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Abstract

The Fermilab Hybrid 30" Bubble Chamber Spectrometer was .
exposed to a tagged 147 GeV/c positive beam containing ﬂ+,
kKt ana p- - A sample of 1572 K+p interactions is used to

. cc e
dexive o <nc>, £ and <nc>/D values. For comparison

top’ 2
similar data are presented.for 8931 pp interactions and
10257 n+p interactions. In addition a comparison is made

with similar data from a negative beam at the same momentum;-

1l D. Fong et al., Nuc. Physics B102 (1976) 386.



We present data on the topological cross sections for K+p,
n+p and pp interactions at 147 GeV/c in the FNAL 30-inch Hybrid
Spectrometer. Thése data come from approximatelyrone—third of
a 430,000 picture exposure of the 30-inch chamber to an unsepar-—
‘ated beam of positive particles.

The particle identities were determined by means of Eéfenkov
counters1 upstream of the bubble chamber. Three triples of multi-
wire proportional chambers (PVWC) upstream of the chamber were
used to associate the Eérenkov tag with an interac%ion vertex
within the chamber (Time Slot). To determine the vertex
coordinates we have used only those events-that.havg been pre—
cision measured by automatic machines and have been regonstructedz-
Approximately 11% of the vertex mea%ﬁrements could mnot be
associated with a Cerenkov tag (No Time Slot), mainly becauge
two beam tracks are too close to be resolved with confidence;

We assume that the No Time Slot rejects are nnbiased>as to
pérticle type. |

In Table I We-show the total number of eventsbthat have a
Time Slot. For the rolls of film uéed‘in this analysis we have
processed the PWC tapes to determine the beam composition as
shown in the téble. The "junk" represents either imcomplete or’
inconsistent status bits for the particle tag and may represent
electronié noise. In addition, we have determined the elastic
scatters fromvan even smaller subset of the data [see Ref. 1 for
a description of the technigque used].

Becéuse of the incomplete nature of the data, it has been
necessary at this stage to normalize our cross sections. Since

there exists3 determinations of the topological cross sections



for pp interactions up to 400 GeV/c but nothing above 100 GeV/c
for either n+p oxr K+p interactions, we have chosen a single -~
normalization to the pp total cross section, cTot(pp) only.

All other cross sections are then determined by using

_ N'(x/K). B'(p)
Spor T/K) = R BV(/K) Crot (PP)

where N' (nr/K) and N' (p) are the corrected numbers of interactions
for each beam particle {(wr, K or p) and B' is the total beam

corrected for attenuation for each beam particle. Since we are’

normalizing the data to Crot (pp) many corrections which normally

are made to a data sample may now be igndred-'-

The scan efficiency for two-prong interactionS'was_§3.5%_
as compared to 98.2% for all other intéractions. Therefore~the <
two prongs found are corrected for relative losses by 5%. ‘for
the inelastic two-prongs an additional 5% correction has been
applied to.correct for azimuthal losses. Forxr the fraction of
events assumed to be elastic scatters énvadditional low |t}
correction has been applied (v20%) as determined from the |t]
distributiéns of the measuréd elaétic scatters.

Because the data sample comes from the measurement -of
complete events the more complicated events‘(high:multiplicities)
tend to exceed the available computer memory and are rxejected.
These rejects have been distributed between - w, K and proton in
a given topology in the same ratio as the "good” events. These

corrections ranged from 4% for 8-prongs to 150% for 18-prongs. )



3

éorrections, as a function of multiplicity were applied for -
close in neutral»vertices and close in scatters that were not
detected. .These corrections averaged ~0.2%.

The elastic and total cross séctions'as determined by thé
above procedure are listed in Table IX. For comparison the
counter results4 are given as well as the results for ¥ p and
k—p intexactions ;t 147 GeV/c as determined in a preﬁious expexri—
ments. The agreement between this experiment ana_Carroll et al

| for the various o lends credence to the procedure of

Tot
assigning'the rejected events. Essentially the sama'total ctoss
.sections could have been obtéined without using any cofrections
since the total corrections were within 12 of each other. The
topological cross sections for the pp 1nteractlons are 1lsted in
" Table IIXI and displayed on Fig. 1 which also contains the :cesv.zlf:...ci~
at other momentas. Our data is consistent with the compllatlon_
The topological cross sectlons for the T p interactions
are llsted in Table IV. For comparison we also list in this_
table the‘w“p topological cross sections at 147‘Gév/c from
Ref. 5. Thé ﬁ+p cross sections are éisplayed-in Fig. 2 with
the published results at lower méﬁentaG. The decrease in the
4-prong cross section with increasing Piab is maintained at
our}highef mpmenta.' The 6 and 8-prong cross section appear
to be decreasing or, at least; have reachéd a plateaun at the
energy of this éxpefiment. The inélusion of our-higher'momentu£i

2-prong cross section indicates that this cross section is still

decreasing as denoted by the dashed curve.



