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BEPCII storage rings

Peak Luminosity:
Design. 1x10*3¥cm-=2s-

y -«\\\ Beam energy: 1.02.3 GeV
N\
W
W

.} Achieved @ 0.65 x 10%* cm~s-!
“~- | . Optimum energy: 1.89 GeV

” Energy spread: 5.16104
/,’;’ Circumference: 237 m

Beam energy measurementtsing Compton backscattering
technique. Accuracy up 10>



Physics of t-charm region

Charmonium physics

— charmonium state & transitions
— charmonium decays

Light hadron physics in J/  y decay
— Meson & barion spectroscopy
— Search for exotic

Open charm

— absolute branchings

— decay constants f &f,,CKM, LQCD calibration for B-physics
— DO9-D° mixing & CPV, ...

t-lepton mass, R -ratio

Rare & forbidden decay



BES |ll Detector

Int. J. Mod. Phys. A24, 377 (2009)
NIM A614, 345 (2010)

® Be beam pipe
® He-based drift chamber:
op/p=0.58%, dE/dx~6% at 1 GeV

Csl electromagnetic calorimeter:
o0E~2.5%, space 0.6 cmat 1l GeV

TOF: 80 ps (barrel), 100 ps (endcap)
1T Superconducting magnet

Muon system : 9 layers of RPC In
magnet yoke

Close to 4 acceptance(93%), very little material inside trackey
excellent tracking & calorimetry



Data Samples

e BESII collected
— 2009: 225 M JAY

Int. luminosity: 2009.01- 2011.06
~ 4,0 fb!@ all energies

— 2009: 106 M l'IJ, “““““““ ﬂ—Integra.lLLuuAvgi /
— 2010-112.9 fbot Y(3770) | ?0‘[;‘;@% 7%)
DDDDDDD . s
(3.5x CLEOc 0.818 fot) | 7
— 2011-05477 pbt @4010MeV
2010;)(3770)
(for Dg and XYZ spectroscop = =
aabl ERAHHHHHEHE

 BESII data-taking plans

— 2012: 1 billon dp, 0.7~1 billony’

— 2013: @4170 Me\D¢ physics; R scan

— 2014:¢’/T/ R scan

— P(3770) 5-10 fi# 5
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PWA near pp threshold i - ypp

Prelimenary PWA

results for X(pp):

00 ChRR/bIn=T 491970] G80OF  GRiY/nbin1 513776 | 800F  chi%/nbint] 365705
= _ =700F 1 Z700F i
200l G S ook 1 Soool i« f,(2100) / f,(1910) fixed to
S G $soof 1 Ssoof : PDG.
Z4a0op - s 4 5400} { B400f 1
5 300F v + ~300F 1 “300f :
2000 5+ 1 200 {200} 1« Including FSI result in
100f 100 {1 100} : .
N e of of substantial improvement of
0.0 0.1 0.2 0.3 1.4 1.6 1.8 2.0 1.4 1.6 1.8 2.0 . .
M, -2m,(GeV/c?) M, (GeV/c?) M Gevey  the fit; diferent FSI models
22! R B B R I I Frr T T ] U B . .
Epgg 4000 e e | used to estimate systematic
1000 _?0(51800) ] 1000;_ ]
800 —,(1910) B 800 ]
600F chi2/nbin=0.8579P2 1 600; chi2/nbin=2.037839 |
400;— J——,_‘H;'_"\L 1 400F 3
200]4&7 ] 200F ]
G: PR BT RS RS R t | | |
-1.0 -0.5 0.0 0.5 1.0 1.0 -0.5 0.0 05 1.0 -100 0 100

cos6, pp ‘%J’ﬁ

JEC =0+

M = 183211 (stat) )2 (syst) £ 19 (FSI model) MeV/c?

+11

F — 13 :l: 39 (Stajt)_gg

(syst) £4 (FST model) MeV/c?
Br = (9.017 (stat)}? (syst) & 2.3(FSImodel)) x 1077



PWA on the pp mass threshold structure in (ﬂ' - VPpp

_ _ _ L PIBESIHI [T ;
Obviously different line 3 F XcJ
shape of pp mass spectrug seop \
near threshold from that ing ,,,f n

2 150F C E
J/ ¢ decays 2 103 \
50 3

1\/1315((&:\?/@2)2

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

= Y N Y BER
o M(pp)(GeV/c?) M; (GeV/c?)
Preliminary PWA results: PWA Projection:
fg 35F | |,chi2/nbin=0.887100 _
e The production ratio R: S Zg '
R = B/ - yX(pp)) S 2
5314/ ~ yX () ca L
= (5.08+ 0.®(stat)," (systk 0.12(moiPo sf L
e Itis suppressed compared with “12% B0 o Mmggmp(GeV?éé)

rule”.
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X(1835) and new structures I/ — yn'mt

