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RIERAC 1

Beam energy:
1.0 - 2.3 GeV
Design Luminosity:
1x1033 cm2 s1
Optimum energy:

1.89 GeV
No. of bunches:
93

Bunch length:

1.5 cm
Total current:

091 A
SR mode:

0.25A @ 2.5 GeV
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BESIII Detector
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CsI(TI) calorimeter -v.“ e ¢
Sub-detectors Performance
Momentum resolution 0.5%@1GeV
dE/dx resolution 6%
Energy resolution 2.5%@1GeV

Spatial resolution 6 mm
Time Barrel 80 ps (Bhabha)
resolution Endcap 110 ps (Di-muon)

9 layers RPC, 8 layers for endcap




BESIII Data Samples

July 18, 2008: First e+e- collision event
2009 : 106 M Y(ZS ) events (x4 CLEOc)

225 M events (x4 BESII)
2010 - 2011 : 2. gfb Lyl 3770
2011: ~ 0.5 fb'l @ 4.01 GeV
(Dc and XYZ spectroscopy)
~ 30 pb! t mass scan
2012 : ~ 0.4 billion y(2S)
~ 1 billion J/y

2003 1108 05 fb

R scan [2.0, 3. 65] GeV

fbl @ 4.23, 4.26, 4.36 GeV
and scan in vicinity
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Production of charmonium(like)

T ] I
¥(25)
Mark-I

Mark-I + LGW
Mark-1II
PLUTO

DASP

Crystal Ball
BES

III|IIII|III1]II1I|I[[I

Vector /Y states can be produced directly
C-even states can be produced from radiative transitions
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Physics of t-charm region

Charmonium physics:
- Spectroscopy
- transitions and decays
Light hadron physics:
- meson & baryon spectroscopy
- glueball & hybrid
- two-photon physics
- e.m. form factors of nucleon
Open Charm physics:
- (semi)leptonic + hadronic decays
- decay constant, form factors
- CKM matrix: Vcd, Vcs
- DO-D%bar mixing and CP violation
- rare/forbidden decays
QCD & Tau physics:
- precision R-measurement
- Tau decays and tau mass scan
...and many more.
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Selected BESIII results

XYZ study Light hadron

- Z¢(3900) —>n)/y spectrum
 Z¢c(4020) —rh, - study of nn system
- Z¢c(4025) —» D*D* - excited nucluon

. e+e-—yX(3872) ¥(3686)—p p n°(n)

Charm decays
= D 2 v
- DO9—K/mev
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Doseinzillon @i Z.(SS00)

Select e'e— n'nd/y at 4.26 GeV (525/pb)

BESIII: PRL110, 252001

160F . 882+33
3 Jhy 2utu

oclete— ntrnl)/y)
= (62.9+1.943.7) pb
Agree with BaBar & Belle!
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Observation of Z.(3900)
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Doseinzillon @i Z.(SS00)

M = 3899.0+3.61+4.9 MeV 4 Data

' =46110+20 MeV — Total fit
307 + 48 events ---= Background fit
significance>8c -.=- PHSP MC
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BELLE :
e*e"— wtn-)/y from ISR CLEOc data at 4.17 GeV

PRL 110, 252002(2013) arXiv: 1304.3036

{ Data M(Z(3900))=3884.6+4.6 MeV
+ data --- Phase Space
— Fit — Fit
— Background

--+ PHSP MC
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3800 3900 2000
M5/ y) (MeV)

« M = 3894.5+6.6+4.5 MeV + M = 3885+5+1 MeV
e ' = 631+24+26 MeV e [ = 34+12+4 MeV

« 159 + 49 events « 81 + 20 events

e >52¢ e 6.1c
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Tke lneuline o Z (SS010)

Couples to cc

Has electric charge DD* molecule?
At least 4-quarks Tetraquark state?
Cusp?

Threshold effect?

Predictions and more experimental
information will be essential to
understand its nature.
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e —ararin (IR

h.—YM. N, —hadrons (16 exclusive decay modes)

Ecm=4.36 Ge
544 pb-1
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) Mr;(GeV)'

N(h,)=416+28 N(h,)=357+25
oB=41.0+2.8+7.4 pb oB=52.3+3.749.2 pb

HNP 2013 - Xiaobin Ji IHEP) 2013/7/18 16



e*e— 1Z.(4020)> w*wh (1P)

| Ecm 4.26 GeV Ecm=4.36 GeV
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Simultaneous fit to 4.26/4.36 GeV data and 16 . decay modes.
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R =
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K87 2)

: Belle, 2003
First observed by Belle 140/fb

Mass: very close to

DD threshold
Width: very narrow,

<1.2 MeV
JPC =1+ (LHCb)
Production

- in pp/pp collison — rate similar to charmonia

- In B decays — KX similar to cc, K*X smaller
than cc

HNP 2013 - Xiaobin Ji IHEP) 2013/7/18
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Observation of e*e- >yX(3872)

N(X(3872))=15.0+3.9
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ISR '’ signal is used for rate, mass, and mass resolution
calibration.

v’ : Mass=3685.96+0.05 MeV; o,,=1.84 +0.06 MeV
M(X(3872)) = 3872.1+0.8+0.3 MeV

[PDG: 3871.68 £0.17 MeV]
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glueball search —
Study of nn system

e re—— ————

PRL48 (1982) 458.

