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In the mass region up tM <2400 MeV we systematize mesons on the platsM?) and (,M?), thus
setting their classification in terms nfS* 1L qq states. The trajectories on the, 12) plots are drawn for the
following (1J7C) states:ag(10" ™), ay(1111), ay(1271), az(13" %), a,(14" "), #(10° "), m(12° ),
7(00° "), 7,(02°"), hy (01" 7), (01 ")/e(01 ), p(11 7), fo(00" ™), f,(02" ). All trajectories are
linear, with nearly the same slopes. At thgNI?) plot we set out meson states for leading and daughter
trajectories: formr, p, a;, a, andP’.

PACS numbds): 14.40—n, 12.38-t, 12.39.Mk

In the last decade a tremendous amount of effort has been The trajectoriesa; (11" ) and a3(13"*) are shown in
made to study meson spectra over the mass region 1000Fig. 1a: the statea;(2100),a,(2340),a3(2070),a3(2310)
2400 MeV. The collected rich information that includes thehave been seen ifi]; evidence fora;(1640) was found in
discovery of new resonances and confirmation of those al2].
ready discovered needs to be syste_matized. Figure 1b displays the trajectories;(00 ") and

We present a scheme for thgg trajectories on the 7,(02”"): the doubling is due to two independent flavor
(n,M?) and (,M?) plots (n is the radial quantum number componentsin andss. The statesy,(2030) andz,(2300)
and J is the meson spjnusing the latest resulfsl—6] to-  have been seen in the analy#. Linear extrapolation of
gether with previously accumulated d4id. trajectories predicts the mesons(1900), 7(2100) and

The trajectories on then(M?) plots are presented in Figs. 7,(2200).

1 and 2: they are linear and with a good accuracy can be |, trajectoriesp(11- ") related toS and D qawaves

represented as are demonstrated in Fig. 1c. The stat¢700) andp(2150)
are cited in[7]; the trajectories predicp(1830), p(2060

M2=M(2)+(n—1),u2. (1) andp(2380)[ ] J p Cﬁ( ) P( )

In Fig. 1d one can see the trajectories for 10and 12 *.

M, is the mass of basic meson apd is the trajectory slope The statesr(1300), (1800) andm,(1670) are fronj7]; al

arameteru? is approximately the same for all trajectories: Y ) - . .
P # P y ) other states are predicted by the linearity of trajectories.

2_
u*=1.25+0.15 GeV~. — 25410 g For theh,(01" 7) states, two trajectories are shown in
- AtM $2§00 MeV the mesons afq nonetsn™" "L, fill £y 1e: the stateb,(2000+ 25) andh,(2270+ 20) are seen
in the (n,M~) trajectories as follows: in [8].

In Fig. 1f, thew (01 7)/¢(01 ) trajectories are demon-
strated; the resonances(1920+40), »(2140+25) and
(2305 60) are from[8].

Experimental data in the secta(10""), a,(12*1),
a,(14"*) do not fix the slopeu? uniquely. In Fig. 2a the
trajectoriesag(10" ), a,(12" ") and a4(1§)*) are shown
3 e i B _ for u?=1.38 Ge\?. The statesay(2000'35), a,(1980),

Py=ay(1377), 1,(0377) J=0120 . 5100), a,(2280), a,(2005), a4(2260)1?10)ave been ob-
2 served in[1,3] and a,(1640+60) in [9]. Two trajectories
a,(12"*) owe their existence to two state$P,qq and

1Sp—m(1077), (007 "),
S—p(1177), (017 ")/e(017);

P, —by(1177), hy(01t7),

Do my(1271),  7p(027 1),

3D,—py(1377), wy(0377) J=1273; 3F,qQ. OE/ioust, the upper one refers to states with domi-
nant F,qq component. In Fig. 2b one can see the trajecto-

1F;—bg(13"7), hg(03"7), ries ag(10" 1), a,(12'"), a (14" ") for u?=1.1 Ge\2.
Comparison of Figs. 2a and 2b demonstrates the uncertainty

3Fy—ay(1371), 037" J=2,34. in fixing a; resonances. A noticeable difference between

