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The problem of  the ex is tence of  the A1 meson and i ts  detec-

t ion in  p i rbto-  and e lect roproduct i -on is  invest igated.  The absence

of  the Al  meson in photoproduct ion is  d iscussed and the cross sec-

t ion of  i ts  e lect roproduct ion is  est imated'

Fol lowing lhe L972 Batavia conference,  the s i tuat ion wi th the ex is tence of  the Ar  meson

became exceedingly confused.  As is  wel l  known,  var iods theoret ica l  approaches,  e 'g '6 cufent ,

algebra or the quark model, caLl for the existence of a meson with quantum numbers Jv = 1- and

Acadeny of Sciences

L97 s)

109



IG = 1- .  Conf i .dence in th is  increased af ter  the SU(3)  par tner  of  Ar ,  the D meson,  was observed
t2 l .  Yet  the Ar  neson has not  been observed exper imenta l ly  so far .  At tempts were nade recent ly ,
on the basis  of  large stat is t ics,  to  f ind 41 in  the d i f f ract ion product ion nN + ArN.  The study
of  the 3r  s tate by the method of  Ascol i  [1 ]  in  the A region (m3r = 1000 -  1400 MeV) has shown
that the phase of the pn state does not go through 90o i"n the region where the A, meson is
expected to be ( ' t ,1070 MeV),  and reveals no rapid var iat ion at  a l l ,  whereas in  the region of  the
A,  neson one can c lear ly  see a rapid var iat ion of  the phase shi f t ,  ind icat ing the presence of  a
resonance.  Since the background process,  the Deck ef fect  [3 ] ,  makes a large contr ibut ion to
nN -+ SnN in the A region,  the resul ts  of  [1 ]  s igni fy  that  i f  the At  meson does ex is t  at  a l l ,  the
cross section for its production is small in comparison with the background. Therefore diffrac-
t ion product ion of  the A1 meson is  not  a sui table method of  detect ing i t  [2 ] .

It might seem that the A1 meson could be observed in photoproduction, since at small
va lues of  t  the one-pion nechanism leads to i ts  product ion wi th a suf f ic ient ly  large cross sec-
tion, 't, 1 pb. In this case the dependence of the plqduction on the phase shift of the pfi state
takes,  according to Watsonrs theoTy [2] ,  the form elo s in 6 (6 is  the phase shi f t  o f  the^elas-
t ic  rp scat ter ing) ,  unl ike the e10 re lat ion that  holds in  d i f f ract ion product ion.  The e10 s in 6
dependence should lead to a much sharper peak in the mass spectrun than in diffraction produc-
t ion,  as is  observed exper imenta l ly  in  the product ion of  p,  B,  o,  etc .  However,  even in the
photoproduction of the 3n state there is no enhancement whatever in the nass spectrum in the
region of  the At  meson [4] .  This  fact  can be expla ined wi th in the f ranework of  a model  based
on the proportionality of the Poneranchuk and f-meson trajectories, and the connection between
the f  neson and the conserved ( tensor)  current  [5 ] ,  a  connect ion that  expla ins successfu l ly
many features of  d i f f ract ion product ion.  In  th is  nodel ,  the ampl i tude of  the d i f f ract ion d is-
sociat ion of  the p ion in to an A,  meson is  proport ional  to  ( t /mi)gf rA, ,  where t  is  the nucleon
transfer ,  thus expla in ing the smal l  cross sect ion of  At  product ion in  compar ison wi th the Deck
background. 0n the other hand, the exchange p-f degeleracy in the r * lI vertex causes the
Alny res idue in e lect roproduct ion to take the form ( l ' /n f i1gonAr (here y 'q2 is  the photon mass) .
Thus, according to thi.s model, there is no A, neson in photoproduction (in the one-pion approxi-
mat ion) ,  but  the model  does make i t  possibLe to est inate the cross sect ion at  q ' I  0 .

For  est imates at  not  very large q2 we can use the vector-dominance model .  In  the one-
pion approximation (see the figure) the anplitude takes the form
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The notat ion i .s  obvious.  For  the cross sect ion we obta in
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( in  the est imate we have neglected the dependence of  the Alpr  ver tex on q2) .  I  is  the Mol ler
invariant. For the wi-dth of the A1 meson we use the mean value f(A, * gr) = 60 - 70 MeV. We
est imate the cross sect ion at  ' { tF- [ )Z = G = 3 GeV, and at  lq l t  ;  0 .15,  0.5,  and I  GeV2.
The expression (2)  is  not  su i table for  est inates of  the cross sect ion,  s ince i t  is  wel l  known
that the one-pion approxination formulas lead to large overestimates. We must therefore take
absorption into account in (2). In the simplest approxinati.on this can be done by making in
(2 )  t he  subs t i t u t i on  l t l  *  pz .

We then obta in the values l is ted in  the table.  For  compar ison the table l is ts  the Az
product i .o l  cross sect ions taken f rom [6] .  The dependence of  the A2-rn€son product ion cross sec-
t ion on q '  is  a lso taken into account  in  the vector-dominance approximat ion.

At  the present  t ime,  cross sect ions tu 0.1 b can be measured in pr inc ip le at  SLf t ,  but
large stat is t i -cs are needed for  a bet ter  s tudy of  the A region in  e lect roproduct ion of  the 3n
q f r f a
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The vector-dominance model  [5 ]  wi th p- f  exchange degeneracy expla ins the absence of  the A1
meson i .n  photoproduct ion and,  at  smal l  g2,  in  e lect ro-product ion [a] .  At  q2 tu -1 GeV2 i t  pre-
d ic ts  the spl j , t t ing of  the observed enhancement in  the A region [7]  in to two c losely- ly ing
peaks of  approximately  equal  in tensi ty .  In  any case,  the study of  the 3n state in  U-(e-)p
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*  U-  (e-)p + 3n is  of  great  in terest  and can serve,  to-
gether  wi th the proposed nondi f f ract ion react ions [2]
Kp * ArA and rN -r NAr (backward) as a convenient pro-
cess for  the observat ion of  the A1 meson.  Common to
most  react ions wi th A1 product ion is  the suppression
of  the cross sect ion due to the conservat ion of  the
vector  [2 ,  8]  or  tensor  [5]  current ,  s ince the A1
meson is  connected wi th the p i ,on v ia Regge t ra jector ies
(par tJ .c les)  wi th natura l  par i ty .

As to photoproduction of the Roper resonance
yP + N* * Nn [9], owing to the exchange ol-f degeneracy,
the tensor dominance leads to vanishing of the iso-
scalar  t ransi t i .on N*(1470) + N + 0J.  We are unable,  however,
concerning the magni tude of  the isovector  t ransi t ion N* (1470)
phenomenological ly  smal1.

A r ,  u b

to deduce frorn this any conclusions
+  NP;  i t  i s  poss ib le  t ha t  i t  i s
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