 CleV/c are 8bovn ill 

fig. l(b). Aga1D. vitbin statistical lIZ1certe.inty, the cross sections 

at the tve energies appeer to have the 8_ normali"atloDs Md sh..pes 

1n t 1:;' 

. ++
'l'he mass or the lIystelll recoiling h'0Ill the Jj (1236) does not d18

pl-r the sort or 10_uB. enhanceJllen'. observed ill the reaction 

. + + (Ii) 
pp .. p + X tor the 1 &y5tem • In 1'act, the IIIlUIB dilltrlbutlon at 

the XO in Reaction (1) i8 qulte featUTeleas. 'l'bis result is d1spl~e<l  

in the x-distribution of the 6++(1236) in Reaction (1), as shown in 

Fig. l(e). (The x vari&b1e is defined to take account ot the ",on
. (s - (M + 1ll)2.)(. _ (M _ .)1) 'I 

&8JlllPtotic nature ot Fenllilab energies: XJj .. p~/[  . ll L Jj ] • s 

vith III representing the proton mailS, s the square at the eflerQ in the 

center ot IIl&IID Bystn. Md pi the lOll8itlldlnal 1Il000000ntWll or the 11.) '!'be 
++. . 

innrlant x-speetrum or the t:. (1236), :llltegrated over our t 6 range is 

wo 1ndepeDderit 01' iDe:ldent _tua. tbat 18. 1t 18 o'bsent'd \0 

"~e~e·.  vithin statistical uncertainty, tor Xii < -0.7. Furth~rmore,  

there does not appear to be any aignificant varintion in the transverse

lllOment\llll .pe~rum or the lJ. as a i'unction or Xli or B (the P distributionor 
. 2 

ie approxi1lllltely ot the rom exp(-6J1o ) tor xA < -0.7). OUT data are� 
. (6)� 

too meager to varrant ~  detal1ed trlple ~egge  analysis ot Reaction (I), 

bevever, it appears that pion excha.nge alone 1Illl1 not account tor all 

6 productlon at large /XI:;I.(7) 

In Flg. 2 ve display the mean charged-particle multiplicity 

«n'>TOT) or the t' sy~tem  aasociated vith 4++(1236) production as a tunctlon 

ot IIO' Ve also shOW' the varlation of the Mueller t 2 lllOlIlent «n2>_<n>2.<n'> l 
X , 

'vith ~..  The data at 102 GeV/c and at 1000 GeV/c are In good agree

+ (8)
lIent, &8 vas tbe c:aae for an analogouB cCllllParison ln pp .. p + X • 

The lllllOOth C:l1J'Tea l'eprese~t the variatlon of the S~  parameters ln 

'It-p collisions as a i'unction ot s (Le., If·P'' Anything, vhere Anything 

!ncluder. the ela.stic: chnnnel. examlne~  at the square ·ot the energy ln� 

the 'lI-p ('enter ot lIass (a) corresponding to s • ~o)(9).  '!'he lov-order� 

charg~d-part1cle  multiplicity m~ea~s  in ~-p  rellCtions are seen to be 

quite conshtent vith those observed in the "collislons" of the virtua) 

obJect. (or rather objects) R- .....ith a proton (see the diagrlU:l in Fill. 2). 

As in our preVious investigation(8), ve nov proceed to eXJUllln~  

vbether the propertie8 of inelus1v~  pion production in R-p colllsions 

are aaila:' to ~hos~  observed in 'lIp collhions. In particular, ve� 

exaa1ne ~he  !"!actiOIl:� 

R-p .. '11- + (~hlng)+ (2) 

.'" 

..� 

t\,1 l 
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in the rest trllllle or the X
O 

sY8tem. Figure 2(e) disp11118 the invariant 

x distributions 01' the TI- In Jleaction (2) tor~.  <: 59 fie". The UBual 

t-channel d1reetion is chosell as the collision &Xiii tor the 1\-p obJects. 

Thus, positiTe x eorrespoads to emillsion along the R- "direction"r 

(opposite to the incident proton) in the XO rest t:rue. '!'he z nriable 

(Mi.- (m + II )2)(~o _ (m _ ~ )2) 
iadef1ndas:x "Pt/ ( 11 'If J!s,vherePl 

tr- 4Mio 

11 th~ longitudinal lIlCIIlentUlll of' the 11- in the XO rest trllllle llIeasured aloDS the 

