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We calculate cross sections for the production of vector mesons V in reactions ~ + 
N ~ ~' + V + N, with ~, ~' = v, e, ~z, taking into account all presently known information 
from electroproduction of p's. This leads to considerable differences in results from 
previous calculations, often more than an order of magnitude. The results for the p are 
then largely a translation of electroproduction data into v predictions and they will pro- 
vide a direct test of the relation of weak and electromagnetic currents. The y or Q2 dis- 
tributions for the o are instructive. The prediction for the A1 provides a direct test of 
the existence of the A1 and of whether vector and axial vector currents materialize into 
particles in the same way. The detection of a B meson would provide direct evidence for 
second-class currents and a measurement of their strength. We estimate all F* production 
will account for at most 2% of the total v cross section at FNAL energies, which must be 
multiplied by the muon semi-leptonic branching ratio (and possibly a factor of 2 for an 
axial vector F*) to calculate its contribution to the dimuon event rate. 

1. Introduction 

One way wh ich  m a y  be very f rui t fu l  to  p robe  the  s t ruc tu re  o f  weak  and  electro-  

magne t i c  (charged  and  neu t r a l )  cu r r en t s  is to  s t udy  h o w  the  cur ren ts  conver t  diffrac- 

t ively in to  par t ic le  states.  Fo r  real p h o t o n s  (i.e., for the  e l ec t romagne t i c  cu r r en t  at  

Q2 = 0) the  answer  is k n o w n  and  at least  descr ip t ively  u n d e r s t o o d :  

,yp ~ p 0 p ,  coOp, ~0p, ~p ,  f f ' p  

have been  observed  and  the  coupl ing  o f  ~O, 7;' to  the  e l ec t romagne t i c  cu r ren t  have 

been  measured.  

For  t he  vi r tual  e l ec t romagne t i c  cu r ren t  in e l e c t r o p r o d u c t i o n  (Q2 t> 0),  p and  co 

p r o d u c t i o n  have also been  observed  and  s tud ied  and  i n f o r m a t i o n  gained a b o u t  the  

Q2 d e p e n d e n c e  o f  the  dynamics .  
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In general for the weak and electromagnetic currents J in the leptoproduction 
reactions 

e - p ~ e - p O p ,  up ~ t - p + p ,  p p ~ p p O p ,  etc., 

one is studying the matrix element (V[J[O) for each vector meson into which the 
current can convert. One directly learns about the quantum numbers of  the cur- 
rents, about their coupling strenghs, and by studying the dependence on kine- 
matical variables, about their space-time structure. 

One can look for many vector mesons in such processes, old particles and new 
+ h01 , B +, B 0, F *+) be- ones. In this note we wilt concentrate on a few (p+, p o  A I ,  

cause they are the ones most likely to be studied in experiments and their presence 
or absence has immediate important consequences. We will present the calculational 
procedure so that anyone can easily (with some numerical effort) work out the re- 
suits for other mesons. 

Let us discuss briefly the physics expected from each of  these states. Anyone 
unfamiliar with the kinematical variables can find them defined below. The electro- 
production of  p has been studied in detail [1,2]  for SLAC and Cornell energies 
and Q2 < 2GeV 2. Consequently, for up ~ / ~ - p + p  the cross section do/dQ2dv is 
directly given by the basic hypothesis that the nonstrange weak charged current 
and the electromagnetic current are in the same isospin multiplet. The total rate, 
i.e., the cross section integrated over Q2 and v (or x and y),  depends a little on extra. 
polations outside the region where it is measured in electroproduction, but the total 
rate is probably predictable to better than a factor of  two. It is important that these 
events be found experimentally. The Q2 or y distributions for the p+ will directly 
provide new information on <V[JI0) at larger Q2 ; the x distribution is dominated by 
phase space and tmin effects, and provides somewhat less interesting information for 
low statistics experiments. 

The production of  p0 is due to an isovector neutral vector current. If  the dyna- 
mics of  charged and neutral currents were alike there would just be a proportionali- 
ty factor 1(1 - 2 sin20w) 2 between p+ and p0, so the relative rate is a measure of  
sin20 w. If sin20 w ~ 0.4 as presently [3] believed, po production is suppressed by 
a factor of  about 50, so it should not be seen for some time. 

