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The main dynamical mechanisms of the reactio‘np—>a8(980)n—>w°nn at high energies, currently in-
vestigated at Serpukhov and Brookhaven, are considered in detail. It is shown that the observed forward peak
in its differential cross section can be explained within the framework of the Regge pole model only by the
conspiringp, Regge pole exchange. The tentative estimates of the abSﬂTlne»ag(QSO)nHwonn reaction
cross section aPj, =18 GeVt are obtainedo~200 nb and, in the forward directionio/dt~940 nb/

GeV2. The contribution of the one pion exchange, which is forbiddefGhyarity and which can arise owing

to thef8(980)— a8(980) mixing, is also estimated. The role of the Regge cuts in the nonflip helicity amplitude

is briefly examined and the conclusion is made that the contributions of the cuts have to be inessential in
comparison with the conspiring, Regge pole exchanggS0556-282(97)05711-1

PACS numbds): 13.85.Hd, 11.80.Cr, 12.40.Nn

[. INTRODUCTION an explanation of the absence of a dip near the forward di-
rection inpfda/dt(7m~ p— wn) [8—10. However, the non-

In the qq model (g is a light quark, every rotational trivial reason why thep, Regge pole contribution in the
excitation with orbital angular moment consists of four ~S-channel amplitudes without a helicity flip in the nucleon
nonents: states?S*1L,= 3L,_,, 3L,, and 3L_., with  Vertexand with zero helicity of the meson does not vanish
charge parityC=(—1)-*! and state'L, with C=(—1)". att=0, i.e:, a conspiracy c_)f the Regge pole_Smiﬁp—mn,
However, so far there is a white spot in the lower-lying fam-Was not discussed at all in Reff8—10. Notice that, for
ily with L= 2 [1]. The nonstrange members of tAB, nonet similar cases, the necessary type of conspiracy was known
with quantum numbers®(JPS)=1*(2-") and 0~ (2" ") [11-14 well before the works in Refd.8-10. Here we
i.e., the p,, w,, and ¢, mesons(the masses of which élre make up this omission by the example of the reaction

— 0 . .
expected to be near 1.7 and 1.9 GE¥-4]), are not yet 7~ p—ay(980)n. We present also a tentative estimate of the

- 0 0 . .
identified as peaks in corresponding multibody mass spectrg p —8p(980N—m"n  reaction  cross section at

[1]. Discussions of the possible reasons for this unusual sittPiab =18 GeVt: ¢~200 nb and in the forward direction
ation are contained, for example, in Rdf3,4]. However, the do/dt~940 nb/Ge\’. In Sec. Ill, we recall one more inter-
mass distributions are not unique keepers of information osting feature of the reactian p—ag(980)n— m°»n asso-
the resonances. The resonance spectrum is also reflectedGiated withfg(980)—ag(980) mixing[15] and estimate the
the Regge behavior of the reaction cross sections at higgontribution of the one-pion exchange which is possible ow-
energies. At present detailed investigations of the reactiof'd o this mixing. In Sec. IV, the role of the Regge cuts in
7 p—aOpn at Pf;g~40 and 18 Ge\d are carried out, re- the non-flip-helicity amplitude is briefly discussed. In the

A dix, th i h i lained by th
spectively, at Serpukhoy5,6] and Brookhaven7]. The bpendix, e conspiracy phenomenon 1S explained by the

0 . ; o i example of the elementag, exchange.
-7 mass spectrum in this reaction is dominated by the

a3(980) anda3(1320) mesong5—7]. In this connection, we
should like to draw special attention to the reaction
w*p—>a8(980)n—>7r°nn because its differential cross sec-
tion near the forward direction can be dominated by the Thes-channel helicity amplitudes of this reaction can be
Regge pole exchange with quantum numbers of the “lost”written as
p> meson. In general, this reaction is unique in that it in- o
volves only unnatural parity exchanges in thehannel. My, = Uy (P2)ys[ —A—3¥*(d1+0y) ,Blu, (P1) .

The purpose of this paper is to describe in detail the e P 1)
main dynamical mechanisms of the reactiomr™p
—ad(980)n— m°7n in the Regge region. The paper is orga- whereq, p1, 0, andp, are four-momenta of-~, p, a3, and
nized as follows. In Sec. II, we present the Reggeization oh, respectively)\ , and\, are the proton and neutron helici-
the s-channel helicity amplitudes of the reaction ties, andA andB are the invariant amplitudes depending on
w‘pﬂa8(980)n and show that, in the framework of the
Regge pole model, the observed forward peak in its cross—
section[7] can be explained by a very interesting and fine !Often the normalization of the reaction events turns out to be a
phenomenon such as a “conspiracy” between ghdrajec-  complicated problem. Probably in this connection, experimental in-
tory and its daughter one. For the first time, e Regge formation on the absolute cross section of the reaction
trajectory was introduce¢ht that time it was named) for 7~ p—a3(980)n— mOzn is so far absent.

