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f,(1370 and fy(1520 resonances found iNNN annihilation at rest
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It is shown that(i) to describe thé4m)° mass spectra iNN— (47)°7 at rest by arf, resonance with an
energy-dependent total width, the mass of the resonance cannot equal 1370 MeV but has to lie above 1500
MeyV, (ii) the shape of these mass spectra is only weakly sensitive to the valuefgfrésonance mass if this
is high, and(iii) they also readily tolerate a nonresonant interpretation. A possible relation between & heavy
resonance dominating therd4channel and thef(1520) state observed in the reactioNdN— 37 and
NN— 277 is pointed out.

PACS numbsds): 13.25.Jx, 13.75.Cs, 14.40.Cs

I. INTRODUCTION Since thefy(1520) is practically unobservable i elastic
scattering’ other decay channels are expected to be domi-
Over the last several years new resonancelike structures imant[13] [i.e., thef,(1520), just like thef,(1370)[12,13,
two- and four-body mass spectra were discovered and studhas to be highly inelastcIf 47 decay is the dominant chan-
ied in NN annihilation at rest into 8, 57, nnm, nmm, and nel, the fy(1520) should be seen in the reactions
nn'm [1-15. So far no information on these states in otherNN— f,(1520)r— (47)°x. However, at present it is con-
reactions has been published. Some of them have had gdered that such a signal is absent in the available data
rather drame}tic histor}8—13. For example, the states origi- [8-17.
nally classified as F:[ensorsAX(1565lG F=0"2"—mm The discussion of various properties and the probable na-
[1.2] and£(1480) ®3°=072")— pp [4], tuned out after all ;e of new resonant statésee, for example, Ref§10—13,
to be scalar$8—13. In brief, the present situa}ion ?ppears to 16]) in any case are tied to the masses and widths obtained in
be as follows. The reactionspn—3m 27" [8]. 0 griginal experimental work. Here we should like to draw

np—3w 27 [9], andpp— 7" =~ 37° [10] are dominated .
by the production of arX(1°JP=070") intermediate state attention to the fact that the mass of thg1370) resonance
decaying to 4 was determined under one, in our opinion,

with a mass in the 1300-1400 MeV region and width of . . . .
crucial and mistaken assumption; namely, in all analyses

about 300-400 MeV[11]: NN—Xm—(4m)°m. The 5 \ 5
X— 41 decay is dominart=80% and proceeds through the |8—10 the(4m)” mass spectra iNN— (4) " at rest were
described by a Breit-Wigner resonance with constant total

pp and oo intermediate statef8—13: X—pp+oo—4. - ; X
Following Ref.[12], we shall name this state ttg(1370) width. In Sec. I, we show that if one describes these _speqtra
resonance. It is considered that rare decay offy{@370) by anf, resonance with an energy-dependent total width its
resonance intor and n» are observed in the reactions Mass has to lie above 1500 MeV, and that no appreciable
pp— 7°7°7° and pp— nya® [11-13. Furthermore, one coupling of thefy(1370) resonance to them4channel is
more state, thef,(1520) with 1I83P=0%0" and width of required. A nonresonant interpretation of tkém)° mass
100-250 MeV, decaying ta°n°, 57, and 7' 7, is observed spectra is also possible. In Sec. lIl, we discuss briefly a pos-
in pp— 7°7°7°, pp— nn=°, and pp— nn'7°, respec- sible relation of a heavy, resonance dominating in ther4
tively [6,7,11-13,1% The ratios of the decays into various channel to thef,(1520) state observed in the reactions
channels for thdy(1370) andf,(1520) resonances are not NN— 37 andNN—2 5.
very accurately determined for the present. The data are, for
fo(1370),

Il. DOES THE (1370 RESONANCE EXIST

— IN THE 4 = CHANNEL?
4 (pp+oa)lmml pylKK~10/1/1/? from[12], (1) =

Let us ignore all complications connected with identical
pions in the final state. Then the formula which was essen-
Anlww=~5/1 from [13], (2)  tially used in Refs[8—10] for the description of the resonant

