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The!Beijing!Electron"Positron!Collider!II

• Double!ring
• 11!mrad crossing!angle
• Beam!energies!1.0"2.3!GeV
• 93!bunches!per!beam
• Design!current!2!x!0.91!A
• Design!luminosity!at!1.89!GeV:1033 cm"2s"1
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The!Beijing!Spectrometer!III!(BESIII)
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Data!accumulated!by!BESIII

Time Energy points Luminosity

"##$

65pb-1   (226 million)

150pb-1  (106 million)

3.65 GeV 45pb-1

2010-2011

2900pb-1

Scan around
(3.646~3.892 GeV)

76pb-1

2011 %&#'(GeV (               ) 470pb-1

2012 mass scan,           ,   …

J=ÃJ=Ã

Ã0Ã0

Ã(3770)Ã(3770)

Ã(3770)Ã(3770)

¿¿ J=ÃJ=Ã Ã0Ã0
Ã(4040)Ã(4040)
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CHARMONIUM SPECTROSCOPY
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Measurements!of!the!hc properties!at!BESIII!
)*"+0hc (inclusive)

! Select!inclusive!+0!()’"+0hc)

! Select!E1"photon!in!hc",-c!(E1!tagged)!!or!not!
(E1!untagged)

! E1"tagged!selection!gives!
M(hc)=3525.40.0.13!.0.18MeV
/(0Mhf(1P)=0.10!0.13!0.18MeV/c2!)
1(hc)=0.73.0.45!.0.28MeV

(<1.44MeV!at!90%!CL)
Br()*"+0hc )"Br(hc",-c )=

(4.58!0.40!0.50)!"10"4

! E1"untagged!together!with!tagged!selection!gives!
the!first!measurement
Br(!)*"(+0!hc )!!=(8.4!1.3!1.0)!"10"4
Br(!hc" , -c )!=(54.3!6.7!5.2)%

BESIII!Collaboration:!PRL104,!132002,!(2010)
E1"tagged

E1"untagged
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Measurements!of!the!hc properties!at!BESIII!
)*"+0hc,!hc",-c!!(exclusive)

!16!decay!modes!are!studied:!
)’"+0hc,hc",-c,-c"Xi!
Xi:!ppbar,!4+,!4K,!2+2K,!ppbar++,!6+,!2K4+,!
KK+#,!ppbar+0,!KsK+,!KsK3+,!++-,!KK-,!4+-,!
2+"+0,!4+"+0

Simultaneous!fit!to!+0 recoiling!mass
M(hc)!=!!3525.31!0.11!0.15!MeV
1(hc)!=!!0.70!0.28!0.25!MeV
N!!!=!!832!35
22/d.o.f.!=!32/46

Consistent with BESIII inclusive
results  PRL104,132002(2010)
CLEOc exlusive results  
M(hc)=3525.21!0.27!0.14 MeV/c2

N   =  136!14
PRL101, 182003(2008)

BESIII!preliminary

Summed!+0 recoil!mass
BESIII!preliminary



Precision!measurement!of!
the!!!!!!properties!(!!!!!! )

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

J/) radiative transition: M!~!2978.0MeV/c2,!!!!!!!!!!!! 1(~!10MeV
,, process:!!!!!!!!!!!!!!!!! M!=!2983.1!1.0!MeV/c2,!!!1(=!31.3!1.9!MeV

• CLEOc found the distortion of the -c line shape in )’ decays.

ar
Xi
v:
11

11
.0
39

8

KsK+ K+K3+# +4+3-

KsK3+ 2K2++# 5+
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M:!2984.4.0.6.0.6MeV/c2
width:!32.0.1.2.1.0!MeV
6:!!!!!!!!!2.40.0.07.0.08 rad

4.19 .0.03.0.09rad

Relative!phase!6(values!from!
each!mode!are!consistent!
within!37((89 a!common!
phase!value!in!the!
simultaneous!fit.

Possible!interference!has!been!taken!into!account

Ã0 ! °´cÃ0 ! °´c´c´c



The!first!observation!of!the!M1!
transition

• First!“observation” by!Crystal!!Ball!in!1982!(M=3.592,!B=0.2%"1.3%!
from!)’!radiative decay, but!never!confirmed!by!other!
experiments.)

• Observed!at!B!factories!through!B!decay,!two"photon!process!and!
double!charmonium production.

Ã0 ! °´0cÃ0 ! °´0c

22/ndf=0.9

BESIII!preliminary ! N(-c’)!=!50.6!9.7
! Significance!with!systematic!variations!

not!less!than!57
! M(-c’)=3638.5!2.3stat!1.0sys (MeV/c2)
! Br()’",-c’",KsK+)=

(2.98!0.57stat!0.48sys)!"10"6
! Br()’",-c’)=(4.7!0.9stat!3.0sys)!"10"4!

if!Br(-c’"KK+)=(1.9!0.4!1.1)% from 
BaBar is used¡´0c ¯xed to 12MeV¡´0c ¯xed to 12MeV

CLEO-c: <7.6:1034      (PRD81,052002(2010))
Potential model: (0.136.2):1034

(PRL89,162002(2002))
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CHARMONIUM DECAY
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Study of )’",P (+0,-,-’)

V;,P!can!provide!
important!tests!for!various!
mechanisms:
• Vector!meson!Dominance!

Model!(VDM);
• Couplings!&!form!factor;
• Mixing!of!-"-#("-c);!
• FSR!by!light!quarks;!
• 12%!rule!and!“< + puzzle”.
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Study of )’",P (+0,-,-’)!(conti.)