PRL 106, 072002(2011)

£
= 20 ¢ two news! | |
O X(1835) consistent with0,
N 40
= but the others are not ruled out.
=30
c
® 20
T S ) dpe———

10

014161820222426:
M i (GeV/C)
Resonance M( MeV/c?) ( MeV/c?) Stat.Sig.
X(1835) 1836.5+3.0"56 ,, 190.1£9.0+38 ., >200
X(2370) 2376.3+8.7+32 , , 83£17+44 6.40




h. in y'—=ath,, h,—yn. at BES I

The least studied charmonium  bellow open charm

4000 |
3500 s
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2500 |
2000 |
1500 |

BESIII: PRL 104 132002 (2010)

Mass = 3525.40+0.13+0.18 MeV/c? &

Width = 0.73+0.45+0.28 MeV &c»‘éﬁ
<1.44 MeV @90%(,\\4@

1000 o © o
s0f s 1189080 o) poc: pRL 101 182003 (2008)
e | Mass = 3525.28+0.19+0.12 MeV

50000; e~ e . .
40000§ s \\ Width: fixed at 0.9 MeV

B AM,,(1P)= M(h, ) - <m(1 *P,)>

20000 )

A .~ BESII: 0.10+0.13+0.18 MeV/c2
== Inclusive cLEoe: 0.02+0.19+0.13 MeV/c?
0 3.51 3.52 3.53 3.54

By combining inclusive results with E1-photon tagged results

BF(¢ 2 78 h.) = (8.4+1.3+1.0) x10 &6‘\
BF(h, 2 yn,) = (54.3+6.7+5.2)% 2 -




Events/1 MeV

Events/1 MeV
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Y 2>mlh, h. 2., n.exclusive decays

BESIII Preliminary

pp 5 : AT

Summed distribution
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MUl t 1o i Consistent with BESIII inclusive and
Simultaneous fit ta® recoiling mass = Eoc results

x2/d.o.f. = 32/46
Mass = 3525.310.110.15MeV/c?
Width = 0.70:0.28+0.25MeV

Currently the most precise measurements 1



e

» Known for 30 years, but still its mass and width are known by an
order of magnitude worse than of J/y, ', X_;

WEIGHTED AVERAGE
WEIGHTED AVERAGE 28.6+2.2 (Error scaled by 2.0)

PDG'11

2980.3+1.2 (Error scaled by 1.6) M ( ) ‘.. ( )
2
2 X
x LEES 10 BABR 4.6
.. - LEES 10 BABR 1.3 AUBERT D8AEB BABR 1.8
-+ AUBERT 08AB BABR 25 UEHARA 08 BELL 0.0
- - UEHARA 08 BELL 4.6 - WU 06 BELL 5.1
------- 07 BELL 1.7 - WU 06 BELL
-------- 06 BELL 6.7 ASNER 04 CLEC 0.6
: e 06 BELL 0.8 AMBROGIANI 03 E835 1.1
04 CLEO 0.6 BAI 03 BES 2.0
E835 2.7 FANG 03 BELL 0.0
BES BAI 00F BES 3.8
ARMSTRONG 95F E760 0.2
- BAGLIN 878 SPEC 8.3
BALTRUSAIT... 86 MRK3
-+ GAISER 86 CBAL 145
3% 41.9
(Confidence Level = 0.001 (Confidence Level < 0.0001)
| I | I |

2950 2060 2970 2980 299\3000 3010

J/y radiative transition: Two-photon production:
M(n.) ~ 2978.0 MeV M(n.) = 2983.1:1.0 MeV,
F(n.) ~ 10 MeV M(n,) = 31.3:1.9 MeV.

