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Introduction

Study of h. in y(2S) = 70 h,
Precise measurement of . mass and width
Observation of 1’ in y' = yKKn

Spin-parity analysis of the ppbar mass threshold enhancement
X(ppbar) in Jiy and ' radiative decays

n(1405) in  J/y—yf,(980)7°, ,(980) > 27
PWAof J/w—ynn and J/y— ywp

Summary
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Bird view of
BEPCII /BESIII

S’ror'age r'mg

Beijing electrn poitron
collider BEPCII

sf‘c—

"BESIIT

deTecTor %

ﬁfé’i. N\, 2K AP
e PN \ 2004: start BEPCII construction
S— S *: % | 2008: test run of BEPCII
' ® ; 2009-now: BECPII/BESIII data taking




The BESIII Detector

NIM A614, 345 (2010)

Drift Chamber (MDC)
oPIP (%) =

0.5%(1GeV)
Saesax (*lo) = 6%

Super-conducting
agnet (1.0 tesla)

Time Of Flight (TOF)
o;: 90 ps Barrel
110 ps endcap

s U ounter
8- 9 layers RPC
OR®=1.4 cm~1.7 cm

EMC: oE/V E(%,) =2.5% (1 GeV)
(Csl) o,,(cm)=0.5-0.7cm/y E
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The BESIII Detector

NIM A614, 345 (2010)

Drift Chamber (MDC)
oPIP (%) =

0.5%(1GeV)
Oaesax (*o) = 6%

Super-conducting
agnet (1.0 tesla)

The results in this talk ae based n te data samples of
225M J/\|/ events and 106M \|; events

(1t Counter
= 8-9 layers RPC
= = SR®=1.4 cm~1.7 cm

90 ps Barrel
110 ps endcap

EMC: oE/V E(%,) =2.5% (1 GeV)
(Csl) o,,(cm)=0.5-0.7 cm/{ E
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w' > n'h, @ BESIII

40002— BESIH
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PRL104, 132002, (2010)

Select inclusive 7° (y’>7%h,)

Select E1-photon in h_>yn (w/o E1 tagged)

E1-tagged selection gives
M(h,)=3525.40+0.13 +0.18MeV

(AM, (1P)=0.100.1310.18MeV/c?)
I'(h.)=0.73+0.45 +0.28MeV

(first measurement)

(<1.44MeV at 90% CL)
Br(y'=>n%h, ) XBr(h,2>yn, )=
(4.58+0.401+-0.50) X104

E1-untagged selection gives
Br(y'-=> n%h,)=(8.4£1.31+1.0) X104

Combining branching fractions leads to
Br(h,2> yn.)=(54.31:6.71:5.2)%
(first measurement)
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w'2>nh., h,>1n., n. exclusive decays @ BESIII

Events'l MeV
Events/l1 MeV
Wooow o E 5 8 o8

Events/1 MeV
Events/1 MeV

Events/1 MeV
Events/l MeV
s w E G E W oE

Events/l MeV

Events/1 MeV

Events'l MeV

. .56
7" recoil mass ((.-ewc }

Simultaneous fit to 7 ¢ recoiling mass
x?/d.o.f. = 32/46

Mass = 3525.31 £ 0.11 £ 0.15 MeV/c?
Width = 0.70 = 0.28 = 0.25 MeV

Events/1 MeV
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Consistent with BESIII inclusive
results PRL104,132002(2010)
CLEOc exlusive results
M(h.)=3525.21+0.27+0.14 MeV/c?
N = 136+14

PRL101, 182003(2008)



n(15)

 Ground state of cc system, but its properties are not well known:

J /v radiative transition: M ~ 2978.0MeV/c?, [ ~ 10MeV
YY process: M= 2983.1+1.0MeV/c?, '=31.3+1.9MeV
e vv. PP, B decay
f i

x . fl 2
Mass | ® y(1S, 25)2>yn. , width | X
g X l‘ -+ AUBERT 08BAB BABR 2.5
@  AUBERT 08AB BABR 24 9 - UEHARA 08 BELL 0.0
@ UEHARA 08 BELL 4.3 [ | —— - wu 06 BELL 57

