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Scaling and Positive Excess in Secondaries of Nuclear Reactions* 

T.F. Hoang 
1749 Oxford Street, Berkeley, CA 94709 

and 

H.J. Crawford 
Space Science Laboratory 

and 
Lawrence Berkeley Laboratory 

University of California 
Berkeley, CA 94720 

The positive excess of charged particles from p-nucleus reactions is analyzed using the 

available data from Ptab = 20 to 400 GeV/c of CERN and Fermilab experiments. It is found that 

it originates from a bremsstrahlung type process depending on target ;_z0.89(3 and practically 

independent of incident energy. At a given energy, the rapidity distributions of pA ~ h± + · · ·, 

corrected for the positive excess, determine the samepartition temperature as pp ~ n- + ···. 

This indicates that the primary interaction takes place between the incident proton and one of quasi 

free nucleon inside the nucleus and leads to a geometrical scaling different from the KNO scaling. 

A heuristic formula for (Ilch) is derived on the basis of the properties of secondaries from various 

p-nucleus reactions. 
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1. Introduction 

One of the remarkable features of particle production by p-nucleus reactions is that the 

multiplicity of shower particles turns out to be very much like that of pp collisions at the same 

energy, reflecting the space-time evolution of high-energy hadronic collisions.! As a consequence, 

the nuclear effect appears to play a lesser role in the investigation of multiparticle production by 

nuclear reactions, in spite of the fact that the difference between the positive and the negative 

secondaries is not small at all, and that the positive excess may affect critically certain 

parameterizations such as the partition temperature T p of the Chou-Yang-Yen ( CYY) model. 2 

From the point of view of physics, it is imperative to know the nature of these positive particles 

in excess over the negative ones. How do they differ from the negatives which are produced by 

the soft process? Another imponant problem is the scaling. As is well known, scaling is an 

important property for non-diffractive particle production by pp collisions. The question arises: 

How does scaling behave in the case of p-nucleus reactions? 

The purpose of the present work is to investigate these outstanding problems using currently 

available high-energy p-nucleus data. We will study the behavior of the positive excess in terms of 

the rapidity distributions using a CERN-SPS experiment by the NA5 Collaboration3 and a recent 

Fermilab experiment E565-57012, both at Ptab = 200 GeV/c (Sec. 2), and its effect on the estimates 

* * of Tp according to the CYY formula (Sec. 3). We find Tp about twice that of the negatives of the 

same experiment. Then we consider an appropriate formula to correct the charged y distributions 

* of the positive excess so that Tp thus estimated is equal to that of the negative secondaries (Sec. 4). 

We find that the correction term is practically independent of energy, whereas its A dependence has 

a simple property of geometric aspect Our analysis of the positive excess indicates that it is 

produced by a process like the bremsstrahlung4 in contrast with the production of negative 

secondaries (Sec. 5). We will see that our correction method applies also to a p-emulsion 

experiment at 200 GeV/c 14 (Sec. 7). 
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We will see that they distributions of shower particles from pA reactions at the same energy, 

* after correction for the positive excess, lead practically to the same TP' indicating a geometrical 

scaling in the sense of the CYY model (Sec. 6) as has been reported in a previous work for the 

negative secondaries. 5 On the other hand, we find that the well established KNO scaling holds 

only in the projectile region of p-nucleus reactions at different energies. A semi-empirical formula 

for the multiplicity of shower particles will be given on general grounds of the geometrical aspect 

of p-nucleus reactions. 

2. Characteristics of secondaries of p + A ~ h± + · · · 

Consider, to fix our ideas, the CERN -SPS experiment of pA reactions at Ptab = 200 Ge V /c 

by the NA5 Collaboration.3 They have measured in the lab system the rapidity 

y = ~In [(E+P11)/(E-P11 )] distributions of positive, negative and "all" particles for p, Ar and Xe 

targets. A detailed analysis of y distributions of their p + A ~ 1r + · · · data has already been 

reported elsewhere.5 Let us compare, to begin with, the positive and the negative y-distributions 

ofpp as is shown in Fig. 1, error bars being omitted for simplicity. 

