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BEPCII/BESIII at IHEP(Beijing)

'ﬁ'BEPCH

Beam energy: 1.0-2.3 GeV
Energy spread: 5.16 x 10-* GeV
Design luminosity 1 x 10°3*/cm?/s @w(3770)
Achieved luminosity: ~0.65 x 10°°*/cm?/s
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The BES-IIl detector

NIM A614, 345(2010)

Muon ID:
9 layers RPC, 8 for
endcaps
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CsI(TI) EMC:
*Energy resolution: 2.5% @1GeV
*Spatial resolution: 6mm

MDC:
«Spatial resolution: o ,=120pm

*Momentum resolution: 0.5%@1GeV
*Dedx resolution: 6%

TOF:

Time resolution:
*100ps (barrel)
*110ps (endcaps)




The BES-III timeline

July 19, 2008: first e+e- collision event in BES-III
2009: 106M w(2S) (4 times of CLEO-c)

225M J/y (4 times of BES-II)
2010: ~0.9 fb' w(3770)
2011: ~2.0 fb' @(3770)
~0.5 b @ 4.01 GeV

2012: tau mass scan: ~5.0 pb™ ;
W(2S): 0.4 billion;
J/y: 1 billion

} 3.5 times of CLEO-c

Plans for 2012-2013:
* 0.5 b" @4.260 MeV
e tau scan
* 0.5 b" @4.360 MeV
e R-scan
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Light Hadrons Spectroscopy

(recent results)

- Spin-parity analisys of pp near threshold
enhancement in JA\y — ypp, y(2S) — ypp

e J/y — y3m
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pp near threshold enhancement
Iy — vpp

Unclear nature: normal PRL 108, 112003(2012)

meson, pp bound sate,

multiquark, glueball,... Lroop T ke B ST
> a0l —o'Ps 1 7PV

Fit features: gggg_ ]fg(f;?g) m300;— |

- Mass structure can be z ook ¥ —H{1910) 250F 4

described by BWand FSI - 5} 200F | |3

corrections (PRD 71, S TMmeT 1T DSO0F 7

054010 (2005)) @ 200 { 100} |

« FSI corrections notably 109 53 B

improve description 0.0 0.1 0.2 0.3 -0 -05 00 05 1.0

« Different FSI — model | Mpp-2m, (GeV/e?) cosby

systematics Fit components: X(pp), f,(1920), f,(2100), 0* PHSP

Fit results:
JP¢=0* are preferable (by >6.80 better than other assignments)
M = 1832, "°(stat.) . ""*(syst.)£19(model) MeV
<76 MeV @90% C.L.
Br(J/p—yX)Br(X—pp) =(9.0_, .**4)x10-
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pp near threshold enhancement

w(2S) — ypp

PRL 108, 1

AT T T T T o

Clearly the mass 2 s00f (@) N
spectrum line shape is B 350F ]
different S 300f ;
8 =2 B

2 200f ;

PWA Fit: e

* mass an width and J°¢ of ]
X(pp) are fixed to values 00 25 30 35

obtained in Jhy — ypp fit M(pP)(GeV/c?)
* significance >6.9 0
 the production ratio:
_ B(y'—=yX(pp))
 B(J/y—yX(pp))
- (5.08_”'“(stat)___:§ (syst)=0.12(mod))%

-0.45
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Fit components: X(pp), f,(1920), f,(2100), 0" PHSP



The first observation of n(1405) —

Events/(0.02GeV/c?)
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I — yn'nn’, y3n

PRL 108, 182001 (2012)
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Helicity analysis strongly favors n(1405) over f (1420)
Large isospin violating decay rate:

BR(1(1405) — £,(980) 7" — 7" 7" 7")

BR(17(1405) — a,(980) 7’ — z°7"n)
TSA PDG2010 + Phys. Lett. B358 (1995) 389

~(17.9+42)%

Branching fraction for
n' — awn’, n' — 3n°
measured with
precision improved
by factor of 4

Generally, magnitude of isosping violation should be <1%.
This branching fraction cannot be explained by a (980)-f,(980)

mixing alone (see PRD 83(2100)032203).
HSQCD 2012 8
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I — yn'nn’, y3n

PRL 108, 182001 (2012)
Anomalous line shape of f (980)
T T 100 T

e
—_
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o
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Events/(0.01GeV/c?)

09 10 1 12 B T Y
M(rr)(GeV/c?) M(n°n°)(GeV/c?)