First observed f0(1710)
from J/p radiative

decays to nn
by Cryystal%all in 1982

Crystal Barrel Collaboration (2002) analyzed the
three final states momOm9, nm®m® and 1°nn with K
matrix formalism. Found a 2+* (~1870), but no
f,(1710) .

F"zg%(g)ooe): op-> 1onn, found f,(1500) and
WA102 and GAMS all identified f0(1710) in nn

HNP 2013 - Xiaobin Ji IHEP) 2013/7/18 21



Study of nn system

LQCD: lowest mass glueball with
**isin 1.5-1.7 GeV

fo(1710) and f,(2100) are
ominant scalars
fo(1500) exists (8.20)
f," (1525) is the dominant I
tensor 2 My, (GeV/c)

o
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Resonance Mass (MeV/¢?) Width (MeV /¢?) B/ — yX — ynn) Significance

fo(1500) 146871577 136245 (1.65925+031) X 103 820
Foll1710) 1759 = 612 172 = 10132 (23540 50 10 25.00r
Ful2100) 2081 * 1372 2737300 (11370034064 5 10~ 13.9¢
f5(1525) 1513 =574, (AT (342708130 % 1073 11.0cr
Fo(1810) 182213944 229133488, (5.407050 640

7.6er

£2(2340) 2362731710 3341937008 (5.609824337) x 1073

“_aN—R3 54— 100 —0L65—2.07
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v(3686)—>p p
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v(3686)—>p p

Using 106 M y(3686) data, detailed
PWA of y(3686)—p p n° are performed.
Two new N* are observed,

and
Mass and width of 5 well-known N* are
measured, agree with data in PDG
No clear evidence for N(1885) and

N(2065
( ) PRL 110, 022001 (2013)
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M, (GeV)

PSR o

¥(3686)>p p 1

M., after cut momentum and 6

N(1535) and
PHSP(1/2-)
are significant
In this
analysis

MC projection
IS consistent
with data

arXiv : 1304.1973
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Tag D-, select D* 2 u*v

G.f’ )
: FSnt 1vr 12 2 _ m, .-
LD TMv)y=—2-W [ mm  (1-—) ] :
/ I !
. Q ce D" Y ! The neutrino
o7 m_, -
D carries energy and

momentum away,

All quantities are well
measured except fy
Using 9 D- tag modes
in 2.9 fb-! data

[}"'ﬁ

ME [GeVE/c]
HNP 2013 - Xiaobin Ji IHEP)  2013/7/18
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D*=>utv: Preliminary Results

N(D*=2>u*v)=377.3+20.6
B(D*2ufv) =(3.74 £ 0.215t + 0.065)x10* f,*=(203.91 £ 5,725 £ 1,97%) MeV

MARK-II
<0.07% at 80% C.L.
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DO 5 K/mevV

-y

BESII Preliminary BESIN Preliminary

E Ewéls.i | ﬂ.ﬂ‘g
Ewanegs /[ 007 )

N, = 18460+/-143

N, = 1677+/-45

sig
Umiss = Emiss - Pmiss

D'->Kev Dl->mev
measured branching fraction(%) PDG CLEOc

D5 K*te v 3.542 £0.030+£0.067 3.55 £0.04 | 3.50 £0.03 £0.04

D 5 nte i 0.288 +£0.008=+0.005 0.289 +0.008|0.288 +0.008+0.003

BESIII preliminary, with 0.92 fb* data, will improve with
full 2.9 fb! soon. Form factor measurement ongoing.




Summary

BESIII has been successfully operating
since 2008: world largest data samples
at J/y, w(3686), w(3770), Y(4260), and
SO On

Excellent for precision measurements
and new discoveries.

