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Outline

Introduction to BEPCII and BESIII

Highlights of BESIII results

» Charmonium spectroscopy
» Charmonium decay

» Light hadrons

» T mass measurement

IHEP-LAL collaboration

» Hadron cross-section measurement via ISR at BaBar
» Muon anomalous magnetic moment (g-2)

Summary



The Beijing Electron-Positron Collider Il

e Double ring
e 11 mrad crossing angle

e Beam energies 1.0-2.3 GeV
* 93 bunches per beam

e Design current 2x 0.91 A
 Design luminosity at 1.89 GeV:1033 cm?s™?
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The Beijing Spectrometer Ill (BESIII)

Main Drift Chamber Super-conducting
(MDC) N ‘S magnet
o(p)/p=0.32%D0.37% >

(1 GeV)

G s = 5-3%

EMC: AENE=25% @1 GeV
G,,=0.6 cm /NE
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Data accumulated by BESII|I

Time Energy points Luminosity
J /1 65pb! (226 million)
2009 wl 150pb! (106 million)
3.65 GeV 45pb-!
Y (3770) 2900pb’!

2010-2011 Scan around ) (3770)

76pb-!
(3.646~3.892 GeV)

2011 4.01 GeV (1(4040)) 470pb’!

2012 Tmass scan, J /1), ¢/




CHARMONIUM SPECTROSCOPY



Measurements of the h_ properties at BESIII
y'>7’h_ (inclusive)

BESIII Collaboration: PRL104, 132002, (2010)
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1:22 g S — » El-tagged selection gives
Y 352 = e M(h.)=3525.40+0.13 +0.18MeV
n? recoil mass (GeV/c?) ( AM,((1P)=0.10%+0.130.18MeV/c?)
E1-untagged I'(h )=0.7310.45 +0.28MeV
2 so00 BESIII (<1.44MeV at 90% CL)
%4{1000 200 Bf(W'%ﬂohc )X Br(hcéync )=

e ,7'}1 (4.58+0.40+0.50) X 10
20000 5"2 i t
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10000 1000t

351 352 353 34 the first measurement

s w3 Br(y'> n°h_) =(8.4+1.3+1.0) X10*
T RS R Br(h.> yn.)=(54.31£6.7+5.2)%
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Consistent with BESIII inclusive

results PRL104,132002(2010)
CLEOc exlusive results

N s

M(h)=3525.21+0.27+0.14 MeV/c?
136+14
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Precision measurement of
the 7). properties (V' — v, )

The lowest lying S-wave spin singlet charmonium, discovered in 1980 by MarkII

Parameters:

J/y radiative transition: M ~ 2978.0MeV/c?, ['~10MeV
M =2983.11+1.0 MeV/c?, T'=31.3%1.9 MeV
CLEOc found the distortion of the n_line shape in y’ decays.

Possjble interference has been taken into account

Yy process:
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[ other y' dacays - olhw y(2s)d _— O
5,200 %% sKm 200 7% K{ K™
3 g i 5‘ : -- 1lg
D - D, .
2150. 2150. :::1"'“
o - (=] [
2100 2100
c c !
50[- 50 /!
g ) g ,x._w.wz*r.*m"“-
0= 0F .
| 1 1 1 1 | | L | 1 | 1 | | | 1 | |
272752828529295 3 3053131532 272752828529295 3 3053131532
M(KsKr) GeVic? M(KKn®) GeVic?
1408 = data s data O
[ other ' d 300 oIM ' docays
%, 1200 - T SK3TC T . 2 27'[7'[
2 - I cont 0250 .' wnl
Za; 100F ---- 3l =d; === sig
- — - non-reso E 200 = = NOMN-fe30
= 80 int a - int .'l',
= W = 1507 b
E 60_‘ ; 100' ff i
E’ :ﬁ it '\ W* o § ) iy A
— ——"n—'b_—u—ﬂ.-r':n:‘ﬁi— i ,._.,_..r__———n—--un—-——',
U 4: '-'--'_‘___. 2 U
P FETE FETTE T P e e
2.? 2.?5 2.3 2.35 2.9 2.95 3 3.05 3 1 3.15 3.2 2.7 2.75 28 2.55 2.9 2 95 3 3.05 3.1 3.15 3.2
M(KsK3n) GeV/c? M(2K2nr®) GeV/c?