II. REACTION 17_p—>a8(980)n AT HIGH ENERGIES
IN THE REGGE POLE MODEL
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s=(p1+0q1)? andt=(q,—0d,)* and free of kinematical sin- P, =(—1)"**. It follows from the parity conservation
gularities[16]. Using the normalizationu=2my and tak- ~ condition P;,=(—1)""*=P ., , whereL is angular mo-
ing the proton and the neutron as “second particlgs7] we

obtain that, in the c.m. system, ment of thepn system, thal.=J both for the singletpn

spin state and for the triplet one. The amplitudgs_ and
__ _ i _Rn.— G correspond to the triplet and singletbecause
M, . =—M__=cog60/2)[AV—tyn—BV—t , (2 +t — i . .
++ LOTAV= tin= BN~ tmas], (2 G,..=—-G__) pn configurations, respectively. The
_ o — _Rp.C G-parity conservation condition H1)-+St!
M,_=+M_,=sin(0/2)[AJ—t BV—tmnsl, (3 . . .
" + = SIOI2)AV trax= BV tmins], - (3 =(—1)’*S*1=+1, whereS and| are the spin and isospin
where @ is the scattering angle,,, andt,,, are the values of pn, gives that in the triplesingled state only everfodd)
of the variable t at #=0° and 180°, respectively, values ofJ are possible. The partial wave expansions of

sin(@2)=[ — (t— tmin)/4]q4/ g2 1* and G+ andG. _ are[18]
e MM, @ =S @
dt_64ﬂTS|_q)1|2 ++ 1) G++_J=1,3,...( J+1)fy , Pj(cosdy),
Equations(2) and (3) have the most simple form at high ,
energies. Taking into account thatand B at fixedt and G. = 2 (23+1)F P3(cosh) (10)
2 H a a—1 o +- - '
s>my, behave likes® and s*™*, respectively(see below, J=23, ... VI(J+1)
and alsot ;,~ —mﬁ,(mgo—mi)zls2 andt,,~ —s, we get
Thus, the amplitud& , , has to contain the Regge pole ex-
M,,~—=sB, M, _=~y—(t—tminA. (5) changes with=1,G=+1, signaturer=—1, and “natural-

o . _ ity” 7P=—1. The high-lying Regge trajectory with such
The helicity amplitudes in the-channel c.m. system, quantum numbers is thé; trajectory [the well-known
FW\”, corresponding to the reactiom”ag— pn have the b;(1235) meson is its lower-lying representafiv€he sec-

form ond independent amplitud@_ _ has to contain the Regge
pole exchanges with=1, G=+1, r=+1, and7P=-1
my(m2 —m2) and here thep, Regge trajectory is a leading one. Taking
F..=—F__=\tA+ 0 , (6) into account Eqs(10), the contributions of thédy; and p,
NG Regge pole exchanges in the physical region of the

s-channel can be written as

N P(s,t,u)
Fi-=+F_,=2/qlplsingB=\——B. (7

ap (1)
b S bl R _477[1
G+l+ :Bbl(t)<s_) ie~!man, (V2
In these equations, thIg(QSO) meson and neutron are taken 0
as “second particles, 8, is the scattering angle, and,| and s\ @01
| o, are the absolute values of the momenta of the particles G2 =ﬂp2(t)(s—0) e~ ', (V2 (1)

in the initial and final states, respectively.

g 2 2 2 .
cosh=(s—u)/4ql[p,|, and u=2my+m; +m;—s—t; the  \here(t), a(t), and complex factors are residues, trajec-
equation®(s,t,u)=0 gives the boundary of the physical tories, and signatures of the corresponding Regge poles, and
region. It is obvious, from Eqg6) and(7), that the helicity s,=1 GeV?. For compensation of the nonphysical branch

amplitudes points in G, _ connected with /J(J+1) [see Eq.(10)],
1 the factor\J(J+1) has been extracted frof] _ [12].
G :\/fF and G :( @(s,t,u)) F. —-B Let us return to Eqs(6)—(8) and express the invariant
T A - t - amplitudesA andB in terms of G, , andG, _:
tS)
1
are free of kinematical singularities. Their Reggeization can A= ?[G++—mN(m§0—me)G+_], (12

be performed by the usual w4$8,19.
Constructing the helicity amplitudes with definite parity
[18], B=G, . (13