o4 7 - - - ABE 07 BELL S WU 06 BELL
—— Af WU 06 BELL 6.9 |- -+ ASNER 04 CLEO 03
/ | WU 06 BELL 08 @  AUBERT 04D BABR 7.8
I\' ‘I‘ - ASNER 04 CLEO 0.4 7 = £ AMBROGIANI 03 E835 0.8
.‘ { - - AUBERT 04D BABR 20 v BAl 03 BES 16
[ @ - AMBROGIANI 03 E835 24 FANG 03 BELL 00
,!. \ BAI 03 BES 37 BAI 00F BES 33
| _._ “\, FANG 03 BELL 0'1 ARMSTRONG 95F E760 0.1
f‘ | \ ... BAI 00F BES 2:6 BAGLIN 87B SPEC 7.4

/ BALTRUSAIT...86  MRK3
GAISER 86 CBAL 125
42.0

(Confidence Level < 0.0001)

1]
0 =0 N RO

o)A 90B MRK3 4.1
—@—  GAISER 86 CBAL _ 06
304
\ (Confidence Level = 0.0014)
R | | |

|
2050 2060 2070 2080 2990 3000 CL=0.0014 ™

nc(15) mass (MeV) n~-(15) WIDTH

* CLEOc found the distortion of the 1_lineshape in y’ decays

* cc hyperfine splitting: M(J /1)- M(n.) is important experimental input
to test the lattice QCD, but is dominated by error on M(n,)



Events / 10 MeV/c

Events / 10 MeV/c?

200 I ' KsKn

150 [ — — non-reso

w' =2n., n.~>exclusive decays @ BESIII

F—— data
C [ other v’ decays
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Interference with non-resonant is significant !

Relative phase ¢ values from each mode are

consistent within 3, :
= use a common phase value in the 0:
simultaneous fit.

I:

M: 2984.3 = 0.6 = 0.6 MeV
320 £ 1.2 £ 1.0 MeV
2.40 = 0.07 = 0.08 rad

or 4.19 &= 0.03 £ 0.09 rad

FERENERERS R R RNER FYRER AR R
2727528285629295 3 3.

e Ly
05 3.13.156 3.2

arXiv:1111:0398 PRL 108(2012)222002
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Comparison of the mass and width for 7,

The world average in PDG2010 was using earlier measurements

o B

a.
{1 = T | | |

Belle yy

CLEO yy

BaBar vy

CLEOC Jiy

(stat.only)
BESIIy’

I L1

N, mass (MeV)

2980 2982 2984 2986 2988 2990

1 { 1
2992

20

25

|

Belle yy

CLEO yy
BaBar yy
CLEOc Jhy

(stat.only)
BESII '

30
n, width (MeV)

35

Hyperfine splitting: AM(1S) = 112.6 = 0.8 MeV

Consistent with B factory results in other production mechanisms.

40

Agree with lattice QCD calculations of the charmonium hyperfine splitting
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Observation of y'— yn.(2S)

First “observation” by Crystal Ball in 1982 (M=3.592, B=0.2%-1.3% from w'—yX,
never confirmed by other experiments.)

Published results about n(2S) observation:

Experiment M [MeV] ' [MeV] Process _
Belle [1] 3654 £ 6 £ 8 BY - K< n.(25), N.(25) =LA K= 7T]
CLEO [2] 3642.9+31+15 63+124+4.0 vy — 1,(28) [ KK Ea
BaBar [3] 3630834410 17.0+83425 vy — 1 (28) =Ko K ErT
BaRar [4] 3645.0 4+ 55114 ete™ — J/ihee
PDG (5] 3638 £ 4 17

Combined with the results based on two-photon processes from BaBar and Belle
reported at ICHEP 2010, the world average I'(n.(2S))=12%3 MeV

The M1 transition y'—yn(2S) has not been observed.
(experimental challenge : search for real photons ~50MeV, )

E(Etg?lrl chance to observe n(2S) in ' radiative transition with ~106M vy’ data at

Decay mode studied: y'—yn (2S)2>7KsKn & KK



Observation of 1n.(2S) in y'—>yn.(2S),

Events / ( 0.005 GeV/c?)

N.(28)—>K Kn, K*Kn0

———
—+ data (KzKim’f)
— fitting results

s XCJ
—-M(29)
----- background

IIIII|_|_|J IIIIIIII| IIIIIIII| 1 111

e i TR
......

