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Physics Program

Light Hadron Spectroscopy

— Understand QCD in the non-
perturbative regime

— Understand origin of the hadron mass

— Search for exotic hadrons, e.g.
glueballs, hybrids, tetraquarks

Charmonium Physics
— X, Y, and Z states
— Decays and transitions

Open Charm Physics
— D meson decays
— DD mixing
— CP violation in the charm sector

And many further topics
— e.g. tau and two-photon physics

Further BESIII presentations at this conference

Hadron Structure Il (Mon.)
X. Wang, Baryon spectroscopy at BESIII
L. Liu, XYZ spectroscopy at BESIII

Hadron Structure Il (Tue.)
R. Ping, Studies of Charmonium at BESIII

Z. Haddadi, Radiative transition studies with BESIII
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BES Il at BEPC Il
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Symmetric electron-positron collider BEPC Il
« Energy range: Vs = 2.0-4.6 GeV

« Design luminosity: 1x1033 cm-2s-1 (at @(3770))

« Energy spread: ~5x10-

« Operating since March 2008

« Achieved luminosity: 0.7x1033 cm-2s-"



The BES |l Detector
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Data Samples
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0.5/fb in the region 4100-4400 MeV




X(1 835) in J/@D —> ’77'('_'_7'('_77/ BESIII, Phys. Rev. Lett. 106, 072002 (2011)

225 M/ events

« X(1835) previously observed at BES

and BESI| ~ soof () BESTI -
Q - i
* Nature unclear, interpretations % 400 |
include glueball, pp bound state, Q 100 3
excited n meson S '
+  Confirmed at BESIII with two z 200
additional structures above 2 GeV/c r.% 100 £ =" non-resonant "
......... ‘background ]
Resonance M(MeV /c?) I'(MeV/c?) 0 1 4 1 6 1 8 20 22 24 26 2.8
f1(1510) 1522.7 = 5.0 48 + 11 >3.70 + 2
X(1835) 1836.5 + 3.0 190.1 9.0 >20¢ M(Ermn’)(Ge Vi)
X(2120) 2122.4 + 6.7 83 + 16 >7.26 . |
X(2370) 2376.3 *= 8.7 83 + 17 >6.46 5000 ' ' ' ' ]
40003 -
« X(1835) angular distribution = 3000' E
consistent with pseudoscalar, but é
other spin-parity assignments not Z 20001 E
excluded oo E 3
—> Systematic studies of X(1835) ongoing at BESII o YR T a—

(new decay modes, production mechanisms, PWA)



X(1835) in Jjp — vEKOK n

BESIII, Phys. Rev. Lett. 115, 091803 (2015)

Structure in invariant KgKgn
mass at ~1.85 GeV/c?

Strong correlation with
enhancement at KsKq mass
threshold (interpretated as
f,(980))

Structure in KgKgn is
enhanced for m(KqKg)<1.1
GeV/c?

IS L L B B R

+§o

- BESIIT  + pata =
1’500: I Background ]
> — Phase space MCH

L a00f .
C ]
N i ]
S 300} .
o |
~
..‘2200_ + ¢ ]
o %
S100r b ,“ o
r & ¢
0 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0
Moo, (GeV/c?)
2-4L_ """"" LN I IR LRI IR S
E BESIT Data
2.2
Y 20]
S |
¥
E 1.4:—
1.21
1.0 1 AN S R T
1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0

Moo, (GeV/c?)

1310 M J/{ events

_BES]]I §j = Data

1

012 1416 1.8 2.0 2.2 24
Moo (GeV/c?)

LI L L L ) L BB

mm Background _
+ + — Phase space MC1

—+ Data e
mm Background ]
— Phase space MC—:

1618 50 22 24 2.6 2.8 3.0
Myso, (GeV/c?)



X(1 835) inJ / "QD — 7Y K OK 077 BESIII, Phys. Rev. Lett. 115, 091803 (2015)

1310 M J/{ events

» Partial wave analysis for 80'—""”'”'"”"”' T B
m(KsKs)<1.1 GeV/c? and ~ F BEST XNy, =1.40 3

2 O7nLC —+ Data .

m(KsKgn)<2.8 GeV/c ; 70E —_MC projection -
Q60 Bl Background -

 Two resonant pseudoscalar O - ~---X(1835) .
DI aI50F — - X(1560) =

components (Breit-Wigner A Phase space -

parameterization) required in best fit = 40F | £

hypothesis ~ F ]
£30_ .

X(1835) — f0(980)n (>12.90) 5205 | E
— 1844 £ 19 8 Mev/c2 2. B :

w1oi i | ” —

0.6 fs 20 2.2 2.4 ,2.6 28

X(1560)% f0(980)n  (>8.90) Mo, (GeV/c)

— 1565 + 8'_"23 1\/[eV/c2 Values consistent with those
14421 of n(1405) / n(1475) at ~20
I' = 457153755 MeV > needs further investigation

[ = 192799152 MeV



Further Observations At pp Threshold
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Further investigations required to clarify
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Coupled channel analysis including
various final states and production
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Model Independent PWA of J/ip — ym°m"

« Radiative J/y decays into two pseudoscalar mesons
— Search for scalar and tensor glueballs (predicted at ~1.5 to ~2 GeV/c?)

« om0 system: only significant 0** and 2** contributions

— Many broad and overlapping resonances, many open channels
—> complex structure, parameterization challenging

— Model Independent Partial Wave Analysis arXiv:1506.00546

accepted by Phys. Rev. D
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Model Independent PWA of J/ip — ym
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Ambiguities may be resolved in a model-dependent fit enforcing continuity
between neighboring mass intervals
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arXiv:1506.00546
accepted by Phys. Rev. D

Model independent approach is under investigation for other systems (e.g. nn, KK)
—> improve our understanding of the nature of the observed resonances
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Conclusions and Outlook

« BESIIl is successfully operating since 2008
— World’s largest data sample at the J/y resonance recorded
— Clean and rich source for light hadrons

« Systematic studies to understand X(1835) and other structures
observed near pp threshold

— Nature unclear: pp bound state, glueball, excited n meson?

« Sophisticated model-independent analysis of J/ip — 707"
— Improve our understanding of the rich structure in 1r17

— Future: Include information from other channels (e.g. KK and nn) to
understand nature of observed resonances (= glueballs)

Exciting times in light hadron spectroscopy with many
important results and still more to come!
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