Clearly, we see that they distribution of 1t+ is much broader th31!- that of 1t-. This difference 

indicates that, besides the soft process which produces the negative pions, there exists another 

process contributing to the excess of 1t+ compared to 1t-. We are going to investigate this process 

in the following sections. 

Let us first analyze these two rapidity distributions in terms of the partition temperature model 

of Chou, Yang and Y en2 as in our previous work. 5 We use the generalized CYY formula in the 

ems of the incident proton and a quasi-free nucleon of the target nucleus, namely 

ldn c 
N dy = (a + ;: cosh(y-y*) J (1) 

where C is the normalization coefficient, a a fixed parameter 

a=2/(P_0 (2) 
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and the two free parameters are: the shift parameter y* with respect to the ems and the partition 

* temperature Tp in the fineball (FB) system specified by the asterisk. The kinematic properties of 

the FB being discussed elsewhere,5 suffice it to recall, in passing, that the Lorentz transformation 

of y amounts to a translation, e.g., the passage of the ems to the lab system where the NA5 data 

are measured is y' = y + y em with 

(3) 

the ems rapidity with respect to the lab system. 

We have performed fits to they distributions in Fig. 1 by means of (1), with a= 5.46 

according to (2), for IYI ~ Ycm· The fits as shown in Fig. 1 are satisfactory. The parameters are 

* listed in Table I. Note in particular that the partition temperature Tp of 7t+ is much larger than that 

of 7t-, by a factor -2.5. The same situation has been found for pAr and pXe reactions, see Table I, 

* indicating a large overestimation of Tp without correcting the positive excess. 

In this regard, it should be mentioned that according to the CYY formula (1), the shape of the 

* * rapidity distribution depends essentially on aTP and that the estimate of aTP is determined by the 

inflection point of the distribu_Fion corresponding to Yo given by 

* 2 cosh2 (Yo - y*) - aT P cosh (y0 - y*) - 3 = 0 . (4) 

* It is easily seen from (4) that a larger aTP of they distribution of 7t+ corresponds to a farther 

inflection point compared to that of 1t-, because of the background due to the excess of 7t+. 

3. The positive excess of inclusive p +A-+ 7t+ + ···. 

Next we investigate the behavior of the background in the y distributions of positive 

secondaries compared to the negative ones. For this purpose, we consider, for each pA reaction 

.1(A) = (_!_ dn) _ (_!_ dn) 
N dy + N dy _ (5) 

using the data of the NA5 experimentS The result is summarized in Fig. 2. 

.. 
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Consider first the pp case, we note that the statistical fluctuations of the plot are rather large. 

As pp ~ 7t+ + · · · is symmetric in view of the parity conservation, we may fold the plot around the 

ems axis to reduce the fluctuations. 'The folded plot shown in Fig. 3(a) seems to increase with IYI 

as is indicated by the dotted line of the least-squares fit, namely, 

~(1) = (0.192 ± 0.015) + (0.039 ± 0.056) !yl. As the slope is consistent with zero, ~(1) is 

actually independent of y, its average being~= 0.24 ± 0.1 0. 

That ~(A) is constant is further corroborated by the result of another experiment at 

Ptab = 205 GeV/c by ANL6 as shown in Fig. 3(b). Here, we fmd a different pattern, rather of 

random nature; the average :1. = 0.27 ± 0.09 is comparable to the NA5 data~ 

Furthermore, we note that this average 0.24 for pp is consistent with those of pAr and pXe in 

the forward direction corresponding to the fragmentation of the proton projectile, see Table I, as is 

expected from the property of limiting fragmentation observed in the p-nucleus reactions. 

