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Observation of a NewJPC = 1~% Exotic State
inthe Reactionw~p — #t@w "7 " p at18 GeV/c

G.S. Adamg, T. Adams; Z. Bar-Yam; J. M. Bishop, V.A. Bodyagin? B. B. Brabsorf, D. S. Brown] N. M. Cason,
S.U. Chund, R.R. Crittenden, J. P. Cumming$;* K. Danyo, S. Deniso\} V. Dorofeev? J. P. Dowd?
A.R. Dzierba® P. Eugenid, J. Guntef, R. W. Hackenburd,M. Hayek>* E. . lvanov; |. Kachaev® W. Kern}

E. King,? O. L. Kodolova? V. L. Korotkikh,> M. A. Kostin,> J. Kuhn? R. Lindenbusch, V. Lipaev? J. M. LoSeccg,
J.J. Manak, J. Napolitand, M. Nozar? C. Olchanski, A. I. Ostrovidov,->3 T.K. Pedlar] A. Popov? D.R. Rust
D. Ryabchikov® A. H. Sanjari} L. 1. Sarycheva, E. Scott® K. K. Seth] N. Shenhav;* W. D. Shephard, N. B. Sinev?
J.A. Smith? P. T. Smith D. L. Stienike? T. Sulanké, S. A. Taega¥, S. Teige D. R. Thompson, |. N. Vardanyarr,
D.P. Weygand, D. White? H. J. Willutzki,' J. Wise! M. Witkowski,* A. A. Yershov? and D. Zhad

(E852 Collaboration)

'Brookhaven National Laboratory, Upton, New York 11973
’Nuclear Physics Institute, Moscow State University, Moscow, Russia 119899
3Department of Physics, University of Massachusetts Dartmouth, North Dartmouth, Massachusetts 02747
“Department of Physics, Rensselaer Polytechnic Institute, Troy, New York 12180
SDepartment of Physics, University of Notre Dame, Notre Dame, Indiana 46556
SDepartment of Physics, Indiana University, Bloomington, Indiana 47405
"Department of Physics, Northwestern University, Evanston, lllinois 60208
8nstitute for High Energy Physics, Protvino, Russia 142284
(Received 4 June 19)8

A partial-wave analysis of the reaction p — w*#w 7 p at 18 GeV/c has been performed
on a data sample of 250000 events obtained by Brookhaven experiment E852. The expected
JPC = 1%%4,(1260), 2* T a,(1320), and2~ " ,(1670) resonant states are clearly observed. The exotic
JP€ = 17" wave produced in the natural parity exchange processes shows distinct resonancelike phase
motion at aboutl.6 GeV/c? in the p7r channel. A mass-dependent fit results in a resonance mass of
1593 + 873 MeV/c? and a width ofl68 = 20713° MeV/c2. [S0031-9007(98)07994-0]

PACS numbers: 12.39.Mk, 13.25.Jx, 13.85.Hd, 14.40.Cs

Much progress has been made in recent years in theag model estimates suggest somewhat lower masses in
theoretical description of hadrons which lie outside thethe 1.3-1.8 GeV/c? range [10]. Quantum chromody-
scope of the constituent quark model. Quantum chronamics sum-rule predictions vary widely between 1.5 and
modynamics (QCD) predicts the existence of multiquark2.5 GeV/c? [11]. The diquark cluster model [12] predicts
ggqg and hybridggg mesons as well as purely gluonic thel " state to be at.4 GeV/c?. Finally, the constituent
states. The most suggestive experimental evidence for ggluon model [13] concludes that light exotics should lie in
exotic meson would be the determination of quantum numthe regionl .8-2.2 GeV/c?. Most of these models predict
bersJf¢ =0"7,0"", 177,277, etc. Agg pair cannot the dominance of such decay modes of the hybrid meson as

form a state with such quantum numbers. b1(1235)7 or f1(1285)7r, with small (but non-negligible)
Several isovectot ~* exotic candidates have been re- pr decay probability [14].
ported recently. Al~* signal in thens channel has In this Letter we present experimental evidence for

