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It is shown that the list of unusual mesons planned for a careful study in photoproduction can be extended
by the exotic states<*(1600) with 1S(J°¢)=2"(2*") which should be looked for in thp*p® decay
channels in the reactiongN— p~p°N and yN— p*p®A. The full classification of the“p° states by their
quantum numbers is presented. A simple model for the spin structure ofyphef,(1270)p, yp
—>ag(1320)p andyN— X=(N,A) reaction amplitudes is formulated and the tentative estimates of the corre-
spondlng cross sections at the incident photon enE;gyG GeV are obtainedr(yp— f,(1270)p)~0.12 ub,
o(yp—a3(1320)p)~0.25 ub, o(yN—X*N—p*p°N)~0.018 ub, and o(yp—X A+t —p pPA*™)
~0.031 ub. The problem of theX™ signal extraction from the natural background due to the other
m 797"~ production channels is discussed. In particular the estimates are presented fep the
—h,(1170)7r " n, yp—p' "n—a 7’7 7 n, and yp— wp®p reaction cross sections. Our main conclusion
is that the search for the exoti¢™ (27 (2" *)) states is quite feasible at the JEFLAB facility. The expected
yield of the yN—X*N—p=p°N events in a 30-day run at the 100% detection efficiency approximates 2.8
X 1P events[S0556-282199)02719-§

PACS numbes): 13.60.Le, 12.40.Nn, 14.40.Ev

[. INTRODUCTION ample, discussions in Ref§16,17,21,2?. Similar to the
other candidates in “certified” exotic stat¢23], the state
The intensive photon beam with an energy of 6 GeV andk®(1600,2 (2* ™)) is in need of further confirmations and it
the CLAS detector at the Jefferson Laborat¢deFLAB) is not improbable that just photoproduction of its charged
will allow us to perform, to a high accuracy, measurementspartnersX™, will become crucial in this respett.
of the multi-meson photoproduction procesfgs4|. Hunt- In Sec. Il, we classify thep=p° states by their quantum
ing for various unusual resonant states will be one of theaumbers, indicate those states which can be essential near the
main directions of forthcoming investigatiofi$—4]. In par-  nominal pp threshold, and briefly discuss the resonances
ticular, similar to the currene™e™ experiment§5-7], the  known coupled to ther™#%#* 7~ channels which can be
rare radiative decays ¢p—fo(980)y—mmy and ¢  the sources of the background for té (2% (2" *)) signals.
Ha8(980)'y*> 7077, which are an excellent laboratory for In Sec. Ill, using the available information on the processes
studying the makeup of thé,(980) anda$(980) [8-10,  yy— f,(1270)—mm, yy—a3(1320)— =" 7~ =° x°%, and
will be looked for in the reactionyp— ¢p. It is also pro-  yy—pp, the vector dominance modé&/DM), and the fac-
posed to study some states from th&“=0"", even ~, torization property of the Regge pole exchanges, we estab-
odd " exotic series, for example, the(1600) state with lish the spin structure for theyp—f,(1270)p, yp
JP€=1"% in the reactions yp— (pm, nm, 5w, f17)N —>ag(1320)p, and yN—X*(N,A) reaction amplitudes and
[2-4]. estimate the values of the corresponding cross sections. At
In the present work, we show that the list of exotic me-the incident photon energf,~6 GeV, we obtaino(yp
sons planned for studying in photoproduction at JEFLAB—f,(1270)p)~0.12 wub, a(yp—>a2(1320)p) 0.25 uwb,
and other facilities can be extended by the st&é61600) o(yN—X"N—p=p°N)~0.018 ub, and o(yp—X A**
with JP¢=2"" being members of an isotopic multiplet with —p~ p°A* *)=3a(yp—X"A%—p*p°A°)~0.031 ub.
the isospinl =2. These states should be looked for in the In Sec. IV, we discuss, mainly by the example of the

p~p° decay channels in the reactiong— p po(n AO) reactionsyN— 7~ 7%z 7N, the problem of thex™ state
yn—p p%p,AT), yp—p p?ATT, and yn—ptpA~ extraction from the natural background caused by the other
which can occur via the Regge pole exchange. 7= m°7* 7~ production channels and estimate a number of

As is known, the neutral isotensor tensor staterelevant partial cross sections.
X%(1600)¢(3°¢)=2%(2" %)) [11] has been observed near  Using, as a guide, information on the statistics planned for
the threshold in the reactiongy— p°p° [12,13 and yy  the rare decays of th¢g meson produced in the reaction
—pp~ [14,19 (see, for reviews, Refd.16,17] and the yp— ¢p [1,2], we come to the conclusion that the search for
ARGUS data shown in Fig. 1, as an illustration of the situ-the exotic X*(2*(2**)) states near thep threshold at
ation in theyy collisions. The specific features due to this JEFLAB facility should be expected quite successful. New
state in the reactionsyy—pp were predicted in Refs.
[18,19 on the basis of thg?g? MIT-bag model[20]. While
a resonance interpretation of the data on the reactions  The cross sections for hadroproduction of the

—pp seems to us to be most adequate, it is not yet comx91600,2 (2" *)] doubly charged partners were estimated in Ref.
pletely unquestionable and finally establishisee, for ex- [24].
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TABLE |. Classification of thep™ p° states.