%}100_ — — Non-reso
= 80f
P
5 40+

MeW,
&
=

Events / 10

+— data

. maeveen TTTTT - Relative phase @ values from

§120: : cout

each mode are consistent
within 30 => a common

K w‘ﬂ;__wm phase value in the
2372752825529295 3 3053.131532 SImU/tGHEOUS flt
M(nmn) GeVie?
I s G
T M:2984.4+0.6+0.6 MeV/c?
width: 32.0+1.2+1.0 MeV
A o ¢:  2.40+0.07+0.08 rad
posntt s oS 4.19 +0.03+0.09rad

0 R

27 2.75 2.8 2.&5 2.9 2.95 3 3_05 B.T 3.15 3.2
M(6m) GeV/c?



Events / ( 0.005 GeV/c?)
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The first observation of the M1

oy o / /
transition ' — 1.
First “observation” by Crystal Ball in 1982 (M=3.592, B=0.2%-1.3%
from y’ radiative decay, but never confirmed by other

experiments.)

Observed at B factories through B decay, two-photon process and

double charmonium production.
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" CLEO-c: <7.6x104
Potential model: (0.1-6.2)x10-4

N(n.) =50.6 9.7

Significance with systematic variations

not less than 5

M(n_/)=3638.5+2.3 .. 1+1.0

Br(y’=2>yn./ 27KsKn)=
(2.98i0.57stati0 48 vs) X 10 e

Br(y’2>yn/)=(4.71+0.9,,,+3.0, ) X10*

if Br(n,/>KKn)=(1.9+0.4*1. 1)°/o from

BaBar is used

(MeV/c?)

sys

(PRD81,052002(2010))

(PRL89,162002(2002))
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Study of ' =2vP (%n,n’)

> — W(’]
V—YP can provide v
important tests for various ‘ AVAVAVAVAVAVAVAVAVANRY
mechanisms: > £ ‘
i ¥ Y mnorm’
* Vector meson Dominance . »
Model (VDM); .
. N-n’ mixing angle

* Couplings & form factor;
* Mixing of n-n'(-n.); v =y
* FSR by light quarks;

«“« ” : Y$ f\I\N Y
* 12% rule and “p & puzzle”. , Dot —

y MMV
form factor: v* — vy — 7°

2012/3/22 The 5th FCPPL Workshop 12



Study of w'=2vP (7% n,n’) (conti.)

y'—yn 4.3c
(OFlrst observation)

y'—ym
(First observation)

{ 10°F

Br(V — n)
Br(V — 1)

Ry =

.1 10F

1o | MB)]w |
A | R,=(1.1040.3840.07)%
sssq <<R,,= (20.910.9) %

0
: 6
L Al i 4t
005 01 015 02 925 03 | v MY (L SR PNE (. TS
0 . . . . .
0.

4 0.5 0.6 0.7 085 0.9 0.95 1 1.05

Mode | B(y’') [x107€] | B(J/y) [x1074] Q (%)
yr° 1.58+0.42 0.35+0.03 45+ 13
TN 1.38+0.49 11.04+0.34 0.13 £ 0.04
- 1269 52.811.5 24 +02

Possible interpretation: Q. Zhao, Phys. Lett. B697, 52 (2011)

2012/3/22

The 5th FCPPL Workshop
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First measurement of x.; — ppK T K~

Y>> A(1520)A(1520)

18— =+ . % o 25
..=_ u:':' Lot L e Fitting curve of Signal Ragion
" . -, T _' . . {Et) o, 20 ® Fitting curve of 20 Sideband
o VI [ =
A B S R FESA A
8 HasFle el g
16 b -Ls S
'l - (=]
e CRRL IR B P
i Revs, : . 4 =
< .1 - “:E%‘,:. off s i (el vit e :“..g: 5
15-1.§.7% | ['B- T
1 " T " - :. II-
1.5 1.6 1.7 1.8
M(pK)) (GeV/c?) M(ppK'K) (GeV/c?)
Xed Xel X2

W W8

(
(
(
(

Xes — ppKTK™) (107%)
xey — PKTA(1520) + c.c.) (1074
¥ey — A(1520)A(1520)) (1074

Xes — ppd) (1079)

.24 = 0.20 £ 0.18
3.00 £ 0.58 = 0.50
3.18= 1.11 £0.53
6.12 = 1.18 £ 0.86

.35 £0.15£0.19
.81 = 0.38 £ 0.28
<2 1.00
< ]1.82

208 =0.19 £0.30
3.06 Z0.50 £ 0.54
505 1.29£0.93
3.04 = 0.85 £ 043

2012/3/22

The 5th FCPPL Workshop
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Study of y,2YV (V=p,0,0)

PRD 83, 112005 (2011)

My, V) (Gevic?)

