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Total hadron-hadron cross sections at high energies
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We calculate total hadron-hadron cross sections at high energies using the Low-Nussinov two-gluon model
of the Pomeron. The gluon exchange is represented by a phenomenological potential including screened
color-Coulomb, screened confining, and spin-spin interactions. We use bound-state wave functions obtained
from a potential model for mesons, and a Gaussian wave function for a proton. We evaluate total cross sections
for collisions involving, K, p, ¢, D, J/4, ', Y, Y', and the proton. We find that the total cross sections
increase with the square of the sum of the root-mean-square radii of the colliding hadrons, but there are
variations arising from the spin-spin interaction. We also calculate the total cross sections of a mixed-color
charmonium state on a pion and on a proton. The dependence of the total cross section on the size and the color
state of the charmonium is investigated.
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[. INTRODUCTION tion was studied in terms of the exchange of two gluons. The
two-gluon model of the Pomerd GMP), first proposed by
Hadron-hadron total cross sections are important charad-ow [28] and NussinoV{29], was further investigated by
teristics of the dynamics of hadronic systems. TheoreticaGunion and Sopef30] who introduced an effective gluon
descriptions of the reaction process, however, remain inconmass to mimic the confinement of the colored gluon. They
plete as the mechanism of how hadrons interact contains imexamined the effects of the size of the bound-state hadrons
portant aspects of nonperturbative QCD. A phenomenologiand the number of quarks they contain. Landshoff and
cal description of Donnachie and Landshfff] gives the  Nachtmann generalized the concept of the gluon condensate
total cross section in terms of the exchange of a Pomeron ang the correlation length of the gluon field in the vacuum and
a Reggeon. The exchange of a Pomeron dominates the crogigcussed the short-range nature of the effective gluon ex-
section at high energies. It corresponds to the exchange of ghange between quarks in hadron-hadron scatt¢8itig The
tower of fictitious particles on a Regge trajectory with adependence of the cross sections on the sizes and the color
Regge intercept of=1. The exchange of a Reggeon domi- states of the colliding hadrons was considered by Diokejd
nates the cross section at low energies. It corresponds to thiifner [32]. They obtained useful analytical and numerical
exchange op,w,f,,a,, ... onthe Regge trajectory with a results for the total cross sections of many hadron-hadron
Regge intercept of0.5. systems. The effects of channel coupling for the propagation
It is desirable to study microscopic models of total of a radially excited hadrof33] were investigated in the
hadron-hadron cross sections at high energies. The total crosgo-gluon model of the Pomeron by Worig4] who also
sections provide useful information on the sizes of hadrongvaluated many meson-nucleon total cross sections.
and the dynamics between them. Furthermore, they are im- We shall follow the approach of Gunion, Soper, Land-
portant input data for the investigation of other reaction pro-shoff, Nachtmann, DoléjsHufner, and Wong to study the
cesses. For example, in high-energy heavy-ion collisions, theadron-hadron total cross section, with the following refine-
suppression od/ ¢ production has been proposed as a signaments. We shall use a set of meson wave functions obtained
ture for the production of the quark-gluon plasf2. How-  from meson mass calculatiof48] to replace the simple
ever, the suppression df ¢ production can also arise from form factors used in earlier studies. This allows a more de-
the collision ofJ/¢ with hadrons at high energies. It is nec- tailed and systematic study of the hadron-hadron scattering
essary to understand the absorptiod/op by hadrons before processes involving a much larger set of hadrons than those
one can unambiguously identify the quark-gluon plasma a#mvestigated previously. Gunion and Sop&@], Dolejs and
the source ofl/ ¢ suppressiof3—20. While the systematic Hufner [32], and Wong[34] made use of only a single
studies of Donnachie and Landshoff provide very valuablescreened color-Coulomb potential to represent the non-
information on the total cross section of many hadron-hadroperturbative gluon exchange. We shall instead represent the
systems, there are reactiofiavolving, for example,J/ ) gluon exchange between the constituents of one hadron and
for which data are not available. They can only be evaluatedonstituents of the other hadron by a phenomenological po-
theoretically[21-27. It is therefore useful to develop a mi- tential containing screened color-Coulomb, screened color-
croscopic theory of hadron-hadron collisions at high enerconfining, and spin-spin interactiof48,35—-37. Screening
gies. arises when the interaction between a constituent of one had-
As the Pomeron exchange is the dominant process imon and a constituent of another hadron occurs at large dis-
high-energy hadron-hadron reactions, it is useful to modetances for which the production of dynamical quarks screens
the exchange of a Pomeron explicitly in microscopic termsthe interaction. The use of a more complicated potential al-
Previously, the Pomeron exchange in a hadron-hadron reatews a greater degree of flexibility, which provides a better
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description of nonperturbative effects in scattering. It also
enables one to use reasonable strong interaction couplingHadron I)
constants, as the constraint of using a single screened color-
Coulomb interaction may sometimes lead to valuesagf
larger than unity 32]. In addition, the spin-spin interaction is
known to be important in nonrelativistic quark models. Its (Hadron IT) 4
phenomenological incorporation here will allow us to evalu-
ate the variation of the total cross section in reactions of
mesons with different total spin quantum numbers and FIG. 1. A two-gluon exchange diagram contribution to the
quarks of different flavors. meson-baryon elastic scattering amplitude.
Similar to earlier works of Dolejsand Hifner [32], and
Wong [34], we shall first obtain the screening mass and thenary part of the elastic scattering amplitude at zero momen-
strength of the interaction to reproduce the experimgmpal  tum transfer gives the total hadron-hadron cross section.
wp, andKp cross sections afs=20 GeV. We then use the The elastic scattering process between two hadrons at
theoretical meson wave functions to calculate other crosbigh energies is dominated by the exchange of a Pomeron, as
sections. Based on the energy dependence of the phenomvidenced by the slow variation of the total cross section
enological description of total hadron-hadron cross sectionwith energy, the property of having an approximately purely
found by Donnachie and Landshff], we shall then extend imaginary forward scattering amplitude, and the dominance
our results to higher energies. of no quantum number flow in the fragmentation region in
In reactions involving heavy quarkonium production in forward inelastic processes. The phenomenological treatment
nuclear collisions, the initial heavy quark pair produced as ®f the total cross section as arising from the exchange of a
result of a parton-parton collision is a coherent state of &omeron with a Regge trajectory intercept of 1.0808, and the
color admixture and different projections of this state will exchange of a Reggeon from the trajectory of
lead to different final heavy quarkonj#,38—43. We will  p,w,f;,a,, ... with an intercept of 0.5475, gives an excel-
also examine the color dependence of the cross section, lant representation of many hadron-hadron total cross sec-
order to understand how a colored heavy quark pair propations[1]. The small deviations of these Regge trajectory in-
gates in a hadronic mediuf82,4,39—43 The nucleons with tercepts from the lowest-order expectations of 1.0 and 0.5,
which the produced charmonium collide can also acquire @espectively, have been attributed to higher-order effgldts
color as a result of prior collisions and may collide with a  In this work, we shall model the exchange of a Pomeron
color-singlet charmoniuni42,43. In this paper, we shall in terms of the exchange of gluons. As the exchange of a
limit our discussion to the problem of the interaction of asingle gluon would lead to an exchange of color, the lowest
colored charmonium state with a color-singlet hadron. number of gluon exchanges with no net color flow is the
Our approach to study the total cross section in the TGMRexchange of two gluons, proposed first by L§@8] and
differs from that of the additive quark modg#4] and the  Nussinov[29] and studied by Gunion, Soper, Landshoff,
dipole model of photoproductiofd5]. The total cross sec- Nachtmann, Dolejs Hifner, and Wond 30—32,34.
tions obtained in different models can naturally be different. Accordingly, we express the total hadron-hadron cross
Careful comparison of these different results with experi-section in terms of the hadron-hadron elastic scattering am-
mental data will be useful to determine the importance ofplitude at zero four-momentum transfer squated
various scattering mechanisms that are present in the inter-
action of hadrons. 1
This paper is organized as follows. In Sec. 1l we describe Tro=—Im A(s,t=0). )
the model used to calculate the hadron-hadron elastic scat- S
tering amplitude at high energies. In Sec. Il we evaluate the
spin matrix element for meson-meson, meson-proton, and Following Gunion and SopdB0] and Dolejsand Hifner
proton-proton scattering. The calculation of the spatial maf32] we obtain the forward scattering amplitudk by in-
trix element is discussed in Sec. IV. In Sec. V we presentjyding diagrams of the type shown in Fig. 1. As the elastic