Next consider the A1, the isovector meson which is supposed to play the same 
role for the axial vector current that the p does for the vector current. So far it has 
not been possible to find an A 1 experimentally and there is reason to believe [4] 
that existing non-diffractive experiments in hadron reactions are more than sensitive 
enough to have seen an A t if there was one. It is already possible to argue [5] that 
existing information implies that the ways vector and axial vector currents materi- 
alize into particles is very asymmetric. But the crucial test will come in the reactions 

_ + 

under consideration here, such as vp +/1  A 1 p, where the weak charged axial vec- 
tor current can directly materialize into an A 1 just as the electromagnetic and weak 
vector currents into a p. Our predictions for the A'~ rate must be a little less firm 
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than for the P as the axial current is involved and there is a change in mass scale, 
but they should be serious at about the factor of  2 - 3  level. If the indications from 
hadronic reactions that there is no A t are confirmed here it would be of  consider- 
able significance for both weak interaction theory and for quark models. 

For the neutral axial vector current there is no suppression as in the vector case 
so up ~ vA0p should occur, with o(A 0) ~ a(A1) o(NC)/o(CC) .  

If  there are charged second class currents they may have the quantum numbers 
of  the B meson, and diffractive production of  the B + may be the most direct test 
of  their presence in particle physics [6]. In one model [6], the rates are predicted 
to be large with B + production comparable to p+ for E v ~ 5 - 1 0  GeV/c, and larger 
at higher energies. Because of  the hemitici ty properties of  second class currents, 
the B 0 is not expected to couple to a neutral second class current in the model of  
ref. [6], but  it would in the model of  ref. [7] which introduces an extra neutrino. 

A number of  people [8,9] have considered production of  F *+ to see if  its semi- 
leptonic decay to muons could account for the dimuon events observed at Fermi- 
lab. They have used different assumptions and the answers have differed consider- 
ably. Since we are careful to use procedures which give agreement with electro- 
production data including the Q2 dependence for the p, it is only in the scaling to 
the F* mass and quantum numbers that  we could go very wrong. By resolving all 
ambiguous choices to obtain as large a cross section as we can, we find that we can 
only get a to ta l  F* production,  v + p -+ ~t- F *+ + anything, of  about 2% of  OT(pp). 
Since this must be reduced by the semileptonic branching ratio to give a muon, 
and possibly enhanced by a factor o f  two for an axial vector F*, it can only account 
for a fraction but perhaps not a small fraction of  the observed dimuons. For V reac- 
tions the F* rate will be approximately the same so it will account for a 3 times 
larger part of  Oy(Vp), perhaps almost 1%. 

Over the years, a number [8 -11  ] of  authors have carried out calculations such 
as ours. The reason we have produced yet another one is that it turns out that the 
results are more sensitive to the assumptions on Q2 dependence than people ex- 
pected, and also that the observed Q2 dependence in electroproduction is different 
from what was expected. Previously published estimates vary by more than an order 
o f  magnitude from ours in both directions. It does not seem fruitful to point out in 
each case where we differ from other authors, and partially because of  the strong 
dependence on the kinematics and on approximations in doing phase space inte- 
grations we have not been able to locate the source of  all discrepancies. We will ex- 
plain in detail why we proceed as we do and the consequences of  other choices, 
and this should suffice to enable the reader to understand what is happening. 

In the next section we give the standard cross section formula and define vari- 
ables and cross sections. In sect. 3 we discuss the Q2 dependence of  the transverse 

cross section, and in sect. 4 the Q2 dependence of  the longitudinal cross section. In 
sect. 5 we comment  on the kinematics and on integration limits. Finally in sect. 6 
we present the results for expected rates for all the mesons and for some detailed 
distributions for the p. 
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2. Definitions and cross-section formula 

Let the initial and final leptons have momenta  q and q' ,  and the initial and final 
nucleons p and p ' .  Then (p2 = p'2 = _ m  2)  

Q2 = ( q _ q ' ) 2 ~ 0 ,  

t = - ( p '  - p)2 ~ 0 ,  

E is the lab beam energy,  
E '  is the final lepton energy,  

y = ( E -  E')/E, 
I 

x = Q2/2mNEY , 

W 2 = hadron energy squared = m 2 + 2mNEY - Q2 . (1) 

