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We studied ++p interactions at 100 QeV with the Fermi National Accelerator Lab-
oratory 30-in. hydrogen bubble chamber and associated spark-chamber system. We
find a, ,(K+p) =18.7+1.8 mb and o~&{Z+p}=2.0+0.4 mb. We present the charged-mul-
tiplicity distribution and its moments, and the charge-transfer distribution. The av-
erage inelastic charged multiplicity is (n~) = 6.65 + 0.81 and the two-charged-particle
correlation functions are f ' =4.52+1.&2 and f = 0.47 ~p 35

We present first results on K+p multiparticle
final states at Fermi National Accelerator Lab-
oratory (FNAL) energies. We have analyzed
approximately 130000 pictures from the FNAL
30-in. .hydrogen bubble chamber (BC) with a sup-
plemental downstream wide-gap optical spark-
chamber system' (WGOSC) exposed to an unsepa-
rated positive 100-GeV beam produced from the
extracted 300-GeV proton beam. The beam con-
tains 50%%uo protons, 46% m+, 2.7%%uo p+, and 1.5%%uo

jC+ at the bubble chamber. Particle identities
in the beam are established by (a) a 34-m-long
differential Cherenkov counter' located 400 m
upstream from the BC, and (b) muon tagging in
a downstream scintillation-counter telescope
using 1 m of Pb and 4 m of concrete shielding

blocks. Three triples of multiwire proportional
chambers (PWC)' with 2-mm wire spacing, lo-
cated 175, 16, and 2.5 m upstream from the
BC, determine beari position in the BC to better
than 1 mm. We require that the BC measure-
ment matches the projected PWC coordinates of
one and only one beam track within an ellipse
+ 1.5 mm in X and +3.0 mm in Z (Z is the BC
stereoscopic depth direction). There is a 20%%uo

unbiased loss of data because of the 10 cm width
of the PWC's, dead time in the system, upstream
beam interactions, and match failures.

The differential Cherenkov counter uses a sec-
ondary mirror with a central hole to separate
the K' mesons, which give Cherenkov light at
angles of less than 5 mrad on the first phototube
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(Cl), from m+ mesons which give light at angles
greater than 5 mrad onto a second phototube (C2).
A detailed study of the Cherenkov-counter pres-
sure curve (not shown) shows that the only mea-
surable contamination to the (Cl ~ C2) K' tag
comes from protons, which are below threshold
but can be accompanied by a & ray giving light
only in C1. We find that 1.7% of all particles
entering the BC are tagged as E, and of these
(9 +3)/o are proton contamination and another
2%% or less are m+ from decays of K' near the BC.

With the W'GOSC plus the BC we can measure
a 100-GeV/c beam track momentum to + 4% as
compared with *25/0 accuracy for a full length
beam track measured in the BC alone. The spark
chambers were triggered whenever a deflection
of the beam particle was detected and/or when-
ever a dE/dx counter near the BC exit window
detected more than one outgoing particle. The
overall trigger efficiency was about 60%%uo for two-
prong events and about 75/o for four-prong and
higher-multiplicity events. For BC events with
a spark-chamber trigger, 74% of the tracks
above 15 GeV/c hook up in the downstream
WGOSC system. A. ~l tracks were measured in
the BC and over 99%%uo of them reconstructed suc-
cessfully in TVGP and were used in our inclusive-
particle studies.

We have a total of 234 K+P interactions in a fi-
ducial volume 42 cm long. The single-scanning
efficiencies were determined to be (89~6)% for
the two-prong topology and (95*2)%%uz for the high-
er multiplicities. In addition, there is an intrin-
sic loss of small four-momentum transfer (t)
two-prong events, which were corrected by fit-
ting a large measured sample of our 100-GeV m

K+, and proton two-prong interactions to a sim-
ple exponential in t. The resulting average cor-
rection of + (15+ 5)'%%uo was applied to all of our
K'P two-prong events, and the results are quite
insensitive to the expected variations in t slope
between elastic and inelastic events. We obtain
a K+P total cross section of 18.7 +1.8 mb correct-
ed for 9%%uo proton contamination and for scanning,
PWC matching, and small t losses. This com-
pares excellently with the FNAL counter mea. -
surement of o „&(K'p) = 18.85+0.08 mb. '

To obtain an elastic cross section two methods
are used: (a) Elastic events are selected by ki-
nematic fitting using the program in SQUAW and
by a combination of cuts on coplanarity and the
square of the missing mass recoiling against the
slow proton. This yields 18~ 5 elastic events.
After a correction for losses, the resulting elas-

TABLE I. Topological cross sections and moments.

Prong
number

Number
observed

Corrected
number ~

0 (Q +p) l3

(mb)

2
Inel.

6

8
10
12
14
16
18

46
42
47
24
18

6
0
2

Charged

69.8

44.2
49.5
25.8
13.7
6.8
0
2.1

4.97 + 0.80
2.88+ 0.85
3.50 + 0.49
Q.ll + 0.47
&.79 + 0.51
1.83 + 0.88
1.00+ 0.29
0.48+ 0.20

0
0.18+0.13

Negative

(~,) = 6.65+0.2&

f cc 4 52+1 82

f cc 884+65
Dispersion = 8.84 + 0.19
Skewness = 0.68 A.27

(n )=2.88+0.&6

f&
= 0.47+0.85

fg
= —0.78+ 0.76

Corrected for scanning and small t losses.
"Corrected for 0„(pp) and normalized to Ot t (E p) of

Hef. 4.

tic cross section is o „(K'p) =1.7 + 0.5 mb.
(b) The observed elastic t slope, assuming a
simple exponential form, do„/dt=ae", is &=8.2
~1.8 GeV '. Using the optical theorem and the
counter measurement of 0 t,t, and assuming that
the real part of the forward scattering amplitude
is small, we obtain an elastic cross section 0,~

= 2.2 ~ 0.5 mb. The weighted average of these
two estimates is 2.0~0.4 mb. The above value
of b agrees well with the FNAL counter measure-
ment of 5 =6.9+0.38 GeV '.' Using the above
assumptions, the counter value of b implies 0,&

=2.64+0.15 mb, which is used in the rest of this
paper.