[¥5]
L

Events / ( 0.005 GeV/c?)

—
=]
[

S,

T T T T T | T T T T
—e— data (K'K%)

— fitting resilts

=== Xcs

TR Tlc@S)

----- background

simultaneous fit results:

: M(n.(2S)) = (3637.6£2.9+1.6) MeV
: T'(n(28)) = (16.91+6.41+4.8) MeV
: Statistical significance larger than 10.2¢c! :

Br(y'—>yn(2S)>yKKmn)
=(1.30+0.20,,..+ 0.305y5) X105

stat—

+

Br(n.(2S)>KKn)=(1.9+£0.4+1.1)%
From BABAR(PRD78,012006)

Il

Br(y'— yn(2S))
=(6.81+1.1,,,+4.5.,,) X 10

CLEO-c: <7.6x10-4
PRD81,052002(2010)

Potential model: (0.1-6.2)x104
PRL89,162002(2002)



Enhancement at pp threshold in J/yv—ypp

J/y—>vpp vt~ J/y, J/y—ypp
ltﬂ:I||||||llllll‘llll .q-“‘ ""I""I"""l""l""l"'".
) | - - BESHII
i G
% 100 - =
2 S
8 I S
g or 1 A -
O gt S Ro6™ 505 oo hiE o0 0 E 630

M,,-2m, (GeV ) M _-2m(GeV/c?)

Observed at BESIl in 2003 (PRL,022001) Confirmed at BESIHII in 2010
agree with spin zero expectation (CPC 34,421 (2010))
M =1860_%3_%2 MeV, I'< 38 MeV (90% CL) M =1859_*45_%2 MeV, I'< 30 MeV (90% CL)

Many possibilities:
normal meson/ pp bound state/multiquark/glueball/Final state interaction effect(FSl)......

Spin-parity analysis
is essential for determining place in the spectrum and possible nature.



PWAof J/yw—ypp @BESIII

* PWA of J/{ = v ppbar was first E*m

performed

* The fit with a BW and S-wave
FSI(1=0) factor can well describe P
ppb mass threshold structure. Bo="01 o2 03 Y0 03 006 05 10

* It is much better than that & 300f o &
without FSI effect, and A2InL=51 = qﬂﬁ%%@ |

(7.10) b

- Different FSI models->Model o 1 oo

dependent uncertainty
-10 05 00 05 10 -100

« Spin-parity, mass, width and B.R. of X(ppbar):

JO=07" e—

M=1832"] (stat)"};

T LT

(a)_é 53505: Ilcb[
3 " 300p mw

M- 2m,(GeVie’) cosB,

L, o w0
PRL 108,112003(2012)

>6.8 0 better than other Jrc assignments

(syst)£19(mod)MeV/c’

['=13420(stat)", (syst) £4mod)MeV/c* or I'<76MeV/e* @90%C.L.
B(J | y—>yX(pp)) B(X(pp) = pp) = (9.0} (stat)"; (syst)+2.3(mod)) x 107

-1.1
ICHEP2012 14



M, bar threshold structure of ' — ypp  @BESIII

Obviously different line
shape of ppbar mass
spectrum near threshold
from that in J/¢ decays

25 3.0 2.4 3 5
M(pp)(GeV/c?) M; (GeV/e®y

PWA results: PWA Projection:
» Significance of X(ppbar) is >6.90. -

* The production ratio R: | first measurement % ;i
__B(v' > yX(pP) Sl |
B(J | = yX(pPp)) st
= (5.08"%7!(stat) °% (syst)+0.12(mod))% g
» |t is suppressed compared with “12% rule”. 89 91 : 02 03
M, -2m, (GeVic?)

PRL 108,112003(2012)
ICHEP2012 15



Anomalous line shape of f,(980) in J/y—y3n

- e B B B 100F 1~ T TS
Efgg; A f,(980)>n*n- 1 < | f,(980)>n%r0 ]
= 3 >
o 160E D
2 :

3 =
31002— ) =0
@ 80F : 2
c 60F ; L
$ opliudadt | i
2 AN 3 I , . ,
0= 09 1.0 11 12 009 10 14 12
M(r"7)(GeV/c?) M(n°n%)(GeV/c?)
M = 989.9 +0.4MeV/c? M = 987.0 £1.4MeV/c*
[=9.5+ 1.1 MeV/c? [=4.6+ 5.1 MeV/c?
Surprising result: PRL 108, 182001 (2012)

very narrow f,(980) width: <11.8 MeV/c?@90% C.L.
much narrower than the world average (PDG 2010: 40-100 MeV/c?)