Fig. 1 defines some of  the kinematics. 
The standard cross-section formula is 

do _G2fMNEc°s20c 1 Q 2 ( l _ x ) { y 2 ~ t ~ ( x , y , t  ) 
dtdxdy 27r2 72 

2(1 - y - MNXy/2E" )[doL do L '~ ] 
+ 1 +-E(x,y,O)j, (2) 

where 0 C is the Cabibbo angle, cos20 C ~ 0.95, 7v  measures the current-meson 
coupling, do±/dt and doL/dt are the transverse and longitudinal cross sections for 
7 + N -+ V + N for a virtual photon. We assume these cross sections depend on t 
approximately exponentially; this is consistent with the electroproduction [1,2]  
data. Then the integral over t is automatic and 

/ d t  ~ (x,y,t) --> o(x,y) e Btmin . 

The forms of o± and o L will be specified in the next two sections. The vector- 

~t-(q() 

J~ v 

Fig. 1. Kinematics  for the  diffractive product ion of  vector mesons in neutr ino-nucleon reactions. 
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dominance factor I@/(@~ + Q ) * * is included in uI rather than exhibited directly 

in do/& du for reasons discussed below. 
The current-meson coupling is fixed as follows. For p+ it is the standard vector 

domance result y2/47r = 2.6. For p* it is the isovector neutral current coupling to 
p, which has a fa:tor i(l - 2sin20w)* in l/y* in the Weinberg-Salam theory. For 

A 
i-1 2 
, we assume the expected result form the Weinberg sum rules,f, =fAl and 

mp - imA,. Then with fv = m$/-yv we have y$ = 4ri, for the char ed 
s 

currents. 

For the B+ we have suggested elsewhere [6] that lfBl = 3.3 IfpI so yB = 0.6~:. For 
F” we use the SU(4) relations and we assume from the neutral 
quantity rn,/yt is symmetric, so ri* = mE.* y2/2m 

particles that the 

Finally we note that the Q* factor in eq. (2)Pwhic 
N 1.5y2. 

R. . IS m~plrtant numerically in 

suppressing the entire diffractive contribution, is quite general, coming effectively 
from the sum over lepton spins giving a factor pv. p, which is Q* when the muon 
mass is neglected. 

3. Q2 Dependence of uI 

The conventional vector-dominance treatment of a1 is to assume that it has the 

Q* dependence of utot, from the p propagator, 

(3) 

and then u; is taken to be constant at the Q* = 0 value. However, this is known ex- 
perimentally to be wrong. For example, in fig. 2 we reproduce the data from ref. 

[2]. The ratio up/utot = u(yN + pN)/ur,, (yN) falls about a factor of three as Q* 
increases from 0 to about 0.5 GeV*, and then levels out or falls more slowly. Con- 

sequently, over much of the Q* range the cross sections which should be used in 

I I 

Oo I 
I 1 I , 4 

1 
Q2 (GeV, 

2 ’ 3 

Fig. 2. The Q* dependence of u,,/.utot in electroproduction, where the data are taken from ref. 

[2], the solid line represents the fit by F2(Q2j, and the dashed line represents the fit by F, (Q2 j. 
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eq. 1 are about three times smaller than at Q2 = 0, so that predicted da/dxdy are 
correspondingly smaller. At larger Q2 the effect may be much more important. 
Since v reactions do not have a propogator associated with the current the integra- 
tions to get the total rate go to much large Q2 than in electroproduction, and pre- 
dicted total rates can be much larger than they should be if this Q2 fall-off is not 
included. 

Since electroproduction data is only available for Q2 < 2 GeV 2, we proceed as 
follows. First we note [12] that Otot(i.e., uW2) from electroproduction is better des- 
cribed by the function FI(Q2),  

0.36 
Oto t = - - -  o----F 1 (Q2)o  , (4) 

0.36 + Q2 

(where o is for normalization) which falls slightly less fast than the simple form of 
eq. (3). The vector-dominance factor is already absorbed in the definition of F1, 
and is not to be included in addition. Next we choose a paramaterization of the 
data of fig. 2 which goes to a constant for large Q2, 

2 
F2(Q2 ) = (0.04 + 0.13 e -3Q )/0.17, (5) 

oo/oto t ~ 0.17 F 2 (Q2) ~ 0.17 FI(Q2 ) . (6) 