Surprising result:
 Very narrow width '<11.8 MeV @90% C.L.
* Much smaller than the world average 40-100 MeV (PDG 2010)

Possible explanations: KK* loop, Triangle Singularity
PRL 108, 081803(2012)
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Charmonium spectra and transitions

(recent results)
« 1, parameters precision measurement

« The first observation of M1 transition y'—yn (2S)
* The first evidence for the direct y(2S) — vy J/y transition
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n_resonance parameters from y'—yn_

 Mass and width are known by an order of magnitude worse then for J/y, @(2S), x_,

* Two series of experiments
J/y and y(2S) radiative transitions: M(n_)~2978.0 MeV, [(n,)~10 MeV

Two-photon process: M(n_)=2983.1£1.0 MeV, [(n )=31.3£1.9 MeV

« CLEOc pointed out at the n_line shape distortion in w(2S) — yn_(PRL 102, 011801 2009)
e 1V, PP, B decay

II“I:I n 2
Mass I ® (1S, 28)>m, , width 1
| X f -+ - AUBERT 08BAE BABR 25
'@  AUBERT 08AB BABR 24 9 ~ UEHARA 08 BELL 0.0
| @) UEHARA 08 BELL 43 f—— - wu 06 BELL 57
— | ABE 07 BELL WU 06 BELL
A WU 06 BELL 6.9 ASMNER 04 CLEO 03
_ | WU 06 BELL 08 AUBERT 04D BABR 7.8
| . ASNER 04 CLEO 04 AMBROGIANI 03 E835 08
'; AUBERT 04D BABR 20 BAI 03 BES 16
;. L .. AMBROGIANI 03 E835 24 Eillﬂﬁ ggF EE;} gg
| \ BAI 03 BES 37 - -
e | FANG 03 BELL 01 . ARMSTRONG 95F E760 0.1
_'._ - BAI DOF BES 26 - - - BAGLIN 878 SPEC 74
_._F A BAI 90B MRK3 4j1 - - BALTRUSAIT... 86 MRK3
/  —@— - GAISER 86 CBAL 06 - GAISER 8 CBAL Eg
\ 304 . :
// ‘-\ (Confidence Level = 0.0014) / . i (Confidence Level < 0.0001)
. | N | | ! T~ __ _
2050 2060 2070 2080 2000 3000 (" [ =() ()] 20 0 0 4 e e (" () )00]
n-(15) WIDTH

nc(15) mass (MeV)
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1_resonance parameters from y'—yn_

PRL 108, 222002 (2012)

250

N
3

[ —e— data [ —e— data 160 —+— data
o -c;:sr ' decays - [ other y’ decays 140:_ [ other v’ decays
(] C =% ™ I — o F 1%
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[ —s— data F —s— data 250_——0—(‘31&
140: -:gﬁer y' decays 300:_ -gtl:er y" decays 3 5“;;3" v' decays
% 1205 G tont L2501 =l % 200} -c'tmlt
F----si ---- si r ----sig
g 100 :_ N nogn-rsso g 2003_ J—— nogn -reso g 150: — — NOR-reso
p E - int = :
- ~ 100}
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2 2 50
w L i
— — 0f= e
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Simultaneous fit of shown n_decay modes. BES-IIl result:

» 1, line shape: interference with non-n_decays | wj(y )=2984.3+0.6+0.6 MeV

 phases for different modes are consistent [(n,)=32.0+1.2+1.0 MeV
within 36, a common phase 1s used

Currently the most precise
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Comparison of the mass and width for n_

The world average in PD62010 was using earlier measurements

| T I | I | T | T T | T T
& Belle yy Belle yy
CLEO vy CLEO vy
BaBar yy ——— BaBar vy
~O- CLEOC Jiy —0— CLEOC Jiy
(stat.only) (stat.only)
I BESyD T R
e.
I 11| | 11 1 | 1 1 1 | | I | 1 1 | | 1 | | | | 1 | 1 | | 1 | | 1
29080 2982 2984 2986 2988 2990 2992 20 25 30 35 40
N, mass (MeV) N, width (MeV)

Hyperfine splitting: AM,/(1S) = 112.6 + 0.8 MeV/c?

v' Consistent with B factory results in other production mechanisms.
v Agree with lattice QCD calculations of the charmonium hyperfine splitting
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The first observation of M1 transition
y'—yn.(25)

arXiv:1205.5103, accepted to PRL

Yo Clan kK] Qw0k T
> 10° = — fitting re%ultq - > - — fitting results ]
[P E = 0] L |
O ¢ = Xa . O, s T K
8 ol —-T28) 1 8l £ —-1.29) 3
ISP (VR SR I A e background E S ¢ P background ]
S 1 S L AV ]
> 1ok 1 3 O T N R W
& 10T, = z C e ' ]
§ ------------------------- 3 § - ‘~.,..‘: _
N e o i i m e . UL \
1 L L A ol M T T R M. I R [ |
3.5 3.55 3.6 3.65 37 3.5 3.55 3.6 3.65 3.7
KUK t¥ (GeV/C ) K+K 1,l:lfi (GSV/C )
Never before observed in charmonium transitions
Combined fit of two channels: signal line shape:
e significance >100 (B2 x BW(m) x fa(Ey) x e(m)) ® G(dm,0)
. |M=3637.6£29(stat. )+ 1.6 (syst.) MeV K
[ =16.9+6.4(stat.)+4.8 (syst.) MeV M1 transition dumping function

e combined branching ratios
Br(y’=yn.(2S))x Br(n,.(28)» KK 71)=(1.30+0.20+0.30|x 10>

