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Abstract

A relatively bias free comparison is made of the
charged pion single particle spectra in ﬂ+p and pp
interactions at 100 GeV/c. Inclusive and semi-inclusive
spectra are compared, Mueller factorization is seen to
describe inclusive 77 production but not at production,
Factorization also applies to proton target fragmentation
into m for a fixed number of backward 7~ in the (M, but
not for a fixed total number of % . abT exoticity is
found to be the exoticity. form controlling the agyzoach
to factorization. 1In the central region, the s~ approach
to factorization in ﬂ+p + 7% 1s consistent with the approach
to the same asymptotic value (~0.78) in other inclusive
reactions, .

* _
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In a Fermi National Accelerator Laboratory 30" bubble chamber experiment
with an unseparated but tagged w+ and proton beam at 100 GeV/c, we have a
i . +
unique opportunity to compare the produced pion spectrum from 7 p and pp
collisions with minimum biases.
When a pilon is produced in the target fragmentation region, i.e. the center
of mass rapidity of the pion is near that of the target (-Y/2), the inclusive cross
section can be represented by the Mueller diagram in Fig, 1(a); in the diagram

"pb" represents the beam., If the pomeron dominates the link between the beam and

the mp “blob", and if it is factorizable, the cross section can be writtenl’z) in
the form of a product,
2
d . 2
= =8 (v, p;) B . 1)
2 mp T b
dyde

This is analogous to the factorization in the total cross section, in Fig. 1(b),

Op = BpBb . (2)
Now when we divide equation (1) by (2}, the quantity -
2
1 d” o -2
o =8 (v, pp) / 8 (3}
Or dydp% P T P

becomes independent of the beam. At finite energies, when there are Reggeon

contributions to the diagram of Fig. 1(a), we have to add another term in equation

9

2

do -1/2

2 ' 2,
7 = By, (9 Pp) By + 8 (v, pp) By s )

dydpg
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Then the quantity L 2 has an s 2 dependence on the beam,
T dyde

In the central region, where y is small, we can write the inclusive distri-

bution according to Fig, 1(c)

2
d 2
% =8 8 Yy - (5)
P T
dydp
T 2
The height at the center of the distribution %— 02 = Y(p%) is independent
T dyde - '

approach to this limit from the

of both the target and the beam. There is a s—l/a

additional termz) to equation (5),
2
d 9. _gg oyl + 88 v D) s Y22 (e
. d 2 p b T p b T
ydpg

In the experiment we are reporting we use two different kinds of beam

particles ﬂ+ and p, and measure p = %—-%% in an otherwise identical experimental
T

situation. The 30" was exposed to an unseparated beam of ﬂ+ and p at a ratio

of about 7:8. The identity of each individual incident particle is determined

by a 35 m long differential Cherenkov counter and its location is tagged by

three sets of Multiwire Proportional Chambersll). As far as the scanning and
measuring are concerned, however, ﬁ+f and pp events are treated identically. The
systematic difference is therefore minimized. The absolute cross section normali-

zation is also not a problem, since we use

1 do 1 dN
p = —— e | e s - (7)'
O dy NT dy
where NT is the number of total events in the data sample {corrected for 2
prong inefficiency). This experiment is theréfore unique in its rather systematics-

free test for factorization.



All the events are measured on the LBL gspiral reader with an automatic
track-match. Using a priori forward-backward symmetry in the c.m. for pp
interactions, we can determine the efficiency for track matching and recon-
struction in each of the hemispheres and for each topology. The tracks in
the backward hemisphere in the center of mass have a goéd reconstruction
efficiency, quite independent of multiplicity, of better than 96%Z. The
efficiency for tracks going forward in the center of mass drops as the
multiplicity increases, with 80% successfully reconstructed on the average.
These efficiencies can be also applied to the n+p gsamples. The number of
tracks from n+§ events, computed after weighting with the efficlencies
obtained from the pp interactions, is consistent with.the number obtained in
the scan count. This agreement holds for each topology separately. Thus
track matching and reconstruction losses appear to be equal for pp and ﬁ+p
events,

To compare the spectra for produced particles from n+p and pp interactions,
it is most appropriate to take the ratio of the-single particle spectra, for then the

efficiency factor will divide out. We find (see Fig. 2) that for = the ratio

+ 1 do + - 1 do
p_(n p)/e_(pp) oy dy (np+m)/ oy dy

(pp > 1) (8)
is flat and almost 1 in the backward hemisphere in the c.m. system up to

3)

y = =0.6. The ratio for all events with y < -0.6 is 0.98 £ .04. Factorization

in the fragmentation region of the proton thus works remarkably well for = .
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It is also interesting to see the ratio in the forward hemisphere rise
approximately linearly. This ratio measures the difference in the structure
functions of the two projectiles.

The fact that the ratio is a constant and consistant with unity in the
backward hemisphere, shows that, at‘100 GeV/c, the Pomeron dominates the process
of Figure 1{a) and Pomeron factorization works to a remarkable 2% level. That
is, the function Bﬂp(y,pg) in equation (3) has‘the same y dependence in ﬂ+p
and pp interactions, Furthermore, when we compare in Fig. 3(a}
the average P as a function of y for these same two reactions, we see they
are nearly the same at any value of y in the backward hemisphere. 1In Fig. 3(b)
we make a comparison of the Py distributions for events in the backward
hemisphere. The ratio is again consistant with 1 for all Py Our conclusion
ig therefore that, in the inclusive reactions ﬂ+p > 7 and pp - T,

factorization works; Bﬂp(y,pi) is independent of the projectile.