G\X =Gy [1% 770 (DM Mo Ml]/2, (9)  To avoid the 1/ singularity in the invariant amplituda [see

e P Eqg. (12)], it is necessary to complement the Reggeization
we obtain that, because of the difference of the intrinsic parischeme by the conditions on the behavior of the various
ties of them and ag mesons,7, and »,, the amplitudes contributions tOGW\n ast—0. Let us attempt to satisfy the
GY") andG'") identically vanish and thu§ , ,=G{ ) and  analyticity of A assuming thé, andp, exchanges only and
G,_=G{). Consequently, both amplitude§,, and also that the amplitude@l}+ and G2 do not vanish as
G, _ have unnatural parity, as it must be, since each state df—0. Then, substituting Eq11) into (12) and going to the
the may system with angular momentl has parity limit t=0, we obtain two relations,
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ap(0)=a, (0)-1, B, (O)ZmN(mi _mi)ﬂp (0), trajectory, in practice, comes to only the fact that the residue
! 2 ! 0 2 (14) of the leadingp, Regge polqepz(t), owing to a conspiracy
[see Egs(16) and(17)], does not vanish whetn—0 and can
the first of which is rather silly because, at the usual valuebe parametrized, for example, by the simplest exponential
of ab1(0)~—(0.05—0.3 [8-10,2Q, it requires form sz(t)= - ypzexp(ogzt)/so. At the same time, the resi-
a,,(0)~0.95-0.7(also, for the lineap, trajecrory with the  due of theb; Regge pole in E(11) has to be proportional to
slope a’'~0.8-1 GeV?, it predicts the p, mass t [see Eq.(17)] and can be parametrized, for example, as
m,,~1.02-1.27 GeY. For thep, trajectory heaving unnatu- Bbl(t)=tyblexp(oglt)/\/s—0. In our normalization, the con-

ral parity, this is evidently ruled out. In fact, we conclude stantsy,, and Yp, are dimensionless. On the other hand, if

that there is no way to make it such that the residue of thene daughter trajectory is parallel to the trajectory(as, for
b, exchange in Eq11) would be finite at=0. Of course, in  example, in the Veneziano modethen, near 1.7 GeV, it
order for the amplitudéA to be regular fort—0, one can  should be expected a state with themeson quantum num-
accept that the amplitud@iﬂr andG‘jf‘_ are separately pro- bers, which can be searched for in thgr, o7, andA,w
portional tot.? In this case, the amplitud® in Eq. (13) and  channels.

amplitudeM , , in Eqg. (5) caused by the, exchange are Thus, in the model with thé; and conspiringp, Regge
also proportional td. Then, from Eqgs(5) and(4), it follows  poles, thes-channel helicity amplitudes given by E&) can
immediately that, forb; and p, Regge pole exchanges, be written in the following form convenient for fitting to the
do/dt~|t| at small|t|. Thus this Regge pole model predicts data:

a dip near the forward direction in the”p—adn reaction

cross section. On the contrary, the experiment in REF.

shows a clear forward peak. This means that the amplitude M, = 7p2ebp2(s)t(
M, , with quantum numbers of thg, exchange in the

channel does not vanish as-0. In the framework of the

Regge pole model, this can be attended only in the case of a s\ @,(0)
conspiracy of thep, Regge trajectory with its daughter one M, = ‘/_(t_tmin)/so')’blebbl(s)t(_) ie~1map, (V2
(d), which has to have quantum numbers of the ex- So

change. Let us write down the contribution of such a daugh- (19
ter trajectory neat=0 in the form

S a_PZ(O)
S_) efifrrapz(t)IZ, (18)
0

() where ag(t) = agr(0)+ ajt, br(s)=b3+ aiin(g/s), and R
s\« . . F !
G .y (t)(—) je - imaq(t)2 (15) designates a Reggeon. Let us point out, as a guide, that
P sy ' a,(0)~—022 and a,(0)~—-0.3 for aj ~a, ~0.8
GeV~?, m, ~1.235 GeV, andn, ~1.7 GeV. Using Egs.

Then, the amplitudeA should be regular at=0 [see Eq. @, (18). and(19) tthat. at laras
, , an , we get that, at largs,

(12)] if the following relations for thep,, d and b; ex-
changes are valid:

= — 2 2 do 1 2 an (o] S 2a, (0)
ad(o)_aPZ(o)_l’ ’Bd(o)_mN(mao_mﬂ)'BPz(o)’ E: 16ms? sze "2 S_0
(16)
tmin—t 2 2b, (o)t s | 2ap,(0)
,8,;2(0)#0' ,Bbl(t)"‘t- 17 + 5—0 Yb,€ " S_o . (20

Now neither the amplitud® [see Eqgs(11), (13), and(17)] -

nor the amplitudeM . in Eq. (5) vanishes at=0. More- According to the Brookhaven data Bf,~18 GeVE [7]
over, asymptoticallyat larges) M, , is dominated by the the t distribution for events of the reaction
p, trajectory[see Eqs(5), (11), and(13] andM , _ is domi- 77~ p—a5(980)n— #"7n is strongly peaked in the forward
nated by theb, trajectory[see Eqs(5), (11), (12), (15, and  direction (see Fig. 1L These data are fitted very well for
(16)]. As for the daughter trajectory contribution and the —t,, < —t<0.6 Ge\? by the single-exponential form
nonasymptotic contribution of thg, trajectory (which be-

haves as-s%-("1) to the amplitudeA and consequently to B o 0 .