Figs. 2a and 2b consists in the predictionag{1800) for
Trajectories with the samkJPC can be created by different u?=1.1 Ge\2.
orbital momenta withl=L = 1; in this way they are doubled: For the 02 * states a quadruplet of trajectories arises due
these are trajectories ™), (12" "), and so on. to the presence of two wavedP, and °F,, and two flavor
|SOS(§|aI’ Siates_are formed_by the two ||ght flavor CompOComponentsmFandsg To Setf2(02++) mesons on m’ M 2)
nents,nn=(uu+dd)/\2 andss. Likewise, this also results trajectories withu?=1.38 Ge\? faces a problem, which is
in doubling isoscalar trajectories. seen in Fig. 2c: we cannot fit the experimental data unam-
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FIG. 1. The ©,M?) plots for the statesta)

] a,(117%) and az(13" "), u?=1.35 GeV?; (b)
7(00° ") and 7,(02" "), u?=1.39 GeV?; (¢

] p(1177), u?=1.39 GeV?; (d) =(10 %) and

m (127 1), u?=1.39 GeV?; (e) hy (01" "), wu?

] =1.30 GeV; (f) w(01 ")/e(01 "), u?=1.54
GeV?. Open circles stand for states predicted by
the present classification.
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biguously. We know definitely two 3P2qastates which are tion of all citedf, mesons on the trajectories is questionable
f,(1285) andf,(1525). This establishes masses of other at the present level of knowledge: the main problem is to
mesons on these trajectories: they are to be near 1700 MeMlistinguish between different states with close masses. To
1940 MeV, 2060 MeV, 2260 MeV, 2390 MeV. The trajec- this aim a more sophisticated technique is needed, that is, a
tories of BBF,qq states are located higher, with a gap of theSimultaneous analysis of available data in the framework of
order of AM2=2.5 Ge\2, which gives mesons with masses the K-matrix approach oN/D method.

around 2050 MeV, 2200 MeV, 2350 MeV. The compilation  In Fig. 2e the trajectorie$y(00" ") are displayed: they

[7] presents three candidates fgrwith the mass near 1700 are doubled due to two flavor componemts,andss. We do
MeV: f5(1640), f,(1710), andf;(1800); the resonance not pyt the enigmatie meson11—14 on theqq trajectory
f,(1950) has been seeninmrara [5]. Simultaneous analysis supposingo is alien to this classification. The broad state

of the wm, 77 and 77’ spectra[6] gives evidence for ¢ 1535903 [or ¢(1400) in old notatiofy which is the de-
f5(1910), 15(2020), f5(2230) andf,(2300); in the compi-  goonqant of the scalar glueball after mixing with the neigh-

lation [7], the statef ,(2150) is also under discussion. In the boring 4q states 15.16. | f for thelq traiect
¢¢ spectra three tensor resonances were ség2010), oring qq states{15,16), is superfluous for theq trajecto-

; o i d is also not put on the trajectory.
f,(2300), f,(2340) [10]. Comparison of the predictions res an i P
given by Fig. 2c with the observed mesons does not present Trajectoriesfo(00" ) in Fig. 2_e are drawn for the masses
strong arguments in favor gi?~1.38 Ge\2. The descrip- Of real resonances. However, in case of scalar/isoscajar
tion of data withu?~1.10 Ge\? looks much more reason- States there is an effect which is specific for 00wave, that

able; see Fig. 2d. Nevertheless, we must admit that the locas, a strong mixing ofqastates due to their overlapping: the

051502-2



RAPID COMMUNICATIONS

SYSTEMATICS OanSTATES IN THE (\,M?) AND. .. PHYSICAL REVIEW D 62 051502R)

[ 280
1sL 2260 2260

M2, GeV?

lau(12°+)4/2100
la,(14+)¥ 2005 1989

1
FS

2000 b

»

4 2F 1320

~

fx(12) ]
g 7 ' jak10m® 980 (b)
ol 0 I 1 1 I I
6 ) 1 2 3 4 5 6
N> [ — [ T L B 2 T T T
)] L L 2340,
C{ 5 r 5 r 290
s 7T 17 210 2210 ] FIG. 2. The ,M?) trajectories for the states
) 02 ap(107%), ay(12°%) and a,(14" ") with (a)
4 - 4 l4,(02*) %2020 20 i
" 1?=1.39 GeV and (b) ©?=1.10 Ge\?; two
I variants for thef,(02"*) trajectories with the
3r 13 1525 ] slope parametefc) u2=1.39 Ge\? and (d) u?
[ [t 02" =1.10 Ge\. The f,(00" ") trajectories for(e)
ir 12 oies ] real resonance stateg{=1.39 Ge\?) and(f) K
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transitionsresonance 4-real mesons-resonance 2esultin  a;, a, andP’) are known from the study of hadron diffrac-
a considerable mass shiffetailed discussion may be found tive processes ai,,,~5—-50 GeV/c(for example, se€l7]).

