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BEPCII

Two-ring, large crossing angle, multi-bunch, high-current
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- Design -
Beam energy:

1-2.3GeV
Luminosity:

1 x 1033 cm-25-1
Optimum energy:

1.89 GeV
Energy spread:

5.16 x 10-4

No. of bunches:
03

Bunch length:

1.5cm
Total current:
091 A

SR mode:
0.25A @ 2.5 GeV



BESIII Spectrometer

Super-conducting magnet, 1T

RPC

Be beam pipe

MDC, 130 um
Total weight 730 ton,

o ,
0.5% at 1 GeVic =8 ~40,000 readout chnls,
Data rate: 5kHz, 50Mb/s

<lo
Csl(TI) calorimeter, 2.5% @ 1 GeV
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BESIII Collaboration

Political Map of the World, June 1999

http://bes3.ihep.ac.cn
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BESIII started data taking for physics since 2009

1.3x10° J/y at Ecm=3.097 GeV, 2009 (0.225x10°) + 2012
0.4x10° v’ at Ecm=3.686 GeV, 2009 (0.106x10°) + 2012
2.9 fb! y(3770) at 3.773 GeV, 2010 + 2011

0.5 fb' (4040) at 4.009 GeV, 2011

0.024 fb! T mass scan at around 3.554 GeV, 2011

1.9 fb* Y(4260) at 4.23 and 4.26 GeV, 2013

0.5 fb! Y(4360) at 4.36 GeV, 2013

0.5 fb* Y(4260) and Y(4360) scan, 2013

0.8 fb-' R scan, 104 energy points between 3.85 and 4.59 GeV, 2014
0.5fb! at4.60 GeV, 2014
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Hadron Spectroscopy



Scalar Glueball

0  n—
10 | S
» Eur. Phys. J. C 21, 531-543 (2001) 3" e Bre—
8 —
v £,(1370): Large nn, small s§ and significant Glue —r— 133
content 2B e T o
2
v ,(1500): s5 and nn out of phase
v f,(1710): Large s5 content Y. Chen etal, 1
. PRD 73, 014516(2001
» Physics Reports 389 (2004) 61 - ( , ) ;
v ,(1370) Largely nnn
v £,(1500) mainly Glue o SAULI Eiawiag
. p— 27T 5.83(5 2390(30) (120
v f0(1710) mainly s§ 0+t 6.25%6%%6% 2560%35;5120;
17 T.27T(4)(7 2980(30) (140
> PRL 110, 021601 (2013) o plbgsd 3040(40)(150)
) 3t- 8.79(3)(9) 3600(40)(170)
v f,(1710) dominant Glueball components 3+~ 8.94(6)(9) 3670(50)(180)
1= 0.34(4)(9) 3830(40)(190)
> 27~ 9.77(4)(10) 4010(45)(200)
37 10.25(4))(10) 4200(45)(200)
2t 10.32(7)(10) 4230(50)(200)
0t 11.66(7)(12) 4780(60)(230)
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first studied by
Crystal Ball (1982):
f0(1710)
» Crystal Barrel (1995):

Crystal Ball

——

I

PRL 48, 458 (1982)

4

o

f0(1500) [pp—m0nn]
« E835 (2006):

f0(1500) [pp—m0Onn]

f0(1710) [pp—mOnn]
« WA102, GAMS:

f0(1500) [mn mode]

1
g

Entnes/12{MeVic
vy

g

§ 8

2000

1.5 2.0
Mnn (GeV)

2.5

3.0

[

1

PLB 3534571 (1995)

\

{ f Crystal Barrel ‘

o .
1100 1200 1300 1400 1500 1600 1700
m(nn) (MeVrc?)
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BESIII: PWA of Jy — ynn, n — vy
= best solution:

« f0(1500),f0(1710), f0(2100); S PR 87’092009
£2'(1525), £2(1810), f2(2340); I R R (TR TLLNE
0++ phase space, ¢n swp ] o) ‘