Eqs. (4)-(6)  define F 1 and F2, both normalized to unity at Q2 = 0. Note that both 
F 1 and F 2 give adequate descriptions of Op/eto t where it is measured, while F 1 des- 
cribes °tot- 

Now,  for the p+, we calculate with the following choices: 

02 1 eBtmin (7) 
(i) o± =Fl(Q2)F2(O 2) 16rrB 0.389 

This can be interpreted as taking Oto t from the electroproduction fit plus op/Oto t 
from fig. 2, normalizing to the Q2 = 0 value. Neglecting the W 2 dependence, o 0 is 
given by 25 mb for the p (and also for A 1 and B, 10 mb for F*), the slope B is 7 
GeV -2  for p, A1, and B and 5 GeV -5 for F*, and 1/0.389 allows both factors of 
o 0 to be in mb. F 1 includes the vector dominance factor M2/(M2v + 02) 2 in its 
parametrization. 

(ii) As in (i) but replace F 1 (02) by the vector dominance expectation, 

2 2 FI(Q2 ) ~ (Mp/(M p + Q2))2 (8) 

For Q2 < 1 GeV 2 these are not very different, but eq. (8) falls a power of Q2 faster 
so they give completely different y distributions and different rates. 

(iii) As in (i) but replace F 2 by the assumption that op/oto t keeps dropping with 
increasing Q2 rather than levelling off, 

F2(Q2 ) ~ F1 (Q2).  (9) 
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Again, this has an extra power of  1/Q 2 for large Q2 compared to eq. (7) so it gives 
results more like (ii) for the y distributions. 

While alternative (i) may be slightly preferable intuitively, we have no solid basis 
for deciding among these so we calculate with all of  them for the p. They give quite 
different y distributions at large y but only at high energies do they give significantly 
different total rates. For the other particles we use (i), which gives the largest rates, 
and (iii) which gives almost the smallest rates compatible with the electroproduction 
data, in the 1 0 - 2 0  GeV region. This is preferable for F*, but not necessarily for A 1 
and B since different physics questions are involved. 

We will compare cases (i)-(i i i)  with case (iv): 

o l =  ( ---M2p ]2 4 l eBtmi n 
\ M  2 + Q 2 ]  167r 0.389 

p 

which is a naik, e vector-dominance model form which disagrees considerably with 
the electroproduction data as discussed above. If  there were no electroproduction 
data we would have used this form. 

As we go from the p, where there is electroproduction data, to the other par- 
in and 0.36 in eq. (4). ticles we must decide how to scale the parameters M 2 eq. (8) 

From vector dominance we certainly expect that both scale as M 2 for a vector 
meson V, so we use the appropriate M2v in eq. (8) and we replace 

0.36 ~0.36 M2 ]M~ . (10) 

To see the effect o f  this, imagine integrating over Q2. Then 

acc Q2dQ2 0.36 
0.36 + Q2 ' 

so after scaling the parameter 

Q2dQ2 0.36M2/M2p 
o ¢ c  

2 2 0.36 Mv/M ° + Q2 

p n2/(M 2/M2~ ' M 4 ~M2/M 210.36+~ ~ v ,  p '  

so, if we were in the high-energy limit and could scale in Q2 without kinematical 
effects, such a procedure would increase the cross section from a heavier vector 
meson by M4v/M 4 because it reduces the fall-off rate in Q2. For the F* this gives 
a big factor, and for the A 1 it cancels the suppression by M 4 in 72.  The full effect 
is not realized at typical experimental energies because of kinematical cut-off effects. 
If  anyone has any reason to argue that such scaling does not occur, then they will 
predict smaller cross sections for heavier vector mesons. 
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To conclude this section we remark that the fall-off with Q2 of  O±/Oto t has im- 
portant phenomenological consequences and must be included, even though its 
origin may not be well understood. It is a violation of  naive vector dominance since 
there both o± and oto t only have the P propagator squared. It would be wrong to 
imagine that the optical theorem gave o± cc o~ot/B to "explain" the observed fall of  
o±[Otot, since this optical theorem would require two currents, 

J N  -+ JN, rather than just one J N  -+ p N  . 

It is not clear whether a more sophisticated vector dominance model (for example, 
involving the p' as well as the p) can simultaneously describe the behaviors of  Oto t 
and o±/Oto t. In any case, for our purposes in this paper only the fact that the falloff 
occurs in the data is relevant and we use the data (in parametrized form) directly. 

