


DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



A REVIEW ON DTU-PARTON MODEL FOR HADRON-HADRON AND HADRON-NUCLEUS COLLISIONS*•** 

Charles B. Chiu 

Center for Particle Theory, Department of Physics 

University of Texas, Austin, Texas 78712 

-~----- --------
..---------DISCLAIMER 

This book was prepared as an account of work sponsored by an agency of the U~ited States Government. 
Neither the United States Government nor any agency thereof, nor any of th~•~ .employees, makes any 
warranty, express or implied, or assumes any legal liability or respons•b•hty for th~ accuracy, 
completeness, or usefulness of anv information, apparatus. product. or pro~ss d•sclosed,. ~r 
represents that its use v.ould not infringe privately owned rights. Reference herem to any. spec•f•c 

commercial product, process. or service by trade name. trademark, ~nufact~rer .. or o~he:;~seU!~: 
not necessarily constitute or imply iu endorsement, recommendauon, or avonng Y . 
States Government or any agency thereof. The views and opinions of authors expressed here1n do not 
necessarily state or reflect those ol the United States Government or any agency thereof· 

Abstract 

The parton picture of color separation of dual string and its subsequent 

breakup is used to motivate the DTU-parton model for high energy small pT 

multiparticle productions in hadron-hadron and hadron-nucleus collisions. 

A brief survey on phenomenological applications of the model: such as the 

inclusive spectra for various .hh processes and central plateau heights pre-

dieted, hA inclusive spectra and the approximate v-universalities is pre-

sented. 

*A talk presented at the XX International Conference on High Energy Physics. 
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1-5 Recently several groups have considered small-PT models, 
which combine features from both the parton model and the DTU model. 
We shall refer to them loosely as the DTU-parton model. In this 
talk, we take a definite point of view to motivate this model, and 
based on this framework we briefly survey its phenomenological ap­
plications to hadron-hadron and hadron-nucleus collisions. 

Data indicate that small PT-multiparticle productions consti­
tute a large fraction of final particles in hadron collisions. 
Within QCD, these productions are presumably dominated by nonpertur­
bative mechanisms, where confinement plays an important role. A 
suggestive parton picture is that immediately after hadron colli­
sions, tube-like color-singlet~systems are created. Each tube con­
sists of a 3 and a 3 color charges at its two ends·. They are con­
nected by gluon flux.6,7 Pair productions within the tube break up 

·the tube into a chain of tubelets, or hadrons. 
Now if we identify the tube-like systems as the. dual strings, 

it is natural to describe the multiparticle productions by the dual 
resonance model, or in its "developed form": the DTU model.B For 
illustration, consider first meson-meson (MM) collisions. Here the 
dominant multiparticle production diagrams contributing to the 
Pomeron,are the two-chain diagrams. Typical examples are illustrated 
in Fig. 1, where the longitudinal rapidity coordinate y is along the 
vertical direction. For the MM case, there are altogether four "y­
ordered" diagrams. These are the two illustrated and the other two 
with the 3 and 3 labels interchanged. 

Denote the rapidities of the inner boundaries of the two chains 
by Yl and Y2· According to DTU, their distribution is given by: 

2 
d n 

dyldy2 
(1) 

where we have used ap ~ 1 and a ~ 0.5. Note .that from the distribu­
tions given, the average values: <y1> = <Y- y2> :::: 2. So the inner 
ends are displaced by 2 units from the corresponding kinematic boun­
daries. Their spectra in plateau approximation are illustrated in 
Figs. 2a,b. Fig. 2a will be referred to as the 2-displaced-chain 
(2DC) spectrum, and Fig.· 2b the short-long-chain (SLC) spectrum. 
Note that within the plateau approximation, the two resultant spec­
tra are the same. For the pp case, p may be treated again as a 
3(q) and J(qq) system. Furthermore, DTU favors the diquark to 
carry most of its parent-hadron momentum.3 Consequently, the pp 
case gives predominantly a 2DC spectrum, while the pp case, a SLC 
spectrum •. 

*Work was supported in part by the U.S. Department of Energy. 
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The corresponding more realistic DTU spectra are sketched in 
2c and 2d, where the spectrum near each end approaches zero like 
(1-x)n, with x being the magnitude of the Feynman variable defined 
in the rest frame of the chain. The power n varies for different 
types of endings. Also n should in general depend on t, where for 
a + eX, t = (Pa- Pc) 2 • This very t-dependent power behavior has 
been confirmed: e.g.9 in n±p + nOx. More specifically, the triple· 
Regge prediction of DTU gives n = 1- 2a(t), with a(t) being the p 
trajectory. The power behavior extracted from their data compared 
quite favorably with the p trajectory. (See Fig. 3.) 

