LIGHT HADRON SPECTROSCOPY
AT BESIII

Ji Xiaobin

For BESIII Collaboration
Institute of High Energy Physics
Beijing, China

The 7th joint meeting of Chinese physicists worldwide International
Conference on Physics Education and Frontier Physics

(OCPA7)

August 1—5, 2011

Kaohsiung, Taiwan




Contents

= |ntroduction

» pp mass threshold enhancement in the
radiative decays of J/y and y'

= Confirmation of X(1835) and observation of
two new resonances in J/U = yn'ttr

* Observationof X(1870)in J/U = wnm*r
= a,(980)- f,(980) mixing

= Summary

OCPA7(2011- 8-2) JiXiaobin (IHEP) 2011- 8-2




BEPC I1I

OCPA7(2011-8-2)

7 ) b -~ L
¥y 3
M3 e A A <
. . > \* BNy, 1 8 4
S > Y o )
- > o p - o
e > >\ A
§ £\ y > ; - o3
\ 2 & \ 7 N
) % > s
N \ .
X - s 4
. . Y
\ -~ < ' “ 2
) ) £ LAY Y
\ % " s X
\ A 3
" e
7 - o’ > ) .‘ J M -
’ g "
\ 2 S - 252 ot ¢
: & R A A
! L WEL

eijing lectron ositron ollider (Il)

A high luminosity double-ring collider

N

Ji Xiaobin (IHEP)

Beam energy:
1.0-2.3 GeV
Design Luminosity:
1x103 cm2s™
Optimum energy:
1.89 GeV
No. of bunches:
93
Bunch length:
1.5CM
Total current:
0.91A
SR mode:
0.25A @ 2.5 GeV
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BESIII Detector

SC magnet

Magnet Yoke

CsI(T1) calorimeter

MDC Momentumresolution 0.5%@1GeV
dE/dxresolution 6%

EMC Energy resolution 2.5%@1GeV
Spatial resolution 6 mm

TOF Time Barrel 80 ps (Bhabha)
resolution  ppgcap 110 ps (Di-muon)

MUC g layers RPC, 8 layers for endcap




Data Sample

= July 18, 2008:
First e+e- collision event

" 2009:
106 M y' events
(x4 CLEOC)

" 2009:
~225 M J/y events
(x4 BESII)

" 2010-11:
~2.9 fb* at y(3770)

= May 2011:
~0.5 fb* at 4010 MeV for Dc and XYZ
spectroscopy

OCPA7(2011-8-2) Ji Xiaobin (IHEP) 2011-8-2 5

MKIII CBAL BESI BESII CLEO BESI




Light Hadron Spectroscopy

Multi-quarks states, glueballs and hybrids have been

searched for experimentally for a long time, but none have
been established.

Inthe past several years, alotof unexpected experimental
evidence for hadron cannot (easily) be explained by the
conventional quark model

Established thelight hadronspectroscopy
Search for non-conventional hadrons

BESIIl advantages:
Gluonrich
Clean environment
Important JP¢ filter, and isospin filter
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pp threshold enhancement @BESII

= |ffitted with a S-wave . 022001
resonance \ Xx(1860)  BESII
M = 1859 . MeV/c |

I'<30MeV (90% CL)
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= Theoretical speculation: g

Ep bound state?
FS| effect?

M(p p) - 2m_ (GeV/c?)
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Non-observation of X(18660

PRL 99 (2007) 011802
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No significant signal of
X(1860) found
(only 2o significance)

4 i0.18 .18 0.2
Mip R mﬂ (GeVic™)
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pp threshold enhancement @BESIII

v' > Iy, Iy — ypp

M=1861"°_,; *" ,; MeV/c?
I < 38 MeV (90% CL)

Chinese Physics C 34(2010)421
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pp thneshold enhancement @BESIIT

Event/(0.02GeV -:"Il
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BESIII
preliminary

Events / ( 0.002)
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Fit result:

Mass=1861.6 + 0.8MeV / c?

I <8 MeV(90%CL)
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pp threshold enhancement @CLEOC

= CLEO-c does the same fit as
that BES, they obtain
M(R,,,)= 1861*°_ (MeV/c?),
['(R,) = 0732 (MeV)
which agree with BESII results.

s CLEO-cfit with three

%}

JN—ppY

-

Phys. Rev. D82, 092002 (2010)
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contributions: Rthr+fo(21oo)+PS O 5100 200 300 00 300 600 700 800 900
AM=M{pp)-2m_ (Me V/ic")
= A e U e m—
The central value of the mass is
['(R,) = 044 (MeV)
close to the resonance mass
CL=26.1% reported by BES with
BES considered 2" and 3™ partsas ~ M(R)=1833.7+6.1F+2.7MeV/c?,
systematic errors. observedin J/y—>R, R>n'nn’
[PRL 95 (2005) 262001]
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X(1860) in y' decays (preliminary)
|

AL
R

BESIII

= Check also for enhancement in
' decays (high statistics)
confirmation of no observation of
enhancementin y' channel

= pure FSI effect unlikely

Event/0.005GeV/c’
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CLEO-cfit assuming
M=1859MeV/c?,  =20MeV 02 (T 0)
PRL 99(2007)011802 2 |

<LC.4X 10-6 @90% CL 05 01 0Is 02 025 03

- .. preliminary
* B(y'>yR)xB(R—> PpP) | M(p}‘))—q;mn((}ev,/c%j
<1.6x10-6 @90% CL
BESII result:
AM = M(pp) - 2m, (GeV)
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X(1835) at BESII

PRL 95,262001(2005)
= The X(1860) should be

detected in other decay
modes.