2012/3/22 The 5th FCPPL Workshop

(@) | First observation
M)
= Decay No. of Eff. Syst. Br. | Stat.
A[TH W -1 s mode evts, (%) err.(%) (107" sign.
Yo — Y 150 = 6.6 324 8.8 <16.2
Yo — 70 42686 346 3.8 258252223 bar
Yo — Y 4649 326 93 <f.1
Yo = 0" 6+ 12 26 8.1 <1035
Yei = 76" $32£25 194 83 M=13+2 >l0e
Yo —yp" 311 15.7 3.7 <2038
| Ya— Y@ jxl1l 18.6 93 <]29
Yol = YO 136 + 14 227 04 60.7+7.2 %66 >100
Yo — Yo 1+6 19.2 0.8 <h.1
Upper limits set @ 90% C.L.
e 3 N
0 uL '.' -ul h- - = = .=
D T T T Al el FILTET S 1 e
3.5 34 345 35 355 36

15



Observation of y_2>VV

~ | PRL 107, 092001 (2011)
;.;;E 5 Mode - B(X1074)
2 150 (I)(I) o R | IV Ry 433 £ 23 7.8 £0.4 %08
g Xel — ¢ 254 = 17 410304
g Xoo — O 630 = 26 10,704 = 1.1
% — 2(K*K")
> Xeo — @O 179 = 16 92 *0.7% 1.0
= Yo — G0 112+ 12 500506
= Xeoo— &b 219 = 16 10.7+07=12
t — K"K o # . .
2 Combined: —> First observation
% Xeo — G 8.0 =03 %08
2 Xci — ¢ 440305
: X — bd 10.7 03 1.2
2 XYoo — Ow 991 = 38 95x03=1.1
g Xel — W 597 =29 6.0 =03 =0.7
- Yo — 0w 762 * 31 89 +03=1.1
‘E — 2wt 7 ="
2 Xeo — @& 76 = | 1.2 +0.1=*0.2
2 Xe| — @ 15=4 0.22 * 0.06 = 0.02
2 Yo —wd <13 <0.2
E ﬂ E‘.. - b e W - - o - . - — K-I-K_Tr-l- 7"_ HD
330 335 340 345 350 7355 3.60
M., (GeVic?)
2ULZ]3]22 1ne >tn rerPL Workshop 16



Search for 7). — vector meson pair
* The process 7, — V'V is supposed to be highly suppressed

by helicity selection rule.

* The intermediate charmed meson Ioops could contribute and

predict hlgher productlon rate of nc — V'V .  arXiv:1010.1343 -,
PC"D 4091102(2011) N """"" ( )
: z R
g g 5 Rﬁm HW ‘* f | |‘ E
Br(y'=2>yn.=27VV) Br(n,2>VV) (1073) Theory Br(n,/2>VV)
(107) (10°) -
pp0 <114 <3.1 6.4 ~28.9
K*0K*0 <194 <5.3 7.9~ 35.8
09 <7.8 <2.0 2.1~9.8




LIGHT HADRONS



Events/(0.02GeV/c?)

More states decays into n’nt*n-

9 —
Jy=2yn’win)

PRL106,072002 (2011)
500 £ (D) E - X(1835) at BESII

N . « Confirmed at BESIII,
400 - width much larger
200 : ; « Two more peaks!!

- * JP unknown, need PWA
200 F « Nature?

(1510)/ o7 — X1835=X1859=ppbar
100F M - - bound state?

. P — Pseudoscalar glueballs?

