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BEPCII -- A High Luminosity Double-ring Collider

A 2 \i ¢ T '
Beijing Electron Positron Collider (II)




BEPCII and BESIII Detector

BEPCII: BESIII:
\/g : * MDC:o,/p=0.5% @ 1GeV/c

2.0-4.6 GeV
« EMC: o;/E =2.5% at 1GeV
 TOF: 80ps(barrel), 110ps(endcap)

Design: 1X10° cm?s™ « MUC: 9 layers RPC for barrel, 8 for
Achieved: ~7.08 X 1032 cm2s1 endcap

e Luminosity:
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Physics in the Charm Region
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Charmonium physics:

- Spectroscopy, transitions, decays
- "Exotic” charmonium states

Light hadron physics: (using
charmonium as source to produce

light hadrons)

- meson & baryon spectroscopy
- glueball & hybrid

Open Charm physics:

QCD & Tau physics:




BESIII Data Samples

Iy light hadron 225M decays 1.2B decays
charmonium,
3’ light hadron 106M decays 600M decays
¥(3770) open charm 2.9 fbl

Exotic charmonium
Ecm = 4010MeV states 482pb'1

Exotic charmonium _
E., = 4260MeV states 525pb-! 2fb-1 (ongoing)

Exotic charmonium
Ecm = 4360MeV states 520pb'1

* Other energy points for line scan studies, etc.



Charmonium Transitions and Decays

/(4415) N
Y (4360)—— ® EM transitions and decays: clean,
\ W(2S) i _ _
o5 Y(4260) relatively simple.
> S l{‘(4160)— Jhy nre ial del
05, (4040) potential models
b o X(3940) « lattice QCD calculations
DSDs | S— -
oo K (387 ol - %(3915) e EFT
W(3770) . rJhp nn
oD ' Ay T~ 2G) > y
— T y(2S) 2 .
N o Iy 2y
e ® Baryon-involving decays
* test pQCD
oY « helicity selection rules(HSR)
S n. > Baryon + anti-Baryon
0_+ 1+ 1__ O++ 1++ 2++



First Observation of y' >yn,’

BESIII PRL 109 042003(2012)

—o—d'lf"l(K K TL'*)

® Magnetic dipole transition, y'-2>yn,’

* N/ DKKn /| KK 7 ‘:lg 10* = ftresu
® E, ~ 50 MeV: high background g 10’ kgt
« data driven technique § 10° s
® Combined significance: > 10c E 10 £ S : '
® Measure: B(y' 2yn./)*B(n,/=> KK ) | = 35 — 556 b '.:‘3'7
=(2.98 +0.57+0.48)*10 My oy srr (GEV/C?)
® Combined with BaBar measurement N ok IIIﬂ?ﬂLifﬁt“ o 'J
of B(n, KK ) to obtain: % 10° — ﬁgk‘”, :
B(yv' 2yn.)=(6.8+1.1+4.5)*104 % 10° NIl
® Consistent with potential model % wE N
e S o

prediction: (0.1-6.2)*104 [1]

35 3.55 3.6 3.65 37

>
[1] arXiv: 0909.2812 My .0 (GeV/cT)



Jy 2 yvyy

BESIII, PRD87, 032003(2013)

® Test of non-perturbative QCD with first | (d)
order corrections S e | |

_ BU/¥—3y) 647 -9 CoLalrn)
R =fB{¢U¢;—>€_€_}_ 24377 a(l 73 T ) B LR i
o, ~0.19 : R~ 3.0%10* oLl | .
® Suppress EM bkg. by using J/y from y’ ‘>9 I 1
<D
Measure: B(J/y>yyy)=(11.3+1.8+£2.0)*10 O 3 || - |
® BESIIl + CLEOC: R=(L95+037) ¥ 104 = | e
® Need radiative and relativistic correction = | | %
® Evidence for n, = yy; complementary 2 0 '-
] B ldata "
to two-photon fusion measurements s
B(n. > yv)=(2.6+0.740.7)*10* O 05 1 15 2
M(yy), (GeV/c?)
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n. = Baryon + anti-Baryon

