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~ 10km to Tian-An-Men Square in east
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BEPCII: A High Lumi. e+e- Collider

Beam energy:
1.0-2 .3GeV

Luminosity:
1X10% cm-2s-1

Optimum energy:
1.89 GeV

Energy spread:
5.16 X104

No. of bunches:
93

Bunch length:
1.5cm

Total current:
091 A



From BESII to BESIII

BES Il @ BEPC

Fieet

Superconduicting magnet

BESII

BESIII

dE/dX,es0 = 8 %

MDC | o(p)/p=178%"- 1+ p? o(p)/p,=0.32% -p,

dE/dX,ee, < 6 %

TOF 180 ps (for bhabha) 90 ps (for bhabha)

EMC o(E)JE=22% -V E

o(E)JE=2.3%-VE

MUC 3 layers for barrel

g layers for barrel, 8 for endcap

2012/4/19

QNP2012, Palaiseau, France




BESIII Collaboration

11 Helmholtz Institute Mainz
Europe Johannes Gutenberg-University Mainz
Uni\EJSf 6)waii Germany: Univ. of Bochum, Univ. of Giessen, GSI| Darmstadt
. of Ha : s
; ; Russia: JINR Dubna, BINP Novosibirsk
Univ. ol J¥AShingien italy: Univ. of Torino and INFN, LN Frascati and INFN

Carnegie Mellon Univ.
Univ. of Minnesota Netherlands: KVI/Univ. of Groningen Korea (1)
: Turkish accelgrator center

Univ. of Rochester

Univ. of Indiana Seoul Nat. Univ.

% Japan (1)
Tokyo Univ.

Pakistan

. (1) ¢
Univ. of Punja
J T \'\

% China
IHEP, CCAST, Sh g Univ,,
Univ. of Sei. and Tech. of China
Zhejiang Univ., Huangshan Coll.
Huazhong Normal Univ., Wuhan Univ.
Zhengzhou Univ., Henan Normal Univ. k
Peking Univ., Tsinghua Univ.,
Zhongshan Univ.,Nankai Univ.
Shanxi Univ., Sichuan Univ >
Hunan Univ., Liaoning Univ.
. Nanjing Univ., Nanjing Normal Univ.
cists Guangxi Normal Univ., Guangxi Univ.

ions from 10 countries Hong Kong Univ. Hong Kong Chinese Univ.
GUCAS, Lanzhou Univ.

2012/4/19 QNP2012, Palaiseau, France



BESIII Data Taking Overview

So far BESIIT has collected : :
= 2009: 225 Million J/y Year | Running Plan

- 2009: 106 Million y'(~4 xCLEO-c)

- 2010-11: 2.9 fb-! W(3770) 2012 J/y. L |.:>i||ion / v(25):
(~3.5xCLEO-c ) 0.5 billion (approved)

- May 2011: 0.5fb-! @4010 MeV
(onz month) for Ds and XYZ 2013 4170 MeV: Ds decay

spectroscopy R scan (E > 4 GeV)
BESIIT will also collect: 2014 w(28)/t /
- more J/vy, ', w(3770) R scan (E > 4 GeV)

- data at higher energies (for

X:Zosearches, R scan and Ds 2015 y(3770): 5-10 fb!
physics) (our final goal)

Red: to be approved by BESIII Collaboration
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Light Hadron @BESII|

pp mass threshold structure in Jhy = y (pp)
( Chinese Physics C34,4(2010) and arXiv:1112.0942)

X(1835) in JAy > y (') (PRL 106,072002(2011))
X(1870) in Jhy > ® (nmwrn~) (PRL 107,182001(2011))
1(1405) in Iy — 7 ,(980)1® — y 3w (arXiv:1201.2737 »PRL)
a0(980)-f0(980) mixing ( PRD 83,032003(2011))

N’ = e matrix element ( PRD 83,012003(2011))
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pp Mass Threshold Enhancement:
a baryonium?
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PP Threshold Enhancement @ BESII

« BESII observed pp enhancement close to threshold
J/ — ypp

150 I T | T T I I [

| FTRL 9|1 (]20{)3)r O|22(1)O1
BESII 1

_| + Whatit could be theoretically:
I — pp bound state

—
)
o

Evts/0.005 GeV/c®
n
o

0.10 0.20 0.30
M(p p) - 2m_ (GeVic?)

M=1859 > > MeV/c2T < 30 MeV/c? (90% CL)
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PP Threshold Enhancement: None Observations

15 a0 10

T(15) — pp (CLEO);

« Several none observations...