M. _, they can all be neglectefdee Eqgs(5), (11), (12), dN/dt(m~p—ag(980n— myn)=Ce'. (21)
(15), and(16)]. Thus, on the one hand, a role of the daughter

The best fit(with y?~15.9 for 22 degrees of freedons
, _ obtained withA =4.7 GeV ? and C=129 events/GeV. It
Using for b;ma, and b;NN interactions the effective js shown in Fig. 1 by the solid curve. Unfortunately, the
Lagrangians L(bymag)~j)'b4 and L(b;NN)~jZb%, where  Serpukhov data omlo/dt(w p—ad(980)n) at 40 GeVt
iM=(91—02), andj5=u(p,)¥s(P2—P1) v (p;). One can easily are not yet presented. It is known only that, in thdzy
verify that the contribution of the elementaby exchange to the invariant mass region €m_o,<1.2 GeV and for
amplitude G, ;. for the reactionm(q;)+ag(q,) —N(p1)+N(p,) —tmn<—1<0.5 Ge\?, the differential cross section
turns out to be really proportional to do/dt(w p— 7°xn) has a similar peak in the forward di-
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FIG. 1. The t distribution for the reaction FIG. 2. The % mass spectrum for the reaction

7 p—ad(980)n—m'yn—4yn at 18 Gew measured at

’ ! X 7 p——m’yn—4yn at 18 Gew measured at Brookhavé].
Brookhaven7]. The fits are described in the text.

w‘p—>ag(1320h and the Brookhaven data on the®s

rection [5]. Obviously, the Brookhaven data are describedmaSS spectrum i~ p— 7°7n. According to Refs[21,5),

formally by the single amplitud#¥ , , with the p, exchange
[see Egs(18) and (21)]. However, within+ (10-20% ex-

perim_ental uncertainties idN/dt [7], the form(21) can be (r(ﬂ-’p—>ag(132()n)=18.5i 3.7, 12.3-2.5,
effectively reproduced for-t,,;,< —t<0.6 by means of Eq.
(20) where theb; contribution should be also different from 2.7£1.0 and 0.39%0.080 ub (22

zero. The fit to the data[7] to the form

dN/dt=CiexpAt) +(tnin—t) Coexp(Ast) with C;=131 -

events/GeV, A;=7.6 GeV ? C,=340 events/Ge¥, atP[, =12, 15, 40, and 100 GeV/respectively. These data

and A,=5.8 GeV 2 gives ax?~15.9 for 20 degrees of are fitted quite well by the exponential function:

freedom, and the corresponding curve is practically the

same as the solid curve in Fig. 1. The dashed and dotted

curves in Fig. 1 show thep, [CiexpAit)] and by (7 p—ad(1320n)~(1.62 mY[P[, /(1 GeVic)] %

[(tmin— ) Coexp(A,t)] contributions separately, with the lat- (23

ter yields approximately 34% of the integrated cross section.

In order to determine rather accurately the parameters of the

simplest Regge pole model given by Eq48)—(20), the Then at 18 GeW, 0'(7T_p~>ag(1320)'|%7707]n)

good data ordo/dt(7~ pﬂa8(980)n) at several apprecia- ~1.29 ub [here we have taken into account that

bly different energies are needed. First of all, we have inB(a,(1320)— 7#7)~0.145 [1]]. Figure 2 shows the

mind the energies of ther~ beams at Serpukhov~(40  Brookhaven datécorrected by the registration efficienayn

GeV), Brookhaven €18 Ge\), and KEK (=10 GeW). No-  the #°z mass spectrum in the reactiom™ p— w’%n

tice that, according to the estimate~(s)?* 2 with at 18 GeVE [7]. According to our estimate

a~—0.3, the a8(980) production cross section at KEK the ratio N(ag(980))/N(a,(1320)~1/6-1/7, where

should be approximately 36 times as large as one at SeN(ag(980)) andN(a,(1320)) are the numbers of events, re-

pukhov. spectively, in theay(980) and a,(1320) peaks above
So far the experimental information on the absolutepackground. Thus, one can expect that, Rf, =18

values of then p—ag(980n—= yn cross section is Gevi, o(m p—ad(980)n—m°n)~200 nb and also

absent. Nevertheless, in order to have an idea of this croggy;/dt(s- p—ad(980)n— 707n)];-o~940 nb/Ge\? ac-

section, we shall estimate(m~p—ag(980n—7°7n) at  cording to Eq21) with A =4.7 GeV- 2. We emphasize that

Pa,=18 GeVE wusing the data on the reaction these estimates are rather tentative.
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I1l. ONE-PION EXCHANGE IN rr_p—>a8(980)n—>rr°nn

It is now interesting to estimate the contribution to this
reaction of the Reggeized one-pion exchaf@€BE), which
is forbidden byG parity. The corresponding cross section
has the form

whereg?,/4m~14.6,m is the invariant mass of the®y
system,p,..=(1—4m?/m?)*2 b_(s)=b%+ a’In(s/s), and
a!~0.8 GeV 2. This contribution arises owing to the
f4(980)-a3(980) mixing violating isotopic invariance. The
fo(980)—a3(980) mixing phenomenon and its possible
manifestations in the various reactiorfr example, in
m*N—77N) were considered in detail in Ref$15].

do_(OPE)

dtdm

— te2b(9)(t-m>)

(t—m2)?

