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ABSTRACT 

Based on a multiple hard scattering picture we derived simple 

relations between inclusive cross sections for large transverse momentum 

particle production in nucleus-nucleus, nucleon-nucleus and nucleon- 

nucleon scatterings. The relations are compared with the recent data 

for 1~' production in aa collisions at high energy. 
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Nucleus-nucleus collisions have recently attracted a fair amount 

of attention, subsequent to the measurements made by several experimental 

groups on aa collisions at the CERN-ISR. Preliminary data on elastic 

scattering and particle production at both low and large transverse 

momentum have become available.lm3 The fact that for the first time 

they are for relatively high energy (the beams were accelerated to the 

maximum momentum 31.5 &V/c per charge) makes them particularly 

interesting. Here, we concentrate on inclusive hadronic cross sections 

at large-pT. 

If two nuclei (with nucleon numbers Al and A2) collide, it is 

intuitively plausible that one can deduce a great deal about the 

resulting hadronic production from a knowledge of nucleon-nucleon (NN) 

and nucleon-nucleus (NA) collisions. In this note, we derive simple 

formulas CEqs. (2) and (5)] which relate the single particle inclusive 

cross sections at large-pT in A1A2, NN and NA1 2 collisions. Our 
, 

derivation is made using a multiple hard scattering picture,4-6 since 

it is widely believed to be the cause for the anomalous nuclear enhance- 

ment 7 seen in hadron-nucleus collisions. However, as discussed later, 

it is quite possible that our relation is quite general and relatively 

model-independent. Before proceeding to the derivation, let us consider 

the special case of current experimental interest, namely aa collisions 

and IT' measurements at large-pT at 90' in the nucleon-nucleon CM frame. 

For this case, our result reduces to a particularly simple form 

I aa = 8(1pa - "pp> 

where I denotes the inclusive IT o cross section E da/d3p measured in all 
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processes at the same nucleon-nucleon CM energy and at a CM scattering 

angle of 90'. Equation (1) is in reasonable agreement with available 

preliminary data (see Fig. 1) and will be discussed later. 

For a general nucleus-nucleus collision, the result for r" produc- 

tion at 90' in the nucleon-nucleon CM frame is 

IAlA = A11pA2 + A21pAl -AA1 
12PP . (2) 

In order to have the same nucleon-nucleon CM energy fi, the CM energy 

for the pA interaction must be 6 and that for the AlA interaction 

must be q. 

The derivation of Eq. (2) is easiest at the nucleon level. 

Consider a proton-nucleus collision. Since we are looking for produced 

TT" particles, neutrons and protons need not be distinguished. Therefore, 

in a multiple hard scattering formalism, the 1~' can come from hard 

scattering in a single nucleon-nucleon interaction (whose cross section 

is I 
PP 

> or from hard scatterings initiated by a simple nucleon in the 

beam (target) with several nucleons in the target (beam) nucleus. For 

two scatterings, the cross section is proportional to A 4/3 . Thus, if 

more than two scatterings are ignored for the moment, we have 

I 
PA 

= AI 
PP 

+ A4131D 

where ID is a convolution of two hard scattering cross sections times 

appropriate nuclear factors (see Refs. 4-6 for details). By similar 

reasoning for a general nucleus-nucleus collision, one readily gets 

IAlA 
=AAI 

1 2 PP + AlA ( 4/3 
+ A2Al 

4/3 I 
> D. l 

(4) 
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The term A1A2 4'3 (A,A~'~) corresponds to interactions of any nucleon 

in nucleus Al (AZ) with two nucleons in nucleus A 2 (Al). Eliminating 

the model-dependent quantity A 4/3 ID from Eqs. (3) and (4) yields Eq. (2). 

In the above derivation, the effects of absorption and the possi- 

bility of having hard scattering of any nucleon from more than two 

nucleons has been neglected. These effects are probably small' and 

can be incorporated in a simple phenomenological manner by writing 

Aneff Ieff 413 
D instead of A ID in Eqs. (3) and (4). Of course, this 

change does not alter the subsequent derivation of Eq. (2). 

Note, however, that in writing Eq. (4), we have implicitly 

neglected the possibility of more than one nucleon from nucleus Al (A2) 

interacting with more than one nucleon from nucleus A2 (Al). As we are 

pointing out later on, this point may require re-evaluation if sub- 

stantial deviations from Eq. (2) are experimentally observed. 

Equation (2) is valid not only for IT' production, but also for any 

combination of particles which (by isospin) are produced with equal 

probability from both protons and nuetrons, for example no, IT++~-, etc. 