As we examine further the details of factorization, Fig. 4 shows that
the ratio of equation (8) at a fixed multiplicity is not 1, or even a constant,
at all multiplicities. The Mueller picture doesn't make any prediction about
these ratios. However, if target fragmentation is indeed independent of
the projectile, then the n_ multiplicity distributicons in the target fragmentation
region should be the same for ﬂ+ and p projectiles.

It is therefore proper to examine the ratio in.equation (B) at a fixed

T multiplicity in the backward hemisphere. This is shown in Fig. 5. The

ratios are constant and equal to 1 in the backward hemisphere.

It is indeed guite remarkable that factorization works in such a detail.
There were indications of factorization at lower energies for the T fragments
of the proton.4) The agreements were usually good to 10%. Mueller's picture

with a factorizable pomeron will give exact factorization. Some recent work on
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a Geometric Models) can also give approximate factorization to 10%. The
-degree of factorization we have observed makes the Mueller picture look very
good.

As a passing note of interest, we look at the 7 distribution (non-
invariant)in the backward hemisphere, as a function of the Feynmann scaling

. 2P . . . s
variable X = ~ - | As shown in Fig. 6, an exponential is a good description

v s
+

of the data, with slopes of 11.9 ¥ 0.5 and 11.7 ¥ 0.4 for v p and pp inter-
actions, respectively. We notice these slopes are within 10% of the value at

, 6 X .
lower energies. ) Feynmann scaling is good to 10% from 10 GeV/c to 100 GeV/c.

Returning te the rapidity distributions, we see that at ycm = 0, the

s . o : . : -1/4
ratio of (8) is 10% above 1. As indicated in equation (6), there is an s /
approach to factorization in the central region, i.e. the pion production at
Yém = 0 is independent of bhoth the target and the projectile. Indeed, if we

7). . 8) . X 9)
follow Brown and Alston-Garnjost and a later compilation by Ferbel, and

: +

plot the value of p at Yem = O for charged pion production in 7 p and pp

~1/4

reactions against Pinc in Fig, T(a,b%the extrapolation to s = « is con-
sistent with the hypothesis that all curves approach a single peint. In other
words, from equation (5), at s = = and Yem = o,

2

_ (9)

p=lried ap

a constant independent of projectile.

The value of p at Yom = 0 for produced ﬁ+ is shown in 7(b). The
inconclusive trend of the lower energy data is modified by the 100 GeV data
to be consistent with the same extrapolation paint as the produced w—,

although there s5till is room for quite a bit of variation.
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+ . + . .
The © produced in the 7 p interaction are more numerous than those
in the pp interaction relative to the total cross sections. Now if we look

at the ratio

+ +
+ '
o (nPpy/p op) = L 49 (Mpoa>w) / 1 do (pp Ty 10)
+ + g dy g d
T L\ Y
we Ssee in Fig. 8(a) that even in the target fragmentation region this excess

persists. However, the ratio is still quite constant in y. Furthermore as
shown in Fig. 8(b), the ratio between the average Pp of the ﬂ+, like that of
the m , is the same for all ¥y in the ﬁ+p and pp interactions. For ﬂ+
production, factorization is not achieved yet at 100 GeV/c, but the two
structure functions Bﬁp(y.p;) and B%P(y,p;) in equation (4) seem to have the

2
same y and P, dependence.

10)

A final remark concerning the exotic natures of the reactions. Using the
notation b + a + ¢ + x, we may ask which of the combinations abc, ac, b, and
ab are exotic for each reaction. The results are summarized in Table I. We
note that the two reactions n+p + % x and pp * T x are simultanecusly exotic
only in abc, and these are the reactions for which factorization is satisfied,
The other two reactions are nowhere simultaneocusly exotic, and factorization
féils by v 13% for these reactions. This result suggests that if exoticity
plays any part at all, it is abc exoticity that operates,

The cooperation of the Fermi National Accelerator Laboratory and in
particular the personnel of the Weutrino Labbratory is acknowledged with

Pleasure. The Proportional Hybrid Consortium deserve thanks for their help in

operating the tagger.
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TABLE I,

EXOTIC NATURE OF REACTIONS

- - - +

b+a-c+x abc | ac | bc jab p (T p) /0 (pPPR)
+ -
T p <+ WX yes | no lyes |no +

_ 0.98> .04
PP * T x ves )] no Jno ves
+ +
T p > 1T x no no |no no

1.13 * (03

+

Pp * T x yes { no no yes




FIGURE CAPTIONS

Fig. 1, Mueller diagrams for (a) single pion production in the target proton
fragmentation region (b) total cross section (c) single pion production
in the central region.

Fig. 2. Ratio of p_ = %—- do for inclusive m production in ﬂ+p and pp

interactions. T dy

- +
Fig. 3. (a) Ratio of the average transverse momentum of the m in 7 p and
PP interactions. ‘

{b) Ratio of transverse momentum distribution of the T in ﬂ+p and
pp interactions for all 77 's backward in the center of mass.

Fig. 4. Ratio of p_ in ﬂ+p and pp interactions at a fixed charge multiplicity.

Fig. 5. Ratio of p_ in ﬂ+p and pp interactionsfor fixed number of 7 's in the
backward hemisphere.
2P .
Fig. 6. Distribution of m in X =v;:§§ , in the backward hemisphere.
-8
Fig. 7. (a) Value of p at y.,, = 0 for pion production in pg interactiong
with different incigeni momentum;as a function of p~ /4.

(b) Same as (a) for ﬂ+ﬁ interactions.
+
Fig. 8. (a) Ratio of p; for inclusive x production in n p and pp interactioms.

+ +
(b) Ratio of the average transverse momentum of # din 7 p and pp
interactions.
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