(e — Excited n or n’ states?
14 1.6 1.8 20 2.2 24 2.6 2.8 _
M(rttnn’ ) (GeV/c?
() ) BESII X(1835): M =1833.7+6.1+2.7 MeV/c?
[=67.7+20.3+7.7 MeV/c?
State X(1835) X(2120) X(2370)
Mass (MeV) | 1836.5+3.0*56,,. | 2122.4 +6.7*47,, | 2376.3 +8.7*32,
Width (MeV) 190+9+38 83 +1631, 83 +17+44
2012/3/22 The 5th FCPPL Workshop 19



events/(0.005GeV/c?)

70

60

50

40

pp threshold enhancementinJ/1) — ~ypp

Chinese Physics C 34 (04), 421 (2010

)

W — atnT I, T/ — ypp

acceptance
| I I | |

005 010 015 020
M,5-2m,(GeVic?)

0.25

> PWA:
® Signal described by covariant tensor amplitudes (S. Dulat and B. S. Zou,

> Lr

Eur.Phys.J A 26:125, 2005)

0.30

Event/(0.02GeV/c?)

2500 |

\9]
)
-
)

5 1500 |t
1000 i}

500 f}

aerv 1112.0942, submltted to PRL

J/ — ~ypp (a) E

PWA .

iy | , V . , I , . , , ‘T'I:-
2.0 2.5 3.0
M(pp)(GeV/c?)

® Juish-FSI effect included (A. Sirbirtsen et al. Phys.Rev.D 71:054010, 2005)
® four components: X (pp), f2(1910), fo(2100),0"" phase space

.
Br(J/v — ~4X) - Br(X — pp) =

18321 3%(stat.) F13(syst.) £ 19(model) MeV /c?
13 £ 39(stat.)T13(syst.) & 4(model) MeV (T < 76 MeV @ 90% C.L.)
(9.01 )4 (stat.) T 15 (syst.) & 2.3(model)) x 1075

0+



Events / (20 MeV/cQ)

Events / (20 MeV/c?)

Observatlon of X(1870) in J/\|19

11000 F

1 600

- (a)
1400 |
1200 |
1000
800 |
600 F
400

200 b -

H\‘

++

‘ 5000 F (b)

1 4000 }

3000 F
1 2000F ¢

1000 F [

0' P PR T B L
08 1.0 1.2 14 16 1.8 2.0 2.2 24

0
0

" a,(980)

1 800

(Dnﬂ:+7t

1.0 1.2 14 1.6 1.8 2.0 2.2

1 400

1 200

600 |

(d) ++++*+++ |
i b
_Out of a,(980) ++ b
i W .
[ ﬁ t ]
[ ¥
[ +*
W =
i -
[t e e | [

0 il il Ll %
08 1.0 1.2 14 16 1.8 2.0 2.2 24

nm (GeV/c?) M, .. (GeV/c?) M, (GeV/c?)
000 F PRL 107,182001(2011) A, 3 (J/zp — wX) X B(X — aF(980)7%F)
800 - 4 x B(aF(980) — nrt)
700 f2(1285) 1”|(1405) 4o TR \
600 | £ T - — - '
500 I -z~ Resonance Mass (MeV/c”) Width (MeV/¢) fBll(’)"‘)k
00 J 710285) 12850 £ 1058 20231720 1,25 %0.10508
300 —{i ...v-_-—ﬂ = (1,21 702!
X(1870) 7.20 § y(1405) 139982223 528=7670 1.89=0. 10,1
200 = jha j e
00 {/L 4 x(870) gt S (e G = RS AN el
0 5 R e S ]
. 1.8 2.0 2.2
2 Norkshop 21




First observation of 11(1405)
in J/yw->vf,(980)x°

A N S R ~ 3 — 2T T T T T T
= ; (a): = (b) <~200 %
G 250 7 b soF - §180
> C ] > 3 1 1
3 200} A\f,(980) D~ 1 8 ak 7| f5(980)> 10" ] §1ig ['~10 MeV!
8 1503— -lJ | : g 30E : _E 8 120
e e . 1 o100
% 100:— ' : ..g 20;_ :" “ l. + _: g
> o l__....“._+. > r f \ | 4 0]
@ sof A7 @ 10F et N , §
Y S T —a— T ey R N T T
M(f0(980)1r°)(GeV/cz) M(f0(980)n°)(GeV/cz) M(Tﬂ;‘)(ee\//c"’)
£,(1285)/n(1295)