A possible explanation is KK~ loop, Triangle Singularity (TS) (/... Wu et al, PRL 108, 081803(2012))
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1(1405) in Jhy—>1, (980)7°, £,(980) 2

- | 3 60F T — T -
G 20F fo(980)—)7: A N 503_ fo(980)—>1t°7c° E
% 200 . >
) . o
N . I
S 150k S
=) - e
£ 100} &
c " o
Q L Q
o 50F ¥

e T I - — .

M(F (980)r0)(GeVi/c?) M(f (980)r%)(GeV/c?)

First observed: 1n(1405)—f,(980)x° (Large isospin breaking):

0 +_ -0
BR(n(1405) - £,(980) 7 0—> T gz (7)2 )z (17.9%42)%
BR(n(1405) - a,(980)7" —> 7" 7" n)
v PRL 108, 182001 (2012)

g =B 2> O8O > 7 E) 4009, c.0)| PRD, 83(2100)032003

Br(y, —>a0(980)7r —>nrr)
a,-f, mixing alone can not explain the branching ratio of n(1405)

ICHEP2012 17




New results on n’2> 37

M(m'tn0)/(GeV/c?)
New results:

Q85 09 085 1 105

Events/(0.01GeV/c?)

"_I ~

o i

0.860.88 0.9h.§20.940.960.§8 1 1.021.04

M(n°rlrl)/(GeV/c?)

PRL 108, 182001 (2012)

Br(n’ — *m 1% = (3.83 + 0.15 + 0.39) x 10~3 (PDG2010: (3.6732,) X 1073]
Br(v' = n% %) =(3.56 £ 0.22 £ 0.34) x 10~* (PDG2010: (1.68+0.22) x 1073)

For the decayny’ — n%n%x?, it is two times larger than the world average value.

Comparison: Isospin violations in W'2>nnn :

T~ 0 0_0_0

BR(?]'—)?Z‘:’T_?Z‘ )30_9%} BR(ry’—:»:r;r;r ST 6%

BR(rt > n m n) BR(yf »>m 1)
ICHEP2012
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Study of nn system

* First observed f,(1710) from Jly -
radiative decays to MM by $:b L0 i o
Crystal Bal! in 1982. | _HEQC‘_“LE_L_

 LQCD predicts: N

)2)
0**:1710+ 50 £ 80

PRLA48 (1982) 458.
Fr |

 Crystal Barrel Collaboration (2002) analyzed the three
final states %779, nn%z° and n%n with K matrix formalism.
Found a 2** (~1870MeV), but no f,(1710).

- E835 (2006): ppbar > n’nn , found f,(1500) and f,(1710).
*« WA102 and GAMS all identified f,(1710) in nn .

ICHEP2012 19



Preliminary PWA results of J/Y> ¥ n n @BESIII

Resonance }'Iass(h'iexffcg) “"idth{}y‘IercZ} B(J/y: = X — ) Signilicance

fo(1500)  1468+13+20 1AGTALIE (1L G sy %2
Jo(1710) I7egh Tl i e o e (2.35 b LS T~ 2H.0 o
fo(2100)  20817F313*53 27313509 (9.991,551551) = 107" 13900
Fa(1525) st e, (241 HIECEL Ty B 1107
S2(1810)  1822F33+3% (5-3874 67 550) x 10" 64 a
f2(2340) 236245, 55° (55875 6s7131) » 107" Téa

%m'w**ﬁﬁ
(;5150_ 2 [ Npem=2.14 7
N - £,(1710) and f,(2100)
%m}j are dominant scalars.

75 20 25 3.0 4
() M, (GeV/c?) .

o T +£,(1500) exists (8.20).

