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Glucns *mm n important Fraction of the paPtonS 
at small x I” BPb scattering at ssc energies (. 40 
C?V). Therefore. g1uon reactions at the ssc may be 
expected to yield important signals *or compositeness. 
if the preen scale is a Few Te”. Here we develop a 
q”Zdltitati”* method For estimating many g1uon 
Soatte!-i”g processes. some OF our e.stimates are model 
independent. We also propose explicit Formulas’for 
various scattering .SUlplit”d*S based on a 
“eneziano-type beta Function model that exhibits 
PeSOnanCes and Regge behavior. Many ht*r*Sti"g 
spectacular signatures we suggested in the resonance 
region, where massive "ector bosons and/or excited and 
exotic qumks and leptons can be produced. 

I"trod"otio" 

IF the p~eo" scale can be reached or surpassed in 
the parton-parton ce"teP OP nlass at the ssc energies. 
we expect to Find many signals OF "ew physics 
indicating compositeness of quarks and/or leptons. 

In the Followi"&!, we shall uSe the mass, 
M z 1 Te", OF the Fir-St heavy composite "*Cm? me30n 
("analog OF rho) 3s a cO"Ye"ie"t characteristic Scale 
Of COmpOSlteness. The existing bounds 0" the preo" 
scale and constraints that must be SatisFisd in models 
co"siste"t with NV OF order 1 7%" are given in ref. 1. 

I" OrdeP to make quantitative estimates OF the 
effects OF COmpOSit*"*SS and understand its 
characteristic signals, we must provide parton-parton~ 
scattering amplitudes “hlch include the effects of the 
underlying strong precolor interactions. In analogy 
to ordinary strong interactions we need to account For 
ma5sive (I H ) resonances, Regg* beha” ior and 
diFFracti”e x tattering. Quantative methods which are 
useful for this analysis were given in ref. 2. I” 
pXtiC”h~. a spectrum OF heavy composites lying on 
Regge trajectories was introduced. and a model For 
quark-(anti)quark scattering amplitudes was developed. 
These amplitudes were based on a string a”alOgY 
(precolar Flu tube) or Yeneziana-type Formula.? (beta 
Functions) which comespo”d to duality diagram For 
preens . 

Here we Follow the approach of ref. 2 to take 
into account the contribution of gluons to the partons 
and jets in the context of compositeness: ClUD”S are 
important because, among the wee partons (small x) 
whtoh dominate the parto" distributions, they make the 
largest contribution to the pure 'XD background . Ye 
note that the role OF gluonS relative to composite 
colored quarks and cOlOr neutral lePto"S iS 3"3lOgoUS 
to the pole OF the photon relative to composite 
charged and neutral hadrons. This analogy help3 3 
great de31 to develop intuition and vtll guide "9 not 
only qualitatively but also quantitatively 3s show" 
below. In the same vein we introduce the "eotor meSo" 
dominance model to discuss Spectakular S.ignals OF jets 
and 1eptonS with energies of<-yrder M UhlOh are 
expected in the Final states OF P P colli%lo"S. 

uuon Cross Sections 

The parton differential cross S*CtiO"S For 
a+b+c+d, where at least two of the partons 3Pe glUO"S, 
can be expressed in the general Form 

2 
9. - ~/nts.r,q' (1) 
dt 

in terms of the Mandelstoam variables 9,t,(l for the 
(y%" reaction. To obtain the cross sections For 
P +P t jets + anything, one m"st $-Old these, along 
With purely quark cross s*cti0*s. with parton 
distrjb”tio”5 Folloutng the prescription “J the parto” 
model In what Follows, we discuss lM/ for each 
basic process with explicit madtficatlons to the QCD 
results take” into account. 

& The preen duality diagrams that. contribute to 
this process are depicted in Fig. 1. where the glue” 
is attached to the preen that oa,~ies color. The 
kinematic Factors due to the spins OF ~arto”s are 
identical to those appearing in the QCD amplitudes Ior 
elementary gluons and quarks. O”3the other hand, the 
pure QCD invariant amplitudes. to lowest order’, 
consist simply of poles l/9, l/t. 1/a, corresponding 
to the propagators OF gluons or quarks. These must be 
replaced by composite amplitudes that have poles or 
Regge exchanges in the 9,t,O channels as indicated by 
the duality diagrams. Furthermore, as M”.I, the 
composite amplitudes must t-educe to the pure QCD 
amplf t”des. 