Br(J/v¥ — y1(1405) — 7 f5(980) — ~vn'mnT7~) = (1.50 £ 0.11(stat) £ 0.11(sys)) x 10>
Br(J/v¥ — y1(1405) — 7" f5(980) — 77 7?) = (7.10 £ 0.82(stat) £ 0.72(sys)) x 107°
® Large isospin violating:

B(f,m%)/B(ayn°)~18%, one order of magnitude larger than a,(980)-f,(980) mixing
intensity (PRD 83, 032003 (2011))

® Possibly explained by KK*(K) loop, triangle singularity (arXiv: 1108.3772)

2012/3/22 The 5th FCPPL Workshop 22



T MASS MEASUREMENT AT BESIII



Beam energy measurement for BEPCII

NIMA 659,21 (2011 : :
_ (2011) Compton back-scattering technique

2
. \/ ]+ —e ]
WolWmaz

electron, €

=== —

%~ RF RF

| beam energy detector |

Storage Ring

ot "

[ Calibration : 2010.12.01 | 16:50:51 -- 22:35:25| 2010.12.01 |

5y, 'Cs:E= 661.657keV, cE =4.54x10°

i 1ocy s | | e0Co: E=1332.492KeV, o, =3.01x10°
WL || #2Thi E=2614.533keV, oE =4.98x10° sy Error
L] L] Pu-CiE=6128.63 keV, 0E=6.53x10°0 L

T L

.........................

6100 6150 6200 6250 6300 _ 6350
E,. keV

. T PR PR PSR T N T S .
1000 2000 3000 4000 5000 6000
E., keV
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T Mass measurement

» Data at 4 energy points were taken (~4-10 pb each point) around t
mass threshold.

» The expected statistical uncertainty is ~ 0.3 MeV, systematic error <
0.1MeV.

» More data expected in 2012 to reduce the statistical error to
~0.1MeV.

2.0
1.85
1.6
145 o
1.2 1

1.0
0.8
0.6
045 /
0.2 /

Cross Section (nb)

III| L1 III|III||II III| L1 }'ullllll L1

0_9:s..|/'}...|........|-...|....|..
54 355 356 357 358 359 360 3.6l
W (GeV)
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IHEP-LAL collaboration

DE L'ACCELERATEUR ‘f’iﬁ #%ﬁ%ﬁﬁﬂﬁﬁﬂ
Michel DAVIER YUAN Changzheng
Bogdan MALAESCU MO Xiaohu
ZHANG Zhiging WANG Ping

WANG Liangliang (co-PhD thesis defended 2009)

[+A. Hocker (CERN), 6. Lopez Castro, 6. Toledo (Mexico)]

The 5th FCPPL Workshop
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Hadronic vacuum polarization and R

M |Cannot be calculated from QCD (“first principles”)
\\/ but: we can use experiment!
Im[ N‘@N ] < | "’W"C hadrons |2
6 B | | :.l [ | 1T 171 | 1T 1T 1 | I | T | | : L | | :'l T | 1T 11 1T T 1 ]
- o @ + Vs "4"25; ]
s e'e” — hadrons E B
R E prmmmm QCD E .
40 R(s) = a()(e*e'+—t hadr(ins_(y))g i
- o,(ee >up) | |
3 5 —
b “ O BES m Crystal Ball -
- ' 1 exclusive data * 2 4 PLUTO -
oL | | ..l-'|'|'1-|- R S T R N N A T N Y Y NN S N N N S B
0.5 1 1.5 2 3.5 4 4.5 &

~N

. | : 2.5 :l‘a
2012/3/22 \/g (GeV>



Cross section [nb]

o,lete>nn")

ks — -k
= =k
L o L <
FTTTm T ||||||I T |||||||| Taod |||||| 1 |||||II| T TTH

—

* TOF

+ OLYA *SND  —
CMD « DM1 -
CMD2  * DM2 l
KLOE08 °|BABAR|

Average -
i .
Py i

y I ‘Lj’% N

I T T T
* KLOE10

e'e - i-
TR I T TR T T | ] "!‘l E
0.5 1 1.5 2

\s [Ge‘e']

all energy region

kﬂ”d KLOE

* Measured by many experiments
* BABAR dominates over almost

* Discrepancy between BABAR

Relative weight in average

2012/3/22

The 5th FCPPL Workshop

1400

=]

