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We. ave ~_~ "thetot&l 1Delutle ~ros8 8~tl~ (a~ei) a11d'~' 

~hu8",pri1~ieElltl,ileltiee oMa1De4 1A P»~81~ st" ~ Gel'•. 

fte data are traa ~ 'pnU.m1DfU7 12.000 picture eQoDUNofthe 3O-1Dch 

m/IAL Up1~~ bubble chamber•. Ve t1Dd aiDel • 32.8 :tl~O.; 

the Imr ~8 ott~~ll1IltipUcltt d1str1~lOD to~ _tive~c1ea 
, , . 

are: '<8_> • 3.50 :t 0.01,' D_ • 2.31 t 0.050 t; .2.1 t O~2. t; m0.1 io.,.
',' . . . \. :.::. .-' . "'. """ ' 

We also.present up4ated results at 102 QeV. ," .. ~ .' 
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In tUs letter. ve repori: ~,,=!-a~est !i1e&sur~~ts ot, topol~caJ"" 
- . .. '. '. '~" . ',' " .::. ' . .. ..'. 

elastio, and, totaJ.'i:rOBS 8ecti~ in pp collisions at 102 and lJ05 GaV .' 
l '. 

utilizing the 3O-inc~ ~/IAL 11<1u1d~8en bubble chfmlbf:tr.!l'he,'" 
, '.; ~ ~;t.,' ~ . : . • • . . 

102 GeV data uoe f'l'aI a 31,000 Piet~e, U:Po~e (about 126 ~l1te per 
'-;. ';;' ", ~< 

Dlb ot eross sectioD), wb11e the IJ05G:eV data ve from a 12,000 ;o1Q~ 

exposure {'bou~ 65 events p~;,mb.ofcroBs' ~~1on). !'be present work 
.. , '.-i. I ' 

supercedes a pl"~V1ous Plbll~ation. 9t prel1m1D.8l7 results at 102 Ge;V 

'based on a 5000 Pie~e ~8";;.1·' ;" ", , 
. ~.:.' J ..... _~ ~.. ~... 

; ~.~ • <J' '. ,;. 

Both exposures were sca.n~e4 tv1ce for eYml"ta pro8.uce4 by 'boa-like
.::'.. ~ 

, .;'-, 

track..e. a third eompuisoll scan was pertormed to' ad~udicate e:I1¥ aeon-

ai8te~le8 in beam CQUD.ts Or ErV'ent topoloaies found in tbetvo previous 

ind~Peud_t sC~8 of, tb~ fila. "The la05 QeV . date. aDd the initial 102 

~V' uposur.l ~e t~eD W:ins T~ _ tilm."vb1ie'the meJqr tractlOD 
- : <' ",. I, 

.i" 

'ot"the'102 Oev,. ~1m&n:t was recorded us1n& 35". film. nth the,� 

.eba'mber ,operating' ill a double-puJ.sing mode. All exposures yere cU.v14ed� 
" ~ ..... , . 

eqU8li7·bet1Te~n the M:lc~p.n and' Rochester Groups and were han4led 1a 

a s1m1lv manner ~ 8camdna at M1eb1gsu was' pertorDed U8iDS P"03ectOFS 
, ~ ,',' "' , 

Imrlng Itox ~1t1cat1on of the !map ~ '1lm to scarm1ng ~b~e."1tb11e 

e. 25X aaan1ticat1on Y88 used at Rochester. 

In !'able I' we .present·· our :measurements of the toPological cr~s.or-

BectiOll8 at 102 GeV Corrections to the cbargec1-particle cross· ·sections 
. . 0 2 

~ baTe been ude tor Dal1:ts decays or the ._ons._ ' 1lesu1:ts from the t'W'.P 

" ,:,BCans lnd1~,.~.ed that the d~bl~8CaDeft1cieDC7tor visible two p~ 
;. ..: ." ~ . ". 

(02) V&B 99 :t 1%. Wile fQr h1$her-p~D8 numbez.oa"it wu eesentiQJ.17 lOO~. 
", =.',.- .. ' -~"... . .. ..' •... :.,' ":-" ': ~,' ." .. ".- ",.. 

All appart!nt· odd~~oDee4 ~:ven.ts( ...O.~' of thet,ot&1l were cDulsUi8d as 
'," 

A JCIl.&ll correction. corrUP()rid1~ to a sli1tt-ln:tbe DD1l~1p11cit7 dis�

tribution of appro:n:im&tel7 ,lOS of that resulth:lg traa� 



the De.lttz-pd.;r: ~orrectioD~ ftS also applied to the 6ata to take account 

of seconda17 interactions Qccurring within 0.5 em. of tile main product1on 

vertex lIh1eh might,haTe gomurmotlced. FjnoJ]l't the t'W'O-prong data vere 

. ~rrected ,tOT, s.rtIAll-angle proton lossee (sbort proton recoils whieh we"~. 

not vis1bl~ in the bubble chamber). The latter 1088 was determined b7 

fl ttins ,the elastic scattering da.ta to aD aponential form: ' . ... 
, . 2 .