The topologlcal cross‘sectlons for the K p interactions are
listed in Table V. Again for comparison we llst the X p cross
sections from Ref. 5. The Kt p results are displayed in Fig. 3
along with the published values obtained at lower numnenta7. The
lack of high momentum data points indicates clearly the difficul-
ties of working with unseparated beams. Although our data is
preliminary it Stlll contains almost seven tlmeéhthe number of
events of the next lower momentum. The solid lines in Fig. 3
are drawn to aid the eye. The trends_eétablished by'tﬁe
improved statistics of this experiment are similax to those seen
in the n+p interactions in that the inelastic.z‘prong cross
section in less than the value measured at 32 GeV/c and the
6 and 8-prong cross section appéar to have least xeached a
plateau. . : _ ;J

We have‘calculated a few of the statistical moments for
our topological cross sections. These values are listed in.
Table VI. In this table we also list the moments for the 7 p
and K p cross sections from Ref. 5. We display these regﬁlts on
the compendium of J. Whitmore6 in Fig. 4. The moments from this
experiment show the same geheral trends as the res£ of the data. .
We have fitted <n> for the K+p interactions with Piap 3.5 Geﬁ/c,
as a function of incidént momentum, to both linear and quadraéiq
forms in ln s,

<n> = a + b 1ln s

<n>=a+bilns+c ln?s

with the following results: : “’



<n> = (0.00 * 0.05) + (1.25 * 0.02) In s
xz/NDF = 45.4/6, C.L. < 10”2 |
and
<n> = (1.05 % 0.17) + (0.56 * 0.11) In s + (0.1.0 :'.‘>0.02) in? s
x?/NDF = 3.81/5, C.L. = 0.60 | ‘
The additién of our data at 147 GeV/c is sufficient to discrim-

inate against the linear dependence on 1ln s. In order to better

compare with pp and 7 p data we have also fit to the form

_ 2
<n> = a + b 1ln Ea + ¢ 1ln Ea

where Ea is the available enerxgy, Ea = /s - (MKfMP). as sugggsted

by Whitmore3. The results of this fit are: .

<n> = (2.40 * 0.04) + (0.61 £ 0.08) 1n E_ + (0.45 % 0.03) I1n? E
. a
x2/NDF = 3.55/5, C.L. = 0.72 B .
3 to 7p and pp interactions up to

The coefficients for the.fit

400 GeV/c are: a = 2.45, b = 0.32 and ¢ = 0.53}'.Appa:éntly the

presence of a strange quark in K%p interactions has little effect

on the energy dependence of the average charged multiplicity.

We display in Fig. 5 the data along with the linear 1ln s result

(dashed curve) and the best fit to E_ (solid curve). .
Finally, in Fig. 6, we display the topological cxoss sections

in the KNO scaling form for Kip, ﬁtp and pp>interactions at

147 GeV/c. The five reactions are similar to each other and

follow closely Slattery's empirical fit8 to the data for pp

collisions between 50 and 300 GeV/c (solid curve).
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Figure Captions

Figure 1 PP Topologiéal Cross Sections
The solid curves are to guide the eye. The

arrow locates this experiment.

Figure 2 . w+p_Topological Cross Sections

The arrow locates this experiment. -

Figure 3 ' K%p Topologicél Cross Sections

The arrow locates this experiment.

Figure 4 (a) Average charged multiplicity, (b) <n>/Disperéion,
and (c) f2cc as a function of incident beam

+ : ¥
momentum for 7 p, Kip and p p interactions.

Figure 5 <n> as a function of beam momentum. See text

for an explanation of the curves.

Figure 6 The XNO scaling function <n> %?- l»versus n/<n>
. . Yane .

for Kip, ﬂip and pp at 147 GeV/c.



Table I

Event Statistics

Bean Good Elasticsa) Percentb)
Events Beam
P 8931 - 417 . 30.32
+ 10257 410 57.24
k' 1572 _ 62 10.55
junk PR - - 1.89
20760 889 | - 100.
a) PFrom one-half of data sample used here.
b) Before attenuation correction.
Table IX o
Total and Elastic Cross Sections at 147 Gev/c -
'dTot 2) Uel v )-x
This : Carroll This . Carroll®
Experiment et al Experiment a et al ’
pp .38.62°) 38.62:0.06 © 7.00$0.34 - - 6.99:0.08
ﬁ+p 23.17+x0.23 23.46%x0.06 . 3.33+0.11 3.42¥0.08
X p 19.39+0.44 ©19.33:0.08 . 2.44$0.22 . 2.4320.09
w—p)  24.2420.29 3.24:0.14 '
x-pS)  21.5 %i.0 2.74%20.42

a) Ref. 4
b) Normalized to ¢

Tot(pp) of Ref. 4

c)} Results are from Ref. 1.