results for total hadron-hadron cross sections anq the ener%attering process does not Change the hadron internal struc-
dependence of the total hadron-hadron cross sections. In Sqgye, the initial and final hadron states are identical. In Fig. 1,

VI we evaluate the total cross sections of a mixed-color chargonstituents or j in hadron I interact with constituenksand
monium state scattering on a pion or a proton. The depen-in hadron Il by exchanging two gluons. As the elastic pro-
dences of the total cross sections on the size and the color gkss involves important aspects of nonperturbative QCD, it is
the initial charmonium state are -inves.tigated. Fina”y, Wereasonab|e to represent the Corresponding g|uon exchange
present our summary and conclusions in Sec. VII. between constituentsandk in terms of a phenomenological
potential V(ik) possessing nonperturbative elements of
color-Coulomb, confinement, and spin-spin interactions. The
complete amplitude is obtained by summing over all possible

To calculate the total cross section in a hadron-hadromliagrams representing the exchange of two gluons between
collision, we consider the hadron-hadron elastic scatterin@ll constituentdi,j} of hadron I and all constituen{,|} of
amplitude A. According to the optical theorem, the imagi- hadron 11[32]:

(Hadron 1)

w
~ 0000000} -
— §G0POOUOY—

(Hadron I1)

Il. TWO-GLUON MODEL OF THE POMERON
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, As the interaction between the constituents takes place at
A(s,t)=is 2, U d?be™ " P[(C,Cyxixn ¥ W | V(ik) large distances, we are well advised to use a screened poten-
Lk tial to represent the effects of dynamical quarks. As pointed
out by Landshoff and Nachtmar1], two quarks in two
X V(jl )|C|C”X|X”\If|‘1'”)]], (2 hadrons can exchange a nonperturbative gluon only if they
pass within a short distance of each other. This short corre-
whereb is the impact paramete®?= —t, C, andC, are the lation length of the gluon field is another manifestation of the
color wave functionsy, and . are the spin wave functions, SC'€€ning phenomenon. We employ screened color-Coulomb
" . (Yukawg and screened confiningexponentigl potentials
and ¥, andW¥ are th_e spatial wave functions of hadron | 35-37 and a spin-spin interactiof18,35 for our interac-
and hadron II, respectively. The square brackets represent thig V(r). The interaction between quarkn hadron | and

averaging over the color, spin, and internal spatial degrees Qfuarkk in hadron Il in three-dimensional relative coordinate
freedom of hadrons | and Il. The sul; ; ,, is over all | can be written as

two-gluon exchange diagrams.

At high energies when the average intrinsic quark mo- NN
mentum inside a hadron is small compared to the center-of- V(r)= > 7{Vvukawa(f)+Vexponentiaﬁf)+Vspin-spir(r)}
mass energy, the case of a small momentum transfer in a
two-gluon exchange diagram can be approximated as a loop N AN | ase™ ™ 3by ]
diagram in which the quark lines on the loop can be treated RN P me g
as on the mass shell and represented by &#onctions(as
in Eq. (A11) of Ref.[31]). After integrating over the timelike 8mayg d 22
and the longitudinal loop momenta using these #vfunc- - 3mimk(s"s“) 3 e
tions, the resultant effective gluon propagators involve only
transverse moment@r equivalently only transverse coordi- R 6
nates [30-32. When we represent the effective gluon 22 v(r), ©

propagator phenomenologically by an interaction, the inter- i i )
actionV(ik) in transverse coordinates, written explicitly as WNeré A is the Gell-Mann matrix, and; is replaced by

V(r7), can be obtained by integrating the interactiogr) i for an antiquark. The quantitiess, ., by, andd are
over the longitudinal coordinate the strong coupling constant, the effective screening param-

eter, the effective string tension, and the spin-spin potential
width parameter. The Fourier transform of the spatial and

VT(ik)=VT(rT)=fx dzM(r), 3) spin part of the potential(r) is

) ) ) . ) ~ 4mrag 6bg 8mag
wherer is the three-dimensional relative coordinate between v(k)= KT 2 + KT 1?2 — 3mm,
I

the interacting particlesandk andr is its transverse com- @
ponent. Defining the Fourier transform gf{r) asV(k) by

—k2/ad?

