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Phenomeno logy of s imple exclusive react ions may h elp to show how QCD works 
for hadrons and pinpoint the right l eading terms . QCD h as reached the stage  of 
condensed matter phys ics in QED .  The bas ic theory and Lagrangian are known , but 
exact calculat ions from first principles of experimentally measurabl e  quant ities 
l ike the properties of a type II superconductor are impos s ible today . The 
"l eading term syndrome" is used to calculate experimental predict ions bas ed on 
QCD hand -waving arguments and "nonleading effects" are blamed for any disagree­
ment with experiment . We consider three examp l es : 1 )  OZI-forbidden trans i ­
t ions ; 2 )  th e reaction rrp+pp , and 3 )  the spin dependence o f  elas t ic proton­
proton scattering . 
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1 . The OZI Rul e  
QCD has not yet provided quantitative prescript ions for the suppress ion fac­

tors of OZ I - forbidden "disconnected quark l ine diagrams " .  1 Phenomenol ogical 
analys es 1 of related process es with simil ar allowed and forbidden final states 
indicate that some are more forbidden than others . The well known ¢ -+ prr and 
f '  -+ rrrr decays are suppres sed by factors of order 1 02 relative to the allowed 
w -+ prr and f0 -+ rrrr trans it ions . In meson photoproduction the OZI -forbidden y -+ ¢rrrr 

is comparable to the allowed y -+ K+K-p0 and y -+ K+K-w which also involve the 
creation of a strange quark pair and only a factor of ten smal l er than y -+ wrr+rr- . 

Al l OZI -forbidden charmonium decays are suppress ed by th e enormous factor of 1 0 6 

in comparison with allowed charmonium decays above the DD threshold , exc ept for 
the 1)! '  (3685)  -+ 1)!1111 decay which is only suppressed by a factor of order 1 03 . The 
enormous s ignals which reveal ed the J/ijJ decay were experimental ly dis covered by 
pure acc ident , because theorists erroneous ly overest imated its very narrow OZ I­
forbidden width by  comparing it  with ¢-+ p11,  and directed experimental ists to  
search for charm elsewhere . 

Thes e analyses suggest that s ome trans it ions are "semi-forbidden" and con­
firm a topological criterion defining s emi-forbiddenness : 2 

1 . Hairpin diagrams (strongly forbidden) , in which the quark l ines from a 
s ingle hadron are disconnected from all other hadrons ; e . g .  ¢ -+ p11 ,  f '  -+ 1111 and all  
the  strongly forbidden charmonium decays . 

2 . Ski -track diagrams (semi-forbidden) , in which the disconnected piece can 
be a ski track .  The quark l ines from two hadrons are connected together and dis ­
connected from the remaining part of the diagram, but there is no disconnected 
s ingl e hadron; e . g .  y -+ ¢1111 and 1)! ' (3685 ) -+ 1)!1111 . We discard the term "crossed­
pomeron" diagrams previously used1 because of its erroneous dynamical implica­
tions . 3 

QCD must provide a cons istent theoret ical description of thes e s ystematics 
and also explain the crucial rol e  of nonet symmetry, exchange degeneracy and 
duality in suppress ing OZ I -violat ing two-step transit ions , in wh ich each step is 
OZ I -al lowed ; e . g . 4 -5 

J/1)! -+ (D+ , o*+ ) + co- , o*-) -+ p + 11 

rr- + p -+ (K + , K*+) + (K- ,  K*+) + n -+ ¢ + ¢ + n 

1T + p -+ (Tl,  Tl ' )  + n -+ ¢ + ¢ + n 

where o* denotes a high-mass charmed meson res onanc e .  

( 1 . 1 )  

( 1 . 2 )  

( 1 . 3 )  

( 1 . 4 ) 

( 1 . 5 )  

( 1 . 6 )  
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Th is is il lustrated in the comparison of the forbidden o* decay mode (1 . 6) 
with th e analogous OZ I -allowed decay with a neutral kaon pair . 

(1 . 7 )  
If the decay i s  dominated by the contributions from either the J0 o r  the A2° 
intermediate state the OZI rule is inconsist ent with isospin invariance which re­
quires the two decays (1 . 6) - (1 . 7 )  to be equal even though one overall  trans ition 
(1 . 6) is OZI-forbidden and the other (1 . 7 )  is OZI-allowed . The OZI v iolation 

arises from terms in the trans ition ampl itude involving dd -+ uu trans itions in the 
propagators of the f0 and A2 mesons which are mixtures of the two flavors dd and 
uu . The OZ I rul e  is saved in the nonet symmetry limit where f0 and A2 mes ons are 
exactly degenerat e and their contributions to the forbidden reaction (1 . 6) 
exactly cancel . 

