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In the past fe:i years several procedures have been proposed 

to estlmatc production cross sections in very high energy colli-- 

sions. These procedures all consist of parameterizlng existing 

data at 10 -+ 30 GeV in the lab and then extrapolating this fit 

to 200 Geli. This requires an extrapolation over a range of 

about 10. 

Very recently the production cross section in proton proton 

collLsions wars measured ,in'the center of mass system. The experi- 

ment wa.s done at a laboratory momentum of X.5 GeiJ/c and a center 

of mass energy of i,i = 5.03 GeV. At 200 GeV t'ne center of mass 

energy is i9.42 GeV. Thus if the extrapolation is done in the 

center of mass it is only necessary to extrapolate over a 

range of less than 11. Hopefully this shorter range extrapo- 

lation will be more reliable. In addition, this emeriment 

suggests a simpler parameterization of the data in terms of two 

"fireballs," wlhich makes the extrapoiation mare strai@h-lfor:iard 

and reliable. 

Ths recent center of mass production eqeriment consisted 
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2 of measuring d o/dRdp for the production of pli,ons, kaons, an15 

ar~tiprotons in proton proton collisions. A series of measure- 

ments was taken rrith Py heid fixed at .6 GeV/c while P: 

was vari.ed bet:,reen 0.1. and 1.5 (G~V/C)~. These results are 

presented in Fi.gure 1. It can be seen that d20/d9tlp is a 

Gaussian in P I 

d2u 
dndp=Ae 

-BP? 

We also find that the slope B is about 3.5 (GeV/c)-2 for all 

the produced particles except the Ket. 

Next a set of measurements was made with PT held fixed 

at .4 (G~V/C)~ while Py was varied from 0.0 to 1.0 GeV/c. 

These results are shown in Figure 2. The data sho::r clearly 

that the produced particles are peaked about a forward value 

of P& equal to about 450 MeV/c. There is a similar backward 

peak due to the symmetry of the p-p system. Thus we have the 

result that almost all of the produced particles come out in 

two clouds or "fireballs." 

The first step in the parameterization of this data is 

to search for a Lorentz frame in which the cross section peaks 

at P, = 0. This we will "define" as the rest frame of the 

fireball. This search was made, and we found that the 'correct" 

Lorentz frame is moving with p = .54 with respect to the center 

of mass system. The cross sections have been transformed into 

this system and are shor>in in Figure 3, where we plot 2 d o/dOdp 

against [pIirebalij2. 
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Tiiei"e are two interes~L:ing bits of i.nformation to be gaPn,ed 

froi!! this pl.ot. E'lrst ~cie can obtain the mass of the fireball 

by no,liirig that in the center of mass it is moving irith 8 = .5'-1 

and has a total energy of E := !J/2 = 2.51 GeV. The miiss of the 

fireball is given by 

-. 
M, = RL$ = 2115 blev . 

Next we observe that i.n Fi.gure 3 d20/d~Sdp appears 

or less Gaussian in PL, just as it is Gaussian in 

direction of forward PL we have 

to be more 

pL * In the 

--] _ -3.5 P; . d2o for-vrard 
dSldp F 

Thus in the forward direction the longitudinal distribution 

has the same. mcment.um dependence as the transverse distribution. 

If this were also true for the backiiard longitudinal distribution, 

then the cross section wou1.d be isotropic and Gaussian in the 

fireball rest frame. However, we find that in the backward 

direction the cross section drops off much more steeply. In 

fact 

d20 Backward 
c- ] 
dRcip F 

_ e-~~p~ . 

Thus in the fireball rest frame the distribution is 

(a) Gaussian in Pfireball 

(b) Isotropic along the front three axes but flattened 

along the back axis. 

In Figure 4 we ShOW this semi-isotropy with the backward 
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flait.ciil-i.rl;:. The reasons for the backrrard flattening is not 

understood . 

To simplify the extragol.aii.on to 200 GeV we will assume 

that d20/dQdp is completely i~sotr0pi.c in the fireball rest 

frame , This rri.11 not significantly change the laboratory 

spect~.~um and wi1.l make ca.lculations much ea.si.er. 

We are now in a position to estimate the production cross 

section at 200 GeV usi.ng the fol.lokli.ng information about the 

"fireball" at E = W/2 = 2.51 GeV: 

(a) d2cr/dRdp is essentially isotropic in the 

fireball rest frame. 

(b) d=)o/dndp is Gau~ssian with a slope of 3.5 (G~V/C)-~. 

(c) The fireball has a mass of 2115 MeV. 

Thus if PP is the momentum of the produced particl~e in the 

fireball rest frame, we can write 

d20 --I -3.5 P; 
dndp F 

k Ae 

The extrapolation also requires the following assertions: 

(a) The momentum distribution in the fireball rest 

frame does not change in going from 12.5 to 

200 GeV. 

The evidence for this assertion comes from the fact that the 

average transverse mome:ntum of produced particles is constant, 

even at cosmic ray energies. The experimental evidence for 

this is shaky but very widespread. It is probably true at 

least appr0ximstel.y. Mow notice that since P is Lorentz I 
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ir2varian-i: the ciistrj.bu.i.i.on of' PI in the fircb311 rest frame 

also does no,L chanC;e. Then if the fon~o~:cl PL distribution 

continues to bc sirClar to the 1' I distributj.on V,C have that 

at high energy 2 tl a/di?dp is stillm an aln:ost isotr0pi.c Gaussim 

-2 r:r-i~lAl s!.opc 3.5 (GE!V/C) . 

(b) The ch~arged multiplici.ty changes fro:;: ebout 3 

at 12.5 GeV/c to about 6 at 200 GeV. 

The evj.dence for this agai.n comes from comic ray experiments 

which are rather shaky. The data is presentec! in Figure 5. 

The important fact is that the multiplicity changes by a factor 

of 2 over this range. This is probab!.y correct to within 20$. 