We have used an exponential interaction in Ej.to repre-
sent the screened confining interaction as it contains the ap-
dk e i ies. At short distances for which screenin
V(r):f gik V(k), (4) proprla}te properties dis _ / _ g
)3 effect is small, the exponential interaction gives the linear
interactionbgyr, and at large distances for which the confin-
we can obtain from Eqg3) and (4), ing interaction is screened by the production of dynamical
quarks, it approaches zero. In terms of the Fourier transform,
dkr B screening is represented by a nonvanishing value of the
ek TV(K) | —o. (5  screening masg in Eq. (7). The use of a screened confining
(2m)? ‘ interaction is necessary here. If we assume an unscreened
~ _ _ ) linear-confining interaction, corresponding to takjag O in
Thus, Vi(ky), the two-dimensional Fourier transf~orm of the 6mbo/(kr+ 12)? term in Eq.(7), we shall see in Sec. V
V+4(ry), is just the three-dimensional Fourier transfovitk) that the total hadron-hadron cross section will be singular.
evaluated ak,=0. The square brackets in ER) can be written as

VT(rT):f

[<C|C||X| aXu‘l’l‘I’u|VT(ik)VT(j| )|C|C||X|X||‘I’|‘P||>]

Cikl < 1
= 1_Jf|3(lab2:1 <C||)\?)\}’|C,)(C“|)\ﬁ)\})|c”)][N—Z Oaxn ¥ (r) W (r) IV(re) VD) Daxn O (r) W (r)) 1

X X0
8
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where the first pair of curly brackets is the sum of color|, , y=|(jj )il (k|)§n )
matrix elementsC;;y, is the product of the four factor§; , 1z liz
Cj, Ck, andC,, each of which is 1 for a quark and1 for

an antiquark, ana andb are gluon color component labels. =2 (SS/$S,8uSu)II (i )S'(k|)s”]§z>
In the second pair of curly brackets, the sum is over all spin >z

states of hadrons | and (total numbemN, ).

The color wave function for a color-singlet meson is =S§éz 325 (SSIS1S,51S1,)S51SS)
.Sz Sik - Sji
132 s 5 0§
o
|C >_ \/g 0121 |aa>, (9) X Sk S| S” |[(|k)S,k(J|)SJ|]§Z>
Sk S S
where a (a=1,2,3) is the quark color label and is the S _s-saA & 2
corresponding antiquark color label. The color matrix ele- :SESZ 5128 (SSISiS;:SiSiz)(—1)M % 9S5; S, S
ment is e Sk
S Sj S|
2 x{'s s S i1)Si(jk)Sik]S 1
<Cl|)\§.\)\2|cl>=_5ab (10) | k Il |[(I ) (J ) ! ]SZ>1 ( 5)
3 S Sk S
For a color-singlet nucleon we have where S=2S+1 . From the above equation, the matrix

elementsie) = (xixul (- s) xixn) is
3

N e - la mn Ay A
I 2 aplaBy), 1y SH= S [(S5/55:5:5) P FHEE

By=1
“ny S.S; Sik.Sji

&l—\

S S i S| 2

and 1 3
X{ S S Sy E{sk(sﬁ 1)— 5}, (16)
2 :
—5b  for m=n Sk S S
(CHAgARICH = 1 (120 and the matrix emmené&ﬂ =axal(s-sd(s-s)lxixa) are
— §5ab for m#n.
sE=2 2 1(SS1S5,5181,) 1257515 S]
S.S; Sik - Sji
Il. SPIN MATRIX ELEMENTS s s s 2
i S |
From Egs.(2) and (6), the matrix element for the spatial s s s 1 S (St 1) 3]|?
and spin part can be separated into a sum of products of spin K ! ! 2| Tk Sk 2]
matrix elements and spatial matrix elements. The first-order Sk S S
spin-spin matrix elements and the second-order spin-spin (17)

matrix elements are

s@=> > > [(55/55,8iS)|3(— 1)

si'=(axul (-89 Lxixa), (13 & 5t 5%,
X(—1)SI S8~ 1)S S ISP R R P
Si(|31)|:<X|X|||(S'SJ(SJ"S)|X|X||>- (14 (=1) (—-1) S, 5 Si
S S S Si Sk Sik
We shall give results for these quantities for meson-meson, x!sc s S s s S

meson-proton, and proton-proton collisions separately.
p p p p y Sk S S s S s

A. The meson-meson case s S S 1 3
Consider meson | with constitueritandj coupled to total Xy S S S E[Sik(sik"' 1)— 5}
spin S;, and meson Il with constituentsand| coupled to Si Sk S
total spinS;,. We would like to recouple the constituents so 1 3
that the operatorss(-s,) and (5-5) have simple eigenval- = o
ues. We have 3| St =5] for k&1, (18)
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SEB.=E 2 (SS|S1S.,51S1,) 1257555 S5

k ]|
S Sj S| 2
1 3
X{ S S Sy 7SSkt -5
Sk S S

for i#j and k#1,
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1
(2luyuyd Y—=|uru_di)y—|u_u,d,)

Pl =—=

1/ \/1—8
+2lu,d_uy)—|u,dyuy—|u_d uy)

+2|d_u,ui)—|diusu_)—[d,d_uy)). (20

Denoting the twau quarks by 3 and 4, the quark by 5, and
the spinor of quark asigz, we have

Si(§i+-3

(2|3l/2 1/2 1/2 |3l/2 12 g1/

—1/2-1/

/
(19) |F31/§>_\/—
2 12e1 2E12 412 1221124112
— |34, A155179) + 2| 31551 A1) — 131514 Y%,
1S + 2 S S

—[5153Y3A179)- (21)

We can couple the spin of any two of 3, 4, and 5. For ex-
ample, coupling 3 and 4, we have

wherei,j=1,2; k,1=3,4

B. The meson-proton and proton-proton cases

The spin and flavor wave function for a proton in tBg
=1/2 state is

1 1
P2 = T 2(2 553 11)(|<34> 5Y 1)+ (391571 0+ (3415 (7)
111 Sgq U S34 £ 1/2 Saq
" 555—5 SauSaaz | (1(34) 52 5172 (2~ (34 512 5)~ (34 4 510 o)
1 111 Sgq U S34 £ 1/2 S3
t & 137757 5% (895D 01395510~ 39551000 | =I(395), (22

where the subscriptn) labels the flavor component in the
- - CYIIDIN
nth term in Eq. (21) [i.e., (n)<(k|)sk:zl Kkl)sﬁ:zl )nr)

= 5(Su12S4,) 8(SuSy) 8(nn’)]. We can also write out the , o o
other coupling expressions ¢p373), for example,|(35)4) st = (LT IR TI(s- 50 (5 I ITKDI D)
?;1%95)3) One can obtain a similar decomposition for (i) (KD (s-89(s - )]G (KDY, (26)
Thus, the first-order and second-order spin-spin matrix
elements for a meson-proton scattering can be expressed