Similar cancel lat ions might save the OZ I rule in the react ions (1 . 1 ) - (1 . 4 )  
i n  a symmetry l imit where the K and K* and the D and o* are degenerat e .  The 
symmetry is broken by mass differences , which are crucial in the reactions (1 . 1 ) 
and (1 . 2 )  a s  they leave the K+K- channel open and close all the others . The con-
tribut ion from an on-shell K+K- intermediate state has been shown by a rough cal -
culation 4 to explain complet ely the experimental widths . The obs erved qi -+ pn 
width thus expresses the magnitude of this on-shell contribut ion which cannot be 
cancel led by other off-shell contribut ions . Its use as input for the J/� decay1 

where there are no on-shel l contributions can eas ily give an erroneous overesti­
mate of the OZ I -v iolation . The J/� decay has been descr ibed by QCD as via a 
three-gluon intermediate stat e ,  with no justification for neglecting the hadronic 
contribut ions (1 . 3 ) . Since all  intermediate states in (1 . 3 )  are far off shell 

* by an amount wh ich is much larger than the D - D mass difference cancel lations 
may well occur and drast ically reduce this v iolat ion , but th is has yet to be 
shown . 

In the reaction (1 . 5 ) , nonet symmetry is broken4 , the physical intermediate 
I =  Y = 0 states are nondegenerate flavor mixtures like the n* and n ' , and their 
contr ibut ions break the OZ I ru le because there are no degenerac ies to produce 
cancel lations . 

There is no way with our present knowl edge of hadron spectros copy to esti­
mate the strength of trans itions l ike (1 . 4 )  and (1 . 5) . The kaon pair may be 
either on she l l  or off shell  and there can be contributions from many on-shell 
int ermediate states invo lving K* resonances . There are both off-shell contri­
but ions from the known phys ical n , n ' ,  � and 1 mes ons and on-shell contributions 
from radial ly excited states above th e (jl-(jl threshold . The spectrum of radially 
excited states in the n-n ' system is completely unknown , as wel l  as their mixing 
angles and production cross sections . 
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2 .  Flavor and Spin Dependence of Meson-Baryon Reactions 

Perturbat ive QCD suggests three d ifferent quark diagrams as l eading t erms for 

exc lus ive reactions :
6 

mul tiple gluon exchange ,  quark exchange, and quark-ant i ­

quark annih i lation .  111ese d iagrams have been shown t o  give very d ifferent pre­

dictions for the very s imi lar react ions 7 1/p -+ p±p ,  ir-p -+ p0n and ir-p -+ wn .  

For mu l t iple gluon exchanges which are fl avor independent , 

(2 . 1) 

( 2 . 2 )  

111e two models with quark exchange o r  annihilat ion involve a trans it ion b y  a 

s ingl e  "active" quark in the nucleon, with dras t ic d ifferences between predic ­

tions aris ing from d i fferences in the flavor of the act ive quark . In quark ex­

change the act ive quark is a u quark for the rr+ reaction and a d quark for the 

1T react ion , whi l e  the revers e ho lds for annih i lation . Some pred ict ions are spin 

dependent and defined for two kinds of transitions , with the baryon transition 

described in one case by a spin independent ( sp in-scalar) operator and in the 

other by a spin-vector operator . The latter can give rise to spin-f l ip trans i ­

t ions . 

In the model of quark exchange between the meson and the nuc l eon, the cross 

sect ion ratios are :  

( l//2 ) <nt l  I s . t . I p+> : <pt l s d l p+>J 2 = 1 6 : 1 2 . 5 : 1  . +1 - 1  + l 

(2 . 3) 

( 2 . 4 )  

where o
s 

denotes the cross sect ion for a spin independent transit ion induced by 

a spin scalar operator , n
u 

and nd are the number of u and d quarks, S
au 

and S
ad 

are the a -components of the total spins Su and Sd of the u and d quarks respec­

t ively in the nuc l eon wave funct ion , S is the total quark spin of the nuc l eon , 

s
ai 

and t
ai denote the spin and isospin operators respect iv ely for the i -th 

quark in the nuc l eon, and S
a 

and T
a 

are the total spin and isospin . There is 

also the spin independent prediction 

- 0 
[o (ir p -+ p n) ] QEX (2 . 5 ) 
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In the model of quark-antiquark annihilation and subsequent pair creation, 

c 1 ; 12 ) <n l I t
_ i l p> 

i 
1 : 0 . 5 : 4 

( l / 12) <nt 1 I s . t . I p+> : <pt l s I P+>]
2 

i 
+ i - 1  +u 

1 : 12 . 5 : 1 6 

(2 . 6) 

(2 . 7)  

( 2 . 8) 

The standard SU (6) wave funct ions have been used to evaluate matrix element s ,  but 

the results are much more genera l .
7 

Recent experimental data
8 

with 1 0 G eV/c pions incident on unpo lar i z ed pro­

tons at 8 =90° , -t=9 G ev
2

;c
2 

indicate that the p-
produc tion cross section i s  

cm 
very larg e ,  about half the elastic cro ss sect ion, and that the p is a l igned in 

the hel icity ±1 state . If hel ic ity is conserved at the quark l evel , this rul es 

out the g luon exchange mechanism and imp l ies that there must be a proton hel icity 

f l ip . It wil l therefore be very int erest ing to examine the other charge states 

of this reaction . 

