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Masses, branching ratios, and full widths of heavyp’, p” and o', »"” resonances
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Based on previous and recent fits of multiple data on the reactiomseof annihilation,r lepton decay, and
the reactiorK p— a7~ A, the magnitude of the branching ratios and total widths of the isovectop”,
and the isoscalaw’, " resonances are calculated. Some topics on the spectroscopy pf1#80) and
(1420) states are discussed.

PACS numbgs): 13.65:+i, 13.25.Jx, 14.40.Cs

The situation with the resonance$=p;=p(1450), p” Borel transformation. The quark model predictions are rather
=py=p(1700), with isospin one ands’=w}=w(1420), uncertain; e.g., Ref[11] predicts|g,;,|=4-24 GeV,
0"=w,=w(1600) with isospin zero is still far from clear. 9pp0nl =35 GeV'!, and[12] predicts|g,; .| ~6 GeV 1,

Although the characteristic peaks corresponding to thesr:\g '.|~2 Gev'!, while [13] gives |g,,.|~5 GeVv!
po0T 1 ppoT .

resonances were observed in a number of channels of one- . - ,
Hence, we did not rely on any specific value of ¥g,VP

. L L
photone"e gnnlhllatlon,f Iepto.n. decaysNN ann|h|Iat|or), coupling constants in Ref$2,3] and took them to be free
photoproduction, etc., the specific masses and branching r arameters. Their extracted values turned out to be in the
tios are not properly established and hence are not given ilntervals |g ., ]=10-18 GeVl, and |g,, |=2-13
the Particle Data GrougPDG) tables[1]. Recently, the py0m ' py@™
present authors undertook an attempt to fit then existing datg@eV ', see the details ii2,3]. Qualitatively, the relation
on e“e” annihilation, = lepton decays, and the reaction |9,; x| ~|9u; ,-| Was found to be satisfied. One can see
K~ p— a7~ A, where the above heavy resonances werehat there are no reasons to expect, both theoretically and
observed, in the framework of the unified approach. The apphenomenologically, that the&/; VP coupling constants
proach is based on a scheme that takes into account both tBRould be drastically suppressed as compared toviie
energy dependence of the partial widths and the mixing vignes. Hence, taking,” -~ 9.’ = 10 GeVv'! and m,
common decay modes among the latter and the ground state . _ 1400 Mev/ onlézfinds b !

wl )

p(770) andw(782) resonances, in the respective isovector
[2] anq isoscalaf3] cha}nnels. Here, we caICL,JIate the branch- Fp,ﬂw:gz, qiv(mpr)/12w~280 MeV,

ing ratios and total widths of thp; , and w; , resonances 1 Prom 1

using new data on the cross section of the react®hs" _ 2 .3 _

—ata 7 [4,5), e"e”— wn’[6], and data on the spectral F‘”FPW gwipwqm(mwl)/ﬂm 820 MeV. @

function v, measured in the decays —wm v, T poreq (m Y is the momentum of the final partickeor c in