S =([(ij)j"IL(kDI" (s - 8L ()i TL(kHI'T)
=((i})(kD|(s-s01(i])(kD)), (25)

erej’ andl’ are spectators,j=1,2,3, andk,|=4,5,6.
Each term in Eqs(25) and(26) can be calculated similar to
the meson-meson case.
si=((S [(kDI"TI(s-81G§) S [(kDI'T)

... S ... S IV. SPATIAL MATRIX ELEMENTS
=((i1)3 (kD(s-s0l(i1)E (kD), (23

A. The meson-meson case

Using a set of Gaussian basis states with different widths,
Wong et al. previously obtained bound-state meson wave
functions from a nonrelativistic quark modél8]. The model
assumes color-Coulomb, linear-confining, and spin-spin in-
teractions. It gives meson masses in reasonable agreement
with experimental data. The meson wave functions are tabu-
wherel’ is a spectatorn,,j=1,2, andk,| =3,4,5. Each term lated in Table IV of Ref[18]. We shall use these meson
in Egs.(23) and(24) can be calculated in the same way as inwave functions in our calculations. They are represented by a
the meson-meson case. For a proton-proton scattering, wenorthogonal sum of Gaussian basis functions of different
have widths,

S = (DL (KDI"TI(s-89(s- I [(KDI'T)

=((Dg (KDI(s-sI(s- I (KDY, (24)
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6 6 n wherer ; or ryr is the relative transverse coordinate of the
W(r)= 2, andn(r=2, a

2\ 3/4

—) e~ (8%2r% (27)  quark or antiquark in meson | or II, respectively. The relative
77 transverse coordinate of the quddt antiquarki in meson |

and the quarkor antiquark k in meson Il can be expressed

wherer=(ry,z) is the three-dimensional coordinat, is
the coefficient of thenth component, ang is a parameter

characterizing the width of the basis functions in momentum Cii o _
space. Fikr=Tir—Ner=b+ e+ —=nr, (=12,
The transverse coordinates of the quarks and antiquarks in
mesons | and Il can be expressed as k=34, C;=1, Cyp=—-1, C;=-1, Cy,=1).
(29)
b r b r ; ;
rlT,ZTZEiga Far 41— — Ei%’ (28) From Egs.(2), (5), (8), (27), and(29), the spatial matrix

element for a meson-meson scattering is

f dzbefiQ'bJ' dr|df||‘1’ff(r|)‘1’ﬁ,f(ru)UT(rikT)UT(rle)‘Iﬁ,i(rl)‘I’ll,i(ru)

1 ~ ~ -
= (ZW)ZJ dszvT(kT)UT(kT_ Q)F!\J{l(Q,kT)FM(Q,kT) (i,j=1,2; k,1=3,9), (30)
|
where the superscript iﬁl’l’}(Q) labels the colliding hadron b Sk Cik
as a mesom or protonP, and Ma=—5+ g m+— &, (33
2\/nn 32 where
FM(Q.ky) = Z anay
' "inen” ks 0, k=3
[kT+ CIiCIj((g_kT)]2 5I|k: ’ - Cllk: 1, k=4 (34)
Xexp{— 8(n+n’),8,2 , (31 1, k=45, 1 k=s.
2 \/—, 312 The relative transverse coordinate of the quarkantiquark
FM(Q.ky) = 2 Q| T i in meson | and the quarkin proton Il is
5 _ ~b Cii Sk Ciik
< ex [kt CiCin(Q—kq)] 32 Fikr=Tir— N =D+ —rr = == —~&r. (35
8(m+m’) B3

We use a simple Gaussian wave function for a proton. In

terms of Jacobi coordinates, it can be expressd@2ls
B. The meson-proton and proton-proton case

— 3/ 2\3) 1/ _ _ 2 2
The three-dimensional coordinatg of a quark in a pro- V(,6)=(2437 {rp)”) el (— /12— & 14)rp)].-

ton can be written in terms of Jacobi coordinates (36
=(nr,m,) andé=(&r,&,) [32]. Its transverse component is From Eqgs.(2), (5), (8), (27), and(34)—(36), the spatial ma-
given by trix element for a meson-proton scattering is

f dzbe_iQ'bJ dridspd &V (r) Wi (O or(rien)vr(ryD) W i(r) Wi 17,6

—1 2 - M P .
= (ZW)ZJ d*kror(kp)v(kr— Q)Fj(Q.kp)Fi(Q.ky)  (i,j=1,2; k,1=3,4,5), 37)

where
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ex;{ - %Qz), k=1

FEI(Q!kT): 2 (38)

ex i Q*- §Q-(zk )+§(2k )2 k#1

6 2 T 4 T ’ .

For a proton-proton scattering, the spatial matrix element is
f dzbeiiQ‘bJ dﬂ|d§|d7lud§||q’ff(7ll ,fl)q’ﬁ,f(ﬂu DU v () Vi, ) Vi (o, &)
1 21, = ~ P P HE
= 2n)? dkrvr(kr)vr(kr—Qr)Fj(Q.kr)Fiy(Q,ky)  (i,j=1,2,3; k,1=4,5,6). (39
|
V. TOTAL HADRON-HADRON CROSS SECTIONS tion will be subject to screening, due to the production of

After we have evaluated the color matrix element, thevirtual gq pairs. The linear-confining interaction for bound.
spin matrix element, and the spatial matrix element, we cagtates should thus become a screened confining potential

now determine the total hadron-hadron cross section as  When applied to the interactions of quarks in a diffractive
hadron-hadron scattering process. Similarly we expect the

B color-Coulomb interaction to be screened. The spatial depen-
U‘Ot_i’%J Crialija - (40 gence of the interaction in E@6) between quarks and anti-
quarks of different hadrons should be different from those
where inside the same hadron.
A simple way to incorporate screening is to repl&éen

Cijui i ax b av b the Fourier transforms of the color-Coulomb and the linear
Crim="1g a,bEzl (CINNJICH(CUINENICH), (4D interactions byk2+ 12, which leads, respectively, to the
Yukawa and exponential potentials, as given in Esand
(7) and the interaction in Eq42). Previously, in studying the
Iijk|=(27)2f d?kvr(kr)v(kT) screened_ potential and its temperature dep_endence inferred
from lattice gauge theory, the effective string tensiog
% Filj(QZOakT)FILII(Q:kaT) =0.35 Ge\ was found to give good descriptions of meson
bound-state mass¢85]. We shall use this effective string
1 &K Ao 6mby 12 tension in the present work.
- (277)2f T K2+ 2 + (K2+ pu?)? The rms radii of hadrons are model dependent as the in-

teractions are sometimes implicitly included in the determi-

) (8mag)? T nation of the effective rms radius. We shall use the meson
+<Sikil>m T Fij(Q=0ky) bound-state wave functions obtained in the nonrelativistic
. quark model of Ref[18], where the rms radius is 0.256 fm
XF(Q=0k7). (42)  for a pion and 0.261 fm for a kaoriSee Table IV of Ref.