.. ~teQ.,At ;+)It 
' 

vhere t,ts the square t1 the t~CDeBt'UII tr,aaater traa 1Dc14ent to 
outaoiDg proton. 1'he t:tt was ca.rr1ed out ua1q ,the' vnbiue4 data tar 

,ItI > p.05 Oer ll . with the c0I18Ua1Dt that '.the eross section at t-o 'be 

s1ven lq the lcnrer11ldt provided by the opt1eat theorem:3 

~ ,~ 
. ~tlt=o =i~(6c)2 , 

~ , where. for 0!l', .."e.used o~, measured value of the, .total C1'Oss-section.f 

(iterated ~thre8pect to ~b.ecor.rect10De reQ.U1re4 for Itt < 0.05 Gev2,. 
, f1prel(a) d1splqstb~:measure4elastic 41tterentio1 c:'08s<>ieectloA 

at, l02GeV ~d the fit ()tEq. (1) to the data. ~beet-ftt pan- , 

meters are given on the gapb. 'lhe VfUue ot B 1s consistent with r~ent 

~t8 ~ed at JI'AL. 3 ~ twO-prons j,ne1aStlc cross section 

as also corr,ec.ted for elCAr-p1"9toD recoils as~DS.the same detection 

.. ett1cienC7_...· a fUne'tion aft, .",_.wastoun4 ~.1D8 t.he tit tn-F:1g. 1. 

The events appeariDs in the elaat1c cross-seetlcm kta of Fig. 1 

,; were, :'obtaln~ ~1ll'ou6b ,k1nema~1c fitting ,of e.u tWO"'Pr0D8ed events to the 
. • 4 

elastic-BC&tt~ing h1PotbeBie.'l'o ascertain the c11acri1n1Dat1on of, the 

x2 tit to 'backgro\md tr<areact10!li1.ottbe kind: 

., 



(3)� 

....., 
'We proceeded as follovsi We eelected all tour-pr~nae4 events belonglDg 

to tbe inclusive· reaction: 

pp ... p + anytbiDl ( ..) 
where the final-state proton 1s slow 1n the 1e.boratory. 'l'hese events 

.were converted into talte two-prODSed eveDts by lanortns all tracks ex

cept tor the slow proton and the futest positive track fJIleJ"giug from 

the ae.1n interaetion point. TheeetaQ two-pr0D88 vereproeessed 

through our kinematic fittiDg prosI'aas aDd the traction of e'f'ents which 

tit th~ elastic h7P0thesis provided us with an estimate ot the coutadna

tlon ot the elastic data tram the sort otcba1mela' 8iven 1n reaction (3) .. 
-

fte uncertainty 1n this fitting procedure is reflected in the errors we 

assign to the two-Pr0D8 cross .ecti·ons. ltrTors on the ->JJ-prons aoes 
. 

sections are ma1n11 statistical. 

Table II presents, at 405 GeV. results sUdler 'to those S1veu. in 

Table I. In lig.l("b) we disp1a;r the elastic seatter1Dl 41tterentiaJ. 

eross sec'tlon tor the higher energy data. The 8.I:l.a1J's1s proceeded in the 

.same fashion as at 102 OeV. !rile larGer error bars ·reflect the lower' 

statiat:lcs &s vell as the poorer resolution tor the tvo-pr0r.tp4 1nelUtlcl 

elastic RepIU"8.tion at \05 CeV. 
. . 

i'ble III diepltq8 several calculated flWIo!.t:1ties of iJ:rtereet using 

the data presented in the preVious tables •.·In Pi8. 2 we ccab1ne our reo
.. '.. .... . ~ 

sulta with siJ!1i11U' previous measurements at energies> 50 GeV. we note 
. 

. -
'the toUov1ng: 

1. The ..verege negative-particle multlpllcit7 in inelastic lIP� 

collisions between 50 and ~05 Oev :rises'approxmatel,J' &8 tn 8. Ther~' 1s,� 

however t a eubstantial eeatte~ ot the exper:1menteJ. points 1'rCD a _oath� 



riaewith 8. this is true for ell the inela.st1c da~a &s well as tor. multi

plicities excluding the tvo-pronged topology) thus sugasting the presence 
;{~ 

of ,interesting ',structure or additioDa1. 87st'eme.tic .uncertainties in these 
. \. .. ',' . , . 
experimentil.L Thebest:fit linear dependence of <0 > on !n 8 is 

,: '...". ." 

<n > :: -2.5 + 0.90 R.n 8.. Wado not quote en~tJ'on these Parameters be-
cause ot the poor qUality"ot· the ti1;' (an additional quadratic term does 

not substant~a11y imprO'i.a tHe fit) ." ,.:' . 

. \.2 ~r The 1;' moment reqU1r.~s & (in B)2 .term in. ,a.edit1~ t~ a in 8 
, 2'·· . 

term. to obtain an acceptable X for its energy dependencet .. ,'.' 