1 9

s’ A

Xmp,o(m" 7 — %), (24)

Therefore, here we give only numerical estimates of the ab™
solute value OPE contribution at the Brookhaven and Serl©

pukhov energies.
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90)% of the integrated cross sectiar®"® originate from
the region 6<—t<0.2 Ge\?]. At the maximum situated

neart~—-m>,

(do'©"B/dt)- 2 ~122-305 nb/GeV.  (26)
It can make wup from 13 to 325% of
[do/dt(m~ p—ad(980)n— m°7n)]~, which has been
roughly estimated to be 940 nb/Gé\at 18 GeVt (see the
end of Sec. .

Thus, theG-parity-violating OPE contribution is able to
play a quite appreciable role in the formation of the peak in
do/dt(w*p—>a8(980)n—>7r°7;n) near the forward direc-
tion. Note that the features of the interference between the
7 andb; exchanges in the amplitudd , _ were discussed
in some detail in Ref.15]. To extract uniquely the amplitude
M, _ which can be dominated in the lojt| range by the
“forbidden” = exchange, a polarized target and a measure-
ment of the neutron polarization in the reaction
*p—>a8(980)n—>7-r°77n are necessary. It is also desirable

measure the charge-symmetric reactionr™n
—ad(980)p— 7 7p in which the f3(980)—ad(980) inter-

Recall that the cross section of the reaction forbidden byference has to have opposite sigrd].

G parity, m" 7~ — %7 [see Eq(24)], is determined mainly
by the transitiong o(980)— (K *K ~+ K°K°%) —a3(980) and,

in the region between th& K~ and K°K° thresholds,
which has a width of 8 MeV, it can be on the average from
0.4 to 1 mb[15]. Outside the region @, +<m=2myo,
o(7* 7~ —w%%) drops sharply. The mentioned uncertainty
in the estimate ofr(7w" 7~ — 7%%) reflects the spectrum of

IV. CONTRIBUTIONS OF THE REGGE CUTS

The Regge cuts, just like the conspiripg Regge pole,
can give a nonvanishing contribution to the amplitude
M, for t—0. Generally speaking, it is difficult to distin-
guish the contributions of the conspiring poles and cuts.
However, the standard numerical estimatgsch as beloyw

the model assumptions which were made by many authorshow that in the considered reaction the Regge cuts have to

for the determination of the coupling constants of the
fy(980) anday(980) resonances with therr, KK, and
7n channels(see details in Refg15,22). Note that the
value of o(m+ 7~ — %) between theK K~ and K°K?°
thresholds is controlled mainly by the production of ratios
(gfzoK+K_/gf20W+ﬂ_)(gzng,/ggom) [15], where the cou-
pling constantgy determine the corresponding decay widths
of the scalar mesons, for exampleml“fowh,f(m)

=(gf207r+77,/1677)pw and so on.

Taking these remarks into account and integrating Eq
(24) overm from 2my+ to 2mgo, we get

at P,’;;=18 GeVE and approximately 5 times smaller at

Pa, =40 GeVk. For the reactions with the one-pion ex-
change, a typical slope in the considered energy region i
A [=2b_(s)]=5—7 GeV 2. Then, the integral of the
function confined in brackets in ER5) overt turns out to
be approximately equal to 1. Hence we have
o(OPB)~12-30 nb at 18 Ge¢/ This is (6—15% of our es-
timate, o(7~ p—ad(980)n— m°7n)~200 nb, obtained at
the end of Sec. Il. Because of the smallness of#thmeson
mass, thedo(®"F/dt is enhanced for smalt| [about (85—

do(oPB
dt

—tehalt-m2)

(t—-m?)2

~(12-30 nb){ (25)

be insignificant.