[18], in which the quantity/(r?) in the fourth column is the

The Sl(sz))er_scrlpt or 1) is eltherM_ (me§0|) or P (proton, rmsq-q separation, which is twice the rms meson radiurs.
and(siiji) is the second-order spin-spin matrix element av-yr present model in which a hadron-hadron reaction takes
eraged over all polarization states of hadrons | and I, place via a finite-range interaction between constituents in
1 one hadron and constituents of the other hadron, these had-
)\ _— ] . ron constituent radii can be considered core radii. These pion
{Sici) N, )%, Ooxal(s-80(s- sl (43 and kaon rms “core” radii are smaller than the correspond-
ing values of 0.61 fm and 0.54 fm found in the geometrical
The polarization average of the first-order spin-spin matrixnodel of Chou and Yan{46,47] as well as the values of
elementsgs{) is zero. 0.56 fm and 0.53 fm determined from electromagnetic mea-
If we assume an unscreened linear-confining interactiosurement$48,49. These differences arise from the fact that
for hadron-hadron collisiofiwhich corresponds to taking Chou and Yang describe hadrons as a geometrical droplet
=0 in the 6mby/(kt+ ©?)? term in Eq.(42)], the total cross  with an essentially local zero-range interaction between a
section will be singular, since the integral okgrin Eq.(42)  constituent of one hadron and the constituent of the other
diverges. From a physical viewpoint, we expect the interachadron. In the electromagnetic measurement, the photon also
tion between constituents in different hadrons to occur afluctuates into @ meson, and the larger electromagnetic rms
relatively large separations. As a consequence, the interacadii include the additional effects of this fluctuation.
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It is reasonable to assume that the hadron radius [T
I'nadrof EM), obtained in an electromagnetic measurement, is a0k |
the sum of the hadron radius used héhe core radiusand L Vs = 20 GeV prpe i
an effectivep-meson radiugwhich is of the order of ), r ]

I hadrod EM) = (hadron core radiys 0k ]
"
+ (effectivep meson radius (44 = L Teeme "’ _
[S - T+pe i
Based on this assumption, the difference of the proton and \‘/5 - P ot 1
pion rms electromagnetic radii is equal to the difference of 4~ 20_‘ Ke k+p® R ]
their corresponding rm&ore radii, L oK e D+p ‘."”'f’+ i
i K+K #® D+ o D+p e 1
s EM) =% (EM)= (1))~ \(r%).  @5) ol e ewo 1
. .. . . . B gz‘ o J/IY+p b
The proton and pion rms radii obtained in electromagnetic L o Ui +TT 4K _
measurements are 0.81 fia0] and 0.56 fm[48], respec- - J,¢+H,JJ’/‘{L++‘:<' .
tively. Using the meson bound-state wave functions in Ref. N S T T T
[18] for which \/(r2)=0.256 fm, the above relation gives a 0 0.2 04 0.6 0.8 1 1.2
proton rms radius oﬁ/(r2p>=0.51 fm which we shall adopt — 12 2
in our present analysis. This value of the proton rms radius is [\/<r| > +\/<r”>] (fm")
close to the value o(/<—r,2;= 0.48 fm found by Copley, Karl,
and Obryk[51], and Koniuk and Isguf52] in their quark- FIG. 2. Total hadron-hadron cross sections as a function of the

model description of baryon electromagnetic transition amsquare of the sum of the rms radii of the colliding hadrons.
plitudes. We shall use the quark masses and the hyperfine
smearing parameterthat are employed in the meson bound- The experimentapp, =p, and Kp total cross sections at
state wave function calculations in Refl18]: m,=my Js=20 GeV can be roughly represented by
=0.334 GeV, my=0.575GeV, m.=1.776 GeV, m,  ~586(,(r?)+(r2))%. While the theoretical total cross
=5.102 GeV, andi=0.897 GeV. sections obtained in the present TGMP calculations tend to
We search for the screening magssand the strong cou- increase with the square of the sum of the rms radii, there are
pling constant parametex; by fitting the experimental cross however variations that arise from the spin-spin interaction.
sections ol (p+ p) =39.0 mb,o( 7+ p)=24.0 mb, and
go(K+p)=20.5 mb ats=20 GeV [53]. We obtain u

60 T T T TTTT T T T TTTT

=0.425 GeV and «;=0.495 by using the Levenberg- - .
Marquardt method54]. C PP ]

The screening masg=0.425 GeV falls in betweem_, 50 - ]
andm, studied by Dolejsand Hifner [32]. It is interesting C ]
to note from Fig. 3 of their work that a screening mass be- - .
tweenm, andm,, gives the best correlation between the total 40— . .
cross section and the effective elastic scattering slope param-* B o ]
eterbgg. It is therefore important to extend the present cal- C TP ]
culations to the analysis of elastic scattering in future work. ~ 30 P

The screening length 4/~=0.464 fm is the same physical <] B Kip ]
guantity as the correlation lengéhstudied by Landshoff and o C g’:ﬁ ]
Nachtmann[31]. Using a single-gluon propagator with a 20 / .
screening masg, they noted that 1/ must be much smaller - otp e
than the radius of a hadron, for the additive quark model to - j’///ﬁé ]
be valid. Our numerical analysis, with the full nonperturba- 10 /J/wp 7
tive interaction of Eq.6), leads to a range A/ that is not C I ]
small compared to the radius of a hadron; we should not - L . IJ’ |+KI L
expect our results to coincide completely with those of the 010 100 1000
additive quark model in all aspects. _

The value ofag=0.495 is slightly smaller but close to the \/S (GeV)

conventional strong interaction coupling constant @f
=0.6 used in nonrelativistic quark models for light quarks £, 3. Total hadron-hadron cross sections as a function of en-

[21]. . ] ergy. The symbols of circles, open triangles, solid triangles, open
We shall first focus our attention on the total hadron-squares, and solid squares represent experimental datapfor

hadron cross sections d@s=20 GeV in Fig. 2 and then dis- 7 p, m"p, K™p, andK ™ p [53]. The solid diamond point is from
cuss the energy dependence in EGe)—(56) and Fig. 3. the 7+ p data of the ZEUS Collaboratidi66].
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The latter quantity depends on the masses of the interacting T pot+ P)=25.9+1 mb (49
quarks and the strength of the spin-spin interaction involving
strange quarks is smaller than that of light quarks; conseandf§/47r=2.521 0.08 with »=—0.24[60] for photons at
quently, oo+ p) > oo K+ p), as shown in Fig. 2. 4.4-8.8 GeV (/s=3.02-4.17 GeV).

