
Vol.UMz 31,NUMsKR 22 P H YSI CAL RE V I K%' LKT TER S 26 NOVKMBER 197$

Observation of Increasing Charged Multiplicity as a Function
of Transverse Momentum in 28.5-GeV/c pp Interactions*

A. Ramanauskas, f E. W. Anderson, f G. P. Fisher, 5 N. C. Hien, l~ E. Lazarus,
K. M. Moy, tt P. Schubelin, A. M. Thorndike, F, Turkot, and L. von Lindern**

Bxookhaven National Laboratory, UPton, Net Yo~k 12'973

T. S. Clifford, g G. B. Collins, J. R. Ficenec, D. R. Gilbert, W. M. Schreiner,
B. C. Stringfellow, and W. P. Trower

Virginia Polytechnic Institute and State University, BEacksbuxg, Virginia 24061

A. R. Erwin and G. P. Larson
University of wisconsin, Madison, 8'iseonsin 58706

L. J. Qutay, A. Laasanen, K. Stanfield, and R. B. Willmann
Purdue University, Lafayette, Indiana 47907

and

E. Harvey and W. Selove
University of Pennsylvania, Philadelphia, Pennsylvania f9104

(Received 28 August 1978)

We have measured the mean charged multiplicity n~H as a function of transverse mo-
mentum P~ of the forward proton in the reaction P+P p+ MM for five intervals of miss-
ing mass (MM) using our Multiparticle Argo Spectrometer System. We observe an in-
crease of ncaa for p~& 1 GeV/&.

Systematic studies of mu1tiparticle final states
in pp collisions around 30 GeV/c have been car-
ried out in bubble chambers. ' They have covered
extensively the large- cross-section peripheral
interactions but have had limited access to rare
events, e.g. , large-momentum. -transfer colli-
sions. They have suffered from technical short-
comings in identifying the final-state protons.
The simplest features of the data, i.e., single-
particle inclusive distributions and two-body
correlations, can be understood in terms of the
production and decay characteristics of the ex-
cited nucleon system (nova model). ' The data
appear insensitive to detailed features of the dy-
namics. A study of collisions imparting higher
transverse momentum to the incident proton may
be more sensitive to the dynamics since in that
case one is probing a more central region of the
proton. With this motivation we have initiated a
study of such central collisions with a novel in-
strument, the Multiparticle Argo Spectrometer
System' (MASS), at the Brookhaven National Lab-
oratory's a1ternating-gradient synchrotron. Re-

cent results' from the CERN intersecting storage
rings on single-pion inclusive measurements at
large transverse momentum show surprisingly
large cross sections; these data have lent added
interest to the observation of the multiparticle
final states involved.

%e report here the dependence of the mean
charged multiplicity n&H on the transverse rno-
mentum p~ of the forward proton in the reaction

p+p -p+MM

for five intervals of missing mass (MM). To
measure this dependence, we have used two of
the three spectrometers constituting the ensem-
ble of MASS. The high-momentum spectrometer
(HMS) was used to trigger upon, identify, and
momentum analyze the forward proton. In three
floor positions, scattering angles in the labora-
tory frame between 14 and 100 mrad and momen-
ta between 10 and 28.5 GeV/c were covered. The
angular and momentum resolutions were + 0.2
mrad and + 0.3/o at 20 GeV/c, respectively, and
the solid-angle acceptance was 33 mrad horizon-
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tally by 10 mrad vertically. The vertex spec-
trometer' (VS) was used to measure the charged
multiplicity. It consisted of nine digitized cylin-
drical wire spark chambers operating in a 10-ko
magnetic field and surrounding an 8-in. -long hy-
drogen target. The chambers subtended a solid
angle such that 89% of all charged particles were
detected. Track identification in the VS was per-
formed with the automatic track recognition code
PITRACK. 6 A subset of the data was scanned by
physicists to determine the biases. Approximate-
ly 6% of all tracks were not recognized by PI-
TBACK.

The charged-multiplicity distributions for three
intervals of p~ in the MM interval 2.0 to 3.0 GeV
are displayed in Fig. 1. Losses of charged par-
ticles have been calculated using charge conser-
vation on an event-by-event basis. The losses of
two particles of opposite charge were determined
from the known losses of two particles of equal
charge.

It is apparent from the data that the multiplicity
distribution for high p~ differs from the other two

distributions, resulting in a higher mean charged
multiplicity. Since the average missing-mass
value differed by a small amount for different

p~ intervals, a small correction 5n~ has been
applied (Table I). The correction was based on

the observation of a linear relationship between
nc«and MM for fixed p~ with a slope of 0.75
GeV '.

In Fig. 2 we show the variation of the mean
charged multiplicity F7c«with p~ for five inter-
va].s of MM. While the data show little variation
of nc«with p~ up to 1 GeV/c, a rapid rise of
nc«can be seen for values of p~&1 GeV/c. It
is possible that the lowest MM interval does not
display this behavior because of insufficient avail-
able energy. The errors in Fig. 2 do not include
an overall systematic error. We have investi-
gated the systematic error on n~Hby comparing
subsets of our data at low p~ with bubble-chamber
information. Our nc H is systematically higher
by -5/o compared to the mean charged multiplic-
ity in bubble-chamber data. ' We attribute this
difference to undetected secondary interactions
in the hydrogen target, y conversion close to the
vertex, etc. The data have not been corrected
for this systematic error.

