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In this J.etter we report eur 1at.eat maawmenta of topolagieal, w |
elastic, and total Cro8s aectious in pp collisions at 102 snd 405 i}ev |
utilizing the 30-inch ANL/MAL uquia-wmgen lmbble chamber ; The
102 GeV data are from a 31,000 pictnre exposure {about 128 events per
mb of croas section}, while the M)S Gev data. are from a 12,000 z:ietzz”a 3
exposure {about 65 events per. mb of cross aection) The preaent work
supercedes a previmm pubucat:lan of preuminary reaults at 102 GeV
based on a 5000 plcture u'posure.{ L

Both exposures vere scsnned tﬁce for evmta produced by beam-like
Atrackhs. a third comparison scan was perfomted to adjudicate any incon-
sistencies in beam counts or event topolozies found in the two previous
mdepend.ant scans of the ﬁlm. The llOS GeV - dats end the initiel 102
GV exposursl vere taken uaing 70 mm film, vhils'the majer fraction

"of the 102 CeV.  experiment vas recordec uaina 35 m mm. vith the B
| chanber opersting in a dou'ble-pulamg mode. All exposuren were divided
| ;equally Yatveen the Michigan and’ Ruehester Groupa and were haneled :ln

) a smilar manner. Ecanning at Michigan was perfcmed usins pro.jectors

' baving Lox magniﬁcation of the image rrm ﬁlm to sca.nnins table, while

e 25X magnification was used at llochester. _
In Table 1 we present our meamzrements of the topolosical crosa
gections a«t 102 GeV Cc»rrections to the charged-particla crosga sections

bave been made for Dalits decays of the ¥° 'mma.?_

- Results from the twp
7 -pcans 1nd1ca.ted that the double-acan efficlency for wvisidle tvo proiaga

| i(a ) vas 99 & l%. while for higher-prong mmbera 1t was essentially 100%.
A apparent odd-pronged. events ( ~0. 25 of the total) were elaasified es
belonging te even«pronged to:golcg&eq of: ‘;he next highest :lnteger value.‘
A smell correction, cw@sponding to a shirt i:a the mltiplicity dis—

tritution of approximately. 10¥ of that resulting from
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. measurements reported et NAL.

the Dalitz-pair correction, wes also applied to the eata to teke accmmt
of aecondary interactions mcurring within 0 S em of the min produection
vertex which might have gomeunvoticed. Fitmlhv, the twomprong data were

,;:orrected_for, small-angle proton losses (short proton recoils vhich were

' not visible in the bubble chember}. The latter loss vas deternined by

fitting. the elastie acattering data to an exnonential f‘orn

 dc At ;,.q.v Bt . ._ . | ] ' 4
At ] SR {1}
o

where t 18 the square of the tmoméntm tranafer from incident to

- outgoing proton. The fit wea carried out ueinz-the' unbiagsed datas for
: !tl > 0.05 Gevg_,_with the congtraint that '.the eross section at t=0 be

given by the lover limit provided by the optical theorem:™

0.2

gl . v . | ‘
= Lo . {2)
E'Lao 16wiee)® | -

- where far 6.1, ve.used our. meamre;d value of the total eross—-section

(iterated with respect to the corrections required for [t| < 0.05 gV )

- ¥igure 1(s) displays the measursd elastic differential cross-gection
6t.102 Ge¥  end the fit of Bq. (1) to the data. The best-fit para~
meters are glven on the graph. e value of B is consistent with recent
3 ‘I'he two-prong inelastic eroéa section

wes also ccrrected for slow-proton recoils asmingfthe same detection

" efficiency g8 a function of t ag was found uaing the fit in_Fig. .

The events eppearing in the elastie cmaéseet‘im dsta of Fig. 1

.. were obtained through kinemstic fitting of all two-pronged events to the
-elé.aticascsttgring hypothesie. To eacertain the discrimination of the

xa fit to background from reactions of the kind:'_‘ .
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P -}’mowo ‘ . ) .
ve proceeded as follows; We selected all four:pronged events belonging
to the inclusive re&ct:lon' | |
pp*p*anythins | : A (s)

vhere the final~state proton 18 slow in the lsboratory. '.t'hesé avents
were converted into fake two~pronged events by isncring'gll tracks ex-
cept for the slow proton and the fastgst positive treck m&ging fﬁm |
| the main interaction point. These fake fwo-pronga i_aro .:proeasse‘d'
through our kinematic fitting progrems and the fraction of events which
Tit the elastic hypothesis provided us with an estimate of the contamina-
tion of the elastic data from the sort of channels given in reaction (3)
'I‘he uncertainty in this fitting pmcedm'e is reﬂected in the errors we
essign to the two-prong cross sections. Errors on the >h—prong eross
sections are mainly statistical. = - B . L~

Table IT presénts, at 405 GeV, results similer to those 31vep in
Table I. In Fig.1(b) ve display the elastic scattering differential
eross section for the h:lgher energy data. The analysis proceedéd in tke
‘same fashion as at 102 GeV. The lars..r ervor bars reflect the lover
statistics as well as the poorer resolution for-the tvo-pronged meldstic/
elastic separation at %05 GeV. |

Table IIT displayas several calculated quantities of fnterest using
thé data presented in the previous tables.  In Fig. 2 we combine our re~
au11£3 vith smila.r previous measurements at energiés > 50 Ge?—,h ve ncﬁe
 the folloving: - | | |