We are therefore led to assume that in a definite region of they distribution, forward (FD) or 

backward (BD) in the ems ofp-nucleon collision, the difference ~(A) defmed by (5) follows a 

random distribution along they axis; in other words, independent of y. 

The FD and BD averages of ~(A) for the NA5 experiments we are dealing with are shown by 

the horizontal straight lines in Fig. 2; their values are listed in Table 1. Note that the gap between 

the BD and the FD averages increases with the target size. We will discuss this point in Sec. 5. 

4. Positive excess correction 

* The knowledge of the FD (y > 0) averages of the positive excess enables us to estimate T p 

using the corrected y distributions of charged particles (albeit shower particles). From our 

definition of~. Eq. (5), we may write 

(
1 dnl 1 [(1 dnl J 
N dy }:orr= 2 N dy )::h- ~(A,y) 

the values of the correction term~ being listed in Table I for the NA5 experiments. 

(6) 
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As a validity test of our simple substraction method, Eq. (6), we have carried out fits to the 

charged y distribution of the pp case of the NA5 data3 with the CYY formula (1) applied to the 

corrected y distribution according to (6), assuming successive values of ~(1) = 0, to 0.4. We 

find a broad minimum of x2Jpoint at~ :::: 0.25, in agreement with the average X= 0.24 listed in 

Table I. 

Thus we proceed to fit the charged y distributions of the N A5 experiments3 twice. First, we fit 

the raw data assuming ex.= 5.46 and IYI ~ Ycm as before, without correction (shown by the 

dotted lines). Next we refit the corrected data according to (6) and using the same condition 

(shown by solid lines). The fits for pp and pXe are shown in Fig. 4, the pAr .case being omitted 

for simplicity. The parameters of fits are listed in Table I. 

For comparison, we have plotted in the same figure the y distributions of negatives. Note that 

the difference between charged and negative secondaries is less conspicuous than in the case of 

positive and negative ones shown in Fig. 1. 

* If we compare the estimates ofT p for charged secondaries in Table I, with and without 

* correction, we note that the values ofTP, without correction, are always larger than those with 

correction, about by a factor ~ 2. 

Finally, it is interesting to note that for the nuclear targets, just as in the previous case of 

* pp ---+ h± + · · · (charged secondaries), we find about the same T p with the corrected y 

distributions of charged secondaries as in the case of negative secondaries. This consistency test 

justifies the subtraction method we have used to correct the positive excess. 

5. Properties of ~(A) 

If we represent the values of ~(A), Eq. (5), for inclusive p +A~ h± +···of the NA5 

experiment,3 listed in Table I, in a semi-log plot vs. Z of the target, as shown in Fig. 5, we find an 

almost linear dependence leading to 

· ~(A) = c za/3 . (7) 
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We find by the least-squares fit 

c = 0.24 ± 0.02, a.= 0.89 ±0.11 

The fit shown by the dashed line is satisfactory .7 

It is interesting to note that 

c-=- .1(1), (8) 

namely, the fit passes through the point for the proton target, whereas a. ::: 1 reflecting the 

geometric property of the mechanism giving rise to the excess of the produced 1t+ compared to r. 

In view of (8), we may write the A-dependence of the correction term in (6) as follows, using 

the Heaviside function: 

il(A,y) = .1(1)Z[l-H(y)]a/3 (9) 

It follows that for its energy dependence, we need only to investigate the case of p + p --+ 

h± + ···. We have analyzed the data of other experiments.8 In Fig. 6, we plot the values of .1(1) 

against Ptab from 12 to 400 Ge V /c. 

We note that the energy dependence of .1(1) is rather weak. Now, according to the results of 

the Rochester experiments, 8(b) the heights of the y distributions for 1t+ and 1t- secondaries of pp 

collision rise rather slowly with the energy as expected from the Muller approach.9 Consequently, 

we may assume 

b 
.1(1) = a - sl/4 

and find by the least-squares fit 

a= 0.248 ± 0.013, 

(10) 

b = 0.092 ± 0.056 . 