four-pion mass spectra in the reactibiN— fym— (47) %

and, forfy(1520),

ID. V. Bugg, A. V. Sarantsev, and B. S. Zou reported at Hadron
w070 pyl ny' ~1/0.72/1.05+0.25 from [12], (3) '95 (Manchester, England, 1998 new amplitude analysis combin-
ing 7 scattering information with data on central production and
NN annihilation at rest, which points to a signal fo§(1520)—
walnpny~5/1 from [13], #n%'/nn<0.29 from [7]. aw. Note that they used and cited our result on the channel
(4) obtained in the present paper.
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can be written in the following forrf: N
dN4 2m mrfoﬂ4ﬂ'(m) - A
~=Cp(ys,mm,) — , 150 |
dm p(\'s ) T (m]?o—m2)2+(mf01“§‘(’)t)2 &
5 g 125 F
where  p(Vsmm,)=({1-[(m—m.)/\s]*{L1-[(m ;
+m,)/ys]2)¥2 m is the invariant mass of the four-pion £ ' [
systems=4m32, andl"}‘f)t is the constant total width of thig, ‘1}; )
resonance, which was determined from a fit to the data. ° %7° [
Models incorporating thep and oo intermediate states were £ r
constructed for thé,—4s decay in Refs[8-10. In the 0.50
framework of these models, the functimffoﬁﬂ,,,(m) in the L
numerator of Eq(5) increases by several tens of timesnas 0.25 e
varies from 1200 to 1740 MeV. The observed enhancement T B
in the (4m° mass spectra iNN— (47) %7 at rest is concen- 0.00 i T
trated entirely in the range 1280n<1740 MeV and has a 12 13 14 15 16 17 1.8
visible maximum atm~1500 MeV [8-1Q. Owing to the m (GeV)

strong increase ohl“foﬂw(m), the maximum of the Breit-

Wigner distribution in Eq.(5) is shifted fromm:mf0 to a FIG. 1. The productl’s _,,(m) as a function ofm for two

higher mass region. Therefore, E8) gives a quite satisfac- |imiting cases. In the first cag¢he solid curvg, ml's 4.(m) var-

tory description of the empirical mass spectra for the  jes withm as the phase space for two unstablmesongsee Egs.

values lying in the range 1330 to 1400 M¢¥-10]. (7), (8), and (9)]. In the second casdthe dashed curye
However, in spite of a close agreement with the experi-rnl“foﬂﬁ(m) is proportional to the # phase spacgthe case of

mental data, it seems to us that EB) with a constant total pointlike fo— 4 decay, see Eq$7) and(10)]. Here, for instance,

width is not at all justified for determining the resonanceG?/16m=5 Ge\? in the first casdsee Eq.(8)] and G%/167=0.5

mass. The point is that according to the unitarity conditionGeV 2 in the second cassee Eq(10)].

the total width of thef, resonance has to have an energy

dependence practically the same ]éfsw4w(m) since the ml“fo_,h(m) is proportional to the phase space of two un-

fo—4m decay mode is dominaf8—10| [see the ratiogl) stablep mesons which increases by two orders of magni-

and(2)]. We therefore rep|acmf01“‘f°t in Eq. (5) by tude in the region 1260m< 1740 MeV (by an order of
0 magnitude from 1200 to 1400 MeV and further by one more
mr%%t(m) =MLy 4, (M) + My Tt otners (6)  order of magnitude; see the solid curve in Fiy.Hor case Il

we suppose that this)— 47 decay is pointlike. Asn varies
from 1200 to 1740 MeV the functiomeOH4,T(m) increases

whereFfO_,othe,sis the width of thef, decays intorw, 77, R e
and so on, that is, into all other channels besides the primargy @ factor of 8 in this castsee the dashed curve in Fig. 1
I models with the pp+oo intermediate states for the

four-pion channel. Against the background of a large an , ,
rapidly varying I'; _ ,.(m) contribution, the width fo—4m decay conS|d¢red n RefES—_lO] lead _to anm de-
0 gendence of the functlarml“foﬂw(m) intermediate between

I'; _others CAN be considered as a constant. To estimat L ;

0 . . these limiting cases. For the functioml’; _ ,.(m), we use
I’ _ others We shall assume in accordance with E(s. and ) 0

0 the expression

(2) that the ratioN, ./ Ngiere=5/1 [whereN,,, andNgyesare

the numbers of events in the channiill— f 7— (47) % G2
andNN— f ,m— (others®, respectively. For the energy de- Ml _4-(M)= 16m R(m)
pendence of thé,— 4 decay width, we consider two lim-
iting caseg(in the following, they will be referred to as case G? ((m-2m,)? 5 [(m-my) 5
| and case l. For case I, we assume that the function ~ 167 Jan? d 1f4m2 dm;
XF(my)F(my)p(m,my,my), (7)
where  p(m,my,m,)=({1—[(my—my)/m)3{1—[(m;