Thus, in 3 model-independent way we can spite 

lM12 - 

lo) (bi 

4 
S- 
‘x < 
2 L 3 

(c) 
Figure 1 

Preen duality diagrams TOP the gg + q; process. 

(2) 
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vhere the three twms correspond to Pigs. la, b, and C 
respectively. Na interferenoe terms between the 
diagrams appear because they are proportional to 
3+t+O-0 in the zero quark-mass limit. Here A Is a 
Form Factor For the vertex gqq which must reduce e 0 1 
For 3 gluon on m3s3 shell (3+0) and must have power 
asymptotic Falloff as 3+-e in analogy to the 
e$pct&ve.gnetic Form Factors of hadrons. Sidl.WlY, 
A [a ) is an amplitude with Pesonance poles or Regge 
.%,.a?& in the Schannel (P-vector) or the 
t(0)-channel (F-Fermion). I" the limit 
amplitude must reduce to 3 simple 
l/t(~/n), corresponding to qu3rk exchange in pure QCD. 
Also, as 8~ it must reduce to 3 Regge exchange 
dominated by the quark Regge trajectory a The 
Fu"ctio" p (P" ) is the Pome7on contributio . K Its 
presence wif? B3 b better understood when we disc"33 
gq*gq below. 

*a in ref. *. we propose to construct 
functions From ratios OF gamma Functions: 

1 rc1-a”(3)l 

As ‘/F rc5/z-a~‘(3)1 

A;; - -a,(,+ir ,M ) rC1-aV(9)l rC1/2-aF(e)l 
” ” rc3/2-a”(9hFml 

where 

a"(3) - ,/2 l a'Wl+irV/MV) 

aF(t) - ,/2 + o't(l+irF/MF) 

theee 

(3d 

(3b) 

(4) 

Thus these amplitudes exhibit reso"3noes that lie CD" 
Regge tragectories whose intercepts 3~3 chosen by 
analogy to hadrons (v - r,ho) and py taking unbroken 

We shall Fix it Such that r/M-1/5 For all reSo"3"ceS. 
The overall constants are chosen to reflect the 
correct PCD normalfzation as My", The gamma Functions 
in the denominators provide the owrect 3ssymptotic 
behavior a~~~+-~-$?2 lieu OF kinematic Factors in 
Eq. (2). power Fall-OFF of A9 could be 
increased by increasing the 5/2 in the gamma Functlo"; 
however. 512 should not be replaced by an Integer. 
since this would cancel the poles of Ag, except For 
the First Few. 

& This procesS 1s the inverse OF gg-qt. Hence 
Ye have the same amplitudes. but the color Factor 1s 
different In the initial state: 

- ; tn(A;;+P;gl 
2 

t 

&%x3 This process is Obtained From gg'q: by 
crossing and changing the color Facto? in the Initial 
state: 

2 
lMl2 

Here. in a Somewhat ad-hoc Fashion, we have added the 

Pomeron exchange in the t-channel Pit, P&. Ye choose 
this Function 3s in ref. 2: 

P3 
2ng2 

mP 
,+*iTap(t) rC$ap(9hpmll (7) 

9t $ 
” cosc~ap(t)l rC1++/Gpwp(~)13 

where 
op(t) - l+,le, 2 

gp - 9-25 (8) 

The asymptotic ratio of the r FunctionS is 

(W4M 2) 
a (t)-1 
p " 

This Form ~3s chosen so that the unitarity bounds -are 
not violated in crossing to the reaction gg+qq in 
Eq. (2) and (5). 

m Because we now have 4 r3theP than 2 gluons, 
compositeness co"t?ibutions to thiS proceSS must be 
suppressed by 3 Factor of ~~~~~e;~f:;tv;~ t;ow;:; 
reactions co"3ldered above. 
order the pure QCD contribution OF ref. 3 1s adequate 
For 3 reasonable estimate. 