The fit is shown by the solid curve in Fig. 6. Here again, we find b consistent with zero, 

indicating that to a good approximation we may neglect the energy dependence of the correction 

term in Eq. (5). 
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6. Scaling property. of p + A ~ h± + · · · at the same energy. 

In a previous work.5 a scaling property has been observed for charged secondaries of heavy­

ion reactions at 200 Ge V /nucleon of a CERN-SPS experiment W A80, 11 no correction being made 

of the excess of positive secondaries. We have to examine more carefully this important property 

using y distributions of a recent Fermilab experiment, E565/570, of p-nucleus reactions at 

Piab = 200 GeV/c.1 2 

Their data for shower particles from p, Mg, Ag and Au targets are reproduced in Fig. 7. The 

curves represent the fits using the CYY formula (1) with a.= 5.46 and IYI ~ 3.03 as in the case of 

. * 
the NA5 experiment. The parameters y* and Tp are listed in Table II, typical errors being ~y*:::: 

* * * 0.04 and ~Tp"fp:::: 14%. Note that except for the Mg target, here also, we fmd Tp;;:: 1 GeV as in 

the case of the NA5 experiment (Table I) and that y* :;.!: 0 for pp is probably systematic, since it 

should be zero within statistical errors as is required by the parity conservation of the pp system. 

Next, let us consider the corrected y distributions by subtracting in each case an appropriate 

corrected term ~(A) according to (7). The results are shown in Fig. 8. The curves represent new 

fits with the CYY formula ( 1 ), and the parameters are listed in Table II. It is interesting to note that 

* here again we find Tp about equal to one half that of the uncorrected y distributions, just as in the 

* case of the NA5 data (Sec. 4), and that they are now comparable to the Tp of p + p ~ r + ··· at 

the same energy of the NA5 experiment. This justifies the substraction method and the empirical 

formula Eq. (7) for ~(A). 

We now discuss the scaling of inclusive p +A~ h± +···reactions at the same energy, in 

the context of the partition temperature model of Chou, Yang, and Yen.2 In this regard, we recall 

* that there are two free parameters in ( 1 ), the shift parameter y* and the partition temperature T p, 

whereas the normalization coefficient C is related to the average multiplicity, which, in tum, is 

-A 1/3 as has been reported in our previous work.3 As for a given energy, (P _0 is practically 

* independent of the nature of the target, the same is found for T p of corrected y distributions, we 

therefore expect scaling to hold in the FB system corresponding to zero of the shift parameter. 
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Therefore, for each target A, we consider a scaled y distribution: 

(11) 

and plot it against y- y* to go to the FB system. The results are shown in Fig. 9. We note that 

scaling holds especially well in the central region for all three targets: Mg, Ag and Au, whereas the 

Mg target deviates somehow from the other two in the region of target fragmentation, suggesting 

that scaling may hold better for large targets. 

With this in mind, we perform an overall fit to the three scaled distributions for ly-y*l S 2 

instead of 3 in order to leave aside the deviated points outside the central region. We find 

* Tp = 0.669 ± 0.050 GeV 

y* = 0.34 ± 0.05 

The fit is shown by the solid curve in Fig. 9(a), its extrapolations being indicated by the dashed 

* lines. We find the fit satisfactory and Tp in agreement with that of p + p ~ 1t- ···(Table I), 

except that the new shift parameter differs from zero as can be seen from the plot in Fig. 8. This 

lack of symmetry may be due some unknown systematics. 

Finally, we note that the trend of scaling remains even without correction due to the positive 

excess as i seen from Fig. 9(b) and that a similar fit using the CYY formula (1) for IY-y*l S 2 as 

before seems also satisfactory. Nonetheless, the parameters are quite different: 

* Tp = 1.045 ± 0.165 

y* = --0.14 ± 0.04 

* We now fmd T p comparable to those of charged secondaries of pA, about twice those of negative 

ones as is listed in Table II. It is this scaling that has been observed with the heavy-ion reactions 

reported in the previous work. 5 
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7. Inclusive p + Em reaction. 