4. Q2 dependence of  ffL 

We define as usual R = OL/O ±. In the past little was known about O L o r R ,  except 
that at Q2 = 0 we must have O L = 0 by gauge invariance. To satisfy this it is custom- 

R = Q , / m  , and some authors have used this in eq. (2). When that is done ary to put 2 2 p 
it leads to a big effect with a large cross section from the integral over Q2. It is again 
known from electroproduction [1,2] that R does not rise at larger Q2 and, apart 
from a possible excursion to R ~ 1 near Q2 < 1 GeV 2, the data is consistent with 
R ~ ¼ at all Q2. Consequently, o L cannot contribute much. 

We have computed with two choices, meant to represent reasonable limits on 
the electroproduction data. One is R = 0, i.e., no contributing from o L. The other 
is a vector dominance R which rises as Q2 for small Q2 and rises as In Q2 at large 
Q2, 

R = 0.25 [(1 +0.36/Q 2) In  (1 +0.36/Q 2 ) -  1] , (12) 

taken from ref. [12]. It seems unreasonable to us to get a larger effect from R, and 
this one only increases o by about 10% in general, so we believe that almost all the 
vector meson production should be v/a a±. Authors with larger o L will overestimate 
the production cross section. 

There is also an interesting way some workers have found to considerably under- 
estimate do/dxdy .  Suppose one does not use the usual leptoproduction formalism, 
and writes an amplitude for fig. 1 with a propagator and a pN scattering amplitude 
for the lower vertex. Assuming this aplitude has a helicity dependence which is dia- 
gonal and helicity independent one finds a result as in eq. (2) but with only the 
y2o  I term from the brackets. Since this is much the smallest term because most of  
the integral comes from small y 2 ,  one obtains a very small estimate for da/dxdy .  

Helicity independence at the p pole, which is known to be rather good, requires 
o L = -o±  there. These workers assume o L = - a  I everywhere. This assumption vio- 
lates gauge invariance which required o L = 0 at Q2 = 0, as well as disagreeing with 
current data. 
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In terms of  the usual formalism this is the case where the hadron current is 
given by e(X)(p)M(pN) = Ju '  the pN ampli tude being just a function of  Q2 and t. 

Then IV ~x 2; e(x)e (x) gives only the W 1 term, and IV2 = 0 corresponds to o± + a L ,uv ~ # v 
=0 .  

By applying the usual positivity arguments to the hadron tensor IVuv one can 
show that Q2o L is positive in both space-like and timelike regions so o L has a linear 
zero at Q2 = O, and care must be taken to use a g >~ 0 in the leptoproduct ion physic- 
al region. 

For particles other than the p, production via the divergence of  the current (e.g., 
the n) could contribute.  In such cases a L no longer must vanish at Q2 = O. How- 
ever, such contributions are always proport ional  to the lepton mass s~[uared in the 
cross section; even the rr exchange ones are not enhanced since f2/(M~ + Q2)2 cc 

2 2 Q2)2 M~/(M~ + occurs. Consequently, we have neglected all such effects. If  heavy 
leptons are produced diffractive production of  pseudo scalars will be important  and 
conversely. 

5. Kinematics 

Two aspects of  the kinematics are important  for the results, the limits of  integra- 

tion, and tmi n. We will present some details so it is clear what we have done, and 
to illustrate where the effects show up. 

Basically, at the lower energies the kinematical limits suppress the cross section 
a lot,  while at high energies the tmin effect limits the cross section to small x. These 

E = 2 GeV I 

0 x I 

E= 206eV 

Y 

o 
0 × I 

Fig. 3. Illustration of the kinematical limits, given by eq. (16) for the x and y integration. The 
shaded regions are excluded. 
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E:10 GeV 
Y(1-X)=.ll 

y Y(1 t.047X) :1 

5.3 (.q4) 

.8 

• 6 5.8 (.q3) 

.4 

&6 (.75) 6.4(.79) 

.2 t0.5 IlL1 

3.2 (.58) 

.2 .4 .6 .8 
X 

\ 

1 

Fig. 4. Illustration of the kinematical limits and the behavior of  the integrand in case (i). The 
number in each square represents the integrand without  the tmin suppression. In the kine- 
maticaUy allowed region, the number inside each paranthesis represents e Btmin.  

effects are shown in fig. 3 and 4 where the kinematically allowed region is unshaded 
and at one energy the integrand and e Btmin values are shown. In this section we will 
speak in terms o f p  production, but for the other states the replacement rn 2 ~ m 2 p 
should always be made. 