= G.J.Ding and M.L. Yan
suggest n'n to be a

favorable mode. (PR C72,
015208 (2005))
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* thereis gluon content
in pp

* 1n’has strong coupling to 1.4 2.0

luons o
TE | M(z*tm’) (GeV/c?)
= Confirmation of X(1835) Is - ;
necessary with BESII| M=1833.7t6.112.7 MeV/c

~225M J/y data sample [=67.7£20.3x7.7MeV
BJ/w—yX)x B(X—>r*ntn')=(2.210.41+0.4) X 1074

sig.=7.70
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X(1835) at BESIII
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X(1835) confirmed by BESIIT
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Fitting PESUltS Redline: Contribution of W+@2)

Blackline: Total background

”gsoo
= Fitted with four ® 400
S
resonances S 200
= Three bkg components [EEIM
a8
N’ sideband 100
Jly—nentan’ 0=
Phase Space M,y (GeV/e*)
Resonance M( MeV/c?) I'(MeV) Stat.sig.

X(1835)  1836.5+3.0'6,,  190.1+9.0+8,,

X(2120)  2122.4+6.7+7,, 83141631,
X(2370)  2376.3+8.732,, 83+17+4,
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Fitting results

= The angular
distribution of the
events in X(1835) o<
1+¢0s2(0),which
agrees with JP<=0*
but the others are not
excluded
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BR(J |w — y X(1835))BR(X(1835) = 7 7 n")

= (2.87£0.09(stat),, < (syst))x10™

£0.52
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= X(1835) resonance is confirmed at BESIII, but
the width is significantly larger than that
measured at BESII with one resonance in the fit.

= Two new resonances, X(2120) and X(2370), are

observed with significances larger than 7.26 and

6.40 respectively.

= PWAIs needed not only to determine the spin-
parities of above three resonances, but also to
make more precise measurements on masses,
widths and BRs by considering possible
interferences among them.

OCPA7(2011-8-2) Ji Xiaobin (IHEP) 2011-8-2
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Analysis of J/y—wrtnn
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= |n addition to the well-known n’, f,(1285) and

n(1405), an unknown structure (denoted as X(1870))
around 1.87GeV/c? is observed.

= The f,(1285), n(1405) and X(1870) primarily
decay via ay(980)7* mode.
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Fitting results of M

TTHTT-1

Fitted result of X(1870):
*M = (1877.3 = 6.3) MeV/c?

o[ =(57£12) MeV
*Significance: 7.10

12 14 1§ 18 20
A I-".'-"-‘-‘ + = '- GeV f‘_".":'} I

» Thefitis performedunder the assumption that the
interference between the resonances and
background can be ignored.

= Currentresults cannot settle down whether
X(1870) is actually n,(1870) (I =225 =14
MeV/c?)or a new resonance.
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a,(980) - £,(980) mixing

fooso) 49 aB(980)
PR D75, 114012 PR D78, 074017
J.Wuy, Q. Zhao, B. Zou J.Wu, B. Zou

dI’

dI’
X —Yf, (980)—Ya, (980)—Y z°n(s) _ X —Ya, (980)—>Yf, (980)—>Y 7z (s)
£ (5) = — 220N @0 Y 7n() W g (5) = 0 ERR ORI

dr X —Yf, (980) Y 77 (s) X —Yay (980)—>Y 7% (s)
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a0(980) - f,(980) mixing
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a,(980) - f,(980) mixing
= Mixing intensity

¥ . = (0.60*0.20(stat.)t0.12(sys.) £0.26(para)%
(<1.2% @90% C.L.)

#* C = (0.31t0.16(stat.) £0.14(sys.) o.03(para)%
(<1.0% @90% C.L.)
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Summary

pp threshold enhancement is confirmed at BESII|

= X(1835) is confirmed at BESIII and two new
resonances, X(2120) and X(2370) are observed in the
channels of J/Y = yn'ntm

* Anew structure X(1870) is observed in J/{j =
NI

= 38,(980) — f,(980) mixing is measured, the mixing
Intensities are extracted from experiment, which will

help to understand the structure of a;(980) and
f,(980)

= More exciting results are expected
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Thank you!
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Observation of X(18353) in
J/y > yn ' n N at BESII

Statistical Significance ~6 o ‘ ‘ Statistical Significance ~3.1 ¢ J
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