Besides the rapidity distributions we have analyzed in the previous sections, there exist a great 

wealth of pseudorapidity distributions, 11 =In (cot 8/2), at all energies, especially from the 

accumulated work of photoemulsion technique. 

Obviously, at high energy, m1t is negligible, so 11 = y. However, as is well known, the two 

distributions, rapidity on the one hand and pseudorapidity on the other, have different shapes in the 

central region, beyond that they are practically the same, especially in the fragmentation regions.13 

* As. the estimation of Tp depends essentially on the part of the 11 distribution near the average (1111)14 

we may treat the 11 distribution on an equal footing with the y distribution. 

As regards the complexity of the inclusive p + Em ~ h± + · · · data caused by the chemical 

compounds constituent of the emulsion, there is always this important question: How to extract 

any reliable information on the primary interaction, namely, the collision of the incident proton 

with one nucleon of various nuclei contained in the emulsion? 

For this purpose, we have considered a fictitious compound target like BrAg in emulsion, 

composed of MgAg instead and computed the expected 11 distribution using the data of pMg and 

pAg data analyzed in the previous section and combining them by weighting over their cross­

sections, i.e., -A2f3 for simplicity. Then we fit the simulated 11 distribution with the CYY formula 

* (1). We get 11* = -0.04 and TP = 0.880 ± 0.063 comparable to the averages (arithmatic) of y* and 

* TP for Mg and Ag in Table II. 

We therefore proceed to analyze the p +Em data for BrAg at Ptab = 200 GeV/c by Hebert et 

al.15 using the CYY formula (1). Their data are shown in Fig. lO(a), the fit is satisfactory. We 

get 

* 11* = -0.55 ± 0.05 , TP = 1.040 ± 0.143 GeV 

comparable to the Ag target listed in Table II. 

.. 
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As regards the correction according to (6), we use the effective Z weighted over A2f3 ofBr and 

Ag: Zeff = 41.5 to compute ~(A) by (7). The corrected 11 distribution is shown in Fig. lO(b), the 

solid curve being the fit with (1). The parameters are: 

* 11* = -0.39 ± 0.08 , TP = 0.603 ± 0.093 GeV 

* It is worth noting that we get TP consistent with that ofp + p ~ 1r +···at the same energy (see 

Table I) within one standard error. This justifies a posteriori the validity of the method and the 

empirical formula Eq. (7) we have used to correct the data. 

8. Energy dependence and KNO scaling 

We have observed the scaling of corrected y distributions of shower particles from various 

p-nucleus reactions at the same energy (Sec. 6). We now investigate another scaling, the well 

established KNO scaling for hadronic collisions.16 For this purpose, we have analyzed other 

available p-nucleus data at different energies to compare with the 200 GeV/c data discussed in the 

previous sections. 

For brevity, we content ourselves with the data of p + Cu at Ptab = 50 Ge V /c by the Max 

Planck Institute (MPL)l7 and p + Al at 360 GeV/c by the EHS-RCBC Collaboration, IS other data 

being similar with larger experimental uncertainties. The pseudorapidity (in ems) distributions are 

shown in Fig. 11(a), the typical errors -2.5% for the MPI data and -3% for the other being 

omitted for simplicity. The curves are fit with the CYY formula (1) for hll::;; 1lcm• the parameters 

are listed in Table III together with some characteristics of their experiments. 

We note that the fits are very satisfactory and that the two distributions are quite different as can 

* be seen from their widths, so are their T P values. This rules out the geometrical scaling based on 

the CYY model discussed in Sec. 6. 

Next, we make corrections for these distributions using the method outlined in Sec. 4. The 

results are shown in Fig. 1l(b) together with the new fits using (1), assuming the same a== 5.46 

as in the previous fits with correction. The parameters are summarized in Table III. The fits are 
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* satisfactory. Note that here as in the previous cases of200 GeV/c data, the values ofTP are about 

equal to one half those without correction. 