40F ——nData PRD87,012003 (2013) |
® HSR pI‘OthItlon ~ 35fF === Signal (a)
L = — — Background
% 30 - v -zT
® Charmed-meson loop model explains E 255 @ -t
n. = ppbar, AAbar = 20p [DEuwers
S
JIY — yn, nc—>{:+f @ 12;—
PIRN pﬂo 0 ] 5
. _ o 24 25 26 27 28 29 30
B o>AnT > prx M(Z'T) (GeV/cd)
35 f_ —e— Data
® Measurements: F ---- Signal (b)
v 30 Eduy— V=
N -3 3 - P
Br(i, —» z+§ )=(2.11£0.28+0.18+0.50)x10 g 25F E pagra
Br(7, »>E'E7)=(0.89£0.16+008+02)x107 w 20F EEJv-Tarmee
—_ - === Jly — yEE + other bg
8 15F
® Charmed-meson loop prediction: g b I
L -
Br(n, > >'37)=(0.51-1.00)x107° SE ' L
Br(n, - Z*E") =(0.48-0.96) x10~° 3652.702.752.802. 8:52 90 2. 953 00 3.05

M(EZ= )(Ge\/fc ) »




Charmonium Spectroscopy

Many charmonium states above
DD threshold discovered

Production in e+e- and B decay
(Belle, BaBar, CDF, DO, CLEO)

Some are likely conventional cc
states, €.0. y.;(2P)

Some have surprising properties

Many need confirmation (NC!) ,
spin-parity determination and search
for other states to complete the
spectrum. Statistical capability of
current B-factory data sets is limited

Review from Quarkonium Working Group

arXiv: 1010.5827

State m (MeV)

' (MeV)

)Tf"(.‘

Year Status

X(3872)  3871.52+£0.20 1.3+0.6 1*+/2-*

X(3915)  3915.6 £3.1

ey aa40+9
X (3940) 3942+9
G(3900) 3943 + 21
Y (4008) 4008F128

Z1(4050)T  4051F%
Y(4140) 41434 £3.0
X (4160) 415612
Zo(4250)F  4248+1%

Y (4260) 4263 +5

Complementary to light quark systems:
Is there evidence for gluonic degrees of freedom in the spectrum of charmonium? ,

(<2.2)
28+10

=+27
Sl

52+11
22697

c\h-)+5]

=55

15?‘1

1391313
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27+
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OK

OK
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NC!
NC!
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Y (4260) and Y (4360)

® Y (4260), anomalous enhancement in
Jlymm cross section discovered by
BaBar in initial state radiation (ISR)
e+e- production (confirmed by Belle
and CLEO)

® Must be a1 state
« overpopulates 1~ charmonium states
- above DD threshold but does not
couple to DD like others

® Similarly mysterious Y (4360) in y’nnt

® Study at BESIII by collecting data at
fixed E,,, = 4.26 and 4.36 GeV.
* study systematically looking at
many channels

ol " mJIhp) (pb)

Belle Collaboration, arXiv:1304.012]

E’E? ’M‘ BESHI arXiv: 1303.5949
oy

30 -* * { } ﬂ

i i

@HHW HM} P

38 4 45 44 46 48 5 55 54
Em (GEV)

Y

C

Y?

o
et

ISR production (BaBar, Belle)
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ZC(3900) In Y(4260)9 J/\|l7t+7t' BESIII arXiv: 1303.5949

Accepted by PRL

M3(w JAp) (GeV/c?)?

‘f'_}g 160F o
Bl atna- - _ + + o 140F —Fit
oi(ete 2> ' Jy ) =629x19x3.7pb © ok A
. C === Backgroun
agrees with Babar & Belle. S F
S 100}
. ~ 80f
Observe structures in both 7*J/y and = £ sob
Jhy invariant mass spectra. 5 a0k
201
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Events / 0.02 GeV/c?

® 1'71 mass spectrum: f0(980), o(500),

ZC(BQOO) In Y(4260)9 J/\|!7t+7t' BESIII arXiv: 1303.5949

Accepted by PRL

generate no peak in *Jhy spectrum.

® 7+J/y mass spectrum: peak at

3.9GeV/c? (Z,(3900)); the wider peak
at low mass is a kinematic reflection of

the Z,(3900).
100F +Data
- -~-MC
80 o — Z,{3900) MC
C [[] sideband
R

M(r*Jly) (GeV/c?)

Events / 0.02 GeV/c?

Events / 0.02 GeV/c?

120 - tdata
100 ~MC * -L
- — Z,[3800) MC "F
B'D B |:| Sideband ?H :
- T L
60— ‘Hm F
40 #
20 :_ ¥ o i N +'+
- I : 1 1 P TR T B el Ml i
3_2 04 0.6 08 1 1.2 1.4
M(r*r) (GeVic?)
1001 +a‘f
80 o * — Z,(3900) MC
C [ sideband
60 { *
40 et
20F

g_E 33343536 373839 4 4142

M(mJiy) (GeVic?) .