Analyses on inclusive distributions have been reported by 
Capella et al.l and by Cohen-Tannoudji et a1.3 on the following 
reactions: 

{ 

. { - + pp + TichX, . . n+p + n-x 
x=O+l .:!:.±P + (charge poles)X, ;0 .l~x~O. 9 n+p + n+x (nondiffr.) 

pp+ (charge poles)X, n+x. K+p+ n-x 

Since only t-integrated data have been considered, the power n at 
different ends have been treated as constant parameters. In the 
future, it is worthwhile to determine n as a function t. 

For central plateau heights at nonasymptotic energies there is 
the following regularity!: hpp < hnp < hpp· This stems from the 
fact that: at present energies hpp is a sum of heights of two 
shoulders (see Fig .. 2c), while hpp is a sum of two central maxima 
(see Fig. 2d). The Tip case is contributed by both the pp type and 
the pp type. So it falls in between. The energy dependence of 
these central plateau heights is illustrated in Fig. 4. The pp data 
is also included for comparison. Notice that the rise of the cen­
tral plateau is naturally explained here. 

In the context of the DTU-parton model, pp annihilation process 
has recently been considered by Sukhatme. 2 DTU predicts that the 
3-chain annihilation processes should dominate all annihilation dia­
grams with its cross section goes like 1//S. The energy dependence 
of hpp of annihilation is also illustrated in Fig. 4. Asymptoti­
cally the ratio of annihilation to non-annihilation heights ap­
proaches 3/2, a reflection of 3-chain versus 2-chain topologies. 

Now we turn to hA collisions. Earlier we have assumed that it 
is the pair production within the tube, which leads to the breakup 
of the tube. It is plausible that the pair production time TO, de­
fined in the rest frame of the. pair should be a constant. In fact, 
in the flux tube model6 TO can be estimated qualitatively. In par­
tl.c.ular, the probability of the pa:i.r production per unit time per 
volume has been estimated to be6: P ::: l0-3 GeV4. So 1/To ~ PV, 
where the available volume V is approximately nr2To. Assume 
r - 1/ffin, we get 1/TQ - 0.4 GeV. Now the time taken for each pair 
with rapidity y to travel a distance d is t = d/tanhy. This im­
plies that witqin the spatial interval d, there is a critical 
rapidity Yc = sinh-1 (d/To), such that only for y ~ Yc• qq pairs 
will have time to be produced. Taking d - 1/mn we get Yc ~ 1.8. So 
the upshot is that, consider two consecutive collisions, immediately 
before the second collision, only pairs up to y ~ 2 will be 
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produced. 
For a proton projectile, this next collision is expected to be 

dominated between the energetic tube system N* (the unbroken tube II 
in Fig. la) and the target nucleon. We assume that the spectrum of 
N*N collision is similar to that of pp collision. This then leads 
to the spectrum of Fig. 5, where there_are two chain-I spectrum and 
one chain-!! spectrum. In general for v collisions, there would be v 
chain-I's and one chain-II. So the ratio 

(2) 

For the pA case, Chao et al.4 showed that the comparison be­
tween their model and the available dn/dy pA data are satisfactory. 
Their comparison: R vs v for 200 GeV pA data is shown in Fig. 6, 
where "a" corresponds to having only N*N collisions as the succes­
sive collisions. The agreement is satisfactory. The dotted line: 
"b", is the prediction including also the remaining interactions 
between the less energetic tube and target nucleons, which have not 
interacted with N*, the energetic projectile system. The agreement 
here is even better. 

Next we turn to the pA case (see Fig. 7). Using similar argu­
ment as that for the pp case and the approximate relation indicated 
above: Yc - Yl - 2, we get e.g. the plateau spectrum of Fig. 8. A 
compariso~ with_Fig. 5_leads to the statement of v-universality: 
i.e. for vpA = vpA' = vMA." 

dn/dylpA :::: dn/dylpA' ::: dn/dyiMA" . (3) 

· In ref. 5, it has also been shown that the above v universality con­
dition persists, ·so long as the inequality Yc ~ :yl is satisfied. 
For instance, denote b. = Yc - y1 , within the same plateau approxima-, 
tion, both.pA and pA' cases lead to 

R = <v+l)/2 + Mv-l)/(2(Y-y
1

>J • (4) 

We recall that Yc is related to the pair production rate within the 
confining flux tube. So the above discussion i~lustrates how nu­
clear targets provide a unique arena for confinement related infor-
mation, not available :i.Il hh collisions. 10 . 

Finally we mention that Capella and Tran have also con­
sidered a hA model, assuming that projectile sea quarks also form 
additional tubes in small-pT pro~uctions. This assumption leads to 
the asymptotic prediction: R - v. However, at present energies, 
phenomenological predictions of the models of ref. 4 and ref. 10 
have been shown to be similar for the pA case. 

We thank Rudy Hwa, Uday Sukhatme and Chung-! Tan for stimulat­
ing discussions. 
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