We now investigate the KNO scaling using these distributions (we assume y = 11) and those of 

200 Ge V /c. We plot the corrected 11 distribution of shower particles scaled by the average 

multiplicity <Ilch> against the shifted 11 scaled by the average <1111>, namely vs. (11- 11*)/<hll>. 

The results are shown in Fig. 12. 

An inspection of this plot reveals that in the forward direction of the incident proton the KNO 

scaling holds as in expected from the well-known limiting fragmentation. We note this kind of 

scaling in terms of the reduced pseudorapidity 11/<1111> has been observed for pp by Nakamura and 

Kudo.19 However, 1n the backward direction corresponding to the target fragmentation, the 

behavior is quite different. Indeed, if we compare this KNO scaling plot with Fig. 9 showing the 

geometrical scaling ofp +A~ h± + ... at the same energy Ptab,; 200 GeV/c, we note a 

significant difference, suggesting that the KNO scaling is not universal, namely, it holds only for 

the fragmentation of the projectile proton but not for the fragmentation of the target nucleus in 

general. Our conclusion agrees to some extent, with the result of the Fermilab experiment, 12 their 

analysis being based on the statistical grounds, namely, the behavior of the dispersion of the 

multiplicity distribution. 

9. The charged multiplicity 

In a previous work to investigate the properties of inclusive p + A ~ 1t- + · · ·, we have found 

that the negative multiplicity may be expressed in terms of p + p ~ r + · · · at the same energy as 

follows:5 

1 , /3 
<IL>pA = 2 <IL>pp (1 +A a ) (12) 

with 

a' = 0.80 ± 0.16 , 
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As we now know the behavior of the excess e(A) of positive secondary over negative ones, 

namely, according to (7) 

e(A)/Y = .1(1) + .1(1)•Zal3 

where Y is the rapidity interval 

s 
Y =2Ycm :::ln2 

II), 

(13) 

(14) 

It is straightforward to write a closed form for the charged multiplicity of p-nucleus reactions. 

In this regard, we recall that the factor <n..>pp in (12) serves merely to express the energy 

dependence of the multiplicity ofpA and that in the context of the fireball (FB) model, the negative 

multiplicity of pp may be written as20 

<n..>pp = 2ap(Yc.m/'YFB- 1) (15) 

where 'YFB is the Lorentz factor of the FB with respect to the ems and ap = 0.26 is a parameter, the 

subscript pis used to distinguish pp from other reactions as is discussed in Ref. 20. By FB we 

mean the rest-frame of secondaries in one hemisphere of the ems of pp. We recall that owing to 

the scaling, 

'Yc.ml'YFB = 2.V Yc.m. - 1 - 1 

With these remarks, we may write explicitly the following expression for the charged 

multiplicity of p-nucleus reactions 

<nch>pA = N(2.VYc.m.- 1- 1) (1 + Aa 'f3) + .1(1)(1 + Za/3) Y 

(16) 

(17) 

where a= 0.80 (see Eq. (12)), a'= 0.89 (see Eq. (7)), .1(1) = 0.24 (see Eq. (11) and N is a 

coefficient to be determined by fitting the experimental values of charged multiplicity analyzed in 

the present work, except the case of pEm.21 We find 

N = 0.36 ± 0.03 . 
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In Fig. 13 we have plotted the experimental values of charged multiplicity vs. the values 

predicted by (17). That all the points are situated close to the bisector (solid line) indicating the 

correctness of our formula and consequently justifies the validity of our method of analysis. 

As a further check, we have considered another case outside the fitting range corresponding to 

Ptat} ~50 GeV, namely, p+ Neat 28 GeV/cby Miller and Nowak.22 Their datum and the 

computed <Ilch> (17) are shown by the triangle in Fig. 13. Here also, we find it very close to the 

bisector. 