= no significant evidence of: PR ; =}

» scalar: o W : !
f0(1370), f0(1790), f0(2020), e NN
f0(2200), f0(2330) S —

* tensor: .
f2(2010), f2(2150), fJ(2220) : |

* source of sys. unc. =

= ¢n background: L :
* Interference of ¢ tail accounted for

source of systematic uncertainties

May 23, 2014 Anacapri 10



BESIII: PWA of Jly — ymm, n — vy

Resonance Mass(MeV /c¢?) Width(MeV/¢?) B(J/¢» — vX — vnn) Significance

fo(1500)  1468*1:+23 ja6ts e, (165l ) XIN B2aé
7594671 5: 17210752 | (285151 5 5e) %10
2081£13%55 27355000 | (113ZGT0E0358) x 107
£2(1525)\ 15134574, 7EiaHS  moidRe e w10 0w
f2(1810) | 1822+22+%2 220t ares,.  (BADTR TSR 10" Bdw
Ta(2340)y 2362715120 S34teat s (B o ixdi™ The

no significant evidence of:

« scalar: fo(1370), fo(1790), fo(2020), fo(2200), fo(2330)
* tensor: f2(2010), f2(2150), :(2220)
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Decay rate of pure glueball from LQCD

»Pure scalar-glueball rate in J/\y radiative decays
BR(J/y—YG(0**))=3.8(9)x103 PRL 110 (2613) 021601
BR(J/w—7f,(1710)>yKK)=(8.5755) x 10~*
BR(J/y—>Yf,(1710)>ynr)= (4.0J_r1.0)>< 104
BR(J/y—vf,(1710)>y0n)=(3.1+1.0)x 10~
BR(J/y—>Yf,(1710)—>ynn)=(2. 357013 323)x 10~

» Pure Tensor-glueball rate in J/y radiative decays
BR(J/y—>vG(2+))=1.1(2)x10" PRL 111, 891601
Large decay rate is predicted
Need more experimental information!

EXp.
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PWA of y(2S)—ppnr® and y(2S) —ppn
CLEOc: 24.5 M y(2S) [PRD 82, 092002]

g, 120 W(2S)—ppmo | | ¢ OF L Ru2100)
L S f 2 N(1440)
% o 60 3. N(2300)
= = H 4 Re(2100)
j ¥ 40 ¢ T4
2 2 b *
S20F VAL JT
L J e 0 | AT L T o ) g
1.0 14 1.8 22 26 3.0 1.8 2.2 2.6 3.0 3.4
M (pn°) (GeV/c?) M (pp) (GeV/c?)
: = 25
50| v(2S) —ppn 1. N(1535)
0 _ * 20 - 2. R(Z].OO)

-
o

Events / 40 MeV/c?
N w NN
o o

Events / 40 MeV/c?
o

s
o

(&)

o
0O
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BESIII: PWA of w’—ppn

Low background:

— sidebands and continuum
Best solution:

— N(1535) combined with an
Interfering phase space

pp enhancement: <3¢

Events/(25MeV/c?)

N(1535):
M=(1524 +5+10) MeV/c2
I'=(130+27+10) MeV/c2

Suppressed (<12%):

Events/(25MeV/c?)

B (2S) — ppn) | .(GeV/c"’)-
‘ ! — Pt prd - 0

May 23, 2014 Anacapri

Events/(25MeV/c?)

Events

PRD 88, 032010
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BESIII: PWA of w(2S)—ppr®

= 2-body decay:
* Y(25)—Xn, X—-pp
¢ y(2S)—pN*, N*—pr+c.c.

= |sospin conservation:
Asuppressed

= pest solution:
N(940), N(1440), N(1520), N(2090),
N(1535),N(1650), N(1720),
N(2300) [1/2+], N(2570) [5/2-]

Events/(32MeV/c?)

@ PRL 110, 022001

Events/32MeV/c?)

= no significant evidence: 3s0]- A
« N(1885), N(2065) & Jor i
 pp enhancement S 200f by |

= systematic uncertainties: gusor ] i
 additional possible resonances D g | Tl TR

0 S T
2.0 2:5 3.0 35

M __(GeV/c?)
PP
May 23, 2014 Anacapri 15



BESIII: PWA of y(2S)—ppn’
= pranching fraction:

B(y(2S) — ppn®) = (1.65+0.03+0.15) X 10 PRL 110, 022001

Resonance N e€( %) B.F.( <X 10 >)
N(940) 1870129487 27.5 = 0.4 6.42710-20+ 1.78
N(1440) 106029439 27.9 + 0.4 3.5810-23+1.59
N(1520) 100 " 14+ 64 28.0 = 0.4 0.643:030:17
N(1535) 673431303 25.8 = 0.4 2.47+0-28+0.59
N(1650) 1080+77+382 27.2 = 0.4 3.76 938+ 1.37
N(1720) 510732+39, 26.9 = 0.4 1.79+9-10+0.24
948 08+ 394 34.2 + 0.4 2.627170-28+ .12
795 t45+127 35.3 = 0.4 2.1313:0810:30

Total 4515 *+= 93 25.8 = 0.4 16.5 = 0.3 = 1.5
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XYZ Physics

Anacapri



MASS [GeV/c?]