PRL 99 (2007) 011802 - : E
20 _l LI I LI I LI I_] LI l LI I LI I LI I I_ %
£ 1p(25) — ypp (BES-II) » < F
15;— = % ol

PRD 73 (2006) 032001 4
I LT I T I IR N |-
1.9 2.1 2.3 2.5 2.7 2.8 3.1
M(pP) (GeV/c?)

o

24 26 28 3 32 “,';; “FJ/v — wpp (BES-II)
g «f
No significant signal of - [
X(1860) found vt
(only 2c significance) ! EPJ C53 (2008) 15

B cozoo0+00B8008 D1 012074 0.18 0.18 0.2
Mip P |, [Gel
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J /v —ypp
1m-|q,lllllll'll IIIIII
; BESII
W |
3 w0}k
9 o1
g 1
i sor
wo |
T 1 ) 3

M,,,-2m, (GeV

M=1859 ™3 5 MeV/c2
—-10 =25

I' <30 MeV/e? (90% CL)
PRI 91 (2003) 022001

Mass Spectrum Fitting

v' > Ty, T/ w— ypp

-----------------------------

Events/(0.005GeV/c?)
S 3

.............................
800 005 010 015 020 025 030
M _-2m(GeV/c 2

M=1861 "¢ _;*7 ,. MeV/c?
I' <38 MeV/e? (90% CL)
Chinese Physics C 34,421 (2010)

Consistent with BESII obsveration, confirmed the enhancement !!
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M(pp)threshold structure inJ/y — ypp

225M Jly

Ln
=
=]

: i SEPHEEEER SN ()
' OF i 2239500000R PN

Event/(0.02GeV/c?)
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—— | | cooosOoooDDOODDODODOODOOOOE &« 1

500 Y C e, [DDocscbecocsocssoecasns . 1
- el : ' OO0cooococoocooooooos .- ]

s 34 ] - 1

e F 1

alsaa raaalysaadassaaldagsal g s 1 aa 1]
1.0 1.5 2.0 2.5 3.0 3.5 40 45

2.0 — 215 | — 3{)
M(pp)(GeV/c?) M; o(GeV/e?y
» Evident narrow Mpp threshold enhancementin J/{ decays.

~ Partial Wave Analysis (PWA):

]

2012/4/19

Concentrate on dealing with the pp mass threshold structure,
especially to determine the JPC.

Convariant tensor amplitudes (S. Dulat and B. S. Zou, Eur.Phys.J A 26:125, 2005).
Include the Juich-FSl effect (A. Sirbirtsen et al. Phys.Rev.D 71:054010, 2005).

QNP2012, Palaiseau, France 12



Partial Wave Analysis of J/y—ypp

Component | JF¢ M (GeV) I' (GeV) Stat.sig.

X (pp) 0T | 1.832 +£0.005 | 0.013 +£0.020 | > 300
fo(2100) | OFT 2.103 0.209 11.20
f2(1910) 2+t 1.903 0.196 770

phase space | 0T — — 6.30
Qﬂmi, " chi2/nbin=1.461970] “G800F " Ghid/mbin=1 513776 | “G800F ™ Chid/nbint1.362709 1
PPN S 700f 1 Z700fF 1
S600f3 X(pP) 1 & 3
= ! —o0*Ps =600 1 =600} 1
=S00F £(2100) 1 <500k 1 Sso0k E
Sa00f —£,(1910) = b
2409 5400F 1 Sao00f .
5300 : *300} { 300} -
200¢ * 1 200f { 200} 1
1oog 100} 1 100} 1
0: e T T TN N TR SO T S | O: R S [T TR N T N O: (T S T SR T N
00 01 02 03 14 16 18 20 14 16 18 20
M _-2m (GeV/c?) M, (GeV/c?) M, (GeV/c?)
@ L B B B @ LN AL B BN I L B
Gaoof * b 1 Baoof 2600
200} X(om) ;
1000 —O0'PS 1 -
f,(2100) F
800 —15(1910) g .
600l | chi2/mbin=0.8579p2 i
400 ] B
200 ] - -
-1.0 -05 00 05 1.0 N0 -05 00 05 Lo “C100 0 100
cosB, J/y cosB, pp ¢, PP
2012/4/19 QNP2012, Palaiseau, France

The fit with a BW and
S-wave FSI(I1=0) factor
can well describe pp
mass threshold
structure.

It is much better than
that without FSI
effect, and A2InL=51
= 7/.10.
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Partial Wave Analysis of J/y—ypp

« PWA results are carefully checked from different aspects:
— Contribution of additional resonances

— Solution with different combinations
— Different background levels and fitting mass ranges
— Different BW formula

All uncertainties are considered as systematic errors.
 Different FSI models - Model dependent uncertainty
 Spin-parity, mass, width and B.R. of X(pp):

J*=0" ==y |>6.80 better than other JP¢ assignments.
M =1832 £ 5(stat) "> (syst) +19(mod) MeV/c?

I =13+ 20(stat) 7, (syst) + 4(mod)MeV/c® or T < 45MeV/c’ @90%C.L.
B(J /v — yX(pp))B(X(pp) — pp) = (9.0+0.7(stat) ;> (syst) £ 2.3(mod )) x10~°

2012/4/19 QNP2012, Palaiseau, France
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Partial Wave Analysis of w'—ypp

Obviously different line
shape of pp mass spectrum
near threshold from that in
Jhy decays

S ASOF T
] F

=400 ;_(a)

& 3s0F cJ

S 300f

S 2s0f
= [
S 200F
150 F

el b
2.5 3.0

\C. .. 1)
35

1\/1%5((%,\//(:2)2

PWA results:
 Significance of X(pp) is larger than 6.90c.