ZC(BQOO) In Y(4260)% J/\If7t+75' BESIII arXiv: 1303.5949

Accepted by PRL

100 B —4— Data
® Fit projection to obtain: o [ 307148 events. _;"tak' ft i
* M(Z;) =3899+3.6+4.9 MeVic2 5 80 o
*[(Z.) = 46£10+20 MeV/c? O - B sieoana
* Significance: > 8c o 60F ‘l’
o |

At 4260 MeV production of Z_n*+ E 40 -
Is (21.5 i_3.3)% of the Jiyrn*n S -
Cross section g1 200y

0 y s e BRI e B e :

3.7 3.8 3.9 4.0

 Couples to cchar Moy (TEJY) (GeV/c?)

« Has electric charge
® Confirmed by Belle(arXiv:1304.0121) in ISR
Y (4260) production and by Kam Seth (arXiv:

4-qia_rk state§? . 1304.3036) using 586 pb! of CLEO data taken at
DD* interaction at threshold* a CM energy of 4170MeV.

 Interpretation:

16



The nature of Z,(3900) ?

From SPIRE HEP Database (17%, May)
1. Tetraquarks
arXiv: 1110.1333, 1303.6857
arXiv: 1304. (0345, 1301, 6433, 7080, 7816)
2. Hadronic molecules
arXiv: 1303.6608,
arXiv: 1304.( 2882, 1850, 5748, 7467)
3. Four quark state (1 or 2)
arXiv: 1304.0380 === - -
4. Meson loop "
arXiv: 1303.6355, 1304.4458
5. Initial State Pion Emission
(ISPE) model
arXiv: 1303.6842, 1304.5845

Y (4260)

With more data presently
analysed, BESIII will be able
to exclude various @ | m e e m e m e e e e e e e e e - -
interpretations of the Zc(3900)! meson loop ISPE model .

1
+



Excited Baryon Program using charmonium decays

Advantages of excited baryon study using charmonium decay:
1: Isospin filter : less states, less complicated.

v (1=0)2>p (1=1/2) px(1=1/2) N* --yes, A* --no
2: Study by many decay channels, such as 7°N, nN, n’N, oN...

3: Large statistics for charmonium states

See Wenlong’s talk
4: Study of N*, A*, X* =* @parallel B5

18



Events/(32MeVic?)

N*iny’ > p pn°

Phys. Rev. Lett. 110, 022001 (2013)

Ll !

B— T EET)
— N5
—— Mi1535)
- = NI 1650}

-
Lh
—
=

[y

S

0

M, GeVich)

® Full partial wave analysis.

® Two new N* states observed.

See Wenlong's talk
@parallel B5

T ] 200 F L S
[;;'l} ....... N,:i,‘lq[j] [l'.'l}
— N{1720)
) —— {2300}
4> 150 —-- N(2570)
=
2
=
= 100
i
=
2
= sy oo
25 ! 15 20 25
M A GeVieh)
Resonance M(MeV/e?)  T(MeV/e?) Sig. I’
N(1440) 13907575, 340T0TTE, 1150 1/2+
N(1520) 151003000 qastRA0 0 500 372
N(1535) 15355510 120050, 930 172
N(1650)  165013F3, 1507510 1220 1/2-
N(1720) 1700738732 450t 960 304
N(2300) 23002‘;13533”49 3404_:31%%%0 15.00 12,
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arXiv: 1303.3040
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No obvious p p threshold enhancement
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Summary and Outlook

® Diverse program of hadron physics ongoing at BESIII

* new or more precise experimental tests of calculations of
charmonium transitions and decays

* an unexpected result in the charmonium spectrum: a charged
charmonium-like state

* many ongoing N* studies using J/y or §’ decay

® Expectvibrant program headed into the future:
» already have at least 4X statistics in both J/{r and Y’ decays
* analysis has started on Ecm = 4360 MeV

» expect 4X statistics at Ecm = 4260 MeV by the end of summer



Thank you!



v 2o Bp

arXiv: 1303.3040
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M(p P) (GeVic
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f 1 9
+ ++++++++ t | g
+H++++T f JrJr+ §

Events/ (0.01 GeV/c?)

« J/ydata

total fit

up -
SXN, (J'y— wX(pP))
nen-resonant contribution
w sideband fit

o sideband data

+

DU i
0.05

TTRNY (NP PTTR
0.1
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o J Y 1 1
0.15
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pp mass threshold structure in Jiy > y pp

® Confirmed by BESIII, Chinese Physic C 34, 421(2010)

I - :

§ 70 ! BESIII Theoretical interpretation:

& sofel + » conventional meson?

9 _

§ 50 { H + : > pp bound state/multiquark
L 40 o

~ | 1 1]

-g 30 it !.h_! i) + + » glueball

i g SRt S8 LR S > Final state interaction (FSI)

> ...