-20 / ] 20 40 60 80 100

CLEO-c recently reported the distortion of n_lineshape iny’ decays



Y 2., n.exclusive decays

250 gata 250

—e— data 160 —— data
" [ other y’ decays v I [ other y(2S) decays C [ other v’ decays
~. 200F X, . opgb =X, } , 140F o=,
> § - W cont § [ cont § 120F W cont
g o 150 F :Ic?n-reso KS K -r[ o 150 e :Ign'feso 2100 F —- :Ign-reso T['-Trn
= Fees int J = LY e = p— >
CU o u o . o 80F ;Y
Z 100 2100 = ek DA
2 2 | a2 %%
i) i) o1 20
E = 0 0F =
" — 272752828529295 3 3.053.13.153.2 272752828529295 3 3.053.13.153.2 “28.7 2752828529295 3 3.053.13.153.2
q) M(KsKn) GeV/c? M(KKn®) GeV/c? M(znn) GeV/c?
e F —— data F——data 250F —— data
140 £ [ other v’ decays 300 @ other ' decays [ [ other y(2S) decays
D_ o, 120F =2 7% N ELx, . F
g E W cont :c>.> 250 W cont g 200 mm cont
© 1005 7 Lo, A S - e Tl.TlO R -
2 a0 o non-reso = 2002_ —= non-res ,‘ K2 2 1500 - ::n reso 6_,_[
— o E o C H =) C
— b E e T ': H : E el
— 0 60 C o P 100 E :
S 40F & £
(f) 2t ¢ 50
w20 L
m o T - Eeenin Frueel \ I ! I s ] Of s
m 272752828529295 3 3.05313.1563.2 272752828529295 3 3.053.13.153.2 272752828529295 3 3.053.13.1563.2
M(KsK3n) GeV/c? M(2K21r®) GeVi/c? M(67) GeV/c?

Relative phase gvalues from each M: 2984.4+0.5+0.6 MeV/c?
mode are consistent within 3¢, width: 30.5+1.0+0.9 MeV
= use a common phase value in the 0 2.35+0.05+0.04 rad

simultaneous fit. 13



N.. comparison with earlier

I I | I I
o Belle vy Belle yy

CLEO vy CLEO yy

BaBar yy —®—— BaBaryy
—O— CLEOc J/y —O— CLEOc J/y

(stat.only) (stat.only)

—o— BESIII preliminary BESIII preliminary

T | | | | | | | | |
2980 2982 2984 2986 2988 2990 2992 20 25 30 35 40
n, mass (MeV) n, width (MeV)

Mass: 2984.4+0.5+0.6 MeV/c2
width: 30.5+1.0+0.9 MeV

Currently is the most precise measurement



Events / ( 0.005 GeV/c?)

First observation of ¢'=2y1.(29

106M ¢
o ESII erellmlnary BF(Y’ 2yn.(2S)>YKsK™)
3L —_— r] a — — _6
B === Al |
102 = - nc(zs) — —
? Xy \ e background ? BF(nC(ZS)éKKﬂ):(19iO4ill)%
P4 ] BaBar. PR D78 012006 (2008)
T B N =
R N R v/ ) T % BF(Y' =2>yn.(2S))
- N %/ \ | = (4.740.943.0)x10
B | IR \
35 3.55 3.6 3.65 3.7

M, (GeVich  CLEOc: <7.6x107
’ PR D81 052002 (2010)
Width fixed to 12 MeV (world ave.) _ _
Events:50.6:9.7; Significance >6.6! Potential model predicts

- -4
Mass= 3638.52.3+1.0 MeV/c? (0.1-6.2)x10
PRL 89 162002 (2002)
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v'—yP (P=n’, n and n)

Important for testing various phenomenological
mechanisms: VMD model, n.—n® mixing, 2-gluon couplings
to qqg states, and final state radiation by light quarks.

Ry = B(J/y—yn)/ B(J/y—yn’) predicted by 1st order
perturbation theory.

R, = B(y'— yn)/ B(v'— yn’) = Ry, was expected.
B(y'— y 10 expected to be small (~2.2x 10 )

Recently, CLEOc reported on J/ v, y', y"—yP:

. , CLEOc, PRD 79,
— Found no evidence for y'—y1° or yn 111101 (2009)
— Determine B( w'—ym? ) <5 x 10°
—Obtain R, < 1.8% at 90% CL and R ;,,, = (21.1 +/- 0.9)%



v'—yP (P=xn° n and n') at BES Il
Phys. Rev. Lett 105, 261801 (2010)

Mode BESIII Combined BESIII PDG

v — " 1.58+0.40+0.13|1.584+0404+013 <5

'i‘lr)r — "f'i'}'{ﬂ-l_ﬂ_ﬂu} 1.7 £ 0.72 £ 0.17 1.38 + 0.48 + 0.00 E 0
— yn(n?x%%0)  |1.07 £0.65 £ 0.08

V= (rtaTy) | 120£558 1264348 12148
— i (m o) 120 £ 3+ 8

Measured branching ratios of y'— yn and
' —yTP for the first time
*The first measurement of
R, =(1.10+£0.38 £0.07)%
Confirmed R , << Ry,

Branching
Ratios (x 10°)

R, << R;,, poses a significant challenge to theory



Xca—Y V(p,w,9)

Phys. Rev. D 83, 112005 (2011)

S eE————— ] = - e
‘Zu_'oE 5 aof
3 700 ‘ = s F
G - Cb © 250
gwf 3 e ¢
= (=] [
= sof- E = 200
] ¥} E
g 4 3 S q5°
i o F
30 = =
E 10
20 = =
108 = 5:

J e - ey - =
35 34 345 35 355 3.6

g 55 3.6
M(y,p) (GeVic?)