* The production ratio R:

B(y' — yX(pD))

“ By — yX(pD))

M(pp)(GeV/c?)

©

: >
first measurement | ©
S

2

2

8|

= (5.08+0.56(stat) 2> (syst) +0.12(mod))%

* Itis suppressed compared with “12% rule”
To be appear in PRL

2012/4/19
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PWA Projection:
3sE | chi2/mbin=0887100
30 :
25
20
. m
] —0°PS :
10 f,(2100) E
E — ,(1910) ]
5E —|_'_'_“‘_—'——._.—::
) 02 03
Mpﬁ-Zmp(GeV/c )
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Confirmation of X(1835) and
Observation of X(2120) and
X(2370) In Jy—y(n'n+n—) decay

QNP2012, Palaiseau, France
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X(1835) @BESI|

d, 120
> BESII result(Stat. sig. ~7.70):
§ 80 M =1833.7+6.1(stat) +2.7(syst) MeV
g 10 ['=67.7+20.3(stat) = 7.7(syst)MeV
% PRL 95,262001(2005)
0

1.4 2.0 2.6
M(x*zm") (GeV/c?)

« LQCD predicts the glueball mass of 0-*is ~2.3GeV
« For 0+ glueball, it may have similar property as n. (mainly decay to nnn’)
« Jy— yrrn' isspecially interested and was studied with 57M Jhy @BESI I

Need to confirm it with BESIII ~225M J/y data !!!

2012/4/19 QNP2012, Palaiseau, France 17



Invariant Mass of nrn’

- . ] Ty F NE
N§12001_ 77’ — P * data i = 350§ T . data i ]
H000F  prgy —PS MCI s g 300 —PS MC E
= 200l : E < 2s0f BESIIT . =
- - = ~ 1y 15 ?‘Ié =
Z 600f - . = % 2001 P LR
g E - e o® .'-.. .. ° - L D%l- 150 ;— . e ..‘l? ' 'M.. =
&3 400 - - %e® 100 i— -.:::.1_- &% —i
200f e® = SOF e E

0 oy - o . o o L o 7

1.5 2.0 2.5 3.0 1.5 2.0 2.5 3.0

M, . (GeV/c?) M, .. (GeV/c?)

» X(1835) and n_ are evident.

Combination for n’ to ' and yp

1600

~]
n ]
p—

LI B e |

T T T T T T T T

®

» Two additional structures are
observed at M~2.1GeV and 2.3GeV

Events/(0.04GeV/c?)

» There maybe some f,(1510).

1400
1200
1000
800
600
400
200

I][l][l][l]lllll

[I]II][III] L

BES 11T
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0

[a—y
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4161820222426 2830

M+t N’ ) (GeV/F)
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Fitting With One Resonance

500 -
400

300

Events / ( 0.02)

200

100 % *

¢

277

et

BESIII preliminary

Structures at higher mass region???

Fitting Results:

YT

1.8

2

el
2.2

2
me .(GeYIc )

it
BESIII preliminary:
M =1842.4 £ 2.8 (stat.) MeV
2.6 I' = 99.2+09.2 (stat.) MeV

P I
24

Statistical significance: ~ 2lc

EVENTS/(20MeV/c)

BESII

BESII Results:
M=1833.7 £ 6.1 (stat.) £2.7(syst.) MeV
' = 67.7%20.3 (stat.) £ 7.7(syst.) MeV
Statistical significance: ~7.7c

1.4

CM(rtrm’) (GeV/c)

2012/4/19

2.0

56 X(1835) is confirmed in BESIII and the
significance increases as statistics increases

QNP2012, Palaiseau, France 19



Fitting With 4 Resonances

» Fitting with four resonances (acceptance weighted BW ® gauss)

» Three background components:
(1 Contribution from non-n’ events estimated by ' mass sideband
@ Contribution from J/y — z°7*z ' with re-weighting method
(3) Contribution from “PS background”
Sorg (X) = (x =mp)'" +ay(x —my)*"? +a,(x —my)'"?, my =2m_+m,

/ Red line: estimated contribution of )+ 2
Black line: total background

Events/(0.02GeV.
N W g
2 &

- // ' — Stat. sig. is conservatively estimated:
Y ""BES L] fit range, background shape, contribution
100f M. }
L = ] of extra resonances
0 .4'1'.6'1'.8'2.0'2'.2'2(.32: %/63.8
Men (GeVIE) PRL 106:072002,2011

2012/4/19 QNP2012, Palaiseau, France 20



Fitting Results With 4 Resonances

Resonance M( MeV/c?) I'( meV/c?) Stat.sig.
X(1835)  1836.5+3.05%6,,  190.1+9.0"% . >200
X(2120) 2122.4i6.7+4'7_2.7 83i16+31_11 /.20
X(2370)  2376.3+8.7%32,, 83+17+4 6.40

g swop |-

S = Angular distribution |

T 4000

5 For the X(1835):

BR(J |y — yX(1835))- BR(X(1835) = 77 7n')
=(2.87 £0.09(stat)=, ., (syst)) x10™

£0.52

?)_0 I I012I I I0:4I I I0.|6I | IOI.SI I Il_.O
lcos8, PRL 106:072002,2011

2012/4/19 QNP2012, Palaiseau, France
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Observation of X(1870)
in J/y—o(mat+n—) decay

QNP2012, Palaiseau, France
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Observation of X(1870) in JAy—w(ntrn)

Events / 20MeV /¢

C

—

Events / 20MeV

2012/4/19

] (a) 'n“!#‘:'m"u

200 o

h

A

900
800
700
600
500
400
300
200
100

b

0 | | | | | L
08 10 12 14 16 18 20 12 24

M, + o (GeV/c?)