—m ' a m°v.[7]. We also comment on the issue of why y o &t o system of partick in the decaya—b+c,
the resonances with masses greater than 1400 steld : : )
R ] hl ) and the three isotopic modes in thg— p decay are taken
be wide in the_conventlonad1q model, and why their bare i,io account. To appreciate the rapid growth of ti®
masses get shifted towards the greater values as compared {pyihs with energy, their evaluation, assuming the masses to
the V|S|_ble peak positions. The latter point, as will be shownpya 1200 MeV, gives, respectively, 92 and 295 MeV. Analo-
below, is of direct relevance to the hadronic spectroscopy Oéously, assuming than ,~m,, = 1750 MeV, one finds
the p(1300) resonance reported by the LASS grd&8pand P2 2
the w(1200) resonance reported by the SND td&h T, .,,~880MeV, I,/ ., .~2600 MeV. 2
As is known[1], the indications on the existence of the 2 2
p1.and oy , resonances were obtained, in particular, in theSince theVP decay modes are not the only ones to which
VP channels, wher¥ andP stand, respectively, for the vec- heavy resonances can decghl, the resonancep;, and
tor and pseudoscalar mesons. It is also known that the typica; ,, in fact, should be rather wide. The large width of a
magnitude of theVVP coupling constant isy,,,=~14.3  resonance is one of the obstacles in its identification, because
GeV 1. All other VVP coupling constants can be expressedsuch a resonance often reveals itself as rather smooth feature
throughg,,, via the SU3) Clebsch-Gordan coefficients or, in the energy behavior of the cross section. Of course, divid-
equivalently, the quark model relations. As far d§,VP  ing the above adopted magnitude of coupling constants by a
coupling constants are concerned, the theoretical situation factor of 2 does not result in changing our qualitative con-
unclear. Indeed, the QCD sum rule approdéh used to clusions concerning th¥; ,VP partial widths.
evaluateg,,, . [10] cannot give any prediction, since the con-  The second obstacle, as was pointed ouf28], is the
tributions of heavy resonances are suppressed due to tlshift of the resonance peak position from the input value of
the resonance mass. Indeed, let us consider, for simplicity,
the single resonand® with bare massng observed in some
*Electronic address: achasov@math.nsc.ru channelf of ete™ annihilation, ete”—R—f. Then the
"Electronic address: kozhev@math.nsc.ru cross section of the above process can be written as
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TABLE I. Masses, total widthgin the units of MeV, leptonic widths(in the units of keV, and branching ratiogercent of the p;
resonance, calculated using the coupling constants extracted from the fits of the specific [Zlaiiel symbol~ means that the central
value is given, with the errors exceeding it considerably. Fheesonance does not reveal itself in thiee™ — w#° reaction andr™ decay.

Channel ata @ pn? 2 2m @ ata 2708 Jp—3m Kp—mtm A
my; 1370°3 1460+ 400 135050 1400°333 1570° 359 1360° 13
plomt T 1.1+1.1 ~3.7 ~14 ~8.0 ~0 ~0.7
Bp]'_—*wﬂ'o 86.5t41.5 ~56.9 93.6-60.0 77.8:62.2 66.5-65.5 93.3:82.7
Bl oy ~5.6 ~36 ~5.0 ~6.6 ~13.2 ~55
By kKK tcc” 0 ~4.3 0 ~0.4 ~15.0 0
Bpi*“” ~6.8 ~315 ~0.2 ~7.2 ~4.4 ~0.7
T, +- 6.4°1% ~13 5.4°3% 6.3°32 - -
: . . :
F"i 763+=500 ~2222 ~518 ~970 ~3444 ~460
&This is the final state i®* e~ annihilation. PCalculated assuming $B) relations among th&V P coupling constants.
s 3N (s) =mk. One can convince oneself that the dominant decay
3 2 Rf(
o(s)=12amil' g+ - (MR)g , 3 modes of heavy resonances have phase space factors grow-
R Rls—m2)2+sI(s) : pace factors
R R ing faster than the decrease of the leptonic widthsa¥?

wheres is the square of the total center-of-mass energy, and "€n the functiorG(s) is positive. Also E)(l)smv_e is the func-

i+~ (Mg) is the leptonic width of the resonance evaluated!ion F(s). Hence, the factor followings~“(s) in Eq. (4) is

at \s= mg. The partial hadronic width of the dec&— f is negative. To flrst order in the derivative of. t.he p'hase space

represented in the form g((S)=g&Wa((S), wheregg; is volume, one finds from Eq4) the peak positiorsg:

the coupllng constant dR with final statef, and Wg«(s) is sr~M&— ST 2F(S)|s— m2- (5)

the dynamical phase space factor of the deRayf that R

includes the possible resonance intermediate states as, fohe can see that in the case of a sufficiently narrdig (

example, in. the decay— pm— 3. The total yyidth of Fhe <200 Me\) resonance such ag(770), (782), and

resonance id'g(s) =2I'r¢(s). The peak position is given 4(1020), the peak position, with good accuracy, coincides

by the condition of the vanishing derivative of(s) with  \ith the bare maseg.

respect tos. The situation changes when the resonance is wide, as
s—m2=(G(s)) H{1=[1+s2F(s)G(s)]¥3, (4) takes place in the case of.tlbgz_and '_[hewi’2 one. See Egs.