been seen by several groups. Although early measuren isovectorl —* exotic meson produced in the reaction
ments [1,2] were inconclusive, the most recent measurer " p — 77~ 7 p. Experiment E852 was performed
ments [3,4] have presented strong evidence for d at the Multi-Particle Spectrometer facility at Brookhaven
state near.4 GeV/c?. Another1~* state with a mass National Laboratory (BNL). The experimental apparatus
of 1.6 GeV/c? was observed in theg's [2] and p [5] is described elsewhere [3,15,16]. A~ beam of mo-
channels. Additionally, a state with resonant phase bementum18.3 GeV/c and a liquid hydrogen target were
havior has been seen abov® GeV/c? in the fi7 [6] used. The trigger was based on the requirement of three
channel. forward-going charged tracks and one charged recoil track.
Theoretical predictions for the mass of the lightest Seventeen million triggers of this type were recorded by
hybrid meson are based on various models. The flux tubthe experiment during the 1994 run. After reconstruction,
model [7,8] predictd ~ " states al.8-2.0 GeV/c2. Simi- 700000 events with the correct topology remain. Of these,
lar results are obtained in the calculations based upo850000 events remain after kinematic cuts are applied to
lattice QCD in the quenched approximation [9]. Earlierensure an exclusive sample of events with a proton recoil.
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Figure 1 shows the" 7~ 7~ and#* 7~ mass spectra. the Di;y(a, 3,7y) functions of three Euler angles taken
The well-knowna (1260), a>(1320), and m,(1670) reso-  over the experimental or predicted angular distributions.
nances dominate the three-pion spectrum. The two-bodl was determined that a minimal set of 21 partial waves
mass spectrum shows clear evidence for #li@70) and is required in order to achieve a reasonable agreement
f2(1270) isobars. between the experimental and predicted moments. This set

A partial-wave analysis (PWA) of these data was pertakes into account all relevant decay modes of the known
formed using a program developed at BNL [17]. Eachresonances. Itincludes thrée™ waves, fourl ™ waves,
event is considered in the framework of the isobar modelthree1~* waves, twa2** waves, seve2~* waves, one
an initial decay of a parent particle intorasr isobar and 3" wave, and a noninterfering isotropic wave (which
an unpaired pion followed by the subsequent decay of thaurned out to be rather small). The ™ waves were found
isobar. Each partial wave is characterized by the quan- to be essential for the description of the moments.
tum numbersg/"C[isobailLM<. HereJ"C are spin, parity, The acceptance-corrected numbers of events for the
andC parity of the partial wave is the absolute value of major nonexotic spin-parity states predicted by the PWA fit
the spin projection on the quantization axdds the reflec-  are shown in Fig. 2. Th&’¢ = 17" wave corresponding
tivity (and corresponds to the naturality of the exchangedo the a,(1260) meson is dominant and accounts for
particle); L is the orbital angular momentum between thealmost half of the total number of events in the sample.
isobar and the unpaired pion. The a,(1320) is prominent in thes’¢ = 2** waves,

The spin-density matrix is parametrized in terms of theand ther,(1670) dominates thg”¢ = 2~ waves. The
complex production amplitudegXc for wave @ with re-  JP¢ = 0~" spectrum is quite complex. Its shape below
flectivity € [18]. These amplitudes are determined from1.6 GeV/c? is very sensitive to the choice of thet 7~
an extended maximum likelihood fit. The indéxorre- S-wave parametrization. Despite this complexity, the
sponds to the different possibilities at the baryon vertexr(1800) state is clearly seen in the spectrum.
and defines the rank of the spin-density matrix. This rank The intensities of the exotic waves are shown in Fig. 3.
does not exceed 2 for the proton-recoil reaction (from proAll three 1~ *[p(770)]P waves withM¢ =0, 17, 17
ton spin-nonflip and spin-flip contributions). It was de- (denoted as,, P—, and P.) show broad enhancements
termined that a fit with the spin-density matrix of rank 1in the 1.1-1.4 andl.6-1.7 GeV/c? regions. At the
presented here adequately describes the data. same time, thd ~*[ £,(1270)]D1" wave (not shown) is

The experimental acceptance was taken into account byonsistent with zero.
means of Monte Carlo normalization integrals as described The phase difference between the *[p(770)]P1*
in [17]. Relativistic Breit-Wigner functions with standard wave and all other significant natural parity exchange
Blatt-Weisskopf factors were used in the description of thavaves indicates a rapid increase in the phase ofithe
p(770), £2(1270), and p3(1690) isobars. Ther*7~ S-  wave across thé.5-1.7 GeV/c? region; this is consistent
wave parametrization was based on ffienatrix formal-  with resonant behavior. Some of these phase differences
ism [19]. The results presented here were obtained in a fiare shown in Figs. 4 and 5.
with the K-matrix parametrization based on the modified Extensive studies have been made to test the stabil-
“M” solution of [20]. ity of the results with respect to the assumptions made