* With a,(980):
F () @xasm
f,(1285) » by

=

S 10 12 14 16 18 20 22 24

M, o+ (GeV/c?)

—2,(980)

soof (b)
= ..
4000F
L] 3
(111 S :
s " !
L) , ]
1000 ¢ \\\_
0_ v | | :

06 08 10 12 14 16

M, = (GeV/c?)

18 20 22

* Veto a,(980):

1000_ | | | | | | |

- (d) W
800 AR

[ '“i!ﬂ i ]
600 : i

F o Py

a ¢
400: 'l v
300;— ' a,.-’

m"'| | | | T
0510 12 14 15 18 20 22 24

M, + - (GeV/c?)

QNP2012, Palaiseau, France

In addition to the well-known
n, f;(1285) and n(1405), an
unknown structure
(denoted as X(1870))
around 1.87GeV/¢? is
observed.

The £,(1285),n(1405) and
X(1870) decay primarily
via a,(980)m mode.

23



Fitting Result of X(1870)

» Fitting with three resonances (acceptance weighted BW ® Gauss)
» Background component described by Polynomial function

ao Fit results:
~— :
]
ﬁ 100 Resonance| Mass (MeV/c?) Width (MeV/c?) Branch ratio (10~%)
S f(2ss) [ 12 1078 2020188 135201098
— 2 = . .
= d00f n(1405) |1399.8 £2.270% 528+ 76100  1.894£0.217 7}
= - . _ 5
= il 1877.3+£637,7  57+127° 150402670 07

100}

\

14 . 1.8 20 .
Mypine (GeV/c2) significance: 7.2c

The fit is performed under the assumption that the interference between the
resonances and background can be ignored.

Whether the X(1870) is the X(1835) or 1,(1870) (I =225£14 MeV/c?), or a new resonance?
Need further study.

PRL 107:182001,2011

2012/4/19 QNP2012, Palaiseau, France 24



Understand those structures?

PRD73,014516(2006) Y.Chen et al v’ first resonant structures observed

1o . |5 mn the 2.3 GeV region:
O m—
10| 0 m— — -LQCD predicts that the lowest —lying
- Ch—— pseudoscalar glueball: around 2.3 GeV
[2zzzesss! 3 —
81 0~ - . S -JAp=2yn e 1s a good decay channel
o B S for finding 0-* glueballs.
6 | O+ s — -
AN |2 = v X(2120)/X(2370) possibilities:
4 | OF w— 0+: 2560(35)(120) ~ _
2*+: 2390(30)(120) psel;ldosc?alar gluet??all ?
)| I 1 -n/m" excited states'
0 ' - ' - 0
++ -+ +- --
PRD82,074026,2010 I.F. Liu, G.J. Ding and M.L.Yan

PRD83:114007,2011 (J.S. Yu, Z.-F. Sun, X. Liu, Q. Zhao)

25

2012/4/19 QNP2012, Palaiseau, France



n(1405) in Iy — v £,(980)n° - y 3w

2012/4/19 QNP2012, Palaiseau, France
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‘ |ar){iv: 1201.2737v1 Accepted by PRL

(1405) in J /w—)yf0(980)n:° f (980)—)21:

fo(930)—>ﬂ:°ﬂ:°

> >
3 &
S S
) )
& 2
C c
2 2
w Ll

A i P o S . A P T s S B

93 1.4 16 1.8 2 1.4 1.6 1.8

M(f (980)n°)(GeV/c?) M(f (930)1:0)(Gewc

First observed: n(1405)—f,(980)n° (isospin breaklng)
Helicity analysis indicates the peak at 1400MeV is from 1n(1405) , not from f;(1420)

Br(] /w — yn(14053) — y2’f, — 2’7z 77) Br(] /w — yn(1403) — yr'f, — yr’7x°7°)
= (1.50 + 0. 11l(stat. ) + 0. 1l(sypsz. ) ) x 107° = (7.10 £ 0. 82(stat. ) £ 0. 72(syst. )) x 107°
Large Isospin-violating decay rate:
BR(n(1405) — £,(980)7° — "7 z°)
BR(n(1405) — a,(980)7° — 7°z°n)

=~ (17.9 £ 4. 2)%

In general, magnitude of isospin violation in strong decay should be <1%.
ap — fo mixing alone can not explain the branching ratio of 11(1405)—f,(980)n°

QNP2012, Palaiseau, France 27



Anomalous Lineshape of f,(980) in J/y—y f,(980)r°

220F T T T T T T T 08| o T R R R
G2k I f080)>rn 3 g | £,(980)—>70m0
3k S
(]
o !
= 50
E =
c
b
=
L
| 0™ =09 10 11 12
M(r*7)(GeV/c?) M(r°r0)(GeV/c?)
M = 989.9 +0.4MeV/c? M = 987.0 +1.4MeV/c?
=95+ 1.1 MeV/c? [= 4.6 + 5.1 MeV/c?