2

Cross section [nb]
=

L L B IR DL B L B
+ OLYA  * KLOE10 -
i * CMD * SND ]

RN « cvMD2 DM .
%+ KLOEOs {BABAR |-
' Average

NP R
0.72 0.74

PO A TR T T N T T A T T 1
0.76 0.78 0.8

./

KLDE1D ]
SND ]
\ -~ CMD2 03
it == CMD2 05 _]|
'J‘ - Other exp

ot =y ]

il

14 16 1.8
e [GeV]
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o,(e*e>K*K') measurement via ISR at BaBar
(to be published)

DATA
6“"\ El | R T[T rr 1T rryrrrrrrrr1
= i — data ]
= - ! n. reco MC -
f=2 10°F I Y ERIES
= I & 1 o
= i & - E
"'2' 10°E [ ""‘"Wffw\\ﬂ EIRY
E j H | R N
o / R L N
5 | J | ¢
c
10 |
< ‘ 2
| o
! Z
1E _ -
[
4 1 | ' | L ' A | !

096 098 1 1.02 1.04 1.06 108 L1
2
my, [GeV/c?]
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nrrnnl, 2(ntn),

LA B e e e e e e

E “ND  © CMD
- « DM1 = CMD2
o ° SND ° BABAR
§ Average
@ e'e -’
g
o
P, _
P
| Loopal | | SR ‘H'l !
1.2 14 16 18 2 22 24
s [GeV]
g B e B e T PR PR | T
S e0C e'e’—n'n2n * ND OLYA i
& F = M3N ¢ SND 3
D 503_ DM2 - BABAR preliminary
E - Average ]
m 40 =
1] L il
2 F ]
2 300 -
200 =
10( =
0 '
s [GeV]
2012/3/22

Cross section [nb]

The 5th FCPPL Workshop

AN FELEEINL LT S, O LN B Y

- efeo2nen “ ND * DM2

C = M3N + OLYA

i * MEA * CMD2 -

- * =CMD ° SND

- il ,+DM1 = BABAR -

- 1. | Average -

5 I 1

SRR WA _ o J0 g Tl WS e B 0 et s s

06 08 1 12 14 16 18 2 22 24
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Other mult| hadron channels
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R below and above the open charm
threshold
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Precision predictions on a, and oc(Mz)

- Muon magnetic anomaly a,:
- one of the most precisely measured and
prediction quantities in particle physics
- sensitive to QED, strong and weak

sectors of SM

- data/prediction discrepancy
- hint for new physics
- discrepancy ee & t-based predictions

- Running fine-structure constant a(My):

a(Mz) =

Aa(Mz) =

- one of limiting factors for global fit
to EW precision data
- an example constraint is on Higgs mass
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Muon magnetic moment anomaly
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a, is better measured but a, is more sensitive to new physics effects
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had,HO had,LBL ,
=4, + a, + a, Isospin symmetry connect |=1 e+e-

| cross section to vector t spectral functions

Can be rigorously calculated using ee annihilation data
via dispersion relation:
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New items in the reevaluation of a, and a(M,)

Eur. Phys. J. C71(2011) 1, arXiv:1010.4180v2 [hep-ph].

» T based prediction

® Revisited iso-spin corrections (Eur. Phys. J. C66 (2010) 127,
arXiv:0906.5443v2 [hep-ph])

® New data from Belle
> New ee annihilation data

» Include the unmeasured channels through iso-spin
relations
» New HVPTools package
® data combination
® data interpolation
® handling inter-exp, inter-channel correlations



a, prediction and measurement
comparison
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New result on a(M,) and constraint on Moo

Acnad(Mz) = (275.0 £ 1.0) - 107 [ a™'(M2) = 128.952 £ 0.014
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Summary

BESIII is running well and accumulated the world
largest samples at J/wy, ', y”’ peaks and 4.01GeV.

Lots of results have been published and more are
coming soon (esp. on open charm).

The collaboration between IHEP-LAL is quite
active and fruitful.

Precise measurement of hadron cross section,
and prediction of a, and a(M,).

We shall continue the project (e.g. new e+e- data,
R, T at BESIII).