+m,)/m]?})Y? | and the functiong=(m;) and F(m,) de-

2 e . —_— L scribe the (2#); and (2w), mass spectra in the
A full account of the indistinguishability of identical pions in the fo— (27),(27), decay, respectively. In case |,

final state leads, generally speaking, to very complicated formulas
for the differential distributiongsee, for example, Ref8]). In ad-
dition, to obtain one-dimensional distributions it is necessary to
carry out a Monte Carlo integration over a large number of inde- 3The very important role of they intermediate state in the
pendent variables. However, the indistinguishability of identicalfy(1370)—4m decay has been stressed, for example, by the last
pions does not play a crucial role in the point in question. Crystal Barrel experimeritl0].
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G F( ) m|Fp(m|) 30 __I!lillvlllllv!llll»(!lll!!l)llrrl!lr14
= , m,)= — s » 4
Fors T T (mEmD T T (m) T2 ;
(8) o 1

3 2 g ® ]

m, [ a(m;) 29°(m,) O ;
F,,(mi)=1“p(mp)—_p( ' ) 2 7 ~ :

m; q(mp) q (mp)+q (ml) r

F 6 ]

1 < ]

q(my) =5 Jmf—4mZ, ©® £ :

N ]

£ 3

i=1,2. In case I, = .
= ]

G=Giur, F(m)=\n%81-4mZn?. (10 2

For the mass spectrumiN,,/dm, we shall analyze the
expressiof 0 11 12 13 14 15 18 1.7 1.8

dNy,, Cols 2m mI¢ . a,(M) m (GeV)
gm ~ CPOSMMa) T | G 2 (mr ) 2
(11 _ FIG. 2. Normalized(4m)° mass spectra,dN,,/dm)/N,,, in
NN— fo(1370)7— (pp) m— (4) % at rest. Curve 1 corresponds
0

o h

There is an essential distinction between E@.and ~ correspond to Eqd6)—(9) and(11) with g7, /16w =5, 10, and 20
(11). In the case where there is a strong increase of@V (@ndTr _ones=12.5, 21, and 30 Me) respectively.
mF}%‘(m), an additional suppression of the right wing of the

2 .
Breit-Wigner distribution arises in Eq11). Thus, Eq.(11)  9f,,/16m, @ resonance with a mass of 1370 MeV coupled
cannot provide a peak near 1500 Mefif ~ 1370, in con- mainly to thepp channel cannot pretend to describe the data

trast to Eq.(5) with a constant total widt''. However, a obtained in Refs[8—10).

shift of thef, mass in Eq(L1) above 1500 MeV allows one Ca:;%‘;;eth?;sgz"r‘)’zn% esr']rgé'agh?ftﬂi(f% _”/‘fs ?r??:(;rs]g :ZT(')tr'”g
to obtain an enhancement @N,,./dm concentrated in the : 0
interval 1200—1740 MeV and peaked around 1500 MeV. Thé© value of the coupling constagf 4,,/167 can a resonance
results of our calculations, using EqS)—(11), are shown in  with mass 1370 MeV and a pointlike coupling to ther 4
Figs. 1-4. decay channel describe the d@&-10 (see, in particular,
Figure 2 shows normalized(4m)° mass spectra, curves 2, 3, and )4 Furthermore, curve 1 in Fig. 3, obtained
(dN,,/dm)/N,_, in NN—for—(4m)° at rest for thef,  from Eq.(5) with a constant total width, is inconsistent with
resonance with a mass of 1370 MeV. Here all curves correthe experiment, unlike the corresponding curve in Fig. 2.
spond to the first limiting case for the dependence of Figure 4 shows the Obelix collaboration data for
mI’¢ _.4-(m). Curve 1 corresponds to E¢p) with the con- (dN,,/dm)/N,.., which we took from Ref[9]. Note that

: . A
stant total widti°'=300 MeV. As already noted above, this they actually studied tohe reactiomp— 37 27 and de-

o 0 . . o rived an associatedw)” mass spectrum which in first ap-
parametrization gives a quite satisfactory description of th

: ) %roximation is free from combinatorial background, i.e.,
daF a(s;e ailiof':'g'zn C/:luf;\-/re_SSZ, 1?6’ ang goarGe )%btamed by from contributions caused by rearrangements of a recoil
using Eq.(11) for gf ,,/167=5, 10, an BV TESPEC- meson with identical pions from th@m)°® system(see also

tively. They differ drastically from curve 1. chfzop,,/l&'r Refs.[4,8,10,1]). A possible resonance interpretation of this