Our total cross section fgs+p at 's=20 GeV is 27.0 From an extensive optical model analysis taking the ratio
mb, which is slightly larger than the total+ p cross section 7, to be —0.2, Alvensleberet al.[61] found
of 24.5 mb. In the TGMP, the spin-spin interaction affects the
p-meson cross sections in two ways. First, as the quark- Ot pot P)=26.7-2 mb (50
antiquark potential is weaker for the meson than for the 5
pion due to the spin-spin interaction, therms radius is and f2/4w=4.40+0.60 for photons at 4.6-7.2 GeW$
0.385 fm, which is substantially larger than the pion rms=3.09-3.87 GeV). Other measurements give
radius of 0.256 fm. Second, the spin-spin interaction also
affects the interaction strength between a quark or antiquark it pot P)=22.5£2.7 mb (51
in the p meson and a constituent in the other hadron. Hence, ., .
the TGMP predictsr(p+p) slightly greater thansy(~ with f£/4m=2.52+0.08 with »=—0.24[62] for photons at
+p). This result is slightly greater than the prediction of the2:75—-4.35 GeV (5=2.44-3.01 GeV).

additive quark model which gives An independent determination of tleN total cross sec-
tion, using they+d— p+d differential cross sections, was
oo pt+ Pp) (additive quark model carried out by Andersoet al. who obtained

1 +p)=27.6+0.
= Slowa(m! +p)+o(m +p)]~24.2 mb. “wlpotP)=27.620.6 mb 2
and f2/47=2.80=0.12 at a photon energy of 18 Ge\(§
(46) 598 Gev)[63].

It is interesting to note that our TGMP total cross sections, " Our nonrelativistic potential model, the and » have
for m+m and p+ 7 are, respectively, 27.4 and 20.8 mb, th_e same spin and spatial wave functions. Consequently,
which are significantly larger than the predictions of aboutVithin the two-gluon model of the Pomerom;,(p+p)
207+ N)/3~16 mb from the additive quark model. The — %@+ P). The valueé ofo(w+p) extracted from ex-
large magnitude of the total cross sections in the preserfeérimental photgproducuon data depends again on the cou-
calculation arises from the spin-spin interaction, as the crosBling constantfi/4m and 7,. The extracted values of
sections become much smaller if the spin-spin interaction ig'w{®@+ P) range from 33.55.5 mb[64] at 6.8 GeV (/s
turned off. —3.694 GeV) to 25427mb at 83 GeV[65] (s
Experimental information of the+p cross section can =4.06 GeV).
be inferred fromp-meson photoproduction cross sections. _ Using the simple VDM withz,, assumed to be zero and
The extracted total cross section depends on the couplintf,/4 set to be 23.60, the ZEUS Collaboration found
constantff,/47r and the value ofy, , which is the ratio of the t30
real and imaginary parts of the scattering amplit{i5ig]. It oo 0+ p)=26.0=2.5(stah "5 5(syshmb
also depends on the generalizations of the vector dominance
model (VDM) in which one may include higher resonancesfor vs=70 GeV[66] which is consistent with the value of

and off-diagonal matrix elemenfs6,57. T @ +P) = oy p+p)=30.67 mbobtained in the present
Using the simple VDM with,, assumed to be zero and calculation f0_f\/§_= 70 GeV. _
f2/47 set to be 2.20, the ZEUS Collaboration found Our examination of the experimental+p and w+p
cross sections at low energies indicates that they appear to
O pot P)=28.0£1.2 mb (47)  range from 23 mb to 38 mb and the uncertainties are large.

The cross section depends on energy, and the only data point
for \'s=70 GeV[58] which is close to the value af,(p of o(p+p) at /s=70 GeV that can be directly compared
+p)=30.5 mb obtained in the present calculation &  with the TGMP indicates approximate agreement between
=70 GeV. the theoretical result and experiment. However, much more

At low energies, the experimental data cannot be comwork needs to be done to confront the predictions of the
pared directly with the present theoretical prediction. OneTGMP and the additive quark model with the results of pho-
can nevertheless get some idea on the magnitudegfp ~ toproduction experiments.
+p). Using photoproduction data from a number of differ-  Using the simple VDM withz, assumed to be zero and
ent nuclei, McClellaret al. [59] found earlier ffﬁ/47-r set to be 18.40, the ZEUS Collaboration found

T Po+P)=238.0:3 mb (48) O d+P)=19=7 mb

and f2/4m=4.40-0.60 for photons at 6 GeV \fs for \'s=70 GeV[67] which is close to the value af(¢
=3.48 GeV). However, from their subsequent extended+p)=19.46 mbobtained in the present calculation f¢s
measurements and refined analysis they obtain =70 GeV.
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For the ¢+ p reaction the present results give a theoreti- TABLE I. Numerical results for total hadron-hadron cross
cal total cross section of 17.1 mb &=20 GeV, which sections.
agrees with the naive additive quark model of