Gy 1PC : : 25+1 . .
’ J

12(37%) series Possible resonance L ; configurations for

k=0,1,2 ... states lowel states

17[(2k+1)" 7] p(1700), p3(1690) (P1, °P1, °F1); (°P3, 'F3, °Fj3, °Hy)

17 [(2k+1)* ] b,(1235) 3s,, °Dy

17[(2k+2)" "] p2(?) °Py, °F,

17[(2k+2)" "] are absent imjq system °D,

27[(2k+1)" 1] 9292 °p,, °F,

27[(2k+1)" 1] 9292 D,

27[(2k) "] B 9°? (*Po); (°P2)

2°[(2K) "] 0292, X[1600,2 (2" )] ('S, °Dy); (°S,, Dy, °D,, °Gy)

knowledge about hadron spectroscopy, which will be ob-been discovered for the first time just in thg channel(see
tained as a result of such measurements, seem to be etke Introductiof. Theb;(1235) resonance lies deeply under

tremely important. the pp threshold and has been observed in the four-pion
channel only in thewm mode [26]. As for the p(1700)
Il. STATES OF THE p*p° SYSTEM —44r decay then the available data do not contradict to the

absence of thep component in this decaj26].* However,

_ These states_have_ the positi@eparity. The_ir classifi_ca- for any 4 decay mechanisms the(1700) andps(1690)
tion by the total isospir, total momend, P parity, C parity  reqonance  contributions to  the  reactionsyN
of a neutral component of the isotopic multiplet, total sgin T

d | orbital | ) d'in Table | 7o (N,A) should be considered as a possible
and total orbital angular momeitis presented in Table |. important and, may be, major background for signals from

As seen from the table, five of eight series of thep? states the X*(1600,2' (2* *)) production. Note that the(1700)
are exotic, i.e., forbidden in thgq systemz. The specific  and p;(1690) states have not yet been observed in photo-
examples of the resonance states exist so far only in the f'rsbroduction and that the available results on diffractive

second, and eight serié&\mong the states with eveh only 0(1700) ande®(1690) photobroduction foE.<10 GeV
the exotic ones with®(J°¢)=2"(0"*) and 2"(2**) pos- gré in nged ofpfe(finem)ertl)ts. P 7

sess the?ST1L; configurations with. =0 and therefore can,
in principle, effectively manifest themselves near the nomi-

nal pp threshold (2n,~1540 MeV). Note that one can lIl. ESTIMATES OF THE f,(1270, a3(1320,
speak with confidence about coupling to e channel only AND X*(1600,2"(2**)) PHOTOPRODUCTION
in the case of thep;(1690) andX(1600,2 (2% ")) states. CROSS SECTIONS

Indeed, in the dominaniz(1690)—4x decay, thepp mode

0
may reach of 509%26], and theX®(1600,2" (2" *)) state has We shall assume that thep—f,p, yp—azp and yN
—X7(N,A) reaction cross sections at high energies are

dominated by the Regge pole exchanges with natural parity,
o ] ) o i.e. by thep®, w, andp™ Regge poles.Note that the one-
‘Notice that we do not include in Table | two exopc p” states pion exchange is forbidden in these reactions and we neglect
with | *(J7%)=17(0" 7) and 1(0" ") because they correspond 10y, thapy,  h;, p,, andw, exchanges with unnatural parity.

25+1 _3 1 5 : 5 H
by Bose Symmatry n the it of the atabiemesons. Thercfore. 1N OTder 1o establish the spin structure for the—f;p,
y y y : ' yp—adp, and yN—X*(N,A) reaction amplitudes in the

the realistic case, the production amplitudes of two unstabiee- R . d estimate th di i
sons with the four-momentgy, andq, have to be proportional, for €gge region and estimate the corresponding cross sections

these states, o the factar— q2) which forbids a “simultaneous” W€ shall first discuss thé,, a3, andX° production inyy
appearance of twp peaks in theP-wave mass spectra of the final
(7)), and (wm), systems. For the same reason, we omit some
#5*7L, configurations in the right column of Table I, for example, 4 this context the notatiop(1700)[26] is used somewhat con-
the °S, configuration for thd ®(J°)=2"(1"") state and®D, for gjtionally. Actually, by thep(1700) we mean the whole en-
2;(2++)- ) _ _ oc hancement with ©(J°©)=1"(1"") which has been observed in
The p, state from the third series with?(J°¢)=1"(27") and the reactionsyp— 77 77 p and yp—* 7 7°7% [how-
with the expected mass near 1700 ME26] and also its isoscalar  gyer, perhaps with thes(1690) admixturd28]], i.e., the “old” p’
partnersw, and ¢, have not yet been observed in multibody mass[or p(1600)] resonancé29]. Taking into account the splitting of
spectra[26]. However, the current data on the reactian p  the p’ into two p-like resonance§p(1450) andp(1700)[30]] in
—>a8(980)n are conclusively indicative of thp, Regge pole ex- photoproduction, according to the available d&&,31-38, is not
changd 27]. Besides the,7 andpp channels, the, state may be  critical at least for our purposes.
also coupled tavr, a,, a;m, hym, byn, p(77)s_ywave» @nNdpf, SWherever possible, we do not indicate, for short, the resonance
systems. masses, i.e., we write, for examplg, instead off,(1270), etc.
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L e e LI B e b B S orthogonal toT)* with \=J,=0, whereas, foh,;=—\,=
ARGUS - +1, Im=2|Kq|%¢ 1 (kq) €2 (k,) corresponds to the states of
the yy system W|th the total momerdt=2 andJ,=*+2.

In the spirit of the vector meson dominan@éDM) and
naive quark model, we shall consider that hé—2* tran-

% s L ) sition amplitudes have the forrgz+ NTORFY FY. [where
= V=p.0, FY,=ky,e " (k,)—ky.e(k), and e'vr(ky) is
I~ % ] the polarization vector of the/ meson with the four-
% 40 | - momentumk,, and helicity\,] and that the coupling con-
;I: stantsg,+,y andg,+,, obey the following relations:

©

30 e 9
gfzyp: 3gf2yw: gazyw: 3ga2'yp: R)gfz'yy

B L

L 293277 e 2932’)"}’ e

or % % % E Small deviations known from these relations are not of prin-
! ; % ) ciple for the following estimates. Using E(l) and the con-

0 1 1 1 1 1 1

g
e

(€Y

ventional values for the width26]

1,0 1,2 1,4 1,6 1,8 2,0 2,2 2,4 3

2
Ot,yy M
W_ (GeV T2 2
1Y ( ) Ffﬂy— A 80~2.45 keV and

FIG. 1. The ARGUS results on thal,J,)=(2*,+2) partial

cross sections for the reactiong/— p°p° [13] (open circlep and a?
yy—p ' p~ [15] (full square$. W, is the invariant mass of they [ joe+e-=~ 3 2 =6.77 keV, (2)
system For an ordinary isospin 0 resonance one expeCiy (f /47")

