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New forms of hadrons

B Hadrons consist of 2 or 3 quarks:

Naive Quark Model: Meson (q q )

Baryon (qqq)

m QCD predicts the new forms of hadrons:
e Multi-quark states : Number of quarks >= 4

e Hybrids : qug, qqqsg ...
e Glueballs: gg, ggg..



None of the non-qqbar or non-qqq states is
established experimentally.

Search for new hadrons and systematic study
of the spectroscopy — a way of understanding
the internal structure of hadrons.

Radiative decays of the charmonium states
provide good lab.



K ez o Stopped running in 2008

"BESII 225,

=l

Started physics run
from 20009.



Search for exotic 1* states in '~

VES (1993): 37 GeV mN—n’wN (PLB 313, 276 (1993) )

Found a P-wave resonant — exotic 1* in n'n system:

E852 (2001): 18 GeV wp—n'np (PLB 563,3997 (2001) )
Found a,(1700)+exotic 1t,(1600)

COMPASS (2008 data): 190 GeV wp—n'np ( T. Schlueter
Hadron2011 talk)

Evidence for a,(2040) found, but resonant P-wave cannot be

confirmed.



Evidence for n,(1600) In x.,—n’n*n- at CLEO-c
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A full amplitude analysis with isobar model :

BW for most of resonances
Flatte: a,(980)
ntt-S wave : KK, Tt scattering
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Assuming BW shape for 1*:
M=1670+30+20 MeV/c?, T =240 + 50 + 60 MeV
. Significance > 4.0 ¢ (different models)



(BEPC/BES)

f . @y: 1.0 -2.1(2.3) GeV
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1-2.3GeV e+ e- collisions produce
charmonium states (J/y, y(2S),
Yy and y(3770) etc.), charm

mesons and t lepton. '“ I

Three Generations of Matter

Leptons| Quarks
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The BESIII Detector

NIM A614 (2010)

Super-conducting
magnet (1.0 Tesla)

Drift Chamber (MDC)
GP/P (°/,) = 0.5%(1GeV )N il
G dE/dx (°/,) = 6% |

Time Of Flight (TOF)
c;: 90 ps Barrel Muon Counter
110 ps endcap 9 layers RPC

OoR®=1.4 cm~1.7 cm

EMC: GE/VE(%/,) = 2.5 % (1 GeV)
(Csl) o'z,d)(cm) =0.5-0.7 cm/VE



The BESIII Collaboration
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BESIII commissioning

 July 19, 2008: first e*e" collision event in BESIII
* Nov. 2008: ~ 14M y(2S) events for detector
calibration
«2009: 106M y(2S) 4*CLEOc
225M J/vy 4*BESII
- 2010: 900 pb-! y(3770) }
«2011: 1800 pb?y(3770) 3.5*CLEOc
470 pb! @ 4.01 GeV
«2012: y(2S): ~0.4 billion,
e @J/y since April 5, ~0.7 billion (peak lum. 2.7X103?)

Peak luminosity reached 6.5 X 1032 @3770 MeV...



pp enhancement at threshold

150 1 | I 1 1 1 | l | I ] 1 ' 1 L] I I 1
J/w—ypp BESI

m Observed at BESII in 2003 Q)
0 M=1859*3 ,*,. MeV
1 Width < 30 MeV (90% CL)
[1 Agree with spin zero expectation
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« Possibilities

1 Conventional meson?

[0 pp bound state/ multiquark/
glueball/ ... Phys. Rev. Lett., 91, 022001



m Confirmed by CLEOc and BESIII

= | CLEOc PRD 82, 092002 (2010) ~ fit with one resonance as BES did:
25 A V' iy, Iy — ypp M(R,,) = 1861+6_. (MeV), T(R,,) =032, (MeV),
;3 B (Jy=Ry,) X Bo(Ryy, ~pp) = (5.928 5,) x 10
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No significant narrow threshold enhancement observed here:
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PWA of J/iy—ypp @ BESIII [pnys rev. Lett. 108, 112008 2012)
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PWA of y'—ypp @ BESIII

Phys. Rev. Lett. 108, 112003 (2012)
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The production ratio R:

Br(1(25)—>7X
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Suppressed compared with 12% rule!