Js=20GeV /s=80GeV \s=140GeV s=200GeV

O p+P) =01 KT +p)+ o1 K™ +p) — 0ol 7~ +p) 1ot (MD) Tt (M) 1ot (M) 1ot (MD)
~17.0 mb. (53 p+p 39.118 45.324 49.089 51.785
T+p 24.522 28.412 30.772 32.463
The experimental photoproduction data giverg(¢+p) K+p 19.601 22.711 24.597 25.948
which ranges from 9.2 mb to 17.6 mb for photons at 6.4—9.3/4+p 7.597 8.802 9.533 10.057
GeV (Vs=3.59-4.28 GeV), depending on the values ofd/y+m  3.167 3.669 3.974 4.193
fi/47‘r and Mg assumed. J/y+K 3.094 3.585 3.883 4.096
The TGMP gives a theoretical total cross section ofd/¢+p 4.703 5.449 5.902 6.226
oo+ p)=7.6 mb atys=20 GeV. From the absorption =+ 27.393 31.739 34.375 36.264
of J/4 in pA collisions, an effectivel/+p dissociation 7+K 18.791 21.772 23.581 24.876
cross section of about 4—6 mb is used to describe the dissé+K 13.402 15.528 16.818 17.742
ciation proces$3-12. For the above analysis df 4 pro- p+p 26.955 31.231 33.825 35.684
duction in Pb-Pb collisions afs=17.3 GeV, the energy at p+ 20.801 24.101 26.103 27.537
which the J/¢ or its precursor collides with a nucleon is p+K 15.622 18.100 19.604 20.681
probably about/s~8 GeV, corresponding to the collision p+p 20.397 23.633 25.596 27.002
of a produced)/ s nearly at rest with an incident nucleon in ¢+p 17.104 19.818 21.464 22.643
the nucleon-nucleon center-of-mass system. Thus, a theorap+ = 9.716 11.257 12.192 12.862
ical result of oI/ ¢+ p)=7.6 mb in which the predomi- ¢+K 8.139 9.430 10.214 10.775
nant component may be the dissociation cross section is ags+p 11.610 13.452 14.569 15.370
proximately consistent with the experimental dissociationy’ +p 15.180 17.588 19.049 20.096
cross section of about 4—6 mb. It remains necessary to dgy + 5.529 6.406 6.938 7.319
termine more quantitatively how th&+p cross section 4 5577 6.462 6.999 7383
depends on energy, how much of the total cross section of , 3546 4.109 4.450 4.694
Jly+p can be attributed to dissociation fy into an open- vy 1.423 1.649 1.786 1.884
charm pair, and whether the observed absorptiod/gfin- | 1.460 1.692 1.832 1.933

side a nucleus may involve an admixture of charmonlum\(,+p

ith | 10.903 12.633 13.682 14.434
states with a color-octet component. Yt 3.895 4513 4.888 5.156
The totald/ ¢+ p cross section can also be extracted from,,,
. . . Y'+K 4.050 4.693 5.082 5.361
the dipole model of photoproductiof5]. In this model,

. . . +p 18.221 21.112 22.865 24.121
light cone wave functions for the virtual photon and charmo- N 13.852 16,050 17 383 18338
nium are assumed, and a universal dipole cross section I~ " 10'540 12'212 13'226 13'953

introduced to fit proton structure function at smaland a ' . ' '
D+p 13.435 15.566 16.859 17.786

wide range ofQ?. The dipole model givesr(J/¥+ p)
=4.4 mb at\/s=20 GeV, which is lower than the value of
7.6 mb obtained here in the TGMP.

Experimental data indicate that at high energies totaK=21.70 mb,Y=56.08 mb, andsis in Ge\?. The energy
hadron-hadron cross sections increase slowly with energglependence of our parameters has been so chosen that theo-
This energy dependence is beyond the scope of the preseitical pp cross sections follow the energy dependence of
TGMP. We can include such a dependence phenomenologPonnachie and Landshoff’s parametrization of the tqtpl
cally, by assuming that the strength parameters of the intel6ross section, which represents a very good fit to the experi-
action depend on energy. Specifically, we assume the energyentalpp data.

dependence given by Donnachie and Landsfff and pa- Using such an energy dependence, we extend our results
rametrize the energy dependence of the interaction strengthe energies neays=20 GeV and beyond. The lines in Fig. 3
as show our results for total cross sections as a functiogof
The symbols of circles, open triangles, solid triangles, open
as(@):as(@: 20 Ge\of(\/g), (54) squares, and solid squares are experimental dateg for
7 p, 7 p, K p, andK " p [53], respectively. It can be seen
bo(\s)=bo(\/s=20 GeVif(ys), (55  thatin regions where data are available, our results are con-
sistent with experimental data. Numerical results for total
where hadron-hadron cross sections are given in Table I.
Recently, from the elastic and proton-dissociafJepho-
X 00808 \/ g~ 0.4525 toproduction data obtained by the ZEUS Collaboration at
[f(\/s)]?= , (56) HERA[68], the nonresonant contributions were analyzed in
(XX Y 504529 <20 Gev terms of the fluctuation of a photon into7a" 7~ pair and
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their interaction with a nucleofi69]. A model-dependent

analysis of the nonresonant contribution by Ryskin and Sha- E 150
belski [69], based on the Drell-8ling approach[70,71], = 100
yields an effective totakrp cross section ofo(7p)=31 +
+2 (stat) =3 (syst) for a pion-proton center-of-mass en- g 50
ergy of about 50 GeV. The data of the ZEUS Collaboration o 0.0
are shown as the solid diamond point in Fig. 3 and are con-
sistent with the present results of Fig. 3.
__ 400
E
VI. TOTAL CROSS SECTIONS FOR MIXED-COLOR : 30.0
CHARMONIUM ON A PION OR A PROTON f—
A charmonium system that is produced in a parton-parton 8 200
collision may be in a nontrivial color state, out of which o
different pure color states may be projecte6,3g. This 100
initial state wave packet may acquire a transverse momen- <
tum and will travel through the nuclear medium. It is there- 000 "0z o0z 06 o8 10
fore clearly of interest to study the propagation of a colored
cc in a color-singlet hadronic medium. \/< rC§> (fm)

The color wave function of a color-octet meson is

FIG. 4. (a) The total cross sections for mixed-color charmonium
scattering on a pion as a function of the charmonium rms radius at
|c8ey= 2 \C |a,3> (c=1,2,....8. (57 \Js=20 GeV. Py specifies the probability of the charmonium color-
aB . . )
\/— octet state(b) The total cross sections of mixed-color charmonium
scattering on a proton as a function of the charmonium rms radius at

. _ _ \s=20GeV.
For the scattering of a color-octet meson with a color-singlet

meson, we have 8
aél <C|mixedcolor|)\ia)\Jb|C{nixed—color><cﬁ|)\ﬁ)\lb|cﬁ>

32 .
8 350 1= 8
S (CEIAICH(CNNTICh = = 3 |Imlcihagich
& — 504 i#],
8
E + 3, IralHCHRAICE [CHAAIC
and for the scattering of a color-octet meson with a proton 8 ) bt -
we have =|y4/? ab2:1 (Ci |)\ia)\j |CI(CilNNICii)
8 8 8
> (CEAAND CE(CHNENPICE) +2 |y8c|2(ab2_l <C?°|A?A?IC?°><Cﬁ|xExFICﬁ>).
a,b=1 = b=
32/95%, i=j, k=l (61)
—4/95%, i#j, k=1 From Eqs.(40)—(42) and(61), the total cross section of a
1 —16/9s° i=j, kI (590  mixed-color meson scattering on a hadron can be expressed
' ' as[39]