—pTp ))Mo(yy—p°p®)=2 (and 1/2 for a pure isospin 2 reso- 5
nance. Instead, the observed ratio is lower than 1/2. A resonancavhere a = e?/47=1/137, we find thaf plAm~2.02,
interpretation for such a result in termsqffq states thus requires

) S . 2
the presence of a flavor exolie- 2 resonance which interferes with

fovp
isoscalar contributionfl1,17,18. 4277 ~0.0212 GeV?, and
collisions (our approach is closely related essentially with gf2 ||2 E 1
that of Stodolsky and Sakurf37] to the construction of the fovo= 2PN Ty —rz}
p meson exchange model fAr" * production in the reaction 2% 4w 5 2 6
7 pomtATT). _ _ ~340 keV, 3)
As is known, in the c.m. system in the reactiopy
—f,— 7w [38], 7y—>ag—>(77+777770,77077) [39,40, and o - _
vy—pp near the thresholEilS 19 (see Fig. 1, formation of wherer =mj/mg, and|k,|=m,(1-r)/2.

+2 spin states Wlth the spin quantizatip@axis taken along Mx \/x . for the reactionyp—f,p corresponding to the

25 p% e
the momentum one of two photons; in so doidg=Ax, elementaryp exchange. As is well known, at high energies
—\,, where\; and\, are the photon helicities. Two-photon

2 . and fixed momentum transfers, such amplitudes possess one
excitation of the 2 resonances in the pudez=i2 states ¢ the major properties of the Regge pole amplitudes,
corresp;onds to the production anl_'tUde of the Tormnamely, the factorization property of the spin structures for
92+ 9y T FoF )2 [18,41,43, where T, is the symmetric  mesonic and baryonic vertices. Thus, in the c.m. system,
traceless polarlzatlon tensor for the flneﬂ Zesonance with
helicity A, FZ‘V—km V(k) k,,,e i(ki), and € '(k) is the ) v
usual polarization vector for the photon W|th the four- My n A px (t)

fy
momentumk; and helicity \j=*1 (i=1,2). Indeed, in
the yy c.m. system, the spatial part of the tendoy,
=(FF24+F2F")/2 for A=\, has the

MT VT MT VT

v<p’ WU (4)

where s=(k+ p)2, t=(q—k)? k+p=q+p’, kq,p.p’,
andh, ,A¢ Ny \p, are the four-momenta and helicities of the
form [Ky|?[ e (k) e(ka) + € (Kq) € (ko) + € (Ky) eny(Ko) ] photon f2 meson initial and final protons respectively. Ac-
(where eo(k) k/|k| andl,m=1,2,3) and corresponds to cording to the model suggested above for the, interac-
the wave function of theyy system withJ=0 which is tion, the corresponding vertex function looks as follows:

114021-3



N. N. ACHASOV AND G. N. SHESTAKOV PHYSICAL REVIEW D60 114021

« A V@ )=V (t)/3 [see also Eg. (1)], and
VL (0= =(0r,,,/2¢, EJMA'JF( )”OiAI i Py
2y j f, V)\”):1/2)\p:1/2(t):SVA':lIZ,)\p:l/Z(t)’ and also degeneracy
(o) 1 ) of the p andw Regge trajectoriesy,,(t) = a,(t), we obtain
€7 o o ~ (o ~
+——njng + E(E)‘*/A)nojnm 1-—11, M, 1 =M, 1 1 On the other hand, the exchange
M, mg, amplitude with a helicity flip in the nucleon vertex is as-

(5  sumed negligible becau§él‘;’2),l,a(t)<(/(17%,1,2(t) and in ad-
dition V{)_, (1) —t/1 GeVP< V{4, {t) (see, for example,
wheregjﬁ'z* is the three-dimensional tensor spin wave func-Refs. [44—47). Finally, for the reactionyp—f,p in the
tion of the finalf, meson in its rest framej(1=1,2,3),A  standard normalization we have
=ﬁ—lz, t~—52, v is the three-dimensional polarization

vector of the photon, the vectary=K/|K| is aligned along  ;(yp— f,p)= ! 2J (41D, 1 A2+ M), 1 1 d2]dt
the z (or 3) axis, and the vecton=[nyA] is aligned along 167s
they (or 2) axis which is the normal to the reaction plane. 1
Note that the explicit form of the vertex functidm(xp,)kp(t) =40 1+ ZR)’ 7
will not be required in the following; here we alsc‘; neglect
tmm~—m§m?2/sz- Equation(5) yields where the integral is taken over the region<@t
<1 Ge\? which gives the main contribution to the cross
gfzw\/—_t section,o?) denotes the cross section caused by ghex-
Vg%tl(t):iﬁ' change amplitudeM¥),, , ;,, without the nucleon helicity
flip, and R=o{”/o{#) is the ratio of the cross sectian{”
gt caused by the amplitudd ), ,_,,, with the nucleon helicity
VO ()=~ flip to o7 . To estimateR we use the data on the p
Z\Emfz —7°n reaction differential cross section which are de-
scribed remarkably well in terms of the Regge pole ex-
P wt\/__t change[48]. Assuming the approximate eqyality of the
V(()‘;Zl(t)=12—2. (6) slopesA for the Regge amplitudes in questibripgether
4\/§mf2 with factorization of the Regge pole residues, and using the

results of Ref[48], we put
Moreover, in our model, the relative contributions of the
helicity amplitudes with\¢,—\,=+3 and +2 vanish as- R~d!? (7 p—m'n)/c@ (7 p—='n)~15. (8
ymptotically. Equation(6) implies that, for—t<1 Ge\Z,
the contributions to the differential cross sections from theNote that this estimate faR can be considered as a lower
amplitudes with\ =+ 1 and\,=0 are suppressed relative bound. The pointis thei is proportional to 1/2 anzd for the
to those of the amplitudes with;,=+2 by the factors 7 P charge exchange at 6 G§¥8] 2A~9 GeV “ which,