2012/4/19

Surprising result:

very narrow f,(980) width: <11.8 MeV/c*@90% C.L.
much narrower than the world average (PDG 2010: 40-100 MeV/c?)

A possible explanation is KK loop, Triangle Singularity (TS) (.. wu et al, PRL 108, 081803(2012))

QNP2012, Palaiseau, France
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New results on n’2>7nnn

- | 160 |
c:b__h 300;’ J.h]U—)"‘," r]" 9TE+TE_TEU ‘1)__ 140;_ Jfl]ll—)"'{ rlf 9]'[07[0]'[0
o 700 1  120F
© s0of S 100f
£ S o
@ E @ i,

T 300E £ %
2 200f @ 40p
T R - B of
100§ 20F ; t
f8s 09 085 1 105 1.1 00.860.88 0.9 0.920.940.960.98 1 1.021.04
M(m*rn0)/(GeV/c?) M(rnrl)/(GeV/c?)

New results:

Br(w' - n*mr~m% = (3.83+0.15+ 0.39) x 10™3 (PDG2010: (3.61333) x 1073)

Br(n' - n°7°7%) =(3.56+0.22 + 0.34) x 10~ (PDG2010: (1.684+0.22) x 10~%)
For the decayn’ — 797070, it is two times larger than the world average value.

Comparison: Isospin violations in n'=2>nnm :

~1.6%

BR(i} »n*n 7°) 0.9% BR(i7 > =°x°x°)
~ 0.9%,
BR(1 > 7 ) " BR(if >n°n"p)

2012/4/19 QNP2012, Palaiseau, France 29



Charmonium @BESIII

3.8
Charmonium Decays
Y(2S) >y 7, ¥yM, YN’ (PRL105,261801(2010)
PRL 107,092001(2011 NN
Xy = 09, ¢o, oo ( (2011)) 5 |
Yy = 7070, MM’ (PRD 81,052005(2010)) 8 -
w 340
Xer —> YP YO, Y$ (PRD 83,112005(2011)) & S
Y —> 40 ( PRD 83,012006(2011)) A/ /4
Charmonium Spectroscopy
'. /'/ . E1-Dominated Transitions
mass and width of m, (arXiv:1111.0398) 0| [ndrsd)] V-Domiated Transilons
properties of h, (PRL 104,132002(2010)) A LA
JPC

multipoles in y(2S) — yy ., (arXiv:1110.1742)

2012/4/19 QNP2012, Palaiseau, France
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yv(2S) > yndyn,yn’

QNP2012, Palaiseau, France
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Why Jhy(y')—>yP

» Important for testing various phenomenological

mechanisms: Vector dominant model (VDM), V@s) =y

| L : Y ,
final state radiation by light quarks. | . ] nory

Fig. 5.16. VDM contribution into ', y#" WOO0OV0

11" mixing, 2-gluon couplings to qq states, and

o Ry, =B(/y-yn)/B(/W-yn)is predicted by 1** order perturbation = ideally, study the n—n' mixing angle, but
theory, and is related to the mixing angle of n- n’ by following formula: W(28) = yn 1s anomalously suppressed...

[/ - yn) Pn) ,
=T ( e

Py Y(2S) — yn?
AndR, =B B ~ Ry, is expected. \
y = BW'-ym)/B'~m)~ R, isexp v SN Y
»  The contribution of /' ~y*~yr process to B(y'~yn®) is calculated to ves) VYV ™
be small (~2.2x107), but is compatible to VDM expectations. Precise
measurement will be necessary to fix the theory and to extract the form = possibly study the y* —y —at°

: : form factor for timelike y*
factor of y*-y-n’ for time like photons. !

2012/4/19 QNP2012, Palaiseau, France
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CLEO-¢’s Results

Recently, CLEOc reported their results on
I/¢”¢ Y= yP:
Found no evidence for Y’—=ym® or yn

« Upper limit for B(y’'—=yn?) is less than
5x10°

* (Obtain qu < 1.8% at90% C.L.and R
=(21.110.9)%

R, < R;/,, posesa challenge to the theory !