Fruitful results had been obtained,
more will come.
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Topology of the decays of the signal process. Thick line circled
D7 and 7~ are detected in the final states and at least one of the
dashed line circled ¥ or 7r8| is tagged.
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® M(4020) = 4021.8+1.0+2.5 MeV
® M(4025) = 4026.3+2.6+3.7 MeV
® T(4020) = 5.7+3.4+1.1 MeV
© T(4025) = 24.84+5.7+7.7 MeV

Close to D*D* threshold=4017 MeV

“ap2 4.04 4.06 4.}8;1;4;:-.1 Mass COnSiStent W|th eaCh Other bUt
1 width ~2c difference

—4—data  —-Z(40

—uwan —cnmgece | § [nterference with other amplitudes
may change the results

Coupling to D*D* is much larger
than to th, If they are the same state
Will fit with Flatte formula

h\l
o O
TT] T T T T[T T T T[T 1717

o O
TT[ T T T[T T[Tt

Events / ( 2.5 MeV/c?)
= N W g g D

BESIII preliminary
The Zc¢’ is found!

o
= T T TT

RM(r) (GeV/c?



/5 (GeV) oBlete™ — v X (3872)] - B(X(3872) — wrn—J /%) (pb)

4.009 < 0.13 at 90% C.L.
4.230 0.32 4+ 0.15 4+ 0.02
4.260 0.354+0.12 4+ 0.02
4.360 < 0.39 at 90% C.L.

It seems X(3872) is from Y(4260) decays. At 4.26 GeV,
ocBete” —» mtn~J/¥) = (62.9+1.943.7) pb,

olete™ — yX(3872)] - B(X(3872) — wtn—J/y) .
olete™ — wta—J /1) = (5.6+2.0)x10

If we take B(X(3872) — w77~ J /1Y) ~ 5%, ( >2.6% in PDG)

o(ete™ =~y X(3872
J((e+e_—>;rr+ﬂ('__f/’3))) ~ 112%

Large transition ratio |
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pp threshold enhancement

">y, dw — ypp

BESI/
Ll BESIIT

Events/(0.005GeV/c?)

0.10 : : 800 005 010 015 020 025 030
- 2
M(p p) - 2m_ (GeVi/c’) M, ;-2m,(GeV/c?)

Observed at BESII, confirmed at BESIII
Many possibilities: ordinary meson/ pp
bound states/multiquark/glueball/final
states interaction (FSI)
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The fit with a BW and S- E
wave FSI (I=0) factor can E
well describe the

mass threshold structure

JPC=0-* >6.80 better
than other J° assignments.

M= 1832"'1"  (stat) *1%
17 (sys.) £19 (model)
MeV/c?

= 2Bl e
+4(model) MeV/c2 orTl %

< 76 MeV/c2 at 90% C.L.
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14 1.6 1.8 2.0 22 24 2.6 28

CM(rtrm’) (GeVic?) M. (GeV/c?)
M = 1833.7+6.1:2.7 MeV/c? pp bound state? n
I'=67.7+20.3+7.7 MeV/c? excitation? same as
B(J/y—yX) x B(X>n*nn') X(pp)?
= (2.2+0.4+0.4) x 104 Two additional structures
sig. = 7.7¢ are observed at BESIII
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X(1835)

dN/d|cosb,|

Resonance
X(1835)

X(2120)

X(2370)

5000
4000

3000
1

2000

1000

M (MeV/c?)

1836.5+3.0+56

2.1

2122.4+6.7+47

2.7

2376.31+8.7+32

4.3

I (MeV/c?) significance
190+9+38 ;.

83+16+31

83+17+4

Br(J/w->yX(1835))eBr(X(1835)>m*mrn’ )
= (2.87 £0.09+049 , .,)x10-4
The polar angle of the photon in
J/y CMS is consistent with
expectation for pseudoscalar

PWA is needed, inference among
the resonances needs to be
considered.
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Why are X(2120)/X(2370) interesting?

PRD73,014516(2006) Y.Chen et al

It is the first time in J/y
radiative decays resonant
structures are observed
In the 2.4 GeV region, it is
Interesting since:

e LQCD predicts that the

lowest lying pseudoscalar
glueball : around 2.4 GeV

e J/y>ymmn’ decay is a
good channel to fi¥1d 0+
glueballs

Nature of X(2120)/X(2370)
® Pseudoscalar glueball?
e n/n’ excited states?

""" PRD82, 074026, 2010 (J.F. Liu, G.J. Ding and M.L. Yan)

PRD83, 114007, 2011 (J.S. Yu, Z.F. Sun, X. Liu, Q. Zhao)

HNP 2013 - Xiaobin Ji IHEP) 2013/7/18
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Measurement of charmonium states

HNP 2013

Precise measurement of
the charmonium ground

state nc
PRL 108, 222002 (2012)
PRD 86, 092009 (2012)

Determine the properties
of h,

PRE 104 127007 (2010
PRD 86, 092009 (2012)
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First observation of y'=>yn.(2S)
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