. . enerally speaking, is larger than for many other similar re-
—t/m¢ andt?/ém{ , respectively. Thus, our model predicts gctions ysp g g y

a dominance of thef, production amplitudes with\,= Let us now obtain a representation similar to Eg. for
+2 in the region—t<1 Ge\2 Going to the real physical the cross section of the reactigm— ajp. According to the
amplitudes caused by thep Regge pole exchange naive quark counting rules, any exchange amplitude for

M, we shall accept this prediction as a natural as-YP—azp is three times smaller than the corresponding one
2p P . ) _ for yp— f,p and thew exchange amplitude without the pro-
sumption and take into account hereinafter just the ampliz, helicity flip for yp—alp is three times larger than that

1 (P) ;
tudes M ipZ)\‘;il)\p' Denote the Regge vertex functions for o f,p [see also Eql)]; i.e., the reactionyp—aJp is

(Regge residugswhich appear i1, | , by V{®), (1) ~ dominated by thes exchange. Thus, in terms of theex-
f e 2y change amplitudes pertaining to the reactigm— f,p, for

> () . . . . 3 ~ (o ~
andVA’;)\p(t). The parity conservation and residue factoriza-yhich M(21)/211/2: Mgpimllz [see also Eqs(7),(8)], the

; ; v 12 1 () cross section foyp—adp is given b
tion [43] yield Mo, = "M 0, YP—a:p 1S g y
=(—1)";3*>‘p|\7|(2‘?x,17}\ . Therefore we deal only with two
p p
independent amplitudes, for exampldf/l(z”%,ﬂ 1o and ®Here we have in mind the usual exponential parametrization,

 (p) . . according to which any Regge amplitude is taken to be proportional
MZ121-12- NoOte that thew exchange in the reactiogp e, where the slopd = A%+ a’ In(9sy), o' is that of the Regge

— f,p quadruplicates th#1¥),, , 1,,contribution to the cross pole trajectorys,=1 Ge\?, andA® is determined by fitting to the
section. Indeed, assuming, as in the naive quark model, thakta.

114021-4



EXOTIC p~p° STATE PHOTOPRODUCTION PHYSICAL REVIEW B0 114021

U(ypﬁagp) the energy range 20—70 GeV obtained by the Omega Photon
Collaboratlon[53] Assuming the E, energy dependence
1 100, . 1. for U(’}/pﬂazp) which certainly glves an upper limit of the
= _|M(P 42+_|M(p) |2 dt
16752 9 21211 g!M'2121-1/2 cross section a&,, increases, and thus extrapolating the
value foro(yp—ayp) from Eq.(11) to the region 26&CE,
100 ) 1 100 ) <70 GeV, we obtain the average@ production cross sec-
~7g Ynf 1+ ﬁ)R ~ g nf- © " tion times branching ratio o, to p7r of about 24 nb. Note

that the observed three-pion production cross section in the
Further, let us notice that exactly the same relation betweethree-pion mass range from 1.2 to 1.5 GeV is nearly 600 nb
the w and p exchanges, as in/p—>a2p, takes place in the [53]. Furthermore, one can see that the height ofa%eeak
reactionyp— 7°p the cross section of which is dominated above a large and smooth background in the three-pion mass
by the same exchangp$5—-47,49-51 Furthermore, the he- spectrum is about a factor of 2.5 smaller than that of the
licity change in the mesonic Regge vertices is equal to 1 botlobserved ‘@w’(1670)” peak, because for the latterx B
in yp—7%p and in our model for the reactiopp—asp  ~100 nb and the peak widtk 160 MeV[53]. Such a maxi-
(and yp—f,p), so that the all corresponding residues aremum possible enhancement of the three-pion mass spectrum
proportional toy—t. Defining thew— 70y decay amplitude in the a(1320) region turns out to be somewhat less in
in the conventional forngwyws;LVkazw(kw)kwve};—y(ky)kyk' magnitude Fhfan the existing (89)% double statistical er-
we find in the case of the elementanyandp exchanges that rors. _Thus, itis clea_r that more effort_s are needed to provide
without any numerical factorsr(yp—>a2p)/a(yp—>7r ) a rellable observation of the reactiongp—f,p and yp
_gazyw/gww Thus, it is reasonable to suppose that, in the azp In this connectlon we would Ilke especially to note

the reactionsyp— 7w°#%p and yp— 7°»p with the periph-
rea_lllsuc case of the Reggeized and p exchanges, such a erally producedn®=° and =% pairs, which can only pro-
ratio can be estimated as follows:

ceed via C-odd exchanges and therefore have to be domi-
0 nated by the production of thé,(980), f,(1270) and
o(yp—azp) gazw AZ a3(980), a(1320) resonances with small background.
2 y (10) . =+
g(ypﬁwop) gww A Exactly the same approach to the reactioigé— X—N
—p~p°N leads to the estimate

where A , and AL, are the Regge slopes for the and ag

photoproduction amplitudes, respectively. To get a feeling o(yp—X'n—p*p°n)
for the influence of the slopes in the absence of any infor-

mation oboutA,, we make thead hoc assumption that =a(yn—=X"p—p p°p)
~ 2 2 ~ i —
Aa2~A7/1-225, orA7/A;,~1.5. According to Refs[49 9 . gi ypr(X —pTp%)
51], o(yp—7°p)~0.32 ub atE,~6 GeV. From the rela- ~ 550 (YP—azp)(1+R) 5
tionsT,,, = (gmw/47r)|k |3/3~715 keV[26] and Eqgs (1) Itaw
(3) we get g2, /4m~0.0394 GeV? and gazwlgww ~0.018 ub. (12)