Resealing From Hadronic Cross Sections 

There ape certain reactions among gluons and 
composite quark9 whose diagrams are essentially in 
one-to-one correspondence to reactions 3mo"g photons 
and composite protonS. Using thiS correspoondence. we 
may estimate the cro33 sectlo" by 3 simple resc31ing 
prescription applied to the 'Yp cro33 sections, 35 
suggested below. *s examples. we will discuss the 
tot31 ‘TOSS s3otlons FOP gq * all comp03ite.e. and gq + 
oomposite vector meson + compoSite Fermio". 

ot%q) According to the optical theorem the total 
cross section is given by 

Ototb2) - i ImA(gq+gq) (9) 

In lowest order QCD. the triple gluon Vertex does not 
contribute to the imaginary part OF the elastic 
amplitude. so that this prooesS 15 a"3lOgO"S to Yp * 
all hadrons. We can then estimate the "eu cross 
Section by using the experimental dat3 on oto,(Vp) and 
applying the Following resealing Formula 

o;~,(3) - z"pce i [P&SO JS' S;~,w,l 
( j 

(10) 

where the colw Factor (20 19aJ.3 takes into account 
color averaging and substif%!es the coupling OF the 
gl"o" instead OF the photo". Here P (3') is the 
center OF mass momentum OF ~+p, and 9 1s E !e CM energy 
Squared OF g+q. The dimensionless quantity in the 
3qu3re bracket3 is evaluated at 5’ Pathel‘ than 3; 
where 

The Factor q '/M$ 3llous "3 to re3c31e to the preen 
OF thy QCD2scale. The translation of s 

I 2m - mp ton tares into account the 
sdetry % exdct in the pPeo" theory 

(m3ssless quarks). This is equivalent to shifting the 
proton Regga trajectory from intercept - -1/Z to 
i"tePoept - l/2. 

Plots For the tot31 CI-03s section 0 (gq) 3s 3 
Function OF J/9, at different values OF fiyt are easily 
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generated From k”OY” 7p data bUr. Will not be gi’re” 
here for :ac!x Of space. ;4t *ma11 J Lhere are. OF 
course. peaks CoPPe4po”di”g to fermion, on the same 
trajectory as the quark (see ref. 2) similar to the 
peaks For N’. b. etc.. in Yp. I” the PesQnanCe region, 
apwt F’OGJ peas, the CROSS sepon drops From - 1.0 
(,Te”/H 1 nb to 0.2 (lTeY/M ) nb. At larger values of 
iq> lO”M ) the CPOSS sectixn settles to almost a 
con;ra”t ;” (but slightly riSi”g) value OF 0.1 
(tTeY/M”, “b. 

g+q-v+q(9.1 In this pmcess the Final state may 
CO”313f OF either a quark plus an octet/singlet vector 
me30n. or a 1EPt.O” plus a 1epto-quark YeCtoP meso”. 
(see the nexr. section For more details.) This 13 
analogous to photoproduction OF vector mesons such as 
y+p*p l p. By the scaling aPg”me”t3 given above ue may 
write 

GP~t.~)lBq.“+g~e~ - ( ga2 
4cLl ! 1 

,2 

x [Pop’) 3’ ~.w,t’,u’):,P’POP 
(12) 

uith m2 n? m2 
=' g 

- 1 (9rm;); t' - -Et; "' - 3 m2+ (13) 

s nv 

Here t is not translated, since in the t-channel we 
expect the quantum numbers of vector mesons, not 
ferUllO”3. we have assumed that the intercepts or 
vectc,r meson trajectories are not affected appreciabl$ 
by chiral symmetry (see ref. 21. $lo"e that 3+t+Ny 
‘3 cansistent with s'+t'+"'.m +2m , SO that the 
paP?iLlet.riZatiO" used For ~p+??p.~ i.e. (s',t') or 
(a',~') or (u',t*) or- (s',t'.u') is not crucial to the 
rescalln~. The resealing could therefore be done From 
a theorerfcal expression or available photoproduction 
data FOP the diifere"tt.31 cl-033 section. Similar 
remrks apply to the product.ion OF heavy Fermions 
instead OF the qw.rks or leptons, if Ior example we 
compare the po”er3 3+q*Y+(A,q*) to Y’p*,,“+(A.q’). 

vectcr Meson ocJml”a”ce 

Yecror meson production is a130 ca”Ye”lentlY 
described by the Vector Meson Doml”a”ce model, 
provided the reaction takes place close enough to 
threshold. so that the preo” quantum Fluctuations are 
suFFiclently “Froze”” during the time OF passwe OF 
the glue". I" thiS picture the glue" couple3 di?-eCtlY 
to the Colored-octet preen mu** state v 

1 
with 

coupling TV, in analogy LO Lhe p-y mixing p rameter 

‘(P. 
TWO duality dia@=ms OF special interest for 

vector meson production are shOw"~i" Fig. 2. where the 
colored preen. labeled 0, is explicitly indicated. In 
Fig. *a the reactions 

6CVs)'q + (Y3,V,) l (q.Aq’q*) (lb.) 