First of all, we carry out a classification of the two-
Reggeon cuts contributing to the amplitulfe, , of the re-
action Tr*p—>a8(980)n. According to Ref[23], the signa-
ture of the cut is given by.= 7, 7,, wherer; and r, are the
signatures of the Regge poles associated with the cut. The
signature of the amplitud®! , , is positive and therefore the
7, and 7, must be equal. Then, it is found that the two-
Reggeon cuts associated with the Regge poles having equal
and opposite “naturalities” £P) have a principle different
behavior ag— 0. Parity conservation gives that the cuts with
(11P1)(72P,)=—1 do not vanish ag—0 [24]. Among
these are the,m, pb,, andwa, cuts and also the 8 cut,
where P is the Pomeron. The cuts withP,)(7m,P,)=+1
give vanishing contributions tM , , ast—0 (they turn out
to be proportional tot) [24]. In this group, thepp and
a,a, cuts are leading at large

The amplitude of the two-Reggeon cut associated with the
R; and R, Regge pole exchanges can be calculated in the
absorption model approximation by the form{izs—27

S .
RiR I R - -
Maé_?cd(&t):mf dsz; Mab_ef(S: —Ky)
XME2 (sky), 27

that is, considering thR; R, cut contribution as a process of
a double quasielastic rescattering. In E2j7), IZl andﬁ are
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the momenta transferred from the partieldo the particle intermediate statg¢sall the same they would be appreciably

¢ and froma to c, respectivelyq 2~ —t, and the interme- Smaller than the expected values.

diate state® andf represent stable particles or narrow reso- 1urn to thepb; cut. The contribution of the low-lying
nances. The accumulated wide experience of the work withr P intermediate state is conveniently represented in the
the two-Reggeon cuts shows that reasonable estimates can

obtained considering the contributions of the simplest

(lowest-lying intermediate states. The calculation methods [ do?P1 1 / 1 dof; 1 doP1
of the two-Reggeon cuts are well knowsee, for example, dt :4 b +b |4\f dt T dt
Refs.[25-27,19,2%. Therefore, omitting details, we go at t~0 FTDp™ Vb, =0 =0

once to a discussion of the final results. All these are con-

cerned withPJ, =18 GeVkt. -
Begin with thea, cut. Taking into account in Eq27)

the low-lying »n intermediate state, we get the following
contributions of thea, cut to the fo/dt),_o and integral <0.5 nb/GeV, (30)
cross sectiorr of the reactionvr*p—>a8(980)n—>Tronn:

where of; is the 7~ p— 7~ p cross section with the proton
(dgazw) I(me('Ea2+'5,T))( 1 dgﬁg) (mi dgw) helicity flip caused by the Regge pole exchange, andl: is

t~0 0 t~0

- 477|'5a2+’5ﬂ|2 Lt dt

dt t dt the cross section of the reactiaﬂ‘p—>a8(980)n—>w°7;n

associated with the; Regge pole exchange. The limitation
(30) has been obtained in terms of the following inequalities:
of<o(m p—7'n)2~125 ub [29], oP1<o(m p
o%27~3.4(nb) B(a2(980)— 7). (299 —ap(980)n—77n)~200 nb, and bibf /[b,+Dby |*

_ <1/16. Thus, theb; cut contribution should be considered
Here br=bg—imag/2 (the argumens of the slopebg is  as a whole as very small.
omitted from this moment do'zledt is the part of the The wa,; cut is more difficult to estimate because there
m~ p— nn differential cross section caused by theRegge ~ @Ppear amplitudes with the, Regge pole exchange which
pole exchange with a helicity flip in the nucleon vertex, andare directly unobservable by experiment. Consider the con-
do™/dt is the differential cross section of the reaction tributions of the two simplest intermediate stayesp and
7n—ad(980)n— 7°z7n caused by ther Regge pole ex- b, p. At the expense of thb, p intermediate state, we have
change. According the Fermilab data en p— nn [28],
[(11)dop?/dt],_o~555 ub/GeV*, b, ~4.18 GeV 2, and (dcr‘”al) _ 1 (dcr‘“> (doal)
@, ~0.8 GeV ? [a,,(0)~0.371. For the reaction with dt o 4mlb,+b,|? | dt/ o\ dt [,
the = exchange, [(Mm}/t)do™/dt]i~o=0 (02 -/

~25(nb/GeV?)B(a3(980) — 7 7), (28)

167)exp(—2b,m2)B(a3(980)— w7), where giomll&r 1 boPa, oo ot

=TagnzMay/Pyz @ p,={[1—(m,—m)%m; ][1 T b, + Db, |

—(m,+ mw)zlmgo]}l/z. According the Particle Data Group 1

[22], the widthT 4,77 can be from 50 to 300 MeV. We use <g- o o?1~10(nb/GeV?)