~0.538 which need be substituted in E40). Putting all
this together, we find from Eq$7)—(10) that atE,~6 GeV

we can expect Here we have used Eg83), (8), (11) and, to avoid the ad-

dition model dependent assumptions, estimated the value of

o(yp—Tf,p)=~0.12 ub and o(yp—aJp)~0.25 ub. (9%- Lo /Am)B(X*—p=p°) using the data ono(yy
11y —p po) [13] shown in Fig. 1 and the following transparent
relations:

Unfortunately, the data on the reactiopp— f,p and yp
Hagp are very poor. From the experiments as carried out at 2
comparable energies in the late 60s it is know only that Ix*yp*

s + 0
o(yp—f,p—mmp)=0.060.30 ub for 4.5<E <5.8 4n BXT—ppl)
GeV [52], o(yp—adp)<0.35 ub for 2.2<E ,<5. 8 GeV
[52], o(yp—fp—7mp)<0.5 wb, and a'(yp—>a2p _9 gxow B(X%— p%p0)
— a7 7%p)<0.4 ub at 5.25 GeV[53], and alsoo(yp "8 4m PP

—fp—at 7 p)<0.7+0.4 ub at 4.3 GeV[54]. At higher

energies, the reactiongp— 7" 7 p and yp—=* 7 7% _9(f, ngow 0
. : . ==|—| —B(X"—p p 0)
are dominated by two- and three-pion states producing 8\e) 4=
mainly via the Pomeron exchange. Such states have been
investigated in some detail. However, the reached accuracy _9(f,\% 4 [1(220Cev 0,0 dW
do not yet allow certain conclusions to be made concerning “8le) 2m!\ 2o GeVU(77—>P pr)dW,,
the presence of thé-odd Regge exchanges. Let us consider
as an example the data on the reactign— =" 7~ 7% in ~0.00336 GeV?, (13)

114021-5



N. N. ACHASOV AND G. N. SHESTAKOV PHYSICAL REVIEW D60 114021

wherem~1.6 GeV is the average mass of the enhancemertands, and hundreds of thousands of events fortheeson
observed inyy—p%P, the integral of the cross section decays withB~10"*-10"? [1,2]. On this scale, the cross
~33.2 nb GeV, and we have put, on the experience of théection values indicated in Egdl2) and (14) are large and
previous analysed7,18, that approximately one half of this the relevant expected significant statistics has not to be

value is due to th&® resonance contribution. wasted. However, there is also a very important and rather
For the reactiongyN—X*A—p~p°A we also expect complicated question related to the extraction of the exotic
X* signals from a “sea” of all possibler™ 7% 7~ events.
o(yp—=X AT T —p plATT) It is this question that we want to discuss in the following.

=a(yn—X"AT—p"p°A7)
=30 (yp—X* A% p* p°A0)
=30(yn—X AT —p p°A*)=~0.031 ub. (14

IV. ON THE EXTRACTION
OF THE X*(1600,2 (2**)) SIGNALS

Let us consider the reactiondN— 7= 7%7" 7~ N. In the

This estimate has been obtained simply by multiplying Offll’St place_, it is necessary to obtain some g_eneral |dea_ about
the most important channels of these reactions, in particular,

that from Eq.(12) by the coefficient 1.75. Here we proceed . . .
from the fact that in the energy region around 6 GeV theabout the values of the corresponding partial cross sections.
cross section forr* p— %A * *, which is dominated by the It is useful to review briefly the results available for the

: related and more studied reactiopl— 77 7 7 N in

p Regge pole exchangkb5,56], is approximately 1.52 ;
times than that for the reaction™ p— #°n with just the the energy region from 4to+1oiGd+[\317—34,52—54,5_9—6?3_
So, the values of theN— 7" 7~ 7" 7~ N cross sections lie

same mechanisii®8,56. Note that approximately the same )
ratio takes place for thgp—p~A**+ and yN— p=N reac- in the band from 4 to 7ub [67,68. The reactionyp

tion cross sectionéless the small one-pion exchange contri- —m '@ a7 pis stongly dominated by® andA " pro-
butions [57,58. ductlc_)n. There zire_thr_ee+n:ost S|gn|g|celnt +c+hannels in this

Let us make two short remarks on the above estimated®aCtion: yp—m"m @ A", yp—pm A" ", and yp
Firstly, we consider that these estimates are rather conserva-P 7 ™ p_[3l—33§3,_54,f$0,_637(a similar situation also
tive. Secondly, of course, there are absorption corrections tEakeS place imn—a "~ @ n [62]). The channels in-
the Regge pole modelsee, for example, Ref$45,46). voIV|Pg§ A production define from 30 to 50% of ajip
They lead to some well known modifications of thelistri- 7 7 7 7 p reaction events. Most (?f the remainder
butions due to the pure Regge pole exchanges. However, it RVENts are due tp~ production. ;I'heyp—>p 7" p chan-
reasonable that the distributions for the reactions having N€l is dominated by diffractive’” production(see footnote
identical Regge pole mechanisms and an identical spin stru- Within t(f)le ex%erjrme_ntal_ uncertainties, the cross section
ture for the dominant helicity amplitudes can remain more of®" YP—p'"p—p 7 7 p is energy independent and is
less similar in shape even in the presence of the absorptidiPughly 1—2 ub [31-33. Note that the total number of
contributions. Therefore, for example, H40) may well be even+ts 7coﬂecfed in all experiments on the reactipp
more general than its derivation within the framework of the—7 @ 7 7 p for 4<E,<10 GeV do not exceed 10
Regge pole approximation. In fact, E4.0) can be modified S_pecmc methods_used for separating a large number of par-
only by the difference between the absorption corrections téicular channels in the reactiopp—4mp have been de-
the aJ and #° production amplitudes and so a marked Scribed in detail in Refd.31-36,61.

change of the estimates for the integrated cross sections Tab!)e Il 'shows the available data on the reactigié

seems to be unlikely. —m 7w @ N for the average incident photon energies
At JEFLAB facility, a 6 GeV photon beam, with intensity from 3.9 to 8.9 GeV. The total cross sections fon