(1) and (2). The peak position is shifted towards the lower
where  G(s)=[In(s *Wg)]’, F(s)=[In(ST2/Wgp)]'. value as compared to the magnitude of the bare mass. This is
Hereafter'g=T"gr(S), Wri=WRg:(S), and the prime denotes just what was revealed in the fitg,3]. The greater the width
differentiation with respect ts. Equation(4) should match of the resonance width, the more it is shifted, so that, say, the
the usual expressios—m3=0 in the limit of slow varying  p, and w} resonances with bare masses around 1900 MeV
narrow width; hence the lower minus sign should be chosemre revealed as peaks at 1500—1600 MeV.
in Eq. (4). The latter is still a very complicated equation for  After these preliminary remarks let us present the results
the determination of the peak position, so numerical methodsf the calculation of the branching ratios and full widths. As
should be invoked for its solution. However, all necessarycompared to Refd.2,3], recent data on the reactiorSe™
qualitative conclusions can be drawn upon approximating the- 7" 7~ 7° [4,5], e"e” — wx° [6], and 7 lepton decay$7]
right hand side of this equation by taking its valuesat are used to extract the necessary resonance parameters. The

TABLE II. The same as in Table I, but in the case of fijeresonance. The latter does not reveal itself inkhg— 7" 7~ A reaction.

Channel Tt @ wmd? pn? 27t 2m 2 atm 2402 Jy— 37 T —(4m) v,
m,; 1900" 10 1710+ 90 1910°35° 1851°210 1790"32° 2080" 359 1860" 759
pp ~0 ~0 ~0.4 ~1.2 ~0.4 ~0 1.5+1.4
By om0 ~16.7 22.3+8.0 ~1.6 13.4-3.9 31.0-18.6 ~28.4 18.9-2.8
phon ~5.9 6.3-2.0 ~0.3 4.6-1.4 9.6-8.6 ~11.5 10.3-2.2
By kxkiec ~8.9 8.7-2.8 ~0.9 6.7-2.0 14.0-11.2 ~17.8 6.8-1.5
ot ~68.5 61.2:7.8 ~96.9 74.6:32.1 45.0-18.0 ~42.2 62.6-5.0
Lo 1.8+1.5 5.2:1.5 ~1.1 4.02" 528 45+1.3 - 9.3+0.6°
~303.9 1886-613 ~3284 3123 296 31511281 ~9386 3255388

’
P2

&This is the final state i®"e~ annihilation.

PCalculated assuming $B) relations among th& VP coupling constants.

°Found assuming the conserved vector curf@C) relation between the spectral function and the combination oétiee annihilation
cross sections; see R¢fLg].
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TABLE Ill. Masses, total widthgin the units of MeV, leptonic widths(in the units of eV, and branching ratiogpercen} of the w; ,
resonances, calculated using the coupling constants extracted from the fits of the specific chahaelarinihilation[3]. The symbol~
means that the central value is given, with the errors exceeding it considerably.

Channel oo wmta” KK~ KgKiTrI K*OK* 7*
M, 1430°3%° ~1400 ~1460 ~1500 ~1380
B! 3n ~21.6 ~8 ~67 ~96 ~34
Bu! k*K+ce ~0.2 ~0 ~1 ~4 0
B! Kk*Kr ~0 0 0 0 0
B! ~78.2 ~92 ~31.2 ~0 ~65.8
Lyl 14473 ~0.2 ~8 ~8 ~48
T, ~903 ~129 ~173 ~1252 ~112
m,,; 1940° 118 2000+ 180 1780°35 ~2120 1880°55%,
Bu;—an ~221 ~34.2 ~88.8 ~91.2 ~60.1
Bl Kk*K+ece ~35 ~5.8 ~11.2 ~15.8 ~8.9
B, Kk*Kn ~68.2 ~53.4 0 0 ~30.9
Bl o ~6.2 ~6.6 0 0 ~0
Ly 109'32 531+225 0 ~189 1162-922
r ~14000 ~5757 ~2420 ~9854 ~13820

