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Multi-quark State, Glueball and Hybrid

§ Hadrons consist of 2 or 3 quarks:

Naive Quark Model: Meson (g G )

®
Baryon (ggq) @

§ New forms of hadrons:

Multi-quark states : Number of quarks >= 4

Hybrids :  qqg, qqqg ...
Glueballs: gg, ggg ...
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Multi-quark states, glueballs and hybrids
have been searched for experimentally for
a very long time, but none is established.

However, the effort has never been
stopped, especially, during the past couple
of years, alot of surprising experimental
evidences showed the existence of
hadrons that cannot (easily) be explained
In the conventional quark model.

J/y decays provide ideal Lab for
searchs for new forms of hadrons and
study of the light hadron spectroscopy.
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Outline

5 New results on 1- mesons
§ Results on O** mesons

§ New results on baryons
« PWA of J/ly® p° pp
« KL mass threshold structure

N, (1610)

§ Summary
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New results on 1~ mesons
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Observation of Y(2175) In
J/y ® hff,(980) at BESII
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Observation of a new 1~ resonance
Y(2175) at BaBar

§ A structure at 2175MeV 0.6- :
- - Y(2175
was observed In i ~ ( U

ete-a g sr f,(980), i BABAR

Gl f,) (nb)

Caollaberation Home Page

e A go. KK T,(980) : y |

initial state radiation adl '% 1
Processes 1 1 , + I

ﬂjl.%l..%%

M=21/5+10+15MeV 18 2 22 24 26 28 3

Ecm (GeV)

G - 58 i 16 i 20 I\/I eV FIG. 6 (color online). Thee¥e™ — (10200 (980) cross sec-

tion, with about 10% of the ¢ contribution, obtained via ISE
in the K™K~ 7" #™ (circles) and K"K~ a"a" (squares) final
states. The curves represent results of the fits described in the
fext.

Phys. Rev. D 74 (2006) 091103(R)
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A peak around 2175 MeV/c? is observed
in J/y a hff,(980)

15+

events/20 MeV

Entries
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M2(nf,(980)) vs. M?(nf) (Dalitz plot)
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Fit with one resonance
* BG shape is fixed to sideband B

M(f f,(980)) GeV/c?
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@ A resonance at 2175 MeV/c? is observed
with significance ~ 5s In ff0(980)‘§\ﬁ§§

spectrum. ‘e\\((\\
Mass (GeV/c?) fidth (GeV/c?)
BES 2.186+0.010+0.006 |0.0654+0.023+0.017

BABAR |2.175+0.010+0.015 |0.058+0.016+0.020

@ Branching ratio obtained:

B(Jy ® nY(2175)B(Y (2175) ® ¢f,(980))B(f,(980) ® n'n") =
(3.23+0.75(stat) + 0.73(syst))” 10°*
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What is Y(2175)?

Some theoretical interpretations:

§ A conventional SS state?
§ An SS analog of Y(4260) ( SSg )?
§ An SSSS  4-quark state?

More experimental information needed.
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Observation of a broad 1--
resonance in J/y ® K*K-p® at BESII

Phys. Rev. Lett. 97 (2006) 142002
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J/y® K*K-—p°
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PID and kinematic fit can significantly reduce
the dominant background from J/y ® p*p- p°.
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What Is this broad structure?

§ JPC should be 1--, 3——, ..(Parity conservation)
§ PWA results

- Following components are needed
K*(892), K'(1410), r(1700), X

- 1" is much better than 3~ L ME G

- Pole position of X Is
(15762 *%) - |(409"1L2) MeV/c?

-55-91

Events/(40MeV/c’)

Events/(40MeV/c)

Br(Jly ® Xn°, X ® K'K)=(85+0.6"5()"10* == e vy

- Big destructive interference among X, r(1700) and PS
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Results on O mesons
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@ Lattice QCD predicts the O** scalar glueball
mass in the range 1.5 - 1.7 GeV.

L 16
= 0" w— Y. Chen et al.
NP PRD73:014516,2006
10 E: — 14 (updates Momingstar &
4+ m— 3,,._1 — Peardon, '99)
B L
i Pl e — 3 g
= & prr— (0 — }
{12
4} OFe— 0**:1710 £ 50 + 80
2t !
Also:
0 . . : - | o 1611 £ 30 + 160 Michael ‘98
+ -+ + - 1550 +50+ 7?7 Balietal '93
Spectrum from quenched LQCD

f,(1500) and f,(1710) are good candidates.
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PWA of J/y ® go*p and gp®p® at BESII

Phys. Lett. B 642 (2006) 441
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PWA of J/y ® go*p- and go®p®

SPE—— VRGN M)

f,(1500) 7| [ f,(1710) 2 ~

1 The channels fitted in PWA:

15061
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N | — v f4(2050).
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PWA components:

3000 3000 3000
"‘1 “r 'a-l
2000 |- '. fo(1500) 2000 | *. fo(1710) 2| L000 - s '_ f,(2020)
[ - "', - 'l"
* .l"t o~ . e -~ l"-'lll:'., * e [ .Iﬂ-
1000 b o e 1000 M o Sl 1000 b Wil b
° 1.5 2 O 1.5 E o3 1.5 >
=2 3000 3000 3000
"o & & ' f
= f (1810 2150
&1 2000 b/ 'l f2(1270) 2000 |~} '. 2( ) 2000 =2 ', 2( )
—
.i_:_{ '..._ - .m“-* . : '-.,' - #‘-‘-l.- ' N '.-. L
2 1000 " Y1 1000 M i N 1000 b i - b
= L x x L el
S © 1 1.5 2 o 1 1.5 2 ©
3000 3000 3000
“ L ++
2000 |- & f,(2050)| | o060 |- A all 0 2000
" L L
* b} L 1 o ” -i'“-':ll'
1000 b s e 1000 M - Y1 1000
I::I . I N _& D M D
1 1.5 2

1 1.5 2

M ) (GeV/ie

2

)

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

PWA results

§ Lower O** : O** Is strongly preferred over 2**
M =(1466+6+16) MeV
G = (108" + 21) MeV

§ t,(1370) cannot be excluded.

§ Higher O0**: f,(1710) or f;,(1790) or both?

M = (17657 +11) MeV
G = (145+8+23) MeV
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JIy ® gpp’

Jip — X, X — e

Mass (MeV) [ (MeV) B (x107%)
f2(1270) 126212 £ 7 17515+ 9 0.14 4+0.07 £ 1.01
fa(1500) 1466 + 6 4+ 20 w08t + 21 0.67 £0.02 £0.28
fo(1710) 17667: £12 146+ 84+ 69  2.64+0.0440.71

0,0
J /y ® PP Jht— X, X — T
Mass (MeV) T (MeV) B (%107
f2(1270) same as charged channel 1.00 £0.09 £0.58
fa(1500) same as charged channel 0.34 +0.03£0.15
fa(1710) same as charged channel 1.33 £0.05 £0.88

Phys. Lett. B 642 (2006) 441
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About f,(1500) and f,(1710)

§ ltis first clearly observed in J/y radiative decays.
§ Its production rate in J/y radiative decays:

BR(J/y ® ¢,(1500))- BR(f,(1500) ® pp)~1 10
(BESII )

BR( f,(1500) ® pp) ~ 35%
(PDG)

—~  BRJl ® ¢,(1500))~3 10
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§ The production rate of f,(1500) in J/y radiative decays is
lower than that of f,(1710):

BR(J/y ® df,(1500)) ~3 10"

BR(J/y ® of,(1710))>9" 10°*
(PDG)

§ It may indicate: f;(1710) has stronger coupling to gluons
than f,(1500) & which one contains more glueball content?
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New results on baryons

at BESII
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First observation of N(2050)

Ul quark model predicts:
N(2050).

Not observed.

Event/0.02 GeV/c

N(2050): 1/2* or 3/2* 200 |

,,,,,,,,,,,,,,,,,,,, |

0 14 1.6 1.8 2 3.2

M = 2065+ 3 °MeV/c? G=175+12+ 40MeV/c?  Mal(FeV/E)
N(1440): (N(1440) peak never been seen directly before).
M =1358+6+16 MeV/c*,179+ 26 +50MeV/c’

Phys. Rev. Lett. 97 (2006) 062001
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N*In Jy ® ppp° at BESII

Events/{5SMeV/c)

1000
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Resonances used in the PWA

Resonance Mass(MeV) Width(MeV) JE C.L.

»  N(940) 940 0 i off-shell

» IN(1440) 1440 350 1 ook

y N(1520) 1520 125 37 oAk

¥ N(1535) 1535 150 3z ootk

» N(1650) 1650 150 2 hoteskotk

¥ N(1675) 1675 145 2 hodeskotk

» N(1680) 1680 Hokokk
N(1700) 1700 Hokk

» N(1710) 17 1 Aok
N(1720) 17 e ok
Nx(1885) 1885 160 =3 "Missing’ N*
N(1900) 1900 498 3 ok
N(2000) 2000 300 B ok

» Nx(2065) 2065 150 3 "Missing’ N *

» N(2080) 2080 270 -3 Hok
N(2090) 2090 300 2

» N(2100) 2100 260 i
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N*in Jy ® ppp°
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N*in Jy ® ppp°
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The comparison between data and PWA fit results.
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N*in Jy ® ppp°
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Fit results agree with data

reasonably,

especially in the low mass region.
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@ N(1440), N(1520), N(1535), N(1650), N(1675),

N(1680), N(1710) are needed.