2198, i#j, k#l.

o= (1—Pg)oi 1+ Pgodt?, (62)

The color state of a mixed-color meson can be expresse\g,herepgz

>8_.|vscl? gives the total amount of color-octet
as

mixing.
In Figs. 4a) and 4b) we show the total scattering cross
sections of a mixed-color charmonium on a pion or on a
|Cm'X6dC°|°r>:3’1|Cl>+Z 8c| C*). (60)  proton, as a function of the size of thec pair and the
ot amount of color mixing at/s=20 GeV. The wave function
of the charmonium state is taken to be a single Gaussian
For a mixed-color meson scattering on a hadron, we have wave function characterized by a root-mean-square radius.

8
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The cross sections are insensitive to the spin state of¢he however, important variations arising from the spin-spin in-
system. The results in Fig. 4 are the total cross sections fderaction. This leads to (7 +p)>o(K+p), a largerp

the collision of a spin-tripleB=1 cc. It can be seen that the '™MS radius, and consequentlycq,(p+p) that is slightly
total cross section of a color-octet charmoniufg€1.0)  9reater thanr(7+p). The experimental totair+p cross
scattering on a hadron remains finite even as the size of thgection at 50 GeV obtained by the ZEUS Collaboration
charmonium approaches zero, and they Change on|y Weak@grees with the theoretical result of the TGMP and the ex-
with the charmonium size. This is quite different from the perimental ZEUS data of the totaHp; w+p, and ¢+p
case of a color-singlet charmoniunPg=0.0) scattering cross sections afs=70 GeV is close to the theoretical pre-
from a color-singlet hadron. For the case of the scattering ofliction.

two color-singlet mesons, if we turn off the spin-spin inter-  While the TGMP and the additive quark model give about

action, the integrand in Eq2) is proportional to the same cross sections in some cases, there are significant
deviations because the effective spatial range of the quark-
[Va(rar=ran) + Vi(ror—ran) = Ve(rir—rar) quark interaction in the present analysisy 1is not small
mpar hadron radii. Th + ndz@+p cr
—V(For—TaD ]2, (63) compared to hadron rad e total+ 7 and 7+ p cross

sections obtained here differ significantly from those of the

and for the case of the scattering of a color-octet meson witdditive quark model. Much more work remains to be done

a color-singlet meson, the integrand is instead proportional t§ confront the predictions of the TGMP and the additive
quark model with experiments. It will be of great interest to

[Vr(rar=ran) +V(ror=r47) = Vi(rir—rar) obtain quantitative experimental measurements of these
o cross sections, using for example the production of pions in
—V(ror=rap ]+ 2[V(rir—rar) =Vi(rir—rar)] - photon-photon collisions in which each photon fluctuates
N _ into a pair of pions, as in the Drell70] and Saling [71]
XValrar=ran) = Valrzr=ran)]. (64) approach in photon reaction processes.
We can see that expressi@¥) does not approach zero when _, As was prewously noted by Dofe]and. Huner [32], we
the size of the color-octet meson approaches zerg ( find tha_t the'theoretlcal total cross section for a color-octet
—.t,7), unlike expression63). There are cancellations in the meson is quite large. The large cross section arises from the
case of color-singlet hadron-hadron scattering, which are n

Jt'ict that in the interaction of a color-octet meson, the color
present in the scattering of a color-octet charmonium state 0Wteractmns of both constituents in the meson interfere con-
color-singlet hadrons, as first pointed out by Ddlegsd

structively, while in a color-singlet meson, the interactions
Hiifner [32]. !nterfere destructively.. Therefore, a color-.octey meson travel-
ing through a color-singlet nuclear medium is expected to
suffer frequent collisions and will lose a substantial amount
of energy. These results for the color-octet cross sections
may be used to place a constraint on the color-octet produc-

sion of the color-singlet charmoniuni§=0.0) on= andp, . ) . .
B o tion amplitude of a heavy-quark pair produced in a nucleon-
the results at/(r ;)=0.2 fm in Fig. 4 are close to the results 1, ,cje0n collision by studying its propagation in the nuclear

for J/ ¢+ 7 andJ/ ¢+ p in Fig. 2 as the rms radius df ¢ in medium.

The color-octet cross sections fé;=1.0 are approxi-
mately the same as those of Dolejgd Hifner [32], even
though the potentials used are quite different. For the colli

our calculation is 0.202 fm. It will be of interest in future work to study the elastic
differential cross section based on the TGMP, which can be
VIl. SUMMARY AND CONCLUSIONS compared directly with experiment. It would be useful to

, develop experimental and theoretical techniques to infer
We have calculated total hadron-hadron cross sections fQfross sections of unstable mesons on various targets, which

the collisions ofm, K, p, ¢, D, I/, 4", Y, Y', and the \y5,1d be valuable to discriminate between various theoreti-
proton using the Low-Nussinov model of two-gluon ex- o/ models.

change, as developed by Gunion, Soper, Landshoff, Nacht-
mann, Dolejg Hifner, and Wong. A set of meson wave func-
tions obtained from a nonrelativistic quark potential model is
used in our calculations. A phenomenological potential in-
cluding screened color-Coulomb, screened confining, and The authors would like to thank Dr. T. Barnes, Dr. H.
spin-spin interactions is employed to describe the gluon excrater, and Dr. C. W. Wong for helpful discussions. W.N.Z.
change between the constituents of the interacting hadrongould also like to thank Dr. Glenn Young for his kind hos-
The screening mass and the strong coupling constant of thsitality at Oak Ridge National Laboratory. This research was
potential are obtained by fitting the total cross sectionp of supported in part by the Division of Nuclear Physics, U.S.
+p, 7+p, andK + p collisions atys=20 GeV. We extend Department of Energy, under Contract No. DE-ACO05-
our results to higher energies using the phenomenologicl0OR22725, managed by UT-Battelle, LLC, and by the Na-
energy dependence obtained by Donnachie and Landshdibnal Natural Science Foundation of China under Contract
[1]. No. 10275015. The authors are indebted to Dr. M. Arneodo
We find that the total hadron-hadron cross sections correfor bringing the ZEUS data fotr+p at about 50 GeV\[68]
late with the size of the scattering hadron system. There argo their attention.
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