The partial-wave analysis was performedinMeV/c?>  in the analysis. It was found that no significant change
mass bins and fa@.05 < —¢ < 1.0 (GeV/c)?®. Goodness
of fit was estimated by a qualitative comparison of the

experimental moment& (LMN) with those predicted by 8000 ot (a) | 4000¢ 1+t (b)
the PWA fit [18]. These moments are the integrals of ~ - . LT
(&) %) L
S 00, S 20000
— (D) + ¢¢ $ *W#¢ . -
0 @) = oAl I S
% 8000~ a, S/ | | ! il |~"'#~5L
s 2000 N 1.0 15 20 _ 10 15 20
0 I = _ LN * d)
= ! 7 +> (© 5 ++ (
@ 4000 i S 2000¢ N 00o¢ 2
% 1000( £ | oo F e
o L o« e 10000+
o 1000¢+ . 2 .
1 1 1 1 B 0'.0’ ..-‘.'.* B o
1.0 15 20 05 1.0 15 ~ , s
Mass (GeV/& 1.0 15 20 1.0 15 20

Mass (GeV/& )
FIG. 1. Experimental effective mass distribution without ac-
ceptance correction: (ay*#~ 7~ mass spectrum; (by* 7~ FIG. 2. Combined intensities of all (&) * waves; (b)1*""
mass spectrum (two entries per event). waves; (c)2~+ waves; (d)2** waves.
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FIG. 3. Wave intensities of thé”"[p(770)]P exotic waves:
(a) theM< = 0~ and 1~ waves combined; (b) thé7¢ = 17

of the instrumental acceptance and resolution was applied
to the generated events. Intensities of the" waves
found in the partial-wave fit of this sample are shown
as shaded histograms in Fig. 3. Considerable leakage
from the nonexotic waves to the * waves is evident
below1.4 GeV/c%. An additional study has identified the
17" [p(770)]S0" wave as a primary source of this leakage
at small values of the three-pion effective mass. Leakage
from the2** and2~* waves turned out to be negligible.
The presence of leakage prevents us from drawing any
conclusion about the nature of the low-mass enhancement

wave. The PWA fit to the data is shown as the points with errolin the 1= spectrum. However, the second peak in the

bars and the shaded histograms show estimated contributioq&+

from all nonexotic waves due to leakage.

intensities afl.6 GeV/c? (where resonant behavior is
observed) is not affected by the leakage problem.
We have also studied how our results for the exoti¢

in the 17" waves takes place by inclusion of rank 2 in wave are affected by the choice of the partial waves used

the spin-density matrix, by a different choice of ther

in the PWA fit. Numerous wave setd & 4, M| = 1,

S-wave parametrization, by exclusion of the events fromwith up to 42 waves in a set) were tried in the fits. The
the regions with a relatively large uncertainty in the instru-resonant phase motion of the* wave was present in all
mental acceptance, or by making PWA fits in restrictedfits, although the magnitude and width of the peak in the

regions oft.

1~ intensity varied. These variations lead to the rather

The impact of the finite resolution and acceptance of thgarge model-dependent systematic uncertainties which we
apparatus on the * signal was estimated by the following assign to the parameters of the™ state.

method. Monte Carlo events were generated in accordance To determine the resonance parameters, a series
with the spin-density matrix found in the fit of the real data,of two-state y2 fits of the 1-"[p(770)]P1* and

except for the matrix elements corresponding to thée

2] £»(1270)]S0" waves as a function of mass was

waves which were setto zero. The Monte Carlo simulatiormade. The latter wave was chosen as an anchor because
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FIG. 4. Phase difference between the "[p(770)]P1*
wave and (a) the 07*[fo(980)]S0" wave; (b) the
27+ [p(770)]D1* wave; (c) the 17*[p(770)]S0* wave;
(d) the 1" [p(770)]S1* wave; (e) the2™ *[p(770)]P0O* wave;
(f) the 27 *[ £,(1270)]D0* wave.
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it is a major decay mode of the,(1670), the only well-
established resonance in the vicinity ob GeV/c?. An
example of such a fit is shown in Fig. 5. Thé function
of the fitisy? = Y,TEI-_1 Y;, whereY; is a three-element
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FIG.5. A coupled mass-dependent Breit-Wigner fit

of the 1 *[p(770)]P1* and 27 [ £,(1270)]S0" waves:
(@) 17 *[p(770)]P1* wave intensity; (b)2~*[ f,(1270)]S0"
wave intensity; (c) phase difference between the
1= [p(770)]P1* and 2~ *[ £,(1270)]S0* waves; (d) phase
motion of thel *[p(770)]P1* wave (1),2" [ f»(1270)]S0"*
wave (2), and the production phase between them (3).
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the phase difference between them in the massipin

andE; is a3 X 3 error matrix for these values calculated

through Jacobian transformation from the error matrix of

production amplitudes found in the maximum likelihood

fit. Both waves are parametrized with relativistic Breit- :

Wigner forms including Blatt-Weisskopf barrier factors. E g G?éi?;ﬁ%gé;?ﬁp;?; Ei%f|3234163%323()1.993).
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