@ Nx(2065) exists in this channel (stat. sig. >>50)

The spin-parity favors 3/2+

M =2040" + 25MeV, G=2 8+ 52 MeV

e

N* M(MeV/c?) fraction(%) | Br (X104)
N(1440)| 14557 A&$\."916"° +67 | 1/2+ | 9.74~25.93 | 1.33~3.54
N(1520)| 15135+13 | 127°:+37 | 3/2- | 2.38~10.92 | 0.34~1.54
N(1535)| 15372+12|135°5+39 | 1/2- | 6.83~15.58 | 0.92~2.10
N(1650)| 16507 +26| 1457, +31| 1/2- | 6.89~27.94| 0.91~3.71
N(1710)| 171572+29] 9577 £ 44 | 1/2+ | 4.17~30.10 | 0.54~3.86
N(2065)| 20407 +25| 230 +52 | 3/2+ | 23.0~41.8 | 0.91~3.11
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KL mass threshold enhancement
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Observation of a strong enhancement near the
threshold of k- mass spectrum at BES Il
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§ Best PWA fit: (JP="2" is favored)
m=1625"MeV  G=437"MeV
Br(J/y ® pNX)™ Br(Nx® KL)=9.147>2">" 10"

§ Fitted as N(1535) (becomes worse by about
5s (Dc2=28 with d.o.f.=2)).

Br(J/y ® pN@1535)" Br(N(1535® KL)=4.26"1 % 10"
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Comparison between data and
PWA fit projections
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Comparison between data and
PWA fit projections
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N * is N(1535)?

5 From BESII measurements:

BR(J/y ® pN(1535))- BR(N(1535)® pp)~(1~2) 10

BR(J/y ® pN(1535))- BR(N(1535)® KL)~4 10"

1T N~ is N(1535), its coupling to KL is much
stronger than to pp.

Then N(1535) would have very large ssbar component
(a 5-quark system).
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Such a strong KL threshold
enhancement is NOT observed in
g ® KL process at SAPHIR

Vs [GeV]
.2]27 . .Eiﬂ- o .2'4
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(this work)

Gtgt [.u'b]

% SAPHIR 1992-1994

(Tran et al.)

231 ?:gi §E%eABBHHM1969

0.75 /
05F 5 - é ghgﬁgmm
% 1 12 14 18 18 2 22 24 26

Phase Space shape E. [GeV]
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Such a strong KL threshold
enhancement is NOT observed in
g ® KL process at SAPHIR
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Such a strong KL threshold
enhancement is NOT observed in
g ® KL process at SAPHIR
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Such a strong KL threshold
enhancement is NOT observed in
g ® KL process at SAPHIR

l Vs [GeV]
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Observation of Jy (y') ® nKJL
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o)
o

Events/20MeV/c’
Events/20MeV/c’
N
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20
151641?819%206 1.4 155 §5
M. (GEV/C ., ° (GEVED
[aN]
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-~ 40
L1h)
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L
o
£ 20 BEE" " ag oo e GBS, g
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2 215 23 245 2.6 2.5 305 3.6 4.15 4.7
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An enhancement near LKg threshold is evident
N* and L* found in the LKg and nKg spectrum

More statistics and PWA are needed
for the detail information
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Summary

§ Two new 1~ mesons are observed at BESII
§ Light O** mesons are studied in J/y radiative decays

§ KL threshold enhancement is observed inJ/y ® pKL,
N* states are studied in J/y® p pbar p°

§ We are expecting more new results on hadron
spectroscopy at BESIII.
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Backup Slides
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FIt with one resonance

* BG is represented by a 3rd-order polynomial
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Fit with two resonances

* BG shape is fixed to sideband BG
- the mass and width of the second peak
are fixed to those of from BaBar. 3‘\;

" mi 1,6680)) (GeV; lc"j
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Fit with two resonances

* BG is represented by a 3rd-order polynomial
- the mass and width of the second peak
are fixed to those of from BaBar (\3‘\;
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Broad X cannot be fit with known mesons
or their interference

§ It is unlikely to be r (1450), because.:
« The parameters of the X is incompatible with r (1450).
* 1 (1450) has very small fraction to KK. From PDG:

Br(r (1450) ® K*K )<1.6” 10" (95%C.L.)

§ It cannot be fit with the interference of r (770) ,
r (1900) and r (2150):

* The log-likelihood value worsens by 85 (Dc2=170).
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How to understand broad X(1580)?

§ Search of a similar structurein Jly ® KKp
will help to determine its isospin.

§ X(1580) could have different nature from
conventional mesons:

 There are already many 1- - mesons nearby.
 Width is much broader than other mesons.

 Broad width is expected for a multiquark state.
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