<5 GeV?, a resonance peak becomes still narrower tharfnass spectrum using E¢$)—(11) is illustrated in Fig. 4 by
curve 2 shows, and fag; , /16m>20 GeV/, it becomes still the curves 1 and 2, which correspond respectively td@n

broader and is shifted even further to lower mass than Curvreesonar?ce W'tmfo: 1700 MeV decaying into # th.rough
4 shows. So, for any value of the coupling constantthe pp intermediate state and afy, resonance withm;
=1550 MeV having a pointlike # decay. Combining thgp
model for thef, resonance decay with the pointliker4le-

“We also analyzed a more complicated expression including thgay model(or with the oo decay mode(8-10)) one can

dispersive finite width corrections to the real part of the resonancé)btaln a reasonable description of the data at any value of
propagator and made sure that in this case the main conclusior8fo from 1550 to 1700 MeV.

based on Eq(11) remain valid. The consideration of the finite SO a resonance interpretation of tder)° mass spectra in
width corrections, probably, will be required for a more sophisti- the reactiondNN— (47) %7, with the energy dependence of
cated analysis of the data. the total width taken into account, leads to the following
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interesting result(4m)° mass spectra are only weakly sensi-

8 rrrrorrrrrryryrrrrrrrrryrrrryrrryrrrryrrrrrrrrro
S tive to the resonance mass if this is located above the nomi-
— - . nal pp threshold. This observation combined with the corre-
T C R sponding satisfactory description of the data in terms of a
3 L ] resonance with a large-300 MeV) constant widthsee the
2§ | 3 S X .
N - 1 curve in Fig. 4 depicted by a short dotted liriggests that
] a resonance interpretation of tiém)° mass spectra is not
5 ] necessary. Let us consider, for example, the parametrization
< of the mass spectra by a single channel scattering length
o 4 ] approximation:
o - ]
- ] dN R(m)
& o : 4 —
5 - ; dm Cp(\s.mm,) |[1—iaR(m)|?’ (12
g 2 b ]
. where R(m) is the S-wave phase space of two unstalle
- ] mesongsee Eqs(7)—(9)]. Such a description corresponding
o G . to Eq.(12) for a=11.1 is depicted by the long dotted line in
08 1.0 11 12 13 14 15 1.6 1.7 1B Fig. 4 and shows that a nonresonant description is indeed

viable.

So our analysis indicates that the existence of a scalar
resonance with a mass of 1370 MeV in the dhannel is
doubtful and, at the very least, that a reanalysis of the data is

m  (GeV)

_ FIG. 3. Normalized(4m)° mass spectra,dN,,/dm)/N,., in

NN— fo(1370)7— (4m)°7 at rest for the case of pointike coooo0:

fo(1370)—47 decay. Curve 1 corresponds to E@S), (7), and

(10) with F‘f‘(’f=300 MeV. Curves 2, 3, and 4 correspond to E6S. Il AHEAVY f, RESONANCE IN OTHER DECAY
(7), (10), and (11) with §; ,,/167=0.25, 1, and 4 GeV* (and CHANNELS

It oters=14.5, 43, and 90 Me) respectively. ) ) )
If the f,(1370) state is absent in the maimr éhannel then

it is hazardous to infer such a resonance state from the en-
5 prorr e e hancements found at 1300—-1400 MeV in ther and 7%

- mass spectra iNNN— 37 andNN— 27, respectively.

Let us consider now how a heavy resonancgwith a
mass>2m, and an energy-dependent total widttcurs in
other decay channels. Possible shapes of this resonance in
other channels are shown in Fig. 5. The corresponding ex-
pression for the mass spectra in the reactions
NN— f 77— (otherg®z has the form

(Ge\/ —1>

(INgn/dm)/Nyn
N
T

TS T 0 T O U U0 O O U R0 0 O O X O O YO OO U0 VO 1 O O S S A B

[ dNothers 2m
E dm _Cp(\/gimimﬂ) ?
1 E mforfoeothers 13
o \ X ,
- ‘ (mf —m?)2+[mIE(m) 2
Q :1 lﬁ: ﬁ/l |h NN S0 N S0 O VO O T 0 0 TS 000 U O R0 0 T ]t L
1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8

wherem is the invariant mass of the decaying meson system
m  {GeV) [see also Eqgs(6) and (11)]. This description is somewhat
rough because in approximating the Xvicmaowthe,s by a