Connecting the XYZ at BESIII

4.4 | [aisy | 4250 |
2 [w@Dy) |
4.0 | [y | 4E&S0 |
I@w
38 | e Xeo(23Po)
2Mp

(215
36 L Ne'( o)

U

W(22S1) |

Tl

, he(11P1) PERED
v/ —
3.4 L Y xeo(13Po) |
T Ty
g i
3.2 - 4:;’; predicted, discovered
JAp(1354) predicted, undiscovered
¥
30 - hiisa)
D—+ 1 —_ 1 +— D++ -1 ++ 2++
JPC
May 23, 2014

(D

The quark model describes most of

charmonium remarkably well. (c¢c)

FO00

c000
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3000
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2000

1000

Anacapri

Crystal Ball at SLLAC
(discovery of 1.)

e candidate

L i ] ] |
50 1ele 200 500 [elele)]
E, (MeW)
PRLA45,1150 (1980)
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MASS [GeV/c2 ]

4.2

4.0

3.8

2M

3.6

3.4

3.2

3.0

Z(4430)?
4.4 Nc(41S0)

(I) The quark model describes most of
charmonium remarkably well.

(1)

But the
quark model.

Red:Lightest Hybrid

y(43S1)
— R
xc2(33P2)
Y (4260) he(31P1) xc1(33P1)
.
33S
L | mc(31S0) v(3sS)
xc2(23P2) |
X(3872)
L xc0(23Po)
LR
y'(23S1)
Nc'(21S0)
xc2(13P2)
[Py
E
B predicted, discovered
Iiy(13S1) predicted, undiscovered
B unpredicted, discovered
0+ 1— 1+ O++ 1++ 2++

Jrc

M—M,, (MeV)

1500

1000

500

B O

B = []
A =
=

™ ™

| 11

1+— 1++ 2++

(cc)

XYZ" states point beyond the
(ccq, cqqc, (cq)(qc). cemn)

Blue: First excited Hybrid

Ao (= = )

JHEP 1207, 126(2012)



MASS [GeV/c?]

, JZa4302 @Sy | (D) The quark model describes most of
' Nel41S0) = a360) = charmonium remarkably well. (¢¢)
c2 2
Y (4260) @ Xe1(37P1) 3 ve .
12 | (II) But the “XYZ" states point beyond the
- quark model. (ccg, cqqc, (¢q)(qc), cémm)
w(33S1) ,
4.0 \— | ne(31S0) (ITI1) Most of the XY Z states were discovered
[Z(3900) — Xc2(27P2) by Belle and BaBar.
38 | xeo(22Po) )
e \ Y’ '(13D1) (IV) But BESIII can directly produce the
o W’ (23S1) Y (4260) and Y(4360) 1n ete— annihilation.
MNc 0
3.6
@:’m“apﬂ (V) BESIII has observed “charged
o _ charmoniumlike structures™ —
. — -+ KcO ]
t the Z.(3900) ...
3.2 — predicted, discovered
predicted, undiscovered
3.0 - unpredicted, discovered
0—+ 1— 1+ O++ 1++ 2++
1JF"ICF
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BESIII: Cross scetion of ete-— n+n-J/y at 4.26 GeV

2 160 882+33 = 1200 595+28
o 1401 @ B
8 Iy S & Iy Seve
o E o -
S 100F S  80¢
(@) 5 () -
(\D 80 5 B 60 -
= '60F = E
) : O 40
31 40Ff N B
20f 20 !}; §
03" ""305 31 315 3.2 03 305 = 81 315 3.2
M(u) (GeV/cd) M(e*e) (GeV/c?)