10. Remarks 

We have investigated the positive excess of secondaries from p-nucleus reactions. We find that 

these particles, presumably 7t+ mesons, have a random distribution along the rapidity axis 

indicating that they are emitted by a bremsstrahlung-type mechanism, in contrast to the soft process 

emitting the 1t- mesons. The A dependence of this positive excess is approximately geometric, 

e.g., -za/3 with a= 0.89, just like that of the negative multiplicity.5 

A simple subtraction method is derived to correct the effect of the positive excess on the 

* estimation of the partition temperature T P determined by the generalized CYY formula ( 1 ). We find 

* * the overestimation ofTP without correction rather important, by a factor of -2 compared to TP of 

* negative secondaries. The TP's from the corrected y distributions are about the same as that of 

negatives, which in turn is equal to p + p ~ 1r + · · · at the same energy. This indicates that, in the 

multi particle production by p-nucleus reaction, the primary interaction takes place between the 

incident proton and a quasi free nucleon inside the target nucleus. 

We find a new geometric scaling for inclusive p + A ~ h± + · · · reactions at the same energy. It 

* is based on this remarkable property that such reactions have approximately the same Tp, 

irrespective of the nature of the target. This scaling is essentially different from the KNO scaling 

which is found to hold only for the fragmentation of the incident proton, but not for the 

fragmentation of the nuclear target, reflecting the complexity of nuclear production of particles 

compared to pp collisions. 
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Table 1. Characteristics and parameters of rapidity distributions of p + A ~ h± + · · · 

200 GeV/c = NA22 experiment, Ref. 5. N.B. y* is referred to the c.m.s. 

pp pAr pXe 

<PJ? (MeV/c) 366±2 376± 1 363±3 

<n>all 7.27 ± 0.06 14.98 ± 0.45 20.67 ± 2.40 

~(A) BD y<O 0.23 ± 0.07 0.44 ± 0.15 0.83 ± 0.16 

FD y>O 0.24 ± 0.12 0.30 ± 0.09 0.29.± 0.04 

- - - - - - - - - - - - - - - - - - - - - - - --- - - - - - -- - - - - - -- - - --- - - - - - - - - - --

y distribution 

negat. y* 0 -0.46 ± 0.03 -0.66 ± 0.01 

* TP (GeV) 0.547 ± 0.049 0.816 ± 0.737 0.642 ± 0.062 

posit. y* 0.12 ± 0.05 -0.68 ± 0.03 -1.26 ± 0.08 

* TP (GeV) 1.430 ± 0.05 1.854 ± 0.302 2.550 ± 0.369 

all y* 0.06 ± 0.05 -0.55 ± 0.05 -0.96 ± 0.06 

* TP (GeV) 1.013 ± 0.125 1.258 ± 0.205 1.615 ± 0.157 

- - - - - - - -- - - - - - - - - - - - - - - - -- - - - - - - - - - - - -- - - - - - - - -- - - - - - - - -

Corrected ~(A) 

all y* 0.15 ± 0.07 -0.60 ± 0.05 -1.04 ± 0.07 

* TP (GeV) 0.514 ± 0.047 0.644 ± 0.105 0.680 ± 0.073 
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Table IT. Parameters of rapidity distributions of shower particles of inclusive p + A 

reactions at 200 GeV/c, Fermilab E 565/570, Ref. 12. Typical errors t\y* = =:-0.05 and 

* * t\Tjfp =:- 14%. N.B. a= 2/(P J.) = 5.46 andy* is referred to the c.m.s. 

pp pMg pAg pAu 

<11cw 13.1 ± 0.9 18.1 ± 0.7 21.6 ± 1.2 

y* 0.12 --0.24 --0.77 -1.04 

* TP (GeV) 1.210 0.627 1.203 1.177 

With correct. 

y* 0.17 --0.08 --0.55 --0.92 

* TP (GeV) 0.663 0.320 0.724 0.590 



20 

Table ill. Characteristics and parameters ofp +A reactions, Refs. 14 and 15. Fit errors 

* * .1.11*:::: 0.04 and LlTrfTp:::: 14%. N.B. 11* is with respect to the ems. 

pCu pAl 

Ptab (Ge V/c) 50 360 

<ns> 10.30 ± 0.26 17.7 ± 1.5 

<P J.? (GeV/c) 0.332 0.372 

11cm 2.67 3.34 

11* -0.57 -0.72 

* TP 0.547 2.028 

With correct. 