My, o) (GeVic?)

3. .
M(y,b) (GeVic?)

Mode pQCD? QcD®  QCD+QED?® BESIII
Xco — YP° 1.2 3.2 2.0 0
NI 14 41 42
X2 = 7P° 4.4 13 38 <208
X0 — YW 0.13 0.35 0.22 :
o — 1.6 4.6 4.7
Xco — YW 0.5 1.5 4.2 6.1
Xco — VP 0.46 1.3 0.03 <16.2
Xc1 — V¢ 3.6 11 11 25.8+5.2+2.0
Xo2 — VP 1.1 3.3 6.5 _~— <81

First observation

18



Study of XCJ—>VV(V ¢,m) at BESIII

*X.; — VV is suppressed due to
helicity selection rule in pQCD
Only X, and X, decays intoggand

e E ww have been observed so far.

fw_ E *X.; - @@ Is doubly OZ| suppressed,
3 E never observed before

“0253:— —f

‘E-‘zocé— —;

Suf E

g_ o veaed M surprisingly large and clear ¥, signal
i3 hvious o signal

130 33 a0 345 350 T ass 360
M, (GeVic?)



Results of X.;—VV (V = ¢,0) at
BESIII

Final states Channel Nuet € (%) Br(x10~%) PDG [13]
No0 — &b 4321 +£226 2241 7.81 038+ 080 9.3 F2.0

Y2AKTK ™) | xe1 —> 0d 253.6 +16.5 2643 4.06+026+043  — —
Xe2 — ¢d 629.3 £25.7 26.11 10.74 £ 0.43 +£1.10 15.4 £ 3.0
X0 — op 1788 +16.2 1.92 9.13+0.83+1.04 9.3+20
YKTK " ntn~ 7] xe1 — o 1116 +120 231 495-+053+059 — — —
X2 — 00 217.9+16.1 223 10.55+0.78 £1.22 154+ 3.0

Xc0 — QO == — ‘800103541060 93120
Combined Xel — Q@ — — 4304023 +0.49 s
Xc2 — QOO — — 1oy =U.a0 1+ 1.10 1.4 +o.U

Xc0 — ww 9911 £382 13.13 953+037+1.11 23+7.0

V2T wY)  Xet — ww 597.1 £28.8 13.23 596+028+0.70 — — —
Xe2 — ww T62.4+31.3 11.91 8.90 £+ 0.36 £+ 1.08 20.0 £+ 7.0
X0 = wd 76.0+11.0 14.7 1.18+0.17+0.15 —
Tyt 2 wo 153141 162 0.23+0.06+0.03 —
Xc2 —+ W <125 15.7 < 0.23 —

YyK"K ntrx

*Xc1— 00, ®® decays are observed for the first time with surprisingf large
branching. Is helicity selection rules applicable irthis case?

*The doubly OZI-suppressed decay.;,— @ is observed for the first time

*Other measured branchings are consistent with and moraccurate then
previous measurements



Summary

BES-IIl is in good shape and will remain the maturce
of experimental data in tau-charm domain for the Be
10 years

World largest samples ofli/y’, Y(3770) andp(4040)
are already collected

Many the world best measurements in charmonium and
light hadron physics was reported, and a number of
observation were made for the first time

Some of BESIII results are quite unexpected
More newresults will come soon



»  Charmonium Spectroscopy and Transitions
- Properties of the h, (PRL 104, 132002 (2010))
- W— yJ/y (to be submitted soon )

. Charmomum Decays
W' — y1@, yn, yn'(PRL 105, 261801 (2010))
- X7 — ™10, nNn (PRD 81, 052005 (2010))
- Xeg — YP. YW, YO (PRD83,112005(2011))
= Xy — Ww, 09, we (PRL 107, 092001(2011))
- Xy — 410 (PRD 83, 012006 (2011) )
- X.7— ppK'K“(PRD 83, 112009(2011))
- N -nmr matrix element (PRD 83, 012003 (2011))
Search for CP/P violation process pseudoscalar decays into pipi (PRD 84, 032006(2011)).

. ngh’r Quark States
a,(980) - £,(980) mixing (PRD 83, 032003 (2011) )
- X(1860) in J/w — ypp (Chinese Physics C 34, 4 (2010))
- X(1835) in J/y — yn'mrc (PRL 106, 072002 (2011))
- X(1870) in J/y — wnrr1C (accepted by PRL)
- PWAonJ/w — ypp (to be submitted soon )
- PWA ony' — npp (to be submitted soon )
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