Our inelastic topological cross sections are
given in Table I and shown in Fig. 1, along with
published values obtained at lower beam momen-
ta. For K'p interactions the four-prong cross
section appears to be decreasing, while the two-
prong inelastic cross section appears to be slight-
ly decreasing or leveling off. The average K+P
charged-prong multiplicity of ( n, ) = 6.65 + 0.31
lies between the 100 GeV v'P an-dPP values of
6.80+ 0.14 and 6.49+0.10.' The increase of (n, )
from 5.11+0.05 at 32 GeV' is consistent with a
ln(s) dependence, with a coefficient similar to
the ln(s) dependence for other beam particle
species.

The moments for the inelastic interactions
are shown in Table I. Our value of f (K'P)



VOLUME 34, NUMBER 7 PHYSICAL REVIEW LETTERS 17 FEBRUARY 1975

b
O. I =

.01.—

55 IO
I I I

20 30 50 100

PLAB (GEV/c)

18

0.8

0.7—

0.6—

0.5—

blm o4
-Ib O.S—

0.2—

0.1—
I

0 -4 -3

r-J'
I
I
I

I
I
I
I
I
I
I

I I I

-2 -I 0
Ycm

'I

I

I
I
I

1
I
I

I
I

I
I

2 3 4 5

5 ~ (GEV) IO

FIG. &. Inelastic topological cross sections of &+p
interactions as a function of center-of-mass energy.

=4.52~1.32 shows that the integral over the two-
charged-particle correlation function has risen
considerably from the 32-GeV value f,"(K'p)
= —0.24+0.20.' Removal of diffractive dissocia-
tion events' in the spirit of a two-component mod-
el' leaves a value of f =3~2 which is still posi-
tive. While our value of f, =0.47~0.35 is con-
sistent with a Poisson distribution, it is prob-
ably crossing from negative toward large posi-
tive values at larger s, as is found for pp and
I| p interactions.

The single-particle inclusive interactions K'p- II" +anything and K'P -X+ + anything have been
studied, where protons with ionization greater
than 1.5 times minimum have been identified by
scanning. All other charged particles will be
treated as if they were pions. Elastic events
have been removed as described above. Figure
2 shows the rapidity distributions p' = (1/a„„)dv'/

dy, as functions of rapidity, y= ln(p „*+E*)/
(m'+p~')'". At y =0 in the center of mass, there
has been a considerable rise in p from that
found at 12.7 GeV/c. " If our value of p at y=0
is plotted againstPb„~ '" as suggested by Fer-
bel, " it is consistent with a straight line connect-
ing the lower energy K'p points and the pre-
sumed universal asymptotic value of 0.75 at in-
finite beam momenta. Our value of p+ (0) = 0.7
is about 0.2 units above the value of p (0) and is
already close to the presumed asymptotic value,
a,s is the case for w+p —m+ +anything. '

Shown in Fig. 3 is the Feynman x distribution
for the reaction K+p —slow proton+ anything.
Elastic events are included. After scanning and

FIG. 2. Inclusive y distributions for 7t (dashed) and
~+ or K+ with slow protons removed (solid}.

small t corrections, we estimate 42.6 ~ 8.0 two-
prong events and 15.8+4.1 four-prong and higher-
multiplicity events due to beam diffraction and
elastic scattering. (We include events with x
& —0.9.) This gives a combined cross section of
4.3+0.7 rnb for these two processes, mt includ-
ing target diff ractive dissociation.

Figure 4 shows the transverse-momentum dis-
tribution for negative particles, which is roughly
exponential inP ~ but with an excess at large val-
ues of p~'. We have used PWC beam directions
and %GOSC momentum information on outgoing
tracks, where available, to improve substantial-
ly the accuracy of p~. The average value of the
square of the transverse momentum is (p~')
=0.181+0.025 (GeV/c) for K+p -X, for p~ & 1.5
GeV/c. The corresponding average transverse
momentum magnitude is (I p~ I) = 0.34 GeV/c.
These values are compatible with either a loga-
rithmic increase with s or a power-law depen-
dence.
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FIG. 3. Uncorrected Feynrnan x distribution for iden-
tified protons up to x =-0.7.
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The charge transferred in the center of mass
between the forward and backward hemispheres
is given byu =a(Qz-Q, ), where Qz (Q,) is the
net charge of the final-state particles in the for-
wa, rd (backward) hemisphere. The charge-trans-
fer cross sections are 7.8 mb for u =0, 3.5 mb
for u =+I, 0.61 mb for u = —2, 0.69 mb foru =+2,
and 0.16 mb for u ~+3. The u distribution is con-
sistent with being symmetrical about u =0. The
100-GeV/c PP interactions also have a similar
charge transfer distribution. " Our value of (u')
=0.87+0.10 is consistent with (u') for those re-
actions, and is more compatible with multiperiph-
eral production models than with the Yang frag-
mentation picture. "
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