"#$% &')()*+,-./01 &'23))*+,-./41 5***'6)

,+. -789..74: .7;8..7.; 478*. -7;
,- -7;9..74< --7.4..7;4 .7-;*. .7.4
,-( -:0.< 8:79.-78 :74*. .7:

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

!'"#+0

(First!observation)

!'"#-
(First!observation)

!'"#-’

M,,(GeV/c2)

M(+4+3+#)

M(3+#)

M(+4+3-)

M(,+4+3)
R)#=!(1.10!0.38!0.07)%
<<!RJ/)=#20.9!0.9$%

4.67

4.37

RV =
Br(V ! °´)

Br(V ! °´0)
RV =

Br(V ! °´)

Br(V ! °´0)



First!measurement!of!!ÂcJ ! p¹pK+K¡ÂcJ ! p¹pK+K¡
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2cJ"=(1520)=(1520)



Study!of!2cJ",V (V=<>?>6)
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PRD!83,!112005!(2011)

M(,6@

M(,<@

M(,?@

First!observation

Upper!limits!set!@!90%!C.L.



Observation of 2cJ"VV
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66

66

??

?6

PRL!107,!092001!(2011)

First!observation



Search!for!!!!!!!!!!!!!!!vector!meson!pair!
• The!process!!!!!!!!!!!!!!!!!!!!!is!supposed!to!be!highly!suppressed!

by!helicity selection!rule.
• The!intermediate!charmed!meson!loops!could!contribute!and!

predict!higher!production!rate!of!!!!!!!!!!!!!!!!!!!!!!.

´0c !´0c !
´0c ! V V´0c ! V V

´0c ! V V´0c ! V V arXiv:1010.1343

PRD!84,091102(2011)
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Br()*",-c’",VV) 
(10-7)

Br(-c’"VV)  (10-3) Theory Br(-c’"VV)       
(10-3)

<#<# <11.4 <3.1 6.4 ~ 28.9
K*0K*0 <19.4 <5.3 7.9 ~ 35.8
66 <7.8 <2.0 2.1 ~ 9.8



LIGHT!HADRONS
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More!states!decays!into!-’+4+3
/JA)", -’+4+3@
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PRL!106,!072002!(2011)

f1(1510)



threshold!enhancement!in!
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p¹pp¹p J=Ã ! °p¹pJ=Ã ! °p¹p

BG acceptance

Chinese Physics C 34 (04),  421 (2010 )
Ã0 ! ¼+¼¡J=Ã; J=Ã ! °p¹pÃ0 ! ¼+¼¡J=Ã; J=Ã ! °p¹p J=Ã ! °p¹pJ=Ã ! °p¹p

PWA

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

Eur.Phys.J A!26:125,!2005)
# Juish"FSI!effect!included!(A.!Sirbirtsen et!al.!Phys.Rev.D 71:054010,!2005)
# four!components:!

!

arXiv: 1112.0942, submitted to PRL

X(p¹p); f2(1910); f0(2100); 0++ phase spaceX(p¹p); f2(1910); f0(2100); 0++ phase space

0"+



Observation!of!X(1870)!in!J/)"?-+4+3
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a0(980)
Out!of!a0(980)

f2(1285) -(1405)

X(1870) 7.27

PRL!107,!182001!(2011)



First!observation!of!-(1405)!
in!J/)",f0(980)+0
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f0(980)"+4+3 f0(980)"+#+#

f1(1285)/-(1295)

# Large!isospin violating:!!
B(f0+0)/B(a0+0)~18%, one!order!of!magnitude!larger!than!a0(980)"f0(980)!mixing!

intensity!(PRD!83,!032003!(2011))
# Possibly!explained!by!KK*(K)!loop,!triangle!singularity!(arXiv:!1108.3772)



!MASS!MEASUREMENT!AT!BESIII
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Beam!energy!measurement!for!BEPCII
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Compton!back"scattering!technique
NIMA!659,21!(2011)

Sys.!Error
2*10"5



!mass!measurement
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! Data!at!4!energy!points!were!taken!(~4"10!pb"1!each!point)!around!!
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.



IHEP"LAL!collaboration
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Precision!measurement!of!e+e""+4+3 cross!section!using!ISR!method!at!BaBar



Hadronic vacuum!polarization!and!R
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Cannot!be!calculated!from!QCD!(“first!principles”)!

but: we!can!use!experiment!

Im[                    ]  B |                   hadrons  |2

R



7#(e+e""+4+3)
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7#(e+e""K+K")!measurement!via!ISR!at!BaBar
(to!be!published)
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+4+3+#>("/+4+3@>(+4+3"+#((channels
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Other!multi"hadron!channels
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R!below!and!above!the!open!charm!
threshold
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Precision!predictions!on!aC and!D(MZ)
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2006



Muon magnetic!moment!anomaly!
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(>99%) (10"6)
Dominant!error



aChad
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Dominant!error Can!be!rigorously!calculated!using!ee annihilation!data
via!dispersion!relation:

Vacuum!Polarization

Isospin symmetry!connect!I=1!e+e"
cross!section!to!vector!! spectral!functions!



New!items!in!the!reevaluation!of!aC and!D(MZ)
Eur.!Phys.!!J.!C71!(2011)!1,! arXiv:1010.4180v2![hep"ph].!

! ! 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
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aC prediction!and!measurement!
comparison
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New!result!on!D(MZ)!and!constraint!on!mHiggs
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The!fitted!mH=91+30"23GeV
Up!limits:!163GeV@95%CL

193GeV@99%CL



Summary
• BESIII!is!running!well!and!accumulated!the!!world!
largest!samples!at!J/),!)’,!)’’!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!aC and!D(MZ).

• We!shall!continue!the!project!(e.g.!new!e+e" data,!
R,!! at!BESIII).
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