We have not found any simple approximate tmin which is reasonably accurate 
over the kinematical region of  interest. It is not hard for numerical work to use the 
exact formula, 

tmin = (p _ p')2 _ (P0 - p~))2 

t 

_ m 2 (m2 ° + Q2)2 (Po + Po 12 

2W2 (POP; + PP' + m 2 )  \ - ~ - - t  ' (13) 

where the invariant tmi n has been evaluated in the hadron rest frame 

P0 = ( W2 + m 2  - mZo)/2W, 

p = ( p 2 _  m2N)l/2, 

P0 = (w2 + m  + Q2)/2W, (14) 

p'  = (p02 - m 2 )  1/2 " 

The second form in eq. (13) is useful because it never requires a difference of  two 
comparable numbers. 
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When W 2 ~ Q2, m 2 (Regge limit), we have approximately 

(m2p + 0 2 )  2 

tmin - ~ -  , (15) 
(2Ey)2(1 - x)  2 

which illustrates that e Btmin suppresses do/dxdy  exponential ly for large Q2 and for 

x ~ ½. Such an approximation requires y >7 m y / 2 E .  
Next consider the integration limits. They are shown in fir 3 on an x y  plot. The 

limits are given by 

y(1 + m N X / 2 E  ) = 1 , 

Ey(1 - x )  = m 0 + m2o/2m N , (16) 

x = 0 ,  

which can be derived, for example, by requiring the lepton scattering angles to have 
cos 2 0 ~< 1 and requiring W 2 ~> (mp + mN) 2. The lepton masses are assumed zero. 
The inequalities give the allowed region, bounded by the above lines. As the figures 
show, a good deal o f  the x y  plot is excluded at typical experimental  energies. In 
particular, the r eg iony  ~< (mp + m2p/2m)/E(1 - x )  for small x where the integrand 
is large must be kept excluded in any approximation scheme to avoid a significant 
overestimate. 

6 .  R e s u l t s  

We have discussed the main interest of  most of  the results in the introduction.  
Here we simply present the numerical cross sections with a few comments. 

- 2  
I0 8~ 

i 

"1~ - 3  
~.Io 8-- 

4 -  

10 -4 

(I) 

(11) 
I I 1 I I 

5 IO 50 tOO 500 1000 

E (6e¥) 

Fig. 5. The energy dependence of the relative p+ production rates for the four cases discussed 
in sect. 3. These results are obtained with R = 0; those with R given by eq. (12) are approxi- 
mately 10 to 20% higher, atot(vP) is taken to be 0.7E X 10 -38  cm 2 with E in GeV. 
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- - E = 5 0  GeV 

10_tr ~ E z S  GeV 

' - "  ~ {11) 
gO -j2 . . . . .  (IV) i "  

f 
(I) 

[ I "  
I /  
t /  ~ . . . .  ~ (11) 

i[f/I 
t I 

I 

-f2 i r , L  I J L I L I I ro 0.2 0.4 0.6 0.8 1.0 
Y 

Fig. 6. The y distr ibution for the p+ product ion for the four  cases with R = 0. 

The Michigan, Fermilab, Hawaii, LBL collaboration has reported preliminary 
+ production [ 13] in up -+/a-V + p. Their limits are results for limits on O +, B +, A 1 

consistent with our numbers and only exceed them by a little, so with the increased 
statistics available in the next few monts it is likely that a signal will be seen. Their 
limits are considerably below some of  the estimates for p and A 1 in ref. [8 -10] .  