R- direction, lltr 18 the pion _8S, and.lIl is the IlllL3S of' the pl'O"ton. (The da1.a 

at 400 Gev/c tor ~o  < 50 Gev2 are too lIlt!ager 1.0 permit a meaningful 

analysis. For cOll1pariBon we give the x dht.rib~tion  tor w- production in 

'If-p collisions ats ::; 30 GeV2 (10) • lI'on:aiizations are chosen so 

that the integrals of the distribution in Flg.2(c) field the ~>  values giTen 

in F18. 2(a) (i.e., the elastic channels are included throughout). Ve no1.e that 

the character of the resUlts tor Beaction (2) 18 Vl!l'7 silllilar to what 
, 

is observed in real w-P data. The allJllllllletJ7 :In 1.he d1Btributions nbolrt 

x .. 0 is particularly notevorthy. The peak near x'fr"" .. +1, Which h 

~ogous to real 11-p elastic scattering, is "derived e.lmost en1.irel)r 

trGlD the tour-pronged events 01' Reaction (1), 8l'Id indicates the presence 

01' lov-ma&s ('If-Il++' production. (11) 

Finally, Ve have eXftmined (Table I) the e.D«\Ilar ~ts 01' 1.he 

++'
f. (1236) decay in the Gotttr:led-Jackson trame (1. - channel) tor

6 

:Xl. < -0.1. (12) The results are s1llli1ar to those obtained at lover 

energies, t'or data iJlTOlving l>(:t236) production 1n exclus1Ye reaC't:lons 

~re  'If-exehange 1s t.ho~t  'to dOlll1nate. (13) The large Values 01' 

--01' 
<12> indicate a preference for IJzl .. 2' spin ali~t  in 1.he 6 decq, 

eons1Dtent v1th reaC'tioD8 itlT01ving 'lI-l!zchanse. 

( ( 
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In conclus:lon, ve have examined inclusive 6(1236) produ~tion  in pp 

col1is10ns at 102 GeV/c and at 400 CeV/c. We tind that the cross sec

tions for .Il production (i.e., M 1.12 GeV to 1.32 GeV) for x < -0.16 

and It I < 0.6 oev2 are 1.43 t 0.10 mb and 1.36 t 0.14 mb at 102 ~V/c  

and ~OO  Gevlc, respectively. These cross sections thus appear to be 

independent ot s. AlSO, 6 production appears to scale in x between 

102 GeV!c and 1i00 GQV/c. And, finally. the :lnternal properties of the 

BfStem produced in association with the ~  are remarkably similar to 

those e~cted  on the basis of the exchange 01' a virtual 11- meson 

Which 8ub8equent~· interacts vith the incident proton. The latter re

sult is analogous to our findings in a previous study 01' tne reaction 

PP'" P + X·. (8 ) 

We thank E. Berger, R. Field, G. Fox and C. Quigg for discussions. 

We also acknowledge the help of D. Cohen, D. Chaney and J. W. Cooper 

iT, the analysis of tne data. Finally, ve thank the Direetorate and 

the members of the Neutrino Laboratory at FNAL for their encouragement 

and help vith the bubble chamber exposures. 

TABLE 1 

b.++(1236) Dec~  Moments in the t-channel for xlJ. < -0.7 and It 6
I<0.6 GeV2 

102 GeV/c 1i00 CeV/c� 

<y?> 0.094 ± 0.025 0.007 ± 0.031� 
.... 

0.003 ± 0.016 -0.01i4 ± 0.020<ReY~> 

<yo> 0.065 ± 0.024 0.094 ± 0.028 
2� 

<Re"f
1
2>� -0.017 ± 0.018 -0.019 ± 0.023 

0.009 ± 0.016 0.053 ± 0.011<RCY~> 

( 
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rlsure c.ptionll . 

1.� 'nIe .... o~  lI+P II1llt- produced at hi <0,,6 ee-f 18 giT~ in (a). 

D1atr1bU1.~OIllI  111 1. &rid x of 11++(12)6) produeed 1n Reaction (1) 

..ppell7 111 (b) and (e), reB]lt!ctively. (Both x 1 and t 1 areddined 

I! 
![ 81 n III n 

to b1t llOs1t.i'Ye quantities.) 

II
'\� . ' 

2.� 'l'be total &'ftra&e charged-particle \llUlt1pUc1ty and 'the f 2 ~tI� 
ot: tobe -X°lJ1ltt!lll ue clisple,yed as a tuztct10n or Jf in (al and�xe 
(bl. respectively. '!'he Glllooth curves ue tor lI'-p data COITeS

II� J!ODdSIl6 to arp .. ? (e) InclulllTe 1T~  production in ,(p 

eol~1s1ons  is cOIl1J81'ed to obsen-eel characteristics of R-p 

"eoll1s1ollfl" shown tor tvo re6!ons ot ? . 
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