However, if one looks at the production of a hadron which is prefer- 

entially produced off either protons or neutrons, it requires a little 

more effort to generalize Eq. (2). For the collision of nucleus (Zl,Nl) 

containing Zl protons and Nl neutrons with another nucleus (Z2,N2), our 

result is 

-C zz I 
1 2 PP + NlN21nn +CZlN2 + Z2Nl)1pnl * (5) 
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The new 'ingredients involved are the inclusive cross sections Iti, Inn, 

I 
pn 

for neutron beams and/or targets. Like'Eqi (2), Eq. (5) is also 

valid when all processes have the same nucleon-nucleon CM energy and a 

CM scattering of 90'. Of course, Eqs. (2) and (5) can be extended to 

arbitrary values of the scattering angle in a straightforward manner. 

It is worthwhile noting that the derivation of Eqs. (2) and (5) was 

completely carried out at the nucleons level -- that is, the nucleus was 

treated as a collection of nucleons without specific reference to further 

partonic substructure. Of course, it is hard scattering of partons which 

is responsible for large-pT production. However, the details of the 

scattering involved do not show up explicitly in Eqs. (2) and (5), since 

they are burried in I I 
PP' PA' 

etc. Thus, to a large extent, our results 

are model-independent. In particular, the intriguing QCD-motivated idea 

that the nucleus is effectively a gluon filter5 is also true for nucleus- 

nucleus collisions. This statement is of potential experimental interest 

for studying gluon jets due to the much larger cross sections in AlA 

interactions. 

References 1 and 2 give a review of preliminary data on large-pT 

7' production in aa collisions. The ratio of inclusive cross sections 

R51 /I 
aa PP 

is shown in Fig. 1.8 In order to compare our theoretical 

expectations CEq. (l)] with data, we need the ratio I 
Pa'IPP ' 

Unfortun- 

ately, this ratio is not directly available at 90' in the nucleon-nucleon 

CM frame. So, we shall make use of previous measurements on proton- 

nucleus collisions, which can be summarized by 

&=A a (P,) 
I , a(pT> - 1+6(PT) ’ (6) 

PP 
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The anomalous nuclear enhancement exponent a(~,> is relatively energy- 

independent and has been measured for a variety of trigger particles.7 

Combining Eqs. (1) and (6), we get for aa collisions: 

I 
R-x= 16*(2*4 

6(PT) 
-1) . 

I 
PP 

(7) 

This theoretical prediction for R is plotted on Fig. 1, with value of 

6(pT) for pions taken from Ref. (7). In general, the agreement with 

data is not bad, one should notice, however, that the data does tend to 

be higher at larger values of pT. For IT' production in a general AlA 

collision,-the enhancement is of the form 

IAlA R- f I = 
PP 

HPT) 
+ A2 -1 . 1 (8) 

Such a simple result is not valid for soft (low -- p,) particle produc- 

tion where the relations between I 
AlA2' , 

INAl 2 and INN are nonlinear.' 

It is only for the cross sections, or -- more precisely -- for the 

products of cross sections times nuclear thickness being small enough 

that these relations become effectively linear and then solvable in the 

manner presented above. 

If the final data in Fig. 1 remains for large-pT above the 

theoretical expectation, this could be due to hard scattering involving 

several nucleons in both colliding nuclei, and an eventual final state 

recombination into the observed IT'. Such a process, if present, will 

be most noticeable at larger pT values, near the edge of phase space 

for nucleon-nucleon scattering. In a sense, one could even argue that, 

for PT approaching the largest values normally available in the nucleon- 
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nucleon'scattering, the ratio R has to ultimately become very large. 

We know of at least two examples of such phenomena: the hadronic jet 

production in hadron-nucleus scattering at large pT (Ref. 6) and the 

so called llcumulative effect" in nucleus-nucleus scattering.lO In both 

cases the detail explanation, although based on the same kinematical 

observation that the phase space for hadron-nucleus and nucleus-nucleus 

scattering need not be the same as in hadron-nucleon process, is rather 

model dependent. Similar explanation in our case would require much 

better and consistent data. 

In any case, our Eqs. (2) and (5) provide a general, useful bench- 

mark for nucleus-nucleus collisions based on current ideas of large-pT 

particle production. If substantial deviations are experimentally 

observed in the future, they would clearly signal new physics. This 

could imply additional types of interaction mechanisms (like the one 

discussed in the previous paragraph) or possibly the conjectured new 

quark-gluon phase of matter.ll 
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FIGURE CAPTION 

Fig. 1. The ratio R = Iao/Ipp for ITO production at 90' in the 

nucleon-nucleon CM frame as measured by experiment R806 

(Athens-Brookhaven-CERN) and by experiment RllO (CERN- 

Oxford-Rockefeller).8 Our predictions [based on Eqs. (1) 

and (7)l correspond to the shaded band which reflects the 

error bars of &(P,).~ (The dashed line shows the naively 

expected result R = 16.) 
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