.,- .- , ' , . 2t; = (6.5 ± ~.5) + (-3.8 t l;~)tn s + (0.43 ±.~.12)(Ra 8) 

3', The errors; pn t; are presentlJr too'large '80 ~s t ..' discriminate 

between a linear or quadratic dependence on .t.n s. 
i...... 

~. The value; of D/«n> -1) is approximate17 COi1sta,ut ,(...0.59) as 
'. ~ .' ' 

predicted by Wroblewski. . '.l'he ratios. ot the ~ moments divided b7 the 
th ... , 2' q 

q power of the mean multiplicity. 1.e•• <n >!<n> &1$0 appear to chanp 

slowly in this ener~ range (not shown). Taken together thece results 

indicate that ~1le ex~ct DO scaling does not p,old .in this enerQ reg1met 

it m.tq be appr6aChed aeymptoticaJ~y ( ... ,&8 l/<n» 5 
0 . 

\'le thank the members of the NAt neutrino laboratory far their aid 
" .. 

in the taldng of the exposures t and ve thank our Bcazming and measuring 

personnel for their diligence. 
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F!J.W.:! CaR'tions 

1.� The di-fferentlal erosa-sect:J.on tor elastlcecatter1Dg e'gents at 

<.) 102 end (b) IJ05 Gel. 'fhe shaded area correspOnds to the event 

losses at small t. 

2.� The negative particle aultlpl1c:J.t1" d18trlbutlon.1II.QIl.ents 8Dd the ex

pression Dj«n> ... 1) as a function ot the incident lICDentum. The· 

cU1'Ve8 are the result ot l08arlt1ml1c tits described in the text .. 



'.l'otaJ. Inelastic 31.9 1: 0.7 

Total 38.9 :I: 0..8 

.. . 
. (a) See -text. 

(b)� Dene1t:y of hydrogen used in the calcuJ.atlon of croes aec'tions 1s 

30.0630 t 0.0005 gm/c:m • 

, . 



TABLE II 

Topologice.l Cross;' Becrtions at 405 GaV 
~-

...." 

Prong lfumber correoted(a.) Crosa(b} 
, , Blaber,' Observed lumber Section (Dlb) 

Elastic ' {516� 1.8 t 0.12� .. 600 Inelastic 179 2.1 :t 0.' 
4 298 303 4_6 1: 0.3 

6 331 336 '.1 :t 0.3 

8 370 ',315 '.1' t 0.3 

10 312� 313 14.1 . t 0.3 
, , 

12 252 252 3.8 ± 0.2 

14 190 187 2.8 t 0.2 

l~ 95 89 1.3 t 0.1 

16 66 63 0.95 t 0.12 

20 '-0 3T 0.56 i: 0.09 

22 21 0.32 to.0723 , 

24 10 9 0.11, ± O.os 

26 3 2 0.030 t 0.021 
.~ . 

28 1� 1 0.015 :t: 0.015 

30 2� 2 0.030,,* 0.021 ' 

32 1� ]. 0.015 :I: 0.015 

,Total Inelastic� 2170', 32.8 t 1.0 

~ota1 259'-� 2686 .' IJo.6 t1.2 

(a) Bee text. 

(b)� , Density of hydrogen used in the calculation of cross sections is 
, 3 

0.0630 ± 0.0005 f!J4/cm • 



;� . ..� ',' . ", 4"� 
(a)� The skewness ,(<(n -<n> )3>/D3) and the kurtosis (<(n -<n» >/D ) 

are identical for the total end negative charged particle Il'Ultiplicit7 
",.� , '- ' .'2� ' . ' ' 

..._, distributions. D is the ve.rianceot the multiplicity d1str1bution~ ..~ '... , 

"2� 2
i.e., D c ~(n - <n» >• 

..,-'� _., ~.. . 

-..~. -. 

~.	 '. 



100r---------------------.� 
(0)

pp ELASTIC SCATTERING' 
102,GeV . 

. 10 " IdU) At'+ at 
dT t~Oe 

-dO")· =16.5±3.0'mb I 
dt tlilQ. . GeV 

A=- 11.4 ± 0.7 GeV·· 

 Be 2.5:t1.9 GeV"· 
N 

~ c> ._ 0.1 '----£..--..........---1.---'----'--.....,;;;;-----..� 
". 0.1 0.2 0.3 0.4 0.5 (GeV2 )� 

D -t�
E-

.~ -
~ 100 r----------~-_"'O.--~---, 
':l (b) 

pp ELASTIC SCATTERING 
-405 G~V 

. 10 

- .. 

. 
1.0 .J!..fl.) mb

dt t=o83.7±4.0 GeVf 

A=-IO.1:tO.9 GeV"£ 

B : 0.5 ± 2.5 GeV"4 

0.1 ----'------------..--""'------~
0.1 . 0.2 0.3 O~4 0.5 

-t 
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