1. The gverage negative—particle multiplicity in 1nelastic 7"
collisions between 50 end hOS GeV rises appraxmate]x a8 in s. There :ls,

however, a subgtantial scatter of the experimentel points from a smooth
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rise with s; this is true for oll the inelastic date as well as for malti-
plicities excluding the two-pronged topology, ernus suégesting the presence
ot interesting structure or additional aysfémétic ,unéertainties in these |
| éx“?grim_eq"l;‘,s‘.‘f;;i‘he. beat-:fit linear &Epen&ence of <n > on %n 8 is

<n"‘; = -2 5+ 0, 90 fn 8. Ve do not quote errors on these parameters 'he-s
~cause of the poor quality of the fit (an a&ditional qua.drat:lc term does
 not substantially improve the ity | . |
.2« Tne I, moment requirea & (20 8)% term in addition to s ina

‘ term %o obtain an acceptable x for its energy dependence:
Ex =(85:&35)4'(—38&13)!&3*(01&3:0.12)(2:13)2
4, 3'. The errors on £, are presently too large 80 as to algeriminate

. '3
‘between a linear or quadratic degendence on kz s.

k. | The value of D/(<n*> ~1) is approximately constant (~0.59) as

predicted by Wroblevaki. The ratios of the g

qth power of the mean multiplieity, 1.e., <x12>[<n>q alsoc appear to change

mmnents divided b:r the_

slovly in this energy range {not shawn) Taken ‘together thece results
indicste that while exa.ct KWO scaling does not hald in this energy regime,
it may de ap.proached‘ asymptotically {~ as 1[<n«‘).5_ .

¥
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The differential crosﬁusect#qn for elastic .’eica'tterineivents at

{a) 102 and (b) 405 GeV. The chaded area corresponds to the event
loeses at sma,ll t. | |

The negetive particle m;ltiplicity distribution moments end the X~
pression DAn> -~ 1) as & function of the incident momentum. ‘I'he :

curves are the result of 1osar1tMic 'fits' deacribed in the tem:t.



| BARIE I
Topological Cross Bections st 102 GeV

‘Prong . Fumber : Corrected(a’) Cross(m-
Bumber Cbeerved : Fawber .-  Section (mb) '
e B e A > S S

% | 3000 5 T 1.9 03
s . s o s s o3
8 s . (= 5.8 0.2

10 - ue e 37 o

12 218 T e 1.6 %01
o 86 v 0.62 #0.07
16 29 27  o.21 to.pk'
18 7 6 0.05 % 0.02

20 2 2 . 0.16%0.001
Total Inelastic . ho8h - 3L.9 0.7
Total - BRI IR  usgor . 380 £0.8

-

‘{a) See text. ,
(v) Density of hydrogen used in the calculation of cross sections is

0.0630 £ 0.0005 gmicm3.



TABLE II

Topological Cross Sections st 405 GeV

Prong
" Sumter

8
10
12
1%
18
18
20
22
2%
26
28
30 -
32

" Total Inelastic
Potal

{a) Bee text.

Rumber

" Ooserved

600 .
298
3R
310
3z
252
1190

ho

10

N MW

259k

Corrected

Elmatic
Inelastic

{a)
Fumber

L
303
336

- 375
313
252
187

89
63

2686

-7 h0,6

Cross(b)
Bection (mb)

7.8
2.7
L.6
5.1
5.7
kT
3.8
2.8
1.3
0.95
0.56
0,32
0.14
0.030.
0.015

0.030 ¢ 0,021 -

0.015.

- 32.8

5
.3
t 0.3

* 0.3

£0.2
0.2
£ 0.1

£0.09
¥ 0.07

£ 0.05
+ 0.021
£ 0,015

+ 0.015

2 1.0

$1.2

{v) Density of hydrogen used in the calculation of cross sections iz

0.063C * 0.0005 gu/cm.

£ 0.7
£ 0.5
£0

\



-G~

A TABLE IIY | -
02 GeV/e = hos GeV/e
1‘\11‘ Negative X . All Negative
Charged Charge Charged Charge
s 6.3 2.16 . 8.99 3.50
B .07 +.04 13k .07
D 3,13 1.56 B75 - 2.37
$.04 *,02 1,09 +.05
_‘.Q’i_?_ 2!02 ’ ’ 1.38 e el 1089 . ’ 1-&7 | SRR
D R N S 2,05 ¢ ®.04
‘ {a) : S
<(n-<n>23> 0.65 0.75
D3 ?.Oh tlm
h (9-)
<{n-<n>) "> 3.16 3.62
2 ' $.13 +.28
. 3.  0.28 C 135 21
2 '1'.25 o : toOT : ’ 319 c £,2 -
. 3, C-0.50 30, 0.1
3 o 11, £.15 8. 2
f -31" ~ . OAOO .' 300 . v' 3.._
4 7. e 4.3k - #1100, k.

(a) The ekevness (<(n ~<>)3>/0%) end the Turtostis (<(n -<n>)h>lr_3h)
sre 1denticel for the total end megative charged particle multiplielty
distributions. IJ2 is the variance of the multiplicity distribution, e

'1.5., = <{p = <n>}2>.
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