X(1835) in n'nt*m

J/wv—yr'r n @ BESII PRL 95,262001(2005)

Statistical Significance ~ 6 ¢

EVENTS/(40MeV/c?)

1.5 2 2.5 3
M(rttnn) (GeV/c?)

M=1833.7 = 6.1(stat) =2.7(syst)MeV
['=67.7+20.3(stat) £ 7.7(syst)MeV

Statistical Significance ¥ 5.1 ¢
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Theoretical interpretation:

> pp bound state, 1n excitation ....
> Are X(pp) and X(1835) from the same source?




X(1835) in J/wy—>yntn™’ at BESIII

PRL 108, 112003

> Fit with four resonances (acceptance weighted BW®) gaussian)

» Three background components:

Events/(0.02GeV/c)

(O Contribution from non-n’ events estimated by n’ mass sideband
@ Contribution fromJ /y — z°z* 7 5'(n' — yp) with re-weighting
method
® Contribution from “PS background”
fog (X) = (X=my)"2 +a,(x—my)** +a,(x—my)*, m; =2m_+m,
s00F Red line: estimated contribution of O+ @

[ / Black line: total background
400 : :

- resonance | M( MeV/c?) | T'( MeV/c? | significance
J00E X(1835) | 1836.5+3.0 | 190.1 9.0 >> 200
200F X(2120) [ 21224+6.7 | 84+ 16 > 7.20

R { |X(2370) | 23763 +8.7 | 83+ 17 > 6.40
100 7
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1.4 1.6 iis'"zid'ié”zﬁ'c% PWA is needed, inference among the

M, (GeV/

resonances needs to be considered.




Study of J/w—y3n

First observed: 1(1405)—>f,(
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arXiv:1201:2737
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Large Isospin breaking: 1(1405)—f,(980)x°

BR(n(1405) — £,(980)x")

BR(1(1405) — a,(980)n)

~(17.9+4.2)%

arXiv:1201:2737
accepted by PRL

Theoretical explanation: effect of Triangle Singularity?
J.J.JWu et al., PRL 108, 081803(2012)

Isospin breaking: n’->3n

BR(n' = n'n n")

~ (0.9%

BR(n'—> n'nn)

BR(n = n'n’n’

~1.6%

BR(n' — n’n’n)




» Lattice QCD predicts the 0** scalar glueball
mass in the range 1.5 - 1.7 GeV.

156
2 0" w— Y. Chen et al.
- - PRD73:014516,2006
10  — = — N (updates Morningstar &
T — pr— | Peardon, ‘99)
8
2" m— 1Y — 13 S
% 6 2‘”‘— 0.*_ %
» =
4| 0w 0**:1710+ 50 £ 80
2 11
Also:
0 , : : \ 0 1611 £ 30 £ 160 Michael ‘98
+ -+ + - 1550 +50 +? Balietal. 93

Spectrum from quenched LQCD

f,(1500) and f,(1710) are good candidates.






,(1710):

long history of uncertainty.

Process Collaboration M(MeV) r(Mev) J

J [/ p—ryrm CBAL(82) 1640 + 50 2202 i

x p—KO9K%n BNL(82) 1TSS 20013% o++

7 N—=KSKSPn FNAL(84) 1742 £+ 15 57 + 38 —_—

=~ p—1mN GAMS(86) 1755+ 8 < 50 o++

J/p—aryKt K- MARKIII(87) 1720 + 14 130 £ 20 -

J/ Yy KR DM2(88) 1707 + 10 166 + 33 —_

~yrta— 1698 + 15 136 + 28
pp—ppK+t K- WA76(89) 1713+ 10 181 & 30 2++
ppKLKE 1706 £ 10 104 + 30

J/pay KK MARKII(91) 1710 + 20 186 + 30 e
pp—=%1m E760(93) 1748 + 10 264 + 25 (even)++

J/Pp—ryax MARKIII data 1750 + 15 160 + 40 o++

D. Bugg et al.(95)

J/pary Kt K- BES(96) 1696 + 512 103 + 18130 2++

1781 8% | 85% 24"'?? o++

J/Pp—a+y KR MARKIII data ATOCTSS 124152 o++

W. Dunwoodie(97)

pp—p (KK )p, WA102(99) 1730 + 15 100 £ 25 o++

pp—p(xta)p, WA102(99) 1750 + 25 105 + 34 o++

pp—> K+ K-x+x- WA102(99) 1710 + 16 126 + 24 o++

pp—ps(K+K ) p, WA76(99) 1710 + 25 105 + 34 o++

PP~ PITTIPs WA102(00) 1698 + 18 120 + 26 o++

J/p—ryan BES(00) 1740338 135+ it
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f,(1710)