8(V3) l q * V3 + (L.A,.L*, (14b) 

occur depe"dl"g on whether the X preo" exchanged 
between the "ector meson and Fermlo” carries colOr 07 
"Ot.. I" the above reactions the A or q' Regge 
trajectory is exchanged in the S-chanjlel with a “3 or 
” trajectory exchan3ed in the Pchannel ior’ (14a) and 
a’ II> lepto-quark trajectory exchanged in Peactio" 
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(a) 

Preen duality diagrams for the gq * V(f,F) reactlo" 
o* (14) an* (15). 

8(V8) + q * cq.Aq’q*) f V,’ 

g(V3) l q * (Q8,Q,) + V 3 

(15a) 

(15b) 

oi- 
8(Y8) * q * !Q,.Q:l + '< (15C) 

take place, again dependent upon the type OF X preo" 
eXCha"ged. The corresponding Regge exchanges are A 
and q* trajectories in the 3-channel as well as th8 
o-channel FOP (15a). while exotic quark trajectories 
Q and Q 0,. Q and Q- occw in the O-channel For 
(85b). Au thke admodel dependent. 

IF the colored octet meson Y in (14a) is only 
virtual and couples with st~‘e gtb Y Pi directly to a 
glum. reaction (148) with light quar i emission is 
just that di3cu33ed earlier iOP gq-gq. I" a11 OtneP 
cases, massive vector meson prOdUction OCCUPS followed 
by one OF the decay channels listed below: 

VR * qi 

$1) 
1 + q4.G 

v3 * qe 

(16al 

(16b) 

(16C) 

some Spectacular Signatures 

.&side Irom the large deviatIOn3 (magnitud$. 
bumps, etc.) from QCO predictio", expected I" the pp 
or pp CPOS3 sections as a result OF the ~-eon 
structwe dixu33ed earlle~ and in ref. 2, some rathw 
spectacular qualitative signature For compositeness 
a,‘ise wit,, the production and decay OF hea”y Fermions 
and/or "ect‘w b030"S vhe" & 2 My - (3-5)AHC. I" 
parrlclular, ue list the Following: 

1) Decay (16a) OF V into quark pairs leading to two 
quwk Jets “ea ly B back-to-back with an invariant 
maas that resonates at Id - M . The mOme”t”m of 
each ,et will be unusual y 1~ e. YB 8 rOWhlY M/2. 

2) Decay (16b) of V(" 
quark or lepto"' pairs "early back-to-back a" 

into high momentum (- "%:I, 

the ratio 3:1 with l""aria"t mass resonating at 
In general, the Permio” pairs ~i-odu~ed 

to the same generation. but this need 
not be the case For Y ' in Cl%), eg., if the color 
singlet boso" is a b&d state of preo" pairs uhlch 
carry the generation label. In this ca2.e. Y,' 
corresponds to one OF the “horizOnLa1” bo=o”= 
discussed 1” ref. 4. In a composite model the mass 
of my horizontal boson is expected to be 
approximately H". 

(14b7. I” Fig. 2b. reactio”~ -3- 



31 Decay (16~) of the Y 1epto:quaPk into a quark jet 
and a lepton nearly ~a&-to-back with momentum M,,/2 
and invariant ma.93 resonating at N 

v3 
- My. 

4) The above decays taken together with the production 
channels (14) and (15, result in three high 
mOme"tta quwI( jets or- a 1ept*n pair and a quark 
jet With irwwiant masses peaked at the ma3583 OF 

resa"a"ces 
EZ;tb ;Lr'*reactio" A "&G "Sle~d"'~'1.Z~~ 
resonance contribution on top of the standard 
Drell-Yan background as discu3sed In ref. 5. 

5) Production of excited quarks (A ,q*l and lepto"3 
(A ,t*, with ma83eb - 2 

"xv 
as ire?1 as poesibly some 

Fefmions with exotic qua turn numbers. with Ways 
into light Fermions and heavy vect.0~ mesons. 

6) Multiquark and multilepton productlo" thPo"gh 
multiperipheral graphs with ReSge trajectories 
excha"&ed in the t-channel. Since the Permio,) and 
boson trajectories are "early degenerate, the 
light q"at'k3 and leptons can be emitted directly 
From the Re@e exchange, "itbout the production and 
decay OF massive vector b03o"s. Hence a spray of 
quarks and leptons should siS"z.1 the crossing of 
the p?eo" threshold. The lepton-to-quark ratio 
should be just slightly smaller than l/3 due to the 
""balanced quark I" the Sq reaction. 
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