S5
o~

results of the evaluation of the branching ratios and fullto agree within errors with those obtained in Ref]. Spe-
widths are shown in Tables |, Il, and Ill. One can see that thesifically, the p; resonance is not revealed, since its extracted
simple qualitative estimates displayed in Egbl and (2),  parameters are consistent with zero within very large errors.
assuming modes besides W€ one are included, agree with Hence we excludg; from the fit, leaving only thep(770)
the results presented there. + p contribution. The corresponding curve is shown in Fig.
Now, some remarks on the spectroscopy of the heavies when comparing each individual resonance contribution
vector mesons are in order. First, th€1300) state reported \jth the total one in Figs. 1, 2, and 3, one should bare in
by the LASS detector tearfB], who studied the reaction mind that the latter is not directly connected to the former
K™ p—m"@" A, revived an old discussion concerning the gnes, because the mixing among resonances via their com-
possible existence of the(1250) meson, in addition to the mon decay modes is very strofi,3].
p(1450) claimed to be observed &e” annihilation. The The joint fit of the CLEO datd7] results in a consider-
results presented in Table | show that the corresponding peaip|y improved accuracy of the determination of fHereso-
observed by the LASS group should be attributed to thgance parameters as compared to the earligfitof the
same stat@(1450) as that presented by the PDG. ARGUS data[17]. Here also thep; resonance is unneces-
A similar situation is with the state»(1200) observed sary, and the data are well described by the grfjyreso-

recenty by the SND team in the reactioe™e” : - -
. . nance in addition to the(770). The results are shown in
— a7~ 7% [5]. The new data on this reactida,5] are (770)

included in the fit done to consider tlag1200) state in the
framework of the approacf2,3], however, upon neglecting
the contributions of thep; , resonances, because their cou-
plings in the above reaction were found to be consistent with
zero [3]. The parameters of the; , resonances extracted
from this new fit coincide within errors with those reported
earlier[3]. They are used in filling the corresponding entries
in Table Ill. The corresponding curves are plotted in Fig. 1.
Our conclusion is that the(1200) state observed by SND
[5] is the same state as(1420)=w; presented by the PDG
[1]. The shift of the visible peak as compared to the bare
mass of the resonance should be attributed, as is explained
above, to the rather large width and the rapid growth of the
partial widths with the energy increase. As far as the
resonance is concerned, its huge wittee Table Il results,

in accordance with Eq5), in a shift of the peak te=1600

o [nb]

MeV from the bare mass-1900—-2000 MeV. The large par- T
tial widths found in the analysi2,3] are also in qualitative E [GeV]
agreement with the expectations shown in EGs.and (2).
The recent data on the reacti@i e — ww® [6] have FIG. 1. The cross section of the reactieie — 7" 7

been included in the fit. The resonance parameters are fourathove 1 GeV. The data are SNB], ND [14], DM2 [15].
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Table Il and Fig. 3. The shift of the visible peak towards the 08 09 10 11 12 13 14 15 16 17
lower invariant mass of the# system around 1500 MeV is m,, [GeV]
explained by the discussed effect exemplified by &4
Our conclusions are as follows. First, the statgs and FIG. 3. The spectral function in the decay— w7 v, (a) and

w1, turn out to be wide resonance structures, as if the cont —m 27 v, (b). The data are CLEQ7], ARGUS[17].

ventional quark picture of them as radial excitations is im-yigths of resonances found in this paper may indirectly give
plied. In this respect, the present results, having in mind theigyigence in favor of some nonresonant contributions to the
significant uncertainties, do not contradict the assignment Oémplitudes. The accuracy of the existing data is still poor to
p1 andw; resonances to the staté [1,12]. In the mean- isolate such contributions reliably. The forthcoming im-
time, the resonances, and w, are found to be wide, which provement of the accuracy of the data in the energy range
contradicts assigning them to the stattD} predicted to be  1400—2000 MeV will hopefully permit one to specify the
relatively narrow{12]. Second, one should be careful in at- above nonresonant contributiof§ any) and to test the
tributing the specific peak or structure in the cross section tavhole resonance interpretation of the high mass states.

the specific spectroscopy state, because the large width, the We are grateful to V. P. Druzhinin, S. I. Eidelman, E. V.
rapid growth of the phase space with the energy increasdakhtusova, and S. |. Serednyakov for discussions. The
and the mixing among the resonances result in a shift of theresent work is supported in part by grant RFBR-INTAS
visible peaks in the cross sections. Third, the very largdR-97-232.
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