PWA analysis shows

one scalar in 1.7 GeV region

BESII
|
400 - AW—UA(*K_
200
0 1 1 1 -‘:.h\‘
150 ; =
v (T (1710)]

M =1740+ 4752 MeV
T=166731; MeV

BESII: PRD 68 (2003) 052003

0** is strongly favored in .

M = (17657 £11) MeV
I = (145+8+23)MeV

BESII: PRD 68 (2003) 052003



f,(1710)

J/wv —> oK'K™

e Clearfy(1710) peak in
J/y - oKK.
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Events/30MeV

Events/30MeV

£,(1790) ?

« A bump at around 1790 MeV
Is observed in J/y — ¢nm.

M =1790"% MeV
[ =270"% MeV

400

 No evident peak in J/y —>
oKK. If f,(1790) were the same
as f,(1710), we would have:

200

0 "= 0.5 7 1.5 ,
M ' T) (GeVi/e ) BR(f,(1790) — zx) 15
E BR(f,(1710) — KK)
400 3 Inconsistent with what we
observed in J/y - onn , oKK
200 F
BRUL,ATI0) > 77) _ 13 @osucL
3 3 BR( f,(1710) > KK)
R e A 2

M(K'K) (GeV/e®) 3 £(1790) a new scalar ? &



®¢ threshold enhancement in J/y — yo¢
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J/y —> ypp, ¢ > K' K™ (OZ1) I /vy — yop (DOZI)
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M =1812")) +18 MeV/c’

I =105+20+28 MeV/c’

JPC favors 0** over O+

M’(Y9) (GeV/c®y’

1:_ e TR 4.8
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Phys. Rev. Lett. 96(2006)162002
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J/v = yop @ BESIII
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Backgrounds estimated
from o and ¢ sidebands

Backgrounds estimated
from inclusive MC -- mainly
from oK*K




Entries / 0.04 GeV/c?

Preliminary PWA results at BESIII:
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Resonance JF¢ M(MeV/c?) T(MeV/c?) Significance

X(1810) 0T+ 1795 + 7 @ o5 i 10 > 300
f,(1950) 27 104465 > 100
f(2020) OFF 442 > 100
n(2225) 0T 240 1903 6.40

@@@

Is X(1810) the f,(1710)/f,(1790) or new state?



Study of nn system

PRLAS (1982) 458

R =
~
.

| S S— ——— —————

First observed f,(1710) from

J/v radiative decays to nn

|
by Crystal Ball in 1982. | 5

| |

EVENTS/{0.05 GeV)

Crystal Barrel Collaboration (2002) ' ?*36-‘-‘?'
analyzed the three final states %% nn°z® and n°nn with
K matrix formalism. Found a 2** (~1870), but no f,(1710).
E835 (2006): ppbar = n°nn, found f,(1500) and f,(1710).

WA102 and GAMS all identified f,(1710) in nn.



J/w—ynn @ BESIII
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Preliminary PWA results of J/y—ynn
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f,(1710) and f,(2100)
are dominant scalars

f,(1500) exists (8.2 o)

f2’(1525) is the
dominant tensor



Preliminary PWA results of J/y—ynn

Resonance Mass(MeV/c?) Width(MeV/c*) B(J/1# —~vX — ynn) Significance

f0(1500) 1468 e Sl ras: bl iy xdl™ B2

o710} 17695 s @Rl Ble
+1‘3 23 D DT7+5.5 |

i) o M GRS a0t 1900
2(1525) 1513 j 75 tlatis +0.43+1.22) o 10—'

£2(1810) 1822“9+16% 229+i8+§ D +8 60+3.51 ) oo

+3214+10349 —w (5 38 —0.87—3 24) % 107° 6.4 o
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Summary

1 billion J/y data will come soon at BESIII

Still a long and hard way to understand the light
hadron spectroscopy. Need data from different
experiments. Need a global analysis?
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Thank you!