11* -0.52 

0.234 

1.02 

-0.59 

1.286 

1.26 

.. 
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Figure Captions 

Fig. 1. Rapidity distributions in the lab system of 1t+ and r from inclusive pp at Plab = 200 

GeV/c by NA5 collaboration, Ref. 3. The curves represent the fits with the CYY formula (1), the 

parameters are in Table I. 

Fig. 2. Plots of the positive excess of secondaries vs. y' (rapidity in the lab system) for inclusive 

pp, pAr and pXe at 200 GeV/c, NA5 data, Ref. 3. The dash straight lines represent the averages 

in the projectile and the target region. 

Fig. 3. Folded plots of positive excess ~(1) of inclusive pp at -200 GeV/c.' (a) NA5 data, Ref. 3 

and (b) ANL data, Ref. 6. The variations of ~(1) are shown by the dotted lines, see text. 

Fig. 4. Rapidity distributions of charged (crosses) and negative (circles) secondaries ofpp and 

pXe at 200 GeV/c, NA5 data, Ref. 3. The solid lines are CYY fits without correction; the dotted 

lines are fits with correction according to Eq. (6). The parameters are in Table I. 

Fig. 5. The Z dependence of the positive excess ~(A) forpA--+ h± +···at 200 GeV/c ofNA5 

experiment, Ref. 3. The dotted line represents the fit: ~(A)= cza/3 with c = 0.24 ± 0.02 and a= 

0.89 ± 0.11. 

Fig. 6. Energy dependence of the positive excess ~(1) for inclusive pp --+ 1t± + ···the curve is a 

fit according to the Muller approach, see text. 

Fig. 7. Rapidity distributions of p + A --+ h± + · · · at Plab = 200 Ge V /c, Fermilab experiment 

E 562/570, Ref. 12. The curves represent fits with Eq. (1). The parameters are in Table II. 

Fig. 8. Charged rapidity distributions of p + A --+ h± + · · · at Ptab = 200 Ge V /c with correction 

for the positive excess. Fermilab experiment E 562/570, Ref. 12. The parameters are in Table II. 
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Fig. 9. Replot of Fermilab data in Figs. 7 and 8 with~: scaled by A 1!3 against y (in ems) and 

shifted by y* of the fits with CYY formula (values of y* in Table m. (a) without correction and 

(b) with correction for the positive excess. The solid curves represent overall fits using Eq. (1), 

the dotted lines being extrapolations; scaling requires the superpositions of the scaled distributions. 

Fig. 10. Pseudorapidity distributions ofp-emulsion experiment at 200 GeV/c by Hebert, et al., 

Ref. 15, with and without the correction for the positive excess assuming Zeff = 41.5. 

Fig. 11. Rapidity distributions of p + Cu and p +AI at 50 and 360 Ge V /c, respectively, data of 

MPI, Ref. 17 and EHS-RCBC, Ref. 18. (a) Without correction and (b) with correction for the 

positive excess. the curves represent fits with Eq. (1). The parameters are in Table ill. 

Fig. 12. The KNO scaling of p +A ~ h ± + .. ·corrected for the positive excess for various 

targets at different energies. Note that scaling holds only in the forward direction corresponding to 

the fragmentation of the proton projectile. 

Fig. 13. Comparison of the measured charged multiplicity of p + A with the predictions by the 

semi-empirical formula (17). 
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