« Select 4 charged tracks and reconstruct J/y with lepton pair
« Very clean sample, very high efficiency (~45%)
« o(ere-— mn-J/y)= (62.9£1.9+3.7) pb

PRL110, 252001
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e+e- — w+n-J/\y — cross sections @ 4.260 GeV

80
BaBar: PRD86, 051102 (2012) 70 D
a2 F 50 =
& 100~ 40
§' 80— 23
T ok 10
o T v
© 40 b s
\ + 38 4 42 44 46 48 5 52 54
zojf T E.. (GeV)
(bf—*f v W f=:. . *: Boin
38 4 22 44 26 48 5 52 54 BESIII cross sections:
SN best precision
BESIII: oB(e+e-— m+n-J/hy) = (62.9+£1.9£3.7) pb more energy points
- agreement with BaBar & Belle more data!

May 23, 2014 Anacapri 22



Zc(3900) observed in two experiments!
BESIITI at 4.26 GeV: PRL110, 252001

—4- Data

~—— Total fit

100

===+ Background fit

80

==: PHSP MC

Events / 0.01 GeV/c?

4.0

38
Mpnax (/) (GeV/c?)

37 3.9

Belle with ISR: PRL110,252002

—+— data
e

— Background
«+=+PHSP MC

Events / 0.02 GeV/c?

42

38 39 4 A4Af

57 .
Mnax(T/y) (GeV/c?)

M = 3899.0+3.6+4.9 MeV
I'=46+10+20 MeV
307 + 48 events

¢ >8c

May 23, 2014

[« M=38945:66145MeV
. 'z 63424426 MeV
e 159+ 49 events

Anacapri 23



Confirmed with CLEOc datal!

CLEOc data at 4.17 GeV:
PLB 727,366
E 40: ¢ Data M(Z(3900))=3884.6:4.6 MeV
s 35 -~ Phase Space
5 3o§— — Fit
E% 25;— | iE
o .
g I
HJ+ o . ) i

3500 4000
Menax(T=J/y) (MeV)

« M =38851+5+1 MeV
« T =34+12+4 MeV

« 81 +20events

« 6.1c

May 23, 2014

%600 3700 3800

Anacapri

Events / 0.01 GeV/c?

Events / 0.02 GeV/c?

100

80|

60

—4— Data

CBESITI |

--=- Background fit

-:=- PHSP MC

40+t

20 '

0=8T B8 39 &0
Mooy (TEJ/Y) (GeV/c?)

705_ +data

605— Be“e — Fit

50/

—— Background
==« PHSP MC

M. (w/y) (GeV/c?)

37 38 B39 4 41 42
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BESIII: e+e-— nZc(3885) — w~(DD*)*+c.c. @ 4.260 GeV

90 PRL 112, 022001
% 80 (a) o 100:
> 70 > 80f
S 60 =
< 50 E 60}
40 wn n
% 12,
g 30 qc) 40:
> 20 = 20'
10k [ X . of [
0 PP B EPEPEPE PP B B - n
3.85 3.90 3.95 4.00 4.05 4.10 4.15 3.85 390 395 400 405 4. 10 415
M(D°D*) (GeV/c?) M(DD*°) (GeV/c?)
* M = (3883.91£1.54.2) MeV nZc(3885) ang. dist. favours Jp = 1+
e >]18c

o(e+e-— 1m-Zc(3885)+ X Zc(3885)+— (DD*)+ +c.c.) = (83.5+6.61-22.0) pb

_TI(Z.(3885)-DD*) _ 0
=T Z.(3900) o] ) (6.2+1.1+2.7)%

May 23, 2014 Anacapri 25




MASS [GeV/c?]

4.2 -

4 sy S0

Y (4360)
(33P2)
he(31P1) | ¥c1(33P1) X .

W(3354)
23p
T
weol 23 Po)

(13D1)

3.4

3.2 —

>0 " [ne(1'50)|

W’ (23S1) —
rred -+
3.6 |n.: (21S0) JC

predicted, discovered
JIw(1351) predicted, undiscovered

unpredicted, discovered

May 23, 2014

1— 1+- O++ 1++ 24+

(D

(1D

(I1I)

(IV)

(V)

Anacapri

The quark model describes most of
charmonium remarkably well. (c©)

But the “XYZ"” states point beyond the
quark model. (ccég, cqqc, (¢q)(qc), cém)

Most of the XY Z states were discovered
by Belle and BaBar.