5% 10" y's/sec, will yield about 3@p’s/sec via the photopro- — 7 mom m p was measured in four experimerfts1—
duction processyp— #p, i.e., there can be accumulated 63.68. In one of then{6+2], W(')th a tota(l) of 151 events, the
about 77.8 10f yp— ¢p events in a 30-day ruft,2]. The  Cross sections forw, p~, p°, and A prO(_jucnon were
cross section foryp— ¢p is approximately 0.5ub atE, roughly determinedsee three Ieﬁ columns in Tgble).llln
~6 GeV [1,2]. Then, according to our estimafeee Eq. addition, the channel cross sections torproduction were
12, for  the reaction  yN—X=N—p=p°N measured in three more experimeft§—72. _

—a 7% "7 N one can expect about 2@0° events at I__e_t us now turn to the phenomenologlcal est|m.ates. For
the same time. It must be borne in mind that such a numbéﬂef"ﬂtegeﬁs ~we shall consider the reactioryp

of events can be accumulated only at the 100% detection”” 7 7 @ n and its particular channels &,~6 GeV
efficiency which is certainly inaccessible in practice. If one(hovv_ev(()er,+ the results will also be valid foryn
assumes that a photon flux of around 0s/sec and a de- —7 7 7 @ Pp). lfneeded, we shall extrapolate the known
tection efficiency of around 10% are closer to the reality,CrosS section values t&,~6 GeV assuming roughlyr
then one can expect approximately 56 000 useful events. For

comparison, full statistics collected by the TASSO, CELLO,

TPC/2y, PLUTO, and ARGUS groups for the reactigny "Here we omit not very essential details concerning e
—a o w7 includes 15242 evenfd7]. At JEFLAB fa- —#*# #*# pandyn—a* o w7 n cross section difference
cility, it is planned to obtain several thousands, tens of thou¢in this connection, see, for example, R4®1,63,68).
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TABLE II. Total and partial cross sections of the reactign$— == 7%z 7 N.

E, Reaction Cross E, Reaction(Refs. Cross
(GeV) (Ref.[62]) section (GeV) [61,63,68,70-7R section
(ub) (ub)
4.3 - mont T p 7.5+1.0 6.9-8.1 yn—a 7ox T p 4.85+0.89
yn—wmT p 1.4+0.5 3.6-5.1 yn—a 7lx T p 11.0x2.2
yn—p wtmp 1.1+0.5 7.5 yn—a 7lr T p 6.1+0.8
yn—p°ml7p 1.8+1.0 2.5-5.3 yn—wmT P 1.6x0.5
yn—pta mp 0.5+0.5 4.2-4.8 yp— oAt —wrtn 0.83+0.10
yn—ata” 70A° 0.6£0.6 8.9 YW= wA— o7 N 0.24+0.023

~E;” with n=2 and 1 for the one-pion exchang®PE Here we have used the above estimatesofpyp— w7 n)

mechanism and for the, a,, andw exchange ones, respec- and the relationl’, ,,~9I', ,,~9X0.23 MeV=2 MeV

tively. o _ [26] which is true for “ideal” octet-singlet mixing in the
We begin with the channe}p—wA" —wmn. Using  JPC=1+*~ nonet. There are three intermediate statés

the data compilationfs6,73 and assuming the OPE mecha- o~ 7+ andp®#° in theh,— pm— 37 decay. Each of them,

nism dominance, the factorization property of Regge pole&combined with the corresponding kinematical reflections,

residues, and the approximate equality of the slopes for thgives a third of the rateh;—37. Thus, o(yp—hy;m™n

Regge amplitudes, we get the following estimate: —p " 7tn)~(0.49-0.67) ub, which is roughly com-
patible with the value of o(yn—p* 7 7 p)=~0.5
o(yp— oAt —wmn) +0.5 ub at 4.3 GeV given in Table II. It is obvious that the
channel yp—X"n—p*p°p does not involve p~-like
(oPE) 4 o(mp—pPATT) events. Therefore, a careful examination of the
~o T (yp—wp)g (7 ppln) —p~ a7 n channel will, probably, permit both peripheral

p~ " production and related” 7~ and p°#° events to be

4 successfully selected and excluded. Together with the contri-
~(0.6 ub)52~0.53 ub, (19 pution from theh,(1170), there may also exist the contribu-
tions from thea?, a3, 79, and 7°(1300) resonances in the
p* m*-like events. However, an analysis shows that the cross

L . .
which is in close agreement with that af(yp—wA sections for peripheral production of the§keven reso-
nances vigp andw exchanges ivp— 7" w7 "

—wm'n) ~(0.83+0.10 ub) X(4.5/6¢ ~0.47+0.06 ub ++ 71 should
found from the data of Ref71] presented in Table II. If one expected to be small. So, as is seen from ELf).and
suppose that not onkyA * production but the whole channel (15), the p* w7 'n powowln and wm™n production
yp— w7 n can also be dominated by exchange between channels can contribute to thep— 7" 77" 7~ n reaction
the yo and p7'n vertices(certainly, in this case, the ex- cross section of about22.5 ub.

changes with the vacuum quantum numbers are also pos- apoyve we have discussed the peripheral production of the
sible), then, using the data om—aom P [62] presented in o tral three-pion systems. Now we consider the processes
Table I, one obtains o(yp—wm ' n)~(1.4£0.5 ub)  of peripheral production of ther™ =~ 7+ system, in which

X (4.3/6Y~0.72+0.26 ub. Owing to thew resonance nar- thea), a, =5, and 7" (1300) resonances can manifest

. i
rowness, theyp— w7 n channel can be easily separated bythemselves, and, in particular, the reactioryp