in [15,16). The states “before mixing” which respond # The 7-meson trajectories, leading and daughter dses
matrix poles were found ifil5,16 for two multiplets, £P, Fig. 33, are linear. The leading trajectory include$140),
and 2P, (these states were denoted %are), For the ,(1670) and,(2350), while the daughter one contains
K-matrix pole the corresponding trajectories exist, and ther(1300) andm,(2100). The other leading trajectorigs, (»,
problem consists of understanding the dynamics of trajectorf;, a,, f, or P’) are also compatible with linear-type be-
deformation for states where the decay channels are switchdwvior:

on. So it is rather instructive to see the locatiorf§® at the 5 , )

(n,M?) plane: corresponding trajectories are shown in Fig. ax(M?)=ax(0)+ ax(0)M*, ©)

2f. One can see a degeneracy of states belonging to tw . . . . )
different trajectories; just this degeneracy has enlarged th arameters for leading trajectories, which are defined by the
mixing of f, states in the region 1000—1800 MeV. Suppos-Positions ofqq states, are as follows:

ing the linearity of trajectories, we see that a strong mixing
of scalar/isoscalar states is very possible at higher masses as
well.

a,(0)=-0.015, a'(0)=0.72 GeV %

The trajectories of ther(M?) plots should be comple- ,(0)=0.50, «,(0)=0.83 GeV %
mented by those ofJ;M?) plots: they are shown in Fig. 3. , 5
The important point is the leading meson trajectories f, a,(0)=-0.24, «,(0)=0.80 GeV -
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t5,(0)=0, @} (0)=0.72 GeV'Z; fo(1530°33) exists which is the glueball descendant created
after mixing with the nearesiq neighborg15,16. Because
aa2(0)20-45, al (0)=0.91 GeV % of that, the lower density of 00" qq levels near 1500—1800
2

MeV does not look eventual: the extra stétguonium be-

(4 ng mixed with theqq state repulses thgq levels.
We do not discuss in detail th€ meson sector: experi-
mental information in this sector is not sufficient for a reli-

~ The slopes are nearly the same for all trajectories, and thgy|e analysis. Let us, for example, attend to states where the
inverse value of a universal slopeaf/~1.25+0.15 GeV, doubling of trajectories is absent, that is, pseudoscalar and
is approximately equal to the slopé® for trajectories on the  scajar kaons. The Particle Data Group refers to a possible
(n,M?) plot: u?=1/ary. existence of two excited 0 states[7]: K(1400—1460) and
All daughter trajectories forr (Fig. 3a, a; (Fig. 3b, p K (1830). Together withK (500), these states may be placed
(Fig. 30, a, (Fig. 3d and 7 (Fig. 39 are uniquely deter- on the linear 1,M?) trajectory with u2~1.55 Ge\2. For
mined. In the classification of daughté’r’ trajectories We  gcalar kaons th& matrix ana|ysis of th& 7+ spectrum gives
have used the variant which corresponds to Fig. 2d. two states[18], K(1430+10) and Ko(1950+30) which
ConcerningP’ trajectories(Fig. 3f), one should notice correspond to the trajectory witp?~=1.75 Ge\2. Mean-
that along the line 0" in the regionM~1500-2000 the while the K matrix reanalysig19] of the data gives either
density ofqq states is lower. This is affected by the presenceK (1415 30) andKy(1820+40) for the two-pole solution
of the light scalar glueball. In this region the state (trajectory with w?=1.30 Ge\?) or Ky(998+15),

ap(0)=0.71, «,(0)=0.83 GeV 2

051502-4



RAPID COMMUNICATIONS

SYSTEMATICS OanSTATES IN THE (\,M?) AND. .. PHYSICAL REVIEW D 62 051502R)

Ko(1445+45) andK(1815+ 25 for the three-pole solution facilitate theqq systematizing which is a necessary step in

(linear trajectory withu?=1.15 GeV?). The trajectory set- the identification of extrdexotic states.

ting other kaon states is more uncertain because of the prob-

lem of their multiplet identification. We thank Ya.l. Azimov, D.V. Bugg, L.G. Dakhno, G.S.
In conclusion, meson states fit to linear trajectories at théanilov, S.A. Kudryavtsev, L. Montanet, V.A. Nikonov, and

(n,M?) and @,M?) plots with sufficiently good accuracy. A.A. Yung for useful discussions. This work was supported

The linear behavior ofjq trajectories at largeM? should by the RFFI grant 98-02-17236.
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