its maximal value. Thergﬁo,W/167r~O.454 GeVr. Also we

assume thatr/ ~0.8 GeV 2 andb,~3.5 GeV 2. The fac- X B(ag(980— 7)), (3D

tor I(mf,('tv)a2+'57,)) in Eg. (28 has the form _ _
) ) 5~ ) where ¢ and o?' are cross sections of the reactions
|1+ zexp@Ei(—2)|?, wherez= mz(ba,+b,) and Ei(-z) 7 p—b; p and b; p—ad(980)n—7%7n with w and a,
is the integral exponential function. Here we haveRegge pole exchanges, respectivéhere is no helicity flip
I(m%(b,,+b,))~0.55. in the nucleon vertices and the intermediafemeson has in
BecauseB(a(980)— w7)<1, then Eqs.28) and (29) the main helicity zero [30): o“~[o(7"p—b;p)
give, respectively, less than 2.7% and 1.7% of the expected o(7~ p—by p)— o (7~ p—bln)1/2~20 ub [29-31. To
values [dg/dt(qfp_>a8(980)n_>77077n)]t%0~94o nb/  estimates?: one can be guided by virtually only the data on
GeV? and (7 p—ad(980)n— 7°5n)~200 nb® Even the reactionm" p—p°n at 17.2 GeW¢ [32]. The exchanges
though we magnify these numbers by an order of magnitud®ith thea; quantum numbers make up approximately 4% of

(attributing the enhancement to the contributions of the othethis reaction cross sectior~20% in the amplitudg i.e.,
~2.5 ub [33]. To obtain the estimaté31), we have used a

rough assumption ¢?1(b; p—adn)~ (7 p—p°n).
3Note that thea, cut contribution tods/dt has a minimum  Similarly, one can obtain for the contribution of the
aroundt~—0.4 Ge\? and decreases by approximately 54 timesp P intermediate state with the transverse polarized
over the range of from 0 to —0.4 Ge\2. However, experimentally p~  meson  that  do*®/dt),_y<(o“0c®/4m)~7.5
do/dt falls by a factor of 6.5 in thi¢ range and does not have a (nb/GeV?)B(a3(980)— ), where ol~[a(mtp
minimum [see Eq.(21)]. —p p)+o(m p—p p)—o(m p—p°n)]/2~15 ub
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[29,34 and, for thep~ p—a3(980)n reaction cross section tra around 1.7 GeV in the reactions induced sy mesons
with the a; exchange, we take simply the same 2&b as  or in NN annihilation.

just above. The relative sign of the p andb; p intermedi- Let us note that there is the early estimate of the
ate state contributions is unknown. As a result for the,  a,(980) production cross section made in Rg6] which
cut, we have a very rough limitation assumedb, exchange dominance. Using the result of Ref.
[36], one can obtain thato (7w p— ag(980)n— 7'7n)
(do@a1/dt),_ <35 (nb/Ge\?) B(a8(980)emy). should be approximately equal to 620 nb at 18 GeWow,

(32) it is obvious that it is excluded. First, this large cross section
contradicts the Brookhaven data on tta@(980) and
a3(1320) production7] and the datg5,21] on a3(1320)
production extrapolated to 18 Ged/Second, the puré;
exchange mechanism contradicts the new Brookhaven data
[7] on thet distribution fora3(980) production in the low

|t| region.

As mentioned above, the contributions of tpe and
a,a, cuts toM, . vanish ag— 0. However, the absorption
corrections to these contributions, i.e., theP anda,a,P
cuts, are finite at—0.* The estimates of thepP and
a,a,P cut contributions to [da/dt(qr‘p—>a8(980)n
— 7%9n) ];~0, quite similar to as done above, show that each
does not exceed by itself 2 nb/G&Vthat is, very small.

Moreover, a strong compensation between gpeanda,a, N.N.A. thanks A.R. Dzierba for many discussions. This
cuts (and analogously betweespP anda,a,P cutg takes  work was partly supported by the Russian Foundation for
place within the framework of the-a, exchange degeneracy Fundamental Researches Grant No. 94-02-05 188, Grant No.

hypothesis because the productions of the Regge pole signg6-02-00548, and INTAS Grant No. 94-3986.
ture factors for these cuts are opposite in sign.
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As for the B, cut, the absorption correction of this type APPENDIX
accompanies any Regge pole exchange. In the cases that the _ _
pole contributions do not vanish das-0 (beyond general Let us explain the conspiracy phenomenon by the ex-

kinematic and factorization requirementthese corrections ample of the elementary, exchange in the reaction
are effectively unimportant at least for the description of thez(q,) +ag(q,) —p2(9)—N(p;) +N(p,). The effective

. . . - . O —_—
differential cross sections. The reactioms p—7°n and Lagrangians for thep,ma, and p,NN interactions can be

7~ p— nn give classical examples of this situation. At small \\ritten as(we omit the coupling constants
|t| and in a wide energy region, the differential cross sections

of these reactions are described remarkably well by a simple L(pomag)=jy,es”, iM=Q.Q,, (A1)
Regge pole model with the linegs and a, trajectories
[28,35. L(poNN)=]5 05",