/W

QNP2012, Palaiseau, France

CLEOc, PRD 79
111101(2009]

¢-+wﬂ3ﬂ%

(©).
R
Lol B

e
3 - (e):
R L
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Analysis with BESIII Data

Y(2S) = W2S) = yn Y(28) =y
(First Observation) (First Observation)
- 40
2 L 10 20
{litriiltliif]? /;( 1 ®005 03 0}5 02 025 03
pletion! \._ 10O w | )
> SR Mass (GeV /c)
—— 4 | :
g \ Y R
2 * +h
0 0.2 08 06 o7 085 09 08 1  1.05
Mass (GeV/c?) Mass (GeV/c?)
Mode BESITI Combined BESITI PDG
W — 0 1.53 +0.40 +=0.13 1.58 +0.40 +0.13 <5 (Branching
| o 0y|1 = - -
— y(r07070)  [1.07 £ 0.65 + 0.08 s of 10-5)
P P S . - units of 10~
Y=o (mT ) | 120£5£8 126+3+8 12148
— v (rt ) 129 £ 3 £ 8
2012/4/19 QNP2012, Palaiseau, France



Suppressed for y(2S)—>yn

e For JA,

B(J /Iy — ym)

JAp — yn)

By — ) =@11£09) % "y

AVAVAVAVAVAVAVAVAVANRY
O0CO000C0 I

mormn'

consistent with other measurements of the
-7’ mixing angle.

2012/4/19

But for ¢(2S),

000000000

Y(2S) — yn

By(25) — ?’”’) = (1.10 £ 0.38 £ 0.07) % w(éS)
B(2S) —=yn") :

VAVAVAVAVaVaVAVAV N

normy’

Why the difference?
¢ interference with the continuum?
e conftributions of other processes?
¢ something related to the “pmx puzzle?”

QNP2012, Palaiseau, France
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XCJ —> V\/1 V:(D,(I)

QNP2012, Palaiseau, France
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Test QCD-based theory at ., decays

I
X
> X
TT—— .

X.; hadronic decays
at QCD leading order

The Motivation

Eur.Phys.J.C2.705;
Eur.Phys.J.C14,643

X.; hadronic decays

in the color octet theory

Puzzles for y., =2 VV: no helicity suppress

PLB 642,19/(2006)

PLB 630,7 (2005)

BESII results:

BR(10%) | %o X2

o 0.93+0.20 1.5+0.3
[0 2.310.7 2.0x£0.7

Y1 2 00, o Is only allowed for L=2, suppressed ?
Y1 2 ¢ OZI doubly suppressed
surprisingly these decays observed at BESII|

QNP2012, Palaiseau, France
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x> VV @ BESIII

" % —> ¢ ¢ and y.; - ® ® are Singly OZTI suppressed

" %1~ 00 and y.;Dow is suppressed by helicity selection rule.
xCJé qm) is doubly OZI suppr'essed not measured before yet

%:é: Mode Nnet e (%) B(x10~T)
- r—— FRRE R 75i(]4+(]a
£ E X1 — P 254 + 17 26.4 4.1 +0.3+0.4
= Xe2 —+ P 630 +26 26.1 10.7+=04+1.1
-b—-é‘ — (K"K
=3 X0 — PP 170+ 16 1.0 02+07 1.0
2 oE Xci — P 112412 2.3 5.0+ 0.5+ 0.6
r = Xe2 —+ PO 210416 22 10.7+£0.7+1.2
gnf_ —+ K"K =otoa ="

Combined:
2”"‘ Xco —F PP
- Xel —+ g
S XNe2 —+ [:J"J—:'
g“‘ Xl — Wi
e Xel —F ww
'_'IEJS Ke2 — Wi
iz — 2(xtxx")
2, Ych —* W 14.7 Q.24+£01202D
Eu Xc1 — we £+4 162 [022=0.06 L 0.02]

10 Y2 —F L . 15.7 < 0.2
330 B ¥ X - . 7 7
First observation Evidence

2012/4/19 QNP2012, Palaiseau, France 38



2012/4/19

_ 3960805—01{
3.87 2 M(D) —
3.6 (1PH
O | Xo(1P)
~34 —
> 5
o]
S
% I
53.2_ ]

3.0}
P - O_+ 1-_

1+— 0++ 1++

L L=0 0 1 1 1

2++_

2.8

QNP2012, Palaiseau, France



N(15)

* The S-wave spin-singlet charmonimum ground state, found 1n 1980
* M & I’ measurements:
-J/y radiative transitions: M~ 2978.0 MeV, '~ 10 MeV
-YY processes: M =2983.1+1.0 MeV/, T'=31.3+1.9 MeV
* CLEOc found that the n_line shape m 1’ decays 1s distorted.
® YV, PP
| R
| ® (1S, 25)>yn
LUEES | a width | v
| H— - AUBERT 08AB BABR 24 o AUBERT ~ 08AB BABR 25
|+ - UEHARA 08 BELL 43 -1 - UEHARA 08 BELL 0.0
SIS I A v=rd 07  BELL [ —— wu 06 BELL 57
=7 W 06 BELL 69 —tt— - wWu 06  BELL
— L w 06 BELL 08 o | ASNER 04 CLEO 03
I.' zll. .. . . ASNER 04 CLEQ 04 ’;‘ “ ----- AUBERT 04D BABR 7.8
| |- AUBERT 04D BABR 20 | AMBROGIANI 03 EG35 03
'® .T ogapRocmNBs e 22 JANERy - FANG 03 BELL 0.0
= ... FaANG 03 BELL 0.1 J¥ = BAI 00F BES 33
@ |\ BA 00F BES 26 *-‘—.7—%L | ARMSTRONG 65F E780 01
—@—+ -\ BA 90B MRK3 4.1 L :
o B ®HF T BEMTE
t | I .‘\\i | (Confidence Level =0.0014) /lf | | \-\5 ) [Confidence Level<0£.l§é}001)
2050 2060 2070 2080 2000 3000 ([ —=()()0]4 o o 20 20 50 80 CL<0000]

Nc(1S) mass (MeV)

2012/4/19

n-(15) WIDTH

QNP2012, Palaiseau, France
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50

Events / 10 MeV/c?