Fig. 5 shows the four cases for the O described in sect. 3. The three that could 
correctly describe the data have significantly different y distributions shown in 
fig. 6, so a measurement of  the y distribution will nicely distinguish among the al- 

3 

%Jq E = 3 GeV 
2 

I I I 
0 0.5 z 1 2 1.5 2 

Q C~V ) 

Fig. 7. The  Q2 distr ibution for the p+ production.  The solid line represents the  results obtained 
from case (i) of  sect. 3 with R given by eq. (12), whereas those with R = 0 are about  the same at 
small Q2 and become 5% lower at O 2 = 1.5 GeV 2. The  dashed line is reproduced from the cal- 
culat ion in ref. [9] for comparison.  
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Fig. 8. The x distribution of the p+ production for the four cases discussed in sect. 3 with R = 0. 
These distributions vanish in the kinematical limits for very small values ofx. 

ternatives and the associated physics. The rates on ly  differ a little in the 1 0 - 2 0  
GeV region and each y dis t r ibut ion gives a definite rate. Fig. 7 shows the Q2 distri- 
bu t ion  for one alternative (case (i) o f  sect. 3) and a comparison curve from ref. [9] 
to show the more rapid fall-off in Q2 required by  the e lec t roproduct ion data. 

Fig. 8 shows x distr ibutions.  They are de termined by  phase space and tmin ef- 
fects more than the other  distributions.  Note however that  the ratio of  cases (i) 
and (iii) varies by an order of  magni tude  over a useful part o f  the range. 

+ F *+ Two curves Fig. 9 shows the rates integrated over x and y for p+, B +, A 1 , . 
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Fig. 9. The relative rates of the p+, B +, + A], and F *+ production for cases (i) and (iii) with R = 0. 
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are shown for each, one from case (i) of  sect. 3 and one from case (iii) of  sect. 3. 
These two cases give the same small Q2 behavior and differ by a power of  Q2 at 
large O. 2. Case (i) gives a divergent (22 integral so o(vp ~ / l - V + p )  grows as the first 
power of  E and o (uP ~ / ~ -  V ÷ p)/o(vp) ~ constant; this may be physically unrealistic 
even though it gives perhaps the best small Q2 description, so it should be inter- 
preted as an upper limit. Case (iii) with a± ~ 1/Q 4 probably gives a lower limit to 
the rate. Whether the 1/Q 4 comes from a faster decrease of  Otot(l'vp ) at larger Q2 
than at smaller Q2, or from op/Oto t vanishing at large (22, or from an intermediate 
vector boson propagator, is partly a matter o f  interpretation and does not directly 
enter. In any case, in the 10-25  GeV region where the vector meson should first 
be detected the two limits only differ a little, and then a measurement at higher 
energies adds new physics information on the Q2 dependence. This sensitivity to 
high Q2 is an intrinsic aspect of the p reactions because there is no propatagor at 
present Q2 values. At E = 50 GeV (say) there is a significant amount of  o(up 
~t-p+p) coming from Q2/> 20 GeV 2, so the results are not insensitive to W boson 
masses in the 5 0 - 1 0 0  GeV region. 

To conclude, we emphasize again (see introduction for details) the importance 
o f  these total rates. Confirming the p prediction is of  fundamental importance to 
weak interaction theory, as it is essentially a well defined translation of  ep ~ eo0p 
into vp ~ ~t-p+p. If  the A 1 is not present at the expected level it will confirm the 
evidence from hadron reactions that no A 1 exists, and confirm that a possibly basic 
puzzle exists for weak interaction theory and the quark model. Finding the B + 
would confirm the existence of  strong second class currents in particle physics and 
possibly provide a measurement of  their strength, while the absence of  the B + would 
be inconsistent with the second-class current model of  ref. [6]. Detection of  F *+ 
would be of  considerable value in interpreting dilepton production in u reactions and 
of  considerable intrinsic interest. We find about 0.2% of OT(Pp) for a(vp -~/ l -  F*+p). 

If OT(F*p) -~ 10 mb from the additive quark model, and F*p scattering has a slope 
B = 5 GeV -2 ,  then Oel ~ o2/16~rB -~ 1 mb. So the total charm production via an F* 
dominated current would be about 10 times our number or about 2%. (If the axial 
vector F* exists (though the A 1 probably does not) this could be increased by a fac- 
tor of  about 2.) Then it must be multiplied by the muon or electron semi-leptonic 
branching ratio (say 10%) to get the total dilepton rate, which would then be of  or- 
der 0.2%. For g reactions o T is 3 times smaller while the F* production is about 
the same, so this increases to a number of  order 0.6%. The corresponding neutral 
current reactions are discussed in the introduction; only A 0 is expected to be large 
in the conventional theory and if there is no A 1 that will be small too so there may 
be very little diffractive elastic neutral current cross section altogether. 
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