FIG. 4. Normalized4m)° mass spectra iNN— (47)%7 atrest. ~ constant we do not distinguish ther, KK, and 77 chan-
The data are from Ref9] (see a comment in the toxtHere the ~ Ne€ls. However, this is not very important if the resonance
curve depicted by the short dotted line is identical to curve 1 in Fig.Occurs substantially above the decay thresholds. As is seen
2, which has been described in detail. Curve 1, corresponding t§om Fig. 5, anf, resonance with mass between 1550 and
case |, is obtained using Eq$)—(9) and(11) for mfo=1700 MeV,
95 ,,/16m=10 GeV’, and I'y _qnes=60 MeV. Curve 2, corre-

sponding to case I, is obtained using E@®, (7), (10), and(11) for 50f course, therw and 77 channels are not empty even if the
m¢,=1550 M9V19?04ﬁ/1@77=0-5 GeV?, andls _oners=35 MeV.  £(1370) state is absent. In the range 1300-1400 MeV, there are, at
The curve depicted by the long dotted line corresponds to a noneast, largeS-wave contributions extending from a lower mass re-
resonant description of the data. It is obtained using Ef.and  gion and a contribution of the broad practically eladtj§1300)
(7)—(9) for a=11.1. resonance of Refl16].
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1700 MeV that is strongly coupled to ther¢hannel leads to
structures in other channels peaked in the mass range 1425—
1480 MeV. It is also necessary to keep in mind that the
resonance shape in ther and 7 channels can be strongly -
distorted by interference between the resonance and other (3
contributions(see footnote 6 For example, the peak froma ™~
heavyf, resonance can be shifted to a lower or higher mass
region® If, in consequence of such interference, the peak in
the =7 and n#n channels is shifted slightly below 1400 MeV

ey

3.0

2.5

others

2.0
=

e
N

the f4(1370) enhancement in these channels may be, atleastc™ |, .
in part, attributed to a heavly resonance. Another interest-
ing scenario arises if the peak from a hedgyresonance is e
shifted in thems and %7 channels slightly above 1500 MeV. 5 '°
In this case, thd,(1520) enhancement found in these chan- T

nels (see the Introductionmay be considered as a direct
manifestation of the heavy inelasfig resonance. As already
noted[see the ratiog3) and (4) and the text immediately
following], the f((1520) state needs a strong coupling with
some unknown decay channel. It would be reasonable to
assume that the major inelasticity of thg1520) resonance

is due to its coupling with the four-pion decay channel. So
the heavyf, resonance, which dominates ti#47)° mass _ FIG. 5. Heavyf, resonance shapes in other decay channels in
spectra in the reactionsIN— (4)%7 and, in this sense, NN-—fym—(otherg®m. Curves 1 and 2 are obtained using Ftf).
replaces the formef,(1370) state, can alsq_be responsibleln relation tof, resonance parameters, they correspond to curves 1
for the f4(1520) phenomenon in the reactioNdl— 37 and ~ and 2 in Fig. 4, respectivelisee Fig. 4 caption

NN— 27, _ _ _ [16]. So theny', 77, and7°#° decay modes of th,(1590)
As seen from the above discussion the challenge is 10 9¢fe completely incompatible with those of thig(1520) as

the visible peak at 1520 MeV in other channels by an intergen from Eqs(3) and(4). Moreover, from isotopic symme-

ference mechanism or in some other way. try the following ratios should be
Notice that thef;(1590) resonancé¢seen by one group expected for the fo(1590)+47 decay modes:

only [16]) cannot explain 4 data in this energy region. The o +5 =/ -+ =2.94.9-2/1/0.75. If the (4m° spectra in

point is that the ratios of the decays into main channels fONN—>(4TrO)7T were dominated by thé,(1590) then this
the f,(1590) arenn'/4n%nn|7°7°~2.7/0.8/1(0.17-0.3 =

state would be seen in th&IN— 77’7 channel with
B(np— 7y w)IB[np— 27 27" )n*]~1.26, which
drastically contradicts thBIN data[1-15].

SLet us emphasize that these considerations only apply within the
framework of the resonance interpretation of the enhancement in
the 47 channel, which, as we showed, is not essential. In principle,

TR TN O 000 T N STV O YO VOO O OO O U DU YOO S SN TN 0 OO T

O
ot doaar Wy

165  1.75
(GeV)

YU I S S BT R A N |

15 1.25

1 1.35 1.45 1.55
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