. . . . + — 0 . .
g;gg;?u; suitable window in ther” 7~ 7" invariant mass |+ -+ 0_ & -+ 0, Using the above men-

oo . . . tioned data on the reactiopp—a"7 7 A"" for E,
It is interesting that the cross section for peripheral Pro-_ 10 GeV and assuming the peripheral charactetdf’
duction of theC-odd 7" 7~ 7% system withJ°=1" in yp

v o0 4 formation, one can obtain the following tentative estimate:
— a7 n can be even larger than that ferproduc-

tion owing to theh;(1170) resonance contribution. Because

+_—_+A0 + _—_+,.0
theh;(1170) decays mainly intp [26] and its production olyp—a m m Al a aaan)

in yp— 7+ 7%= 7 n can occur via one-pion exchange, we 2
can write %50’(yp—>7T+7T_'n'_A++)~(O.37—O.61) ub.
o(yp—hymn) an
. Uhya It is clear that such a type of the” 7~ 7" 7°n events can be
~o(yp—wm n) T separated, at least, by the specific signs ofAReesonance.
wymT 0

Formation ofA * in yp collisions accompanied by ™ 7~ 7
~[(0.53-0.72 wb]2.79~(1.48-2) ub. (16 production we have already discussétie cross section
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value for the related proces;i— 7" 7~ w°A° is presented —="7 7 7 p) is a major reason why we suggest to look
in Table 1l). The final stater* 7%z A~ would also require for in photoproduction th&™* states rather than th¢’ one®
a careful study. If there exists the mogé =" A~ in the Comparing Eqs(12) and (18), we conclude that if one
channeln* 77~ A", then it may be responsible for a pos- succeeds in selecting the events due to peripheral production
sible excess of the yield of the" over that of thep™ in of the m* 7% 7~ system inyN— 7= 77" 7~ N, then the
yp— " w%m " m n. However, the cross section for the  separation of the’* andX* contributions would be quite
—p A channel is difficult to estimate. A similar state- possible with high statistics. In so doing, a detailed simulta-
ment is, unfortunately, also true both faj 7°n production  neous analysis of all two- and three-pion mass speétra
with the #°n system in thel=1/2 state and for theyp example, 7" 7%, wtw, wt@t, #°x, w a0
—p%7 " 7°n channel with the diffractively producee® me-  ++ = and 7 7 0 in yp— 7% 7~ n) and cor-
son. _ _ _ responding angular distributions has to come into play. Note
+Leg us finally tumn to peripheral production of the ot the simulation of the mass and angular distributions for
the decaysX— pp—4m has been described in detail in the

7 o wTw~ system. Of course, in this case it is of most

: . g g .

interest to estimate the contribution from the" intermedi- literature [12—14,17. A detectable reduction of the back-
ground from p’* production and, consequently, a much

ate statdsee once again footnote.However, we succeeded
more accurate separation of tp&~ and X* signals can be

in doing it only within the framework of the assumptions
which reduce to that the ratias(yp—p'°p)/o(yp— p° : . : . o
and a(yp—>p’+n)/a(yp—>p+n)()£e tgkeprz to(gg agpfo)xi- provided by using polarized photons. As is knO\ivn,Jn this
mately equal of each other. Let it be the case. We shall alsease, good analyzers formstates are the vect@®@=p,,

be %wded by the following values: &,~6 GeV, o(yp +§7T2 (Wheresr; and 7, are equally charged piopand the
—pP)~15 pb [74], o(yN—p N)~0.58 ub (which is photon polarization angles (for reviews see, e.g., Refs.

. 10
iO:Ln:t,e:+:y, g;cz fg:ga(r;get [?h7é5§ég?:r?ir?g(7(/)¢_t>hli)s spec- [31,73,76,77. One can make sure that within the simplest
tion). Hence,o( 7p—>.p'0p—> 7w w7 p)lo(yp—p®p)  Production and decay models th® ) distributions for the

(==

~1/10, and according to our prescription p’'~ and X states are essentially different. Certainly, be-
cause of the great extent, it is more appropriate to carry out
the full analysis of the use from polarized photons elsewhere.

o(yp—p' 'n—mtalmt 7 n) As for the p3(1690) resonance, no analysis has so far
1 1 been done including its contribution to the description of the
%Ea(yp—mm)x 3/2%(0.058—0.087) ub, observed peaks seen in photoproductionmofr™ 7+ 7,
m w7~ 7% and 7t 7~ which have been attributed to the

(18)  p’ resonanc¢28]. However, diffractive production gf3 in
the a, 7* decay modes was found in the reactiom

where the factors 1 and 3/2 correspond to fife—po —nm" 7 p for 20<E,<70 GeV[28] and, on the basis of

—.4 (o denotes the state of tH@wave mm system with these  data, the  cross  sections o(yp—p3p
|=0) andp’ —a,m—4m decay models respectively. Now — 7 7 "7 p)=0.147-0.42+0.32 ub and o(yp
we briefly discuss the input assumptions which lead to the—>pgp—>p+p’p)=0.018t 0.016+0.004 ub were pre-
relation a(yp—p'°p)la(yp—p°p)~a(yp—p'"n)/  dicted as well. Furthermore, before thpé state had been
o(yp—pTn). There are two assumptiond) diagonal vec-  discovered, some upper limits for th@ production cross
tor dominance for the Regge exchange amplitudes with thgections were determined, namei(yp— pSp— = 7 p)
vacuum anq non-vacuum quantum, numbers |nt.tbbanr.1el <0.85+0.35 ub for E,=4.3 GeV [54], cr(yp—>pgp
in the reactiongyN— pN andyN— p’N and(2) universality —mtmp)<0.1 b and o(yp—pdp—ma m )

of the p-Reggeon coupling to hadrons. The diagonal vector -
dominance assumptions, as applied to the reactipps <1 pbforE,=5.25GeV[53]. The results of Ref453,54

—.p% and yp—p'®p, has been discussed, for example, inhave been based on very poor statistics and at present it is