3 .  High Transverse Momentum Transfer in pp Scattering 

Two qual itatively d ifferent mechanisms for high transverse momentum transfer 

in hadron-hadron scattering are sugg ested by QCD .  Hard g luon exchange between 

two quarks in two different hadrons is suppressed by powers of a
s

. Constituent 

interchang es depending upon the high-momentum tail of the wave function are a l so 

suppressed; a minimum of five hard g luon exchanges is required to generate this 

high momentum tail in perturbative QCD .  A simp l e  three-g luon exchange without 

constituent interchange
9 

wou ld seem to be the dominant process with the minimum 

number of g luons . Sudakov form factors suppress hard gluon exchang e when a l l  

quarks are o n  she l l ,  
l O- l l  

but not the g luon exchange invo lving off-she l l  quarks 

generat ing the high momentum tail of the wave function . There can also be com­

binations of hard g luon exchange with quark exchange .  

I n  perturbat ive QCD a high transv erse momentum transfer occurs v ia hel icity­

conserv ing vector interactions at the quark l evel . This pred ict s helic ity con­

servat ion in hadron-hadron scattering in mode l s  with only g luon exchang e .  When 

constituents with opposite hel ic ity are interchanged, 1
1 

a doubl e  helicity fl ip 

can occur but not a sing l e  helicity f l ip .  Howev er , if the " spectator" quarks in 

the tail of the wave func tions are non -relativ i st i c ,  or they acquire a high 

transverse momentum in many sma l l  step s ,  it may be the quark spin direction in 
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the center-of-mass system or some other Lorent z frame that is conserved , rather 

than hel icity .
1 2 - 13 

Recent experiment s show an unexpected polar ization dependence in 28 G eV/c 

proton-proton elastic scatt ering at high transverse momentum, implying a sing l e  

hel icity f l ip in the scattering . 
14 

This suggests that perturbative QCD may not 

be val id and that there may be interesting phys ics in these spin effects . 

References 

1 .  Harry J .  Lipkin, Nuc l .  Phys .  B24 4 ,  147 ( 1984 ) . 

2 .  Harry J .  Lipkin, in Deeper Pathways in High - Energy Phys ics (Proc . Orbis 

Scientiae 14th Annual Meeting , Coral Gabl es , F l or ida,  1 97 7 )  edited by Arno ld 

Perlmutt er and Linda F.  Scott (Pl enum , N . Y . , 1 977 ) ,  p . 567 . 

3 .  H . J .  Lipkin and S . J .  Lindenbaum , Phys . Let t .  149B,  407 ( 1 984) . 

4 .  Harry J .  Lipkin, in New F ields in Hadronic Phys ics (Proc . El eventh Rencontre 

de M:Jriond, Plaine-Haut e-Savoi e ,  Franc e ,  1 976) , edited by J .  Tran 1hanh Van 

(Rencontre de M:Jriond , Laboratoire de Phys iqu e  Theorique et Particul es 

E l ementaires , Univers it e de Paris - Sud, Orsay, France ,  1 976)  Vo l .  I ,  p . 169 .  

5 .  Harry J .  Lipkin, in  Understanding the Fundamental Const ituents of Matter 

(Proc . 1 976 Int . School of Subnuc l ear Phys ics , Eric e ,  Ital y ,  edited by 

Antonino Zichich i  (European Phys ical Soc i ety , Geneva ,  1 978)  p . 1 7 9 .  

6 .  Gl ennys R .  Farrar , Phys . Rev .  Lett . 5 3 ,  2 8  (1984 ) . 

7 .  H . J .  Lipkin, Phys . Rev . Lett . 5 3 ,  2075 ( 1 984 ) . 

8 .  Donald S .  Barton et al . ,  Brookhaven National Laboratory Report No . BNL-347 7 1 , 

1 984 (to be publ ished) . 

9 .  P . V .  Landshoff, Phys . Rev . DlO , 277 ( 1 974) . 

10 . J .  Po l kinghorne, Phys . Lett . B49,  277 ( 1974) . 

1 1 .  s .  Brods ky, c .  Carlson and H . J .  Lipkin, Phys . Rev . D20 , 2278 ( 1 97 9 ) . 

1 2 .  J .  Szwed , Phys . Lett . B93, 485 ( 1980) . 

1 3 . M. Ans e lmino , z .  Phys . C 1 3 ,  63 (198 2 ) . 

1 4 .  R . S .  Raymond et al . ,  in Intersect ions Between Partic l e  and Nucl ear Physics 

(St eamboat Springs , 1 984) , edited by R . E .  Mis chke , AIP Conference Proceedings 

No . 123 , p . 1 1 23 . 