272752828529295 3 3.053.13.1538.

Y’ 2., N, 2 exclusive decays

interference with non-resonant background is significant!!

—e— data

I other ' decays
=%

W cont

---- sig

— — non-reso

M(KsKn) GeV/c?

140f _*_ data

I other y’ decays
“,.9‘ 1201 [ ¢

L1201 - o KsK3n
© 100 _ _ jonreso

s £

o

@

=

o

>

L

2.7

Relative phase ¢ values from each mode are

1 | 1
2752828529295 3 3.05313.153
M(KsK3m) GeV/c?

consistent within 30,

= use a common phase value in the

simultaneous fit.

2012/4/19

2

250

[ [ other y(2S) decays
Nk 1

200¢ I cont

[ ---- sig

Events / 10 MeV/c?
(4]
(=]

100

50}

—— data

i K*K ne®

— — non-reso

272752828529285 3 3.053131532

M(KKn®) GeV/c?

[ —=— data

300} mmm other v’ decays

o S
© 250 W cont

2 o00f -

---- sig

— — non-reso

Et b S .“1":.“,“,
272752828529295 3 3.0563.13.153.2

M(2K2an?) GeV/c?

160

Events / 10 MeV/c?

E —— data

L [ other " decays
E "

r W cont

[ =----sig

£ — — non-reso

250

2

2

72752828529285 3 305631315632

M(rmn) GeVv/c?

 —=— data
[ [ other y(2S) decays
[

- B cont
I ----sig

[ —— non-reso

- -I_—' "'I .-.‘ ‘.....- - ‘I--+--I-\""1

L. | 1 1
72752828529285 3 3.0563.13.1563.2

M(6m) GeV/c?

M: 2984.4 £ 0.5 £ 0.6 MeV

I 30.5%1.0+0.9 MeV

¢: 2.35+0.05+0.04 rad

BESIII arXiv:1111:0398 —=>PRD

QNP2012, Palaiseau, France
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Summary of recent 1), results

BaBl»ar vy
Belle [1] yy —_——

CLECc [2] vy o
BESIIl y*-> 1, —e—
Belle B ->K m, ®
2978 2080 2982 0984 0986 2988
n_(1S) mass (MeV/c?)

BaBlar Y | —— I

Belle [1] vy ——
CLEOc [2] yy —_—

BESII y>1m_ -9~

Bellcle B ->K‘n’: . ——

5 10 15 20 25 30 35 40 45
n,(15) width (MeV)

Hyperfine splitting: AM(1S) = 112.5 + 0.8 MeV

Theorists are happier with this value
(earlier result was too large for them)

QNP2012, Palaiseau, France

42



2012/4/19

hc(lPl)

e Spin singlet P wave (S=0, L=1)

« Potential model: 1f non-zero P-wave spin-spin interaction,

AM,(1P) = M(h,) - <m(1 3P,)> %0
where <m(1 3P,)>= [(M(yo)+3M(x.)+5M(x,)1/9,

« CLEOc observed h, in ee 2y’ =>7°h_, h.=2>yn,
AM,(1P)=0.08+0.18+0.12 MeV/c?
Consistent with 1P hyperfine splitting = 0.

Theoretical prediction:
BF(y(2S) 2a°h) = (0.4-1.3)x10*
BF(h.=2yn.) =48% (NRQCD)
BF(h_=2ym_.) =88% (PQCD)
Kuang, PR D65 094024 (2002)

BF(h_.=2ym.) =38%
Godfrey and Rosner, PR D66 014012(2002)

QNP2012, Palaiseau, France
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Measurements of h,

only detect the i® = “inclusive”
e M,,_from kinematics)

Rate « Bf (' =x°h,)

I
- detect the n° & y > “E,-tagged”
i compute M, _from kinematics)

Rate « Bf (y/ —’Jfohc) x Bf (h, —=yn,)

hadrons detect the n°, y & all . > X; decay products—> “exclusive”
(compute M,,_from 4-C kinematic fit)

Rate «< Bf (y/ —:-xohc) x Bf(h, =yn,) x Bf(n, =X,)

QNP2012, Palaiseau, France
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y'=2>n °h, , h,2vn,

