Ichigaya, Tokyo, Feb.25, 2003

Experimental Search for 1-+ Meson

> . Indication "]L (" ¥ Meson T. Tsuru (KEK)

1. Why 1s 1-+ meson 1mportant and 1nterest1ng‘7

2. Hlstory and mini- rev1ew

3. Whatis 1-+?



1. Why is 1-+ meson important and interesting?
" L-S coupling scheme of SU(3) qgbar:
| excellently"succéssful in the long past years..
but some JPC.miSsing O+-, }_—;i.-, 2+-, 3-+ ete. |
| o and 0--.
If even one of them is found, it is reélly a non-quar
SU(3) flavor state.

There is no ambiguity in the meaning of non-qgbar exotic.
-4



2. History of search for 1-+ mesons
>l mua0 [  chellen 12'-') but difficalt
o First indication in 1988: GAMS collab.,D.Alde et al., PL. B205.(1988) 397
ﬁi(1400) in i° of w-p-> nno n at 100 GeV/c (CEX reaction)
| Maés=1406+-20 MeV, Width=180+-30' MeV
o KEK-E174, H.Aoyagi et al., PL B314 (1993) 246.
11(1400) in N7~ _of 7_;-p--> nr- p at 6.3 GeV/c ( Diffractive Reaction)
Mass=1323+-4.6 MeV, Width=143.2+-12.5 MeV ’
O VES “jo N = vy N 37 GeWe 1993 pL 8313 (93)27(
. o BNL E752 in 1997; D.Thompson et al.,PRL 79 (1997) 1630
S.Chung et al., PR D60 (1999) 092001.
11(1400) in N7 of T-p-> nn p at 18G eV/c‘
Mass=1370+-16 MeV ~ Width=385+-40 MeV
o Crystal Barrel in 1998; A.Abele et al.,PL 423 (1998) 125.
|  AAbeleet al.;PL 446 (1999) 349
711(1400) in nr in .pbvard -> - 0 | psp‘ecbat LEAR |
Mass=1400+20+-20 MeV  Width= 3.10““'5.0AM9V
| 71(1400) in nn® in pbarp ->'n0n0n ‘é\t“LEAR
Mass= 1360+-25 MeV ~ Width= 220+ 90 MeV
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Fig. 3. Results of the partial-wave analysis of the nz ~ system.
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FIG. 17. Results of the partial wave amplitude analysis. Shown
are (a) the fitted intensity distributions for the D, and (b) the P
partial waves, and (c) their phase difference A®. The range of val-
ues for the eight ambiguous solutions is shown by the central bar
and the extent of the maximum error is shown by the error bars.

- Also shown as curves in (a), (b), and (c) are the results of the mass
dependent analysis described in the text. The lines in (d) correspond -
to (1) the fitted D, Breit-Wigner phase, (2) the fitted P, Breit-
Wigner phase, (3) the fitted relative production phase ¢, and (4) the
overall phase difference A®. -

M= 137‘_0 :|:' 16 MV
T = 385 % 40 MV
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Fig. 1. Dalitz plot (not acceptance corrected) of the final sample
of 7w~ w% events from the annihilation reaction pd —
w—wonpsbectator Wlth P(pspectator) < ]‘00 MCV/C.

o 2500
N\ .
>
M= 1400220 3 ,
MeV I
o
re30so
MeV 2
g 1000
500
0

llll'lllllllll]llllIA[Illl

mz(nﬂ) [GéVZ/c‘]‘
L



PL 8446(29)149

2500

- 1000 |=.

M= 136028 HeV |

£,(980)

TR I T T S B R | T ]

T = 22090 HeV

35000
30000

25000

entries/14.3MeV/c

20000
15000
10000

5000

500

1000 1500

2000

m

Fig. 1.-Dalitz plot of Pp annihilations at rest into 7}077077 for

antiprotons stopping in gaseous hydrogen at 12 atm (2 entries per
event).
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Fig. 2. The (nar) mass distribution for pp — 7 %r Oy for data from
gaseous hydrogen. The shaded area represents the fit,



2. History of 1-+ mesons
2-2 71(1600) _ | |
Earlier report VES 1992; Yﬁ.Gouz et al.,Dallas_ HEPQQ p572.
‘m(1600) in X- of N->X-Nat 37 GeVic |
X= n’ﬁ;- , pTT, b1(1235) ﬁ," not nmw-
VES 1993; D.Beladidze et al., PL B313 (1993) 276.
11(1600) in W'n- of 7-N-> - and w'n- N at 37 GeVie
BNL E852 in 1998; G.Adams et al., PRL B81 (1998) 5760
11(1600) in pn- of w-p-> 'R~ p at 18 GeVl/e
Mass=1593+-8 MeV, Width= 168+-20 MeV .
E.Ivanov et al., PRL 86 (2001) 3977.
n1(1600) in W'r- of T-p->n'n- p at 18 GeV/e

- Mass=1597+-10 MeV, Width=340+-40 MeV
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Fig. 4. Results of the partial-wave analysis of the 'z ~ system.
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FIG. 3. Wave intensities of the 1™ "[p(770)]P exotic waves:
(a) the M€ =07 and 1~ waves combined; (b) the M€ = 1*
. wave. The PWA fit to the data is shown as the points with error
bars and the shaded histograms show estimated contributions
from all nonexotic waves due to leakage.
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FIG.5. A  coupled mass-dependent Breit-Wigner fit
of the 17*[p(770)]P1* and 27 %[ f,(1270)]S0* waves:
@ 17*[p(770)]P1* wave intensity; (b) 2=*[ £,(1270)]S0*
wave intensity; (c) phase difference between the
1™ [p(770)]P1* and 277[ £,(1270)]S0* waves; (d) phase
motion of the 17 [p(770)]P1* wave (1), 27 *[ £,(1270)]50"
wave (2), and the production phase between them (3).
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. What are 1-+ mesons? ,(1400), n:(1600)

" Glueballs? Never, due to isovectors

Hybrids?  Possible but too low
" Lattice calculation: about 1.9 GeV
flux tube model: ‘ about 1.9 GeV

Four quark states? (qubarqbar?) possible

7:(1400): four quark state?
7;(1600): hybrid? er jow 1,“0”! a't.lte.?

- Another possibility:

Non-relativisitic L-S coupling scheme: missing nonets.

Relativistic view of chiral symmetry: extra nonets appear.

One more 0++(c ,x etc.) and 1++(ai*etc.) can exist

1-+ is also possible. 7;(1400) could be. Need study.
(s.Isk da's {odl  Feb. 24)
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