Table IIX

‘Topological Cross Sections in pp Interactions at 147 GeV/c

Number of Number Corrected Cross
charged of events number of Section,
prongs, n -.seen events mb
2 2149 2964.6 - 10.49 $0.23
| elastic 1978.3 7.00 #0.34
inelastic 986.2 . 3.49 20.21
4 1572 - 1777.6 6.29 30.16
6 1770 1965.4 6.95 20.17
8 1451 1634.6 5.78 %0.15
10 1000 1188.3 | 4.20 £0.13
12 593 750.§ 2.66 30.11
14 239 348.7 | 1.23 0.08
16 13 189.8 . 0.67 :0.05
18 . 33 67.2 | 0.24 :0.03
.20 10 24.6 0.087+0.018
22 - | 6.3 B 0.022%0.009
24 1 1.1 ' 0.004:0.004
Total 8931 '38.62

. 31.62 £0.35
inel



Table IV

Topological Cross Sections in wp Interactions at 147 GeV/c

w'p T p d
(This experiment) . (Ref. 5)
Number of Number Corrected "~ Cross Cross
charged of events number of section, - section,
prongs, n seen events nb nb
2 1938 2693.4 5.03 30.13  5.04 20.15
elastic  1783.3 3.33 $0.14  3.24 20.14
inelastic 910.1 1.70 20.08  1.80 20.12
4 1737 1951.2 3.64 £0.09  4.12 20.10
6 2040 . 2246.3 4.19 30.09 . 4.47 20.10
8 1897 2149.9 4.01 :0.09  £.30 20.11
10 ' 1338 1574.8 2.94-20.08 3.09 20.09
12 755 971.2 1.81 $0.07  1.78 20.07
14 348 486.6 0.91 20.05  0.83 20.05
16 145 233.8 0.44 :0.04 0.39 20.03"
18 42 74.6 0.14 $0.02  0.15 20.02
20 12 25.8 _  0.048:0.014  0.054:0.010
22 5 ' 8.2 0.01520.007  0.0070.004
Total 10257 23.17 20.23  24.24 :0.29



Table V

GeV/c

Topological Cross Sections in Kp Interactions at 147
X'p | Kp
(This experiment) (Ref. 5)
Number of Numbex Corrected Cross Cross
charged of "events nunbar of section, section,
prongs, n seen events mb mb
2 305 409.3 4.13 30.24 4.27 20.53
" elastic  241.2 2.44 $0.22 2.74 20.42
inelastic  168.1 '1.70 $0.14 1.53 20.32.
4 299 ©337.2 3.41 *0.20 3.59 20.47.
6 310 343.5 3.47 20.20 4.75 $0.58
8 286 324.6 3.28 $0.19  3.27 :0.47
10 196 232.7 2.35 20.17  3.27 20.47
12 101 142.8 1.44 £0.14 1.32 20.32
14 49 77.0 0.78 +0.10 0.47 20.21
16 17 36.3 0.37 20.07  0.16 £0.11
18 8 13.2 0.13 20.04  0.32 20.16
20 - 3.8 0.038£0.022 0.11 *0.05
22 1 . 0.012:0.012 o
Total 1572 19.39 20.49 21.5 1.0



Moments of the Multiplicity Distributions at 147 GeV/c

Table VI

PP w'p " p%) x'p K7p%)
<n>  7.2320.07  7.55$0.05  7.40%0.04 7.3750.09  7.33:0.21
p®)  3.6620.08  3.60£0.07  3.5420.03 3.66:0.15  3.51:0.17
<n>/D 1.9840.05  2.10%0.04  2.09:0.02 2.0120.09  2.09£0.09
£,° D)6 16:0.40  5.4120.40  5.1420.22  6.02:0.99 ° 5.0 21.1
a) D= (<nz>—-<n>2)l/2
b) £5€ = <n(n—1)>-<n>2

) 2
c) Ref

. 5
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KNO SCALING AT 147°GeV/e
R ~ epp
! _’2}3\% T o P

© Y | v K*
10 |~ / | \JE . e
& \ . p

olo| I ] | | | Rlz;
1.0 | 20 3.
n/<n>

FPisure ©