Refs.[32,34,35,74,7F In fact, there has been shown in theseNOt clear whether they have much to do with @1699)-
works that such an approximation, with a glance to the quitén this situation, a reliable estimate of the cross section for
: ' ) i + 0 -n i

natural relationse(pN) ~ o p'N) = oo 7N), gives a the charge exchange reactiogp—pgn—m'm’w 7 nis
reasonable explanation of the cross section value observégther difficult to obtain. If there occurs a universal relation
for yp—p'%p. On the other hand, the absence of some evibetween the Pomeron _contributico)n and thzeR%gge pole
dence for thep’—pp decay permits the diagonal vector contribution in the reactiongp— p~p and yp—p3p and if
dominance model to be also applied to the verép*)p’*, exchange degeneraf46] and the naive quark counting rules
where (") is a Reggeon. Adding to this the assumpti@n
aboutp universality, i.e., about the approximate equality of
the p°(p*)p™ and p'%(p™)p’'* vertices, we come to Eq. 8 this connection, we also point out the relatiofiyN—X°N
(18). . —p°p°N)/ o (yN—X*N— p* p°N)=4/9 and the possibility of the

It should be noted that the expected suppression oédditional rich background in thep®— "7 7" 7~ channel

o(yp—p' "nomt 77 7 n) relative to o(yp—p'°p  from thel=0 states.
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0

TABLE lIl. Cross sections for the reactiongp— 7~ 77" 7 A" and yp—w= 7" p, and for their

common partial channefp— w7 A™ ",

E, o(yp—m 7lmtm ATT) o(yp—om AT o(yp—om 7tp) Refs.
(GeV) (ub) (ub) (ub)
43 2.4-0.8 ~1 1.42+0.45 [54]
4-6 1.3+0.3+0.2 1.6£0.2+0.24 [69]
45-5.8 <24+11 2.4:0.9 [59]
5.25 3.9t1.5 0.5-0.2 15-0.4 [53]

hold for thep, a,, andf, exchanges iyN— pgN, then itis is of special interest in the reactioyp— w=~ 7" p. In par-

hoped thato(yp— p3 n) would be an order of magnitude ticular, the »(1600) andw3(1670) resonances have to be

smaller thano(yp—p’ *n). photoproduced diffractively in theC-odd w7~ 7" states
Judging by the data presented in Table H(yN  with the cross sections an order of magnitude smaller than

—a m’mt 7 N)~7 ub atE,~6 GeV. We have shown are now available(or expecteyl for yp—p'®p and yp

that a part of the cross section of abouiu® can be ex- _>pgp respectively[i.e., for example,o(yp— w(1600)p

plained by a few processes with the appreciable cross sec-, , 7~ 7+p)~0.1 ub]. To search for theC-even reso-

tions due to rather simple mechanispsse Eqs(15-(18)].  nances, thewp® mode is most suitable. In fact, of the known

The remainder of the total cross section is probably distrib—“t bular) o resonan in this d mode there are onl
uted among a great many of more “fine” channels, a set oi( abular-) gq resonances S decay mode there are only

which has been indicated by us only partly. In this sense, thi1€ 22(1320) [26,78 and, possiblyar,(1670) andm(1800)
presented analysis is preliminary and further theoretical in_st%tes[78]. T+herefore, the appreciable enhancement with
vestigations are needed. Undoubtedly, a further cruciafd +/Jz)=(27.2) found by the OARGUS group in the cross
progress in refinement of the cross sections for various phgi€ction of the reactioryy—wp~ for 1.5<W,,<2.1 GeV
toproduction channels will be connected with the accurat¢79] may be interpreted as evidence fay%® MIT-bag state
measurements at JEFLAB. It is for experimentalists to dewhich is strongly coupled to thep® channe[20,17. In the
cide. notations of Ref[20], it is the C%(36) state withl ©(JPC)

Let us now consider very briefly the reactiopp =17(2"") being the partner of theX(1600,2 (2*")).
—a 77" 7~ A*". The available data fd€,,<10 GeV are  Note, without going into detailed estimates, that we would
presented in Table Ill. According this information, the mostexpect the cross section fgp— C2(36)p— wp®p at a level
probable value ofg(yp—m 70w 7 A**) for 4<E,  of about 0.075b atE,~6 GeV. This value should be com-
<6 GeV is about 1.8 0.38 ub. As is seen from Table Ill, pared with the estimate given by E¢L2). The expected
the only observable partial channgp— w7~ A" " [53,54  enhancement of th€%(36) photoproduction cross section
can contribute to ther~ 7% w~A™ " production cross sec- by comparison with the case & is due to several factors.
tion up to 1ub. As for the estimate of the cross section for For example, one of them is a strong coupling of the
the channelyp—p' "A**— 7 7%z 7 A"", it can be exchanggwhich we consider as a major mechanism of the
obtained by multiplying the cross section value in Et8)  reaction yp—C%(36)p] to the nucleons. Also, we would

by the coefficient 1.75. Similarly we already have done byexpect o(yp—C(36)n— wp*n)=(5/81)a(yp
passing from Eq(12) to Eq.(14) in the case oK™ p£°dff' —>C9T(36)p—>wp°p)~0.004;76 ub and, for C5(36) and
tion. We thus expect  o(yp—p' A C%(36) MIT-bag state production,o(yp—CS'(36)n

—a 77t 7 AT T)~(0.1-0.15) wb. In principle, the re-
action involvingA* ™ production may be found to be rather

0 0 s
favorable(in the sense of the background conditipts the —C(36)p—wp sz(Cw(?’G)—’ bp) .

In conclusion we note that the reactigp—wm m'p  — ®@P)=(2/9)a(yp—C3(36)p— wp’p)B(C(36)— dw)
may be dominated by associatedr~A** production(see ~ ~(0.0166 ub)B(C(36)— ¢w). A search for the threshold
Table Ill). This point has been especially emphasized, forenhancements in tHé* K* andww final states in photopro-
example, in Ref. [64]. The cross section foryp duction would also be an important complement to the
— o7 m"p with the wm A" channel excluded is not experiments and to other approaches. Note that it is not yet
likely to be over (0.5-1) ub atE,~6 GeV (see Table II. clearly established that some threshold enhancements in
In our opinion, peripheral production of ther~ 7 systems —VV' are due to exotic meson resonances.

— ¢p N)=20(yp—C2(36)p— ¢p°p)~(10/81)r(yp
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