V. CONCLUSION i%,=u(p2) Y55 (¥,P,+ v, P )v(py), (A2)

We have considered the main dynamical mechanisms afhere P=p,—p;, Q=0;—0,, and q=0q;+0,=p;+pP>
the reactionw‘pea8(980)nﬂwonn at high energies and (PQ=s—u, Pq=0, Qq:mi_mgo, andg?=t). The helic-
shown that the observed peak in its differential cross sectio ; -0 - =
in the forward direction cgn be explained within the frame-ny amplitudes of the process a,-—p, —pn are then
work of the Regge pole model only by a “conspiracy” of the e,
p- trajectory with its daughter one. Notice that there is real- FA;;\”=V’A%\ Z’L_V’Iin; Q¥ Q”, (A3)
ized another type of conspiracy in the well-known cases of "4 P2
the reactionsyp— 7" n and pn—np (in which the corre-
sponding peaks in the forward direction are usually de_vvhere
scribed in terms of the Regge cUts9,25,27) than in the P 1 S
reaction 7~ p—a5(980)n [12]. We have also obtained the Vior,~ Un(P2) 752 (Y*P"+ y"PH)uscipy), - (A4)
estimates of thew*p—>a8(980)n—>w° 7N reaction cross

1 1 1
section atPf, =18 GeVt and of the OPE contribution Tt = 2 T+ 2 T Tor = 3T Tt
which can be caused by tHg(980)-a3(980) mixing. Exam- L Im2 (A5)
ining the Regge cut contributions to the non-flip-helicity am- Tur= G ™ Auly MMy
plitude, we have come to the conclusion that they have to be 2, 2 :
inessential in comparison with the conspiring Regge pole Off mass shell ¢ ;&mpz), the tensorll,,,,, is not the

exchange. spin-2 projection operator but contains the contributions of
Certainly, it would be very interesting to find some signsthe lower (daughtey spins. In the case of coupling to non-
of the p, state and its daughter state with meson quantum conserved tensor currents, these daughter contributions ap-
numbers, for example, in they, w7, andA,m mass spec- pear in the physical amplitudes. In the case under consider-
ation, the elementaryp, exchange with spin 2 is
accompanied by the spin-1 contribution ofllge spin-0 con-
4Formulas for the such type cuts were obtained in [R2f]. tribution is uncoupled to th&N system because it has the
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exotic quantum numbet$(IP€)=1%(0"")]. Using the re-
lationsj>,g#*=0 andj’,q“q"=0, Eq.(A3) can be rewrit-
ten in the form

P+ L(@2=m? )im? 1P

F _ v mop' v’ P pvp'v'
Vo o,
XQ*'QY, (A6)
where the tensors
(2) _1 1 1 ’or
P,u.v,u’v’_50##'01’1"—’_EGMV'GVM'_§0M1/0_M v
(0,,=9,,~9,9,/9°), (A7)
and
S +6 +6
pvp' v 2q2[ ,u,u’qqu' Vv/q,u,q,u’ ,uv/qvq/ﬂ
+ HV;L’q,u,qV’] (A8)

are the spin-2 and spin-1 projection operators, respectively

2N2_ p(2 IN2_ p(1 2)uv _
[37] [(P@)?=p®), (PM)2=p(), and PEH'=5,

P(D“r=3]. The spin-2 and spin-1 parts of the elementary

p» exchanges give the contributions to the amplituBes.

219

(s—uymy(m3 —m?2)
= ° . (A10)

Vim?,

2

Both amplitudes are singular as-0 as 14t. Now we go
from the amplitude$, _ andF, , given by Eqgs.(A9) and
(A10) to the amplitudess, . and G, _ [see EQq.8)]. Sub-
stituting G, , andG, _ into Eqg.(12), we see that, owing to

the compensation between these helicity amplitudes having

different quantum numbers, thet Kingularity in the invari-
ant amplitudeA is canceled out:

A=E[G —my(m2 —m?)G, _]
t ++ NUTHa, )P+ -

I my(M3 —m2) /1 1
=4[q,|| p¢| cost, ” E*’t_mz
2 P2
s—u My(mZ —m2) ALD
= . All
, 2
t—mg m;,

andF ., , respectively. This immediately follows from the |t takes place automatically since the conspiracy condition
explicit form of the angular and threshold behaviors of these

amplitudes:

F._=—8|q,?p|?coss,sin
+ |ai|“| pi| “costysi att_mz

P2
_ [D(s,t,u) s—u
B t  t—-m2’

P2

(A9)

- my(m3 —m?)
F++:4|qt||pt|C039t 2
P2

G++=mN(m§O—mi)G+, at t=0, (Al2)

for the elementary, exchange, is exactly satisfied. The fro-
ward peak indo/dt is provided by the second invariant am-
plitudeB=G,_=—(s—u)/(t— m,fz), which, as seen, does
not vanish at=0 [see Eqs(4) and (5)]. As for the contri-
bution of the amplitude to do/dt, it is s times smaller at
larges and therefore it can be neglectete Eqs(All), (5),
and(4)].
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