But BESIII can directly produce the
Y(4260) and Y(4360) in ete— annihilation.

BESIII has observed ““charged
charmoniumlike structures”™ —
the Z.c(3900) and the Z..'(4020).

26



BESIII: e+e-— m+n-he(1P

PRL 111, 242001

h.—1NM. N, —~hadrons [16 exclusive decay modes]
» pp, m+-K+K-, m+m-pp, 2(K+K-), 2(mt+mt-), 3(m+m-)

» 2(m+m-)K+K-, KsoK+m-+cC.c., KsoK+m-m+m-+c.C., K+K-mo
» ppno, KiK-n, m+w-n, n+m-momo, 2(m+m-)n, 2(m+7-10)

o 3.2 o 3.2
Y 3
e - a gz
e 3.15 v 3.1
S 4

— 3.1 =

5 =

= £

3.05

-L--
|

2 I W .|
“'§.5 3.51 3.52 3.53 3.54 3.55 3.56 3.57 3.58 3.59 3.6
m(hc)(_Ge\-'/c‘)

m(h )(GeV/c?)
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BESIII: Cross section of e+e-— n+n-h (1P)
PRL 111, 242001

g Fcm=4.26 GeV % ® } Ecm=4.36 GeV
N BESIL =«
T i
9: 351 352 353 354 3:5 356 3.:7 35}%173(53“/3)6 95 351 352 353 354 355 356 337 35&;(53‘3‘?)6
« N(he)=416428 + N(hc)=357+25
* Lum=827/pb * Lum=544/pb
« 8= 41.042.847.4pb | |+ oB=52.3+3.7+9.2 pb

May 23, 2014 Anacapri 28



Comparison of e+e-— m+n-hc and mw+n-J/y

E Open circles: Belle e+e-— m+n-J/y
80 % Solid dots: BESIII e+e—> m+m-he

_ 602— +++‘ * -

iR |

¢¢¢¢A¢¢A 3 1

O:l ......... l‘ ..... . l ......... ll ..... ll ......... lll ..... lm“IG(e+e—)TC+TChC) G(@+€-—)TC+TE—J/\|J)

a 4.3 4 4 4 | butlineshape different

Local maximum ~ 4.23 GeV
Ecm (GeV)
Broad structure at ~4.x GeV?
Need more data at high energies to complete the line shape measurement
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BESIII: e+e—> 1Zo(4020)=> n+m-he(1P)

BECT PRL 111, 242001

120 -
C < 50
.Q = c
> i \r;
g 80 [ £ 30
o L 54
§ 60 ¥ 10
5,/ = 0
£ qo[fl T IpTE. ] \ 38 39 40 4.1
o : M;., (GeVN=114+25@4.23GeV
20 N=72+17@4.26GeV

N=67+t15@4.36GeV

395 400 405 410 415 4.20 4.25
M_., (GeV/c?)

J

n=h,

Simultaneous fit to 4.23/4.26/4.36 GeV data and 16 1, decay modes: 8.9c
M(Zc(4020)) = 4022.9+0.8+2.7 MeV: T'(Zc(4020)) = 7.942.7+2.6 MeV
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BESIII: ete-— an(4025i —> n‘iD*FiWc.c. @ 4.260 GeV
| — — Z.(4025) -#$-data A 112' 132004 + = comb. BKG —4— data

C\T-.N B —_— -
S 400f----- PHSP  Hws (@) i D*D** tzot(zlof;; |
((b] F o . = . . ~ 60_ — — &
= : Argus fit to sidebands g H .- PHSP signal
1o 300 - o
~ - o 40
o 200fF L 2
o - i | S 20
= LI
LLJ
4.02 4.04 4.06 4.08

RM(r) (GeV/c?)