;‘S’gg BESIII BESIII: PRL 104 132002 (2010)
w0l Mass = 3525.40+0.13+0.18 MeV/c?
2500 Width = 0.73+0.45+0.28 MeV
2000 .o
1500 L bt s + <1.44 MeV @90%
1000 =7 | CLEOC: PRL 101 182003 (2008)
500 33l 331 353 354 El tagged ’
0 ' ' Mass = 3525.28+0.19+0.12 MeV
500001 Width: fixed at 0.9 MeV
40000: 2500
30000} 0 Hyperfine mass splitting
20000{ *° AM, (1P)=M(h_) - <m(1 3P,)>
10000 gl nclusivd  BES!I: 0.10£0.13£0.18 MeV/c?
0b—— - - 2 CLEOc: 0.02+0.19+0.13 MeV/c?
3.51 3.52 3.53 3.54

By combining inclusive results with E1-photon tagged results

BF(y' 2 a°h_) = (8.4+1.3+1.0) x10* Agrees with prediction from Kuang,
BF(h,=2 yn,) = (54.3+6.7+5.2)% Godgrey, Dude et al.
2012/4/19 QNP2012, Palaiseau, France
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Y’ =2 °h,, h,=2yn., n, exclusive decays

- BESIII Preliminary

Evenie'l MeV

sosil
) n’mllml.a(‘.ﬂ\-'r b

Eveints’l Mey

At % é Ka'm

M B

2 £ | >

i GV ¥ o el mass [Gevie) :0

~ i | -

A ]2 2

: milln sl - e - Nt

'jx'mllmss'(b\-' - ﬁnn’r;ilmi(- :\:i]li 8

3 nr-'mwr >

2012/4/19

3
= ; | l!
i s i 521
ER =k L s
i KKy
= ..
3 E 35 T PeNg

= recodl mass (GeVie)

o nmluus[(*\r .

Evene'] MeV
R LEEE
= e

nrn'n’

T T s
" recail mass (GeVie'}

Eveints’l MeV
P i3 & =

J'L'i.!'l'[ e

' n‘mni mass (Gevie)

i® 3w

16 different n_decay channels

Simultaneous fit to t° recoiling mass
x?/d.o.f. = 32/46

Mass =

3525.31 +£ 0.11 £ 0.15 MeV/c?
Width = 0.70 = 0.28 £ 0.25 MeV

352 354 56
1i° recodl mass (GeVie')

Summed distribution

A N

gyl
(9]
=
w
—
o,
%
=
Y]
2

!

832435 evts.

.-h TTT
o0

QNP2012, Palaiseau, France

L L™
3.52 3.54

I330I
M(n° recoil mass) (GeV/c?)

3.56

:|- consistent with BESIIT E,-tagged results

46



Events/10 MeV

160
140

120

g

80
60
40
20

N lineshape from y'2>xn°h_, h.2ymn_

(=]
=
L}

“BESIII Preliminary >

— S 150

2 = f

-~ Sum of 16 of = kb

= 1. decay modes -

= 2 sofF

= SEE

— S . J‘.:l-----r-"".' o e g |

2.4 2.6 2.8 3.0 3.2 RV
M(hadrons) (GeV/c?)

"BESIII Preliminary

Background i
subtracted 1,

3.0 32

2.6 23 |

M(hadrons) (GeV/c?)

The n.lineshape in h,.>ynis not as distorted as in y'>yn_decays;
the non-resonant interfering bkg is small (non-existent?). Ultimately,
this channel will be best suited to determine v, resonance parameters.

2012/4/19

yesterday's search - today's discovery > tomorrow's calibration

QNP2012, Palaiseau, France
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Summary

BESIII has been in operation since 2008: ~106M + ~500M wy(2S) , ~225M J/y ,
2.9fb-1 ¢(3770) , 0.5fb-1 y(4010) events have been collected,

Light Quark Hadrons
X(1860) in Jiy >y (pp ) ( Chinese Physics C34,4(2010) and arXiv:1112.0942->PRL)

X(1835) in Jiy > vy (Ww*n) ( PRL 106,072002(2011))
X(1870) in Jiy > o (nmtn)  ( PRL 107,182001(2011))
n(1405) in Iy = y f,(980)1® > y mrr—=O ( arXiv:1201.2737 —PRL)
a0(980)-f0(980) mixing ( PRD 83,032003(2011))
n’' = nutt matrix element ( PRD 83,012003(2011
Charmonium Decays and more than dozens

y(2S)—>yn% ym, ym' ( PRL 105,261801(2010)) .
X7 = 00, 6o, ®® ( PRL 107,092001(2011)) anal yS€s In progress

Xeg = ®°70, MmN’ ( PRD 81,052005(2010))

e = YP , YO, Y&  ( PRD 83,112005(2011))

Xy —> 470 ( PRD 83,012006(2011))
Charmonium Spectroscopy

mass and width of n, ( arXiv:1111.0398)

properties of h, ( PRL 104,132002(2010))

multipoles in y(2S) — vy, ( arXiv:1110.1742)

Open Charm: coming soon

2012/4/19 QNP2012, Palaiseau, France

48



2012/4/19

Acknowledgement

Thanks to all BESIII colleagues

for their helps on preparation of this talk

QNP2012, Palaiseau, France

49