We have also looked at the corrections as a
function of pj. Charge corrections are the same
within errors for all intervals of p„. In other
words, the uncorrected data show the same be-
havior of nc«versus p~ as the corrected ones,
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FIG. 1. Corrected charged multiplicity distributions
in the MM interval 2.0—3.0 GeV ((Mls = 2.6 GeV) for
three values of transverse momentum to the forward
proton: (a) p&=1.90 GeV/c, (b) p~=0.98 GeV/c, (c) p~
= 0.46 GeV/c.

but the nc«values are lower by about 17/c because
of solid-angle losses, particles stopping in the
hydrogen target, and reconstruction inefficien-
eies. For detailed information on each datum
point, see Table I.

The data in Fig. 2 suggest that some new phe-
nomenon may be occurring in pp collisions when
one of the final-state protons emerges with p~ &1
GeV/c; this phenomenon manifests itself in an
increasing multiplicity for a fixed (MM) . The
prediction of the multiperipheral model is in
marked contrast to the data: For a fixed MM
this model' gives an n which decreases. The ef-
fect is also unexpected in the framework of a
nova model, which gives n ~ MM with no depend-
ence on p~, assuming that the events involve tar-
get fragmentation only. We have experimental
indication that such as assumption may be justi-
fied for the data with MM& 3 GeV/c: (1) Only 13/c
of the two-body effective masses of the HMS trig-
ger proton and the negative particle in the VS
(assuming it is a v ) lie below 1.8 GeV, and (2)
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TABLE I. Average charged multiplicities and corrections. P~, average
transverse momentum of the forward proton in Gev/c, with the half-width
in parentheses; MM, average missing mass in GeV in the range of miss-
ing mass as indicated; 6m~M, correction of the average multiplicity due
to the adjustment of MM to the nominal value; n&, charged multiplicity
determined by p&TR&(:K and corrected by 6&~t~, 6&&, correction of charged
multiplicity using charge conservation; 62, correction of charged multi-
plicity for losses of two particles with opposite charge; &~H, final mean
charged multiplicity, and statistical and random systematic error.

Nissing Mass in GeV p n
0 gn $n„

2 CH

1.3 & MM & 2.0

MM = 1„7

0.49(0.14)

1.05(0.12)

2.01(0.10)

0.03

0.02

0.02

2.47

2.62

2.31

0.39

0.32

0.07

0.07

2.93 + 0.05

3.01 + 0.05

2.31 + 0.61

2.0 & MM & 3.0
MN = 2.6

0.46(0.15) 0.04

0.98(0.14) 0.01

1.90(0.15) -0.02

3.28

3.20

3.78

0.45

0.42

0.53

0.10

0.10

0.26

3.83 + 0.05

3.72 + 0.03

4.57 + 0.23

3.0 & MM & 4.0
MM = 3.6

0.46(0.15) 0.06

0.92(0.14) 0.02

1.71(0.12) -0.03

3.74

3.70

4.23

0.56

0.56

0.54

0.11
0.16

0.16

4.41 + 0.07

4.42 + 0.02

4.93 + 0.14

4.0 & MM & 5.0
MM = 4.5

0.44(0.11)
0.71(0.03)
0.87(0.09)

1.35(0.08)
1.58(0.07)

0.02

-0.13

0.01

-0.15

0.07

4.09

3.95

4.10

4.65

4.69

0.70

0.74

0.68

0.74

0.75

0.18

0.28

0.25

0.32

0.30

4.97 + 0.06

4.97 + 0.03

5.03 + 0.02

5.71 + 0.06

5.74 + 0.13

5.0 & MN &5.5
MN =5 ~ 2

0.39(0.06)

0.66(0.05)

0.79(0.03)
1.20(0.08)

-0.01

-0.02

0.08

-0.03

4.47

4.37

4.38

4.98

0.75

0.82

0.84

0.82

0.24

0.33

0.36

0.36

5.46 + 0.11

5.52 + 0.03

5 ' 58 + 0.08

6.16 + 0.04
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83% of the particles in the Vs are on the side of
the beam opposite to the HMS proton. Both ob-

servations are consistent with a calculation' based
on the assumption that only the target proton is
excited in the collision and subsequently decays
according to phase space into five bodies. This
consistency does not rule out that beam-proton
fragmentation or double fragmentation possibly
simulates unscathed HMS protons by a two-step
process which might compete with the very low-
cross-section, " single-step, large-p~ events.

If, as indicated by data at National Accelera-
tion Laboratory energies, "one needs a combina-
tion of multiperipheral and diffraction-dissocia-
tion models, then it may be possible to obtain
our effect if the cross sections for the two mech-
anisms have different p' dependencies.

In the limiting fragmentation picture, " the pro-
ton is an extended object of limited rigidity, and
an increase of r7 with p' is expected and has been
conjectured" to be (assuming there is enough
available energy)

.5 I.O

I

l.5 2.0 Pi PROJECTILE IN Gev/C
"=pi/&pi),

FIG. 2. Variation of the average charged multiplicity
&~H with P~ for five intervals of MM.

where (p, ) is the average transverse momentum
in hadron-hadron collisions. ' A bremsstrahlung
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mechanism" of pion production would also favor
increasing n; in fact, a fitting to inclusive proton
spectra" leads to an expression similar to Eq.
(2). How such pictures alone would give constant
n for p~ & l GeV/c is not obvious.

In conclusion, we have observed a distinct in-
crease of ncH in pp collisions at 28.5 GeV/c when
the p~ given to the trigger proton is larger than
l GeV/c. There is an indication from the data
that one is observing mainly target fragmenta-
tion, at least for MM & 3 GeV. The observed de-
pendence of noH on p~ is not predicted by exist-
ing models. Whether one is seeing evidence of
some new phenomenon associated with close col-
lisions, e.g. , proton substructure, is a matter
of speculation; what does seem clear is that this
is an important new area of investigation.
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