800 005 010 015 020 025 030
Mpﬁ—zmp(GeWcz)

® PWA of Jiy = vyppbar was first performed, PRL 108, 112003(2012)

=0 w=mmsp |56 80 better than other JP¢ assignments.
M =1832""(stat)"  (syst) = 19(mod)MeV/c’

I'=13+20(stat)";; (syst) = 4(mod)MeV/c® or I' < 76MeV/c’ @90%C.L.

B(J /v =y X(pp))B(X(pp) = pp) = (9.07)] (stat)’; (syst)= 2.3(mod))x 10~



Mpp threshold structure of ' — ypp @BESIII

N\

N\

Obviously different line m?(a)

=

G 30
shape of pp mass spectrum | < o
near threshold from thatin |_ & 20,
J/U decays

2
T T I T
M2 (GeV/c)?

EER : 7

M(pp)(GeV/c?) M (GeVieT)

TPWATresults: T PWA Projection:
» Significance of X(pp) is > 6.90. % 15
* The productionratioR: | first measurement E 30
__B@W —=yX(pp) S

B(J /¢ —yX(pp)) st ]
= (5.08"7(stat) "% (syst) = 0.12(mod))% - e S,
* It is suppressed compared with “12% rule”. 865 o7 03

-2m,(GeV/c?)
PRL 108,112003(2012) Vor

5/31/12 Meson2012 13




BESIII arXiv: 1304.1973

N*Iny =2 p 511

P
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24 2.6

0.64
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2 2.8
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3

See Wenlong’s talk
@parallel B5

A full PWA is
performed.

Two components:
1. N(1535) %-
2. PHSP

Mass:

- +0.005+0.010
1.5247 005-0.00430V/C?

Width:

+0.027+0.061
0.1 30—0.02 7.0.014°8Y

PDG:
M=1.5354+0.01GeV/c?
' =125~175MeV/c?
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For y decay to baryons:
@ Comstruchion of PWA  ampliiusls.

Lo =i NIRY +he

A N N T N

Theee basye Rements o comctruching uflv‘ﬂ-’« ;

Wore fuetions | P"r‘ad.n' effechie M‘vz ,
(1) % v*

Wase funckioms Uy (p5,) = T (nis] ds5,08.CnA) utrs)

propgets - B, < A (.-iug -y LR
effectie w:l-g; g 2

b ¢ . v 4

I

w2 i"‘V-"g_'A/ REY o 14
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Kinematic reflections

counts

= Resonant peaks /\

T_’h / —>

caE“ i M /)

s i_ counts 4

b 1-D
M (m*J/y) M(r*Jiy)

Broad /
reflection
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J. Phys. G: Nucl. Part. Phys. 38 (2011) 035007

Figure 1. Charmed hadron loop diagrams that describe the long-distance transitions in J.z; — pp.
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Helicity Selection Rule

According to the perturbative method of QCD, V.L.
Chernyark et al. have ever obtained the asymptotic

behavior for some exclusive processes, e.g.

A?
QCD
BRj (3 =hy (A\)ho(Xo) ™~ ( >

me

)I)\1+)\2I+2

Phys. Rept. 112, 173 (1984)

The leading order will contribute when A,+1,=0, while

the helicity configurations that do not satisfy this
relation will be suppressed.

S and P-wave Charmonium Decays

|| PP | PV | % |

T - | W) [Cod——

J [V'{) @d’d(_%}__________———-lnconsistentwith exp.

X v -

Xel - (\/) (D\

Xe2 vV GED b v \ which we will discuss
T. Feldmann & P. Kroll - ~—_ inthis talk.

PRD62, 074006 (2000)

\/ Zhao et al. 0812.4902

BR(xc1 — K*°K*%) = (1.6 +0.4) x 1073 ppeG

Zhang et al. PRL102, 172001

An alternative description of this selection rule with the
quantum number named “naturalness”

o= P(-1)’
The selection rule requires that
Jinit'iai = 0109
Take the process Jiy—VP as an example(c™ # g107)
8
M 1) =V () POp) X CuvadPycy Py APy ey (v, Av)

In the rest frame of initial state, if 1,,=0, €, can be
approximately expressed as a linear combination of the
final state momenta. Then the contraction of the Lorentz
indices will result in a vanishing amplitude.

nc(xco ’hc )_’ EB

O BB represents the JP=1/2* octet baryon-antibaryon

pairs

O These processes also violate the helicity selection

rule

O Some attempts have been made to understand this

contradiction

B quark-diquark model M. Anselmino et al.

B quark mass correction F.Murgia; M. Anselmino et al.
B mixing with glueball M. Anselmino et al.

B quark pair creation model R.G. Ping et al.
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