PRD 78 012006(2008) , [, (yy"»yn (28))=[6.8+1.1+4.5/x10
4-8 June 2012 HSQCD 2012 14




First evidence for the direct y'—yyJ/y
transition

Never before observed in
charmonium transitions

Sensitive to coupled channel
effects (coupling of charmonium
to DD pair)

Global fit:

Br=(3.3i().6(stat. )% (syst. )) X 10"

Significance: 3.80 (including
systematics)

Combined branching fractions
Br(y'—yx,, X.,,— vJ/vy) are also

measured
4-8 June 2012

arXiv: 1204.0246, submitted to PRL
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Charm physics

(BES-III preliminary)

e Leptonic D* decays
« Semileptonic D° decays

HSQCD 2012
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D+—>p+v“
BES-III preliminary

0’
Single tag events L T 20000 . ] 401]05
150:— 0= Korr (a) - 150,[”:_ DK ( ) ]
[ ] 1 3000-
1007 ] a :
WE E 100005 |
50 5000F . 10005.
: ] G000y (e) | 15000:\
& 15000 ] LD oK 1 ((\: ]
N 1 40000+ 1 Moooo:
= 10000f 1 1 |
2 2 z [ " i
MBc:\/Ebeam_pD = 50000 20000 5000F
- : ’\: [
Resolution: : 10000 1 30000
1.3 MeV for modes with 30000 ] j j
charged tracks only 20000 5 : 1 20000-
1.9 MeV for modes with ; ] 5000- . [
one T’ 10000k /\ 1 ! .\ | 10000-
N, = (1.57£0.2) x 10° 162 184 18 188 18 184 18 18 18 180 186 188
M, [GeV] M, [GeV] M, [GeV]
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D+—>p+v“
BES-III preliminary

107 e
| BESIII Preliminary (~2.9fb-1) 10° E_ e Ko
].DG B D+ " *‘_)K tt 2 -E:::f]
W I _>l'l' v L I Other D decays
E - 1 0 ? B non-I» decays
| 102
E 50 = A teh
g B 10|§— tt “ i fM
i l u - = iillﬁ.
% o : ] . : ; 1 ; . : | . 10 1 . .
-0.2 0.0 (.2 0.4 0.2 0.1 00 0.1 02 0.3
Mlzmss_ Etzmss Pmiss Mﬁuss_ ]'__':1211155 Pmiss
Results:

N(D+ — p'v,) = 377£19.4
B(D+ — p'v,) = (3.74£0.2120.06)x 10"

f. =(203.91+5.72+1.97) MeV
2 D
(1 - 2 ) /
m," T = |V_| = 0.222+0.006+0.005

L(D"—>1"y) =

Gify
87
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D*—p*v, (BES-IIl preliminary)

MARK-IIl - oMevarsos cl
BES-I vamn’ 75 Ma
MARK-1II BES-I (3T e Mel
| =0,07% at 90% C.1 | | PP = -1
BES-| H {20 g5 72167 Mo BES-I (Preliminary) )
008, e 1
BES-I| H IR M Lattica QCD
0.1227 7 140 010)% bl reaTaso ey Laitice QCD
—  —a—] (0.035:10.014:0.006)% CLEO-c (56 pb™) = {206t ) el QL (QCDEF)
e QL (Taiwan)
=] ©040:00066 75 CLEO-c (201 pbY - (0, ) e AL (UKQCD)
L L) Me («]
Jmf (00536010 0032 tooooays SLEO- (818 pb™
[ — o4 (AT MV QCD Surm Rule
H @ 002140 00061% BES-III [Pmm' e B QcD Sum Rule
_— i O (eesan e QCD Sum Rule
b (0 DFE2-+H0 O033)%6 POG2010 e I Field Carrelations
ez My lsozpinmass splittings
—— P splitting
| I | | | | [ 1] 1 1 1 | 1 1 I
0 005 0.1 015 0.2 0.25 200 400 600
fy [MeV] 5

 BES-IIl provides the most precise measurement
* The error is still dominated by statistics
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Semileptonic D* — K*(a*)ev,
BES-III preliminary, 0.92 fb™