2.05 2.1 2.15 2.2 . >10c
RM(D*r)+M(D*)-m(D*) (GeV/c®) o(ese— ™ (D*D*) +c.c.) = (1379x15) pb
Fit to n+ recoil mass yields 401+47 Zc(4025) events
M(ZC(4025)) = 4026.3+2.613.7 MeV, olete >n~Zf>n~ (D*DH)*  +c.c)

= + 9+ 6K)O0
['(Zc(4025)) = 24.8+5.6+7.7 MeV et e on-(D D) ice) (00 EI=6)%
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Summary of Z states

Channel Mass [MeV/c?] Width [MeV ]
J/¢_H+ 389090+36+49 40=+10+20
(D)’__)*)jL 38839+15+42 248+3.3+11.0
hert™ 40229 +08x+2.7 79+2.7+2.6
(D*E*)_l_ 4026.3 206 +3.7 24. =56+ 7.7

Nature of these states?
m Tetraquark L. Maiani, A. Ali et al.

m Hadronic molecule u.-G. Meissner, EK. Guo et al.

May 23, 2014

Meson loop Q. zhao et al.
ISPE model x. Liu et al.

Hadro-charmonium M. B. Voloshin

Close to
DD* threshold=3875 MeV

Close to
D*D* threshold=4017 MeV

32



MASS [GeV/cd

Z(4430)7
A g T— | Nec(41S0) EI
Y (4360) :M (33P2)
c2 2,
Y (4260) he(31P1) Xe1(33P4)
4.2 |-
vV
4-E?E| '
X<2(23P2)
2(3900) G
38 | lm' }(cﬂ[zﬂpﬂ} /
2Mp
W' (2351)
[ne'(21S0) +
3.6 — TR
wWez(13P2)
[heci?Py) | [xer(12P)|
34 |
3.2 - predicted, discovered
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The quark model describes most of
charmonium remarkably well. (¢€)

But the “XYZ" states point beyond the
quark model. (cég, cqqc, (¢q)(qc), cem)

Most of the XY Z states were discovered
by Belle and BaBar.

But BESIII can directly produce the
Y(4260) and Y(4360) 1in e*e~ annihilation.

BESIII has observed “‘charged
charmoniumlike structures”™ —
the Z.c(3900) and the Z..'(4020).

BESIII has also observed a transition to
the X(3872).
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X(3872)

* First observed in Belle:
Bt - K*ntn~J /¥

* Theoretical predicted: The production rate of
X(3872) will be strongly enhanced in Y(4260)
decays compared to that of y(4040,4415)

and y(4160) decays F.K. Guo et al,
PLB 725,127(2013)

May 23, 2014
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X(3872) signal at around 4.230-4.260 GeV
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BESIII: e+e- — yX(3872) — yr+r-J/y

0.6

151~ ] E —— data
o | + Data W hep-ex:1310.4101 [
O i — Total fit Z T Phase Space
% 10 i - == Background 7 t_:’ --- Linear
> I '
> I ] I
€ .l 1 R
1 X
I ] £
T T = " T T . © A R S B
8 3.85 3.9 3.95 : : 4.3 4.4 4.5
M(r Jy) (GeV/c?) E.m (GeV)
ISR ’signal IS used for rate, mass, and mass resolution calibration.
ly36s6) = - (0.344+0.04) MeV/c2; om= (1.14+0.07) MeV
N(X(3872)) = 20.1+4.5 [PDG: 3871.68+0.17 MeV]
M = (3871.920.720.2) MeV/c2
[ = consistent with em Could be a Y(4260) — yX(3872)!
6.3 | Consist with Guo’s y
May 23, ZOI’P . Anacapri rediction!
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(D

(1D

(III)

(IV)

(V)

(VD

The quark model describes most of
charmonium remarkably well. (¢¢)

But the “XYZ" states point beyond the
quark model. (ccqg. cqqc, (¢q)(qc), cem)

Most of the XY Z states were discovered
by Belle and BaBar.

But BESIII can directly produce the
Y(4260) and Y(4360) 1n e*te— annihilation.

BESIII has observed “charged
charmoniumlike structures”™ —
the Z.c(3900) and the Z.'(4020).

BESIII has also observed a transition to
the X(3872).

(VII) We are building connections.

Anacapri
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Summary

BESIII started data taking for physics since 2009

* World largest data samples at J/y, v, y(3770), w(4040), Y(4260)
already collected, more data in future coming soon

* BESIIl is in her golden age, more results will appear: charm
meson, form factors, tau physics, two-photon, rare processes ...

e BESIII is playing leading role on hadron spectroscopy
* Observation of X(3872), Zc(3900),Zc(4025),...
* Expect more results from BESIII in the future !
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Online cross sections
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