~5000— s F
B A DO—sKev = =™
ot g H_ _g_ 400;
.n® 2000 j \ 200
v A \ C I.JI ¥ ZGDf—
K 10002— Hﬁ moé—
;..,_r.ﬂ-ﬂ I_—KTK‘:HF—':T—r ===—— = e 00: T T L T e e I
K] 0.05 0 0.05 0.1 0.15 U ':" B 01 005 0 005 01 018 miss P
Umiss= Emiss - | missI o Umiss= miss | missI
Mode Measured branching PDG CLEOc
fraction (%)
D’ — K*ei 3.542+0.030+0.067 3.551£0.04 3.50£0.03+0.04
D’ — n+e;e 0.288+0.008+0.005 0.289+0.008 0.288+0.008+0.003

« Systematics are preliminary
« Statistics will be improved with the full data set of 2.9 fb-"
* Preliminary results on form factors are also obtained
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Summary

* BES-TIIT successfully takes data since 2009. World largest data samples
of J/y, w(2S), y(3770), y(4040) are collected and are growing.

* Number of physical results are published, among recent:

>

PWA of pp near threshold enhancement in J/y — vpp, w(2S) = ypp (PRL 108,
112003(2012))

The first observation of n(1405) in J/y — y3m (PRL 108, 182001 (2012))

n parameters precision measurement (PRL 108, 222002 (2012))

The first observation of n(2S) in charmonium transitions (arXiv:1205.5103,
accepted to PRL)

First evidence for the direct ¢(2S) —» yyJ/y transition (arXiv: 1204.0246,
submitted to PRL)

* Preliminary charm results are presented.

* Expect many more results from BES-IIT in coming years.
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The BESIII Collaboration

http://bes3.ihep.ac.cn
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New results on =237

160

__s00fF .
L 800F Jf‘ [ 0 ‘L 140F
3 —> 2>ntn ' S -
> 700F Y= o 120F
9 s00f 9 ook
-] = - -
S - v
I 3 : G -
€ 300F | £ c0¢
o ! 40__
5 200 R O F
100 A 20F __
§e5 08 095 1 105 1A 00.860.88 0.9 0.920.940.960.98 1 1.021.04
M(t' Tt 0)/(GeV/c?) M(rnPr2r?)/(GeV/c?)
New results: PRL 108, 182001 (2012)

Br(n' » n*n n’)=(3831£0.1510.39) x 10— (PDG2010: (3.67}3;) X 107)
Br(n' - n°n%n%) =(3.56+£0.22 £0.34) x 10~ (PDG2010: (1.68+0.22) X 1073)

For the decayn’ — w°x’xw?, it is two times larger than the world average value.
Comparison: Isospin violations in n’'>nnn :

BR(y —» " 7") .
BR(1f > 7 1)

BR(y -7’
BR(1f —> ')

0.9%, ~1.6%
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X(1835), X(2120), X(2370)

in J/‘I’—>y7t an (yp, 7' N)

'f.gsmf PRL 106, 072002 (2011)
g m; resonance | M( MeV/c?) | I'( MeV/c?)| significance
£ 300} X(1835) | 1836.5+3.0 | 190.1+9.0] >> 200
200! X(2120) | 21224+6.7 | 84+ 16 > 7.20
: X(2370) | 2376.3+8.7 | 83+ 17 > 6.40
0=
141618202224 v .
M. (G BESIII Results
. _ — B(J/y—yX(1835))B(X(1833)—>n*nn' )=
‘EF S000 |- ] : + +0.49 o -4
%_ Angular distribution'|_ _ (2.87£0.09(stat), s, (sys1)) <10
% 4000F — The polar angle of the photon is consistent
3000 with expectation for a pseudoscalar
2000 — Two more structures are observed.
1000 |- B
PWA is needed, interference between the
%0 0z o4 06 08 10 pesonances needs to be considered.
jcosB,
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Semileptonic D* — K*(a*)ev,
BES-III preliminary, 0.92 fb™
Form Factor Fits

(AL~ g(q”):) €' (AL — g(d®),)
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Semileptonic D* — K*(a*)ev,

4-8 June 2012

BES-III preliminary, 0.92 fb™
Form Factor Results

BESII Preliminary

Simple Pole
D" = Kev

D° — 7w

F+(0)[Ved(s)
0.729+0.005-+0.007

0.14240.003=£0.001

Mypole

1.943+0.025+0.003
1.876+0.023+0.004

Modified Pole
DY = Kev

N — rer

14(0) Vi
0.72540.0064+0.007
0.1404+0.00340.002

(¥
0.265+0.045+0.006
0.3154+0.071+0.012

2 par. series
DV = Kev

D° — ew

4 (0)Vei(s)
0.72640.006-£0.007
0.1400.004=£0.002

Iy
—2.03440.19640.022
—2.117+£0.163+0.027

3 par. series
D" = Kev

N — rer

f+(0)[Vea(s)
0.720-£0.008-£0.007
0.144£0.005=0.002

It
—2.17940.35540.053
—2.72840.4824+0.076

-
4.5394+8.927+1.103
4.19443.12240.448

HSQCD 2012
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