0o, 0
;$ L‘ X2/ Nbin—0.69 : 500; .
Looof ', D e - f,’(1525) is the

3 : 3 ._%3002— 2N 0.68 — =

S et 190 esess | dominant tensor.
200F 3 E

100F ] 100F

|
i 2 B 0
(e) cost, () 0,

ICHEP2012 20



M, , threshold enhancement in J/Yy > v w ®

==Y 2 [ “\ RN
-, 19 ;:. i
; : —_ =
= " C
2z | Z
o ¥ =
= -
- |:- t Calseialassalinanlossalossalosaslaaaalasis
I.5 i rE 44 B 1B 3 _3|: i3 1 1.3 _.: 23 ¥ A5 4_1-1'.-'
M) (GeV/icT) MT(Y) (GeVie™)
PRL 96(2006) 162002
. For X(1810):
M =1812%5; +18 MeV/c?
; [=105+20+28 MeV/c’

JPC¢ favors O** over 0" and 2**

J Iy — yo¢p (DOZI)

ICHEP2012
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Preliminary PWA results of J/Y > ¥ w ® @BESIII

Resonance ] M(MeV /) Ci{MaWV /) LCvents a0y Sndf Sipnificance

A (1=10) o+ 17YG == T 95 4= 100 1419 &+ 52 T3 4 o B30
f2(1950) L 1944 472 GEE L A0 211 2 > 100
fy (2020} u++ 1Lt 442 T16 = 456 104} o = 1l
w(2A2H) n A4 1600 70—+ 30 AR @ i des
phase space 0O~ 2400 SO0 319 1 24 A5 2 > B
280 - o Br
Ty
» - —_— - 1]
5 mf Preliminary | 3 : Preliminary
2 S L
w —
150 = |
3 E |
(=] L]
o = -
- 2
[ - L
w50k
oL D..;.l.l.ll I T R T
% s 0 1 2 3 4 5

' M{mwcewﬁ
Is X(1810) the f0(1710)/f0(1790) or new state?
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* A lot of interesting results on charmonium and light
hadron spectroscopy have been obtained at BESII|,
with new observations and measurements.

- BESIIl just took 1 billion J/y events and 0.4 billion y’
events this year -

More and more exciting results from BESIII in the
future

ICHEP2012 23
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Property of h,

» First evidence:
E835 in pp—2>h_ 2N, (PRD72,092004(2005))

3.8]

3.0

2.8

[0,(1S)

L L=0

‘,")VE1

Jp(1S)

0

1

iJF’C=0‘+ 1= e g

1

CLEO-c observed h, in ee>y’>7°h,,

h,2v1.

AM,(1P)=0.08+=0.18+0.12 MeV/c?
(PRL104,132002(2010))

Study isospin forbidden transition:
B(v’' — w%h.)

Measure as well the E1 transition:

~ B(hc = vme) o
M(h.) gives access to hyperfine splitting
of 1P states:
AM,(1P)=M(h)-
1/g(M(XCO)+3M(Xc1)+5M(X02))

25



Events/10 MeV

N, lineshape from y'=> 1%, h,>m,
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N decay modes
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The n¢ lineshape is not distorted in the h_.>yn. , non-resonant bkg is small.
This channel will be best suited to determine the n. resonance parameters.

Event /5 MeV/c?

400
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2500
2uuj‘i.‘_: Ll
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'Iﬂl]i

S0

aso0[
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vy — Ne(18);
Ne(18) = KKt

"33
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Mass(KsKnx) (GeV/c?)

Symmetric lineshape
in yy production

42%0308-001

CLEO-¢
Jp(1S) = yme(1S)

in y decay
iy P

n. Candidates/10 MeV [x107]

0.44
E(v) [GeV]
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Is the X(1835) from the same source of X(ppbar)?

 The mass of X(ppbar) is consistent with X(1835)

* The width of X(ppbar) is much narrower.

Possible reasons:

— X(ppbar) and X(1835) come from different sources

— Interference effect in J/¢->Y 7t t n’ process

should not be ignored in the determination of the
X(1835) mass and width

— There may be more than one resonance in the

mass peak around 1.83GeV inJ/Y->y Tt n’
decays.
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Confirmation @ BESIII and CLEOc

Events/(0.005GeV/c?)

Fit with one resonance at BESII did:

W o>rr iyl w—ypp

70 ! o Blsslllu
i
Y b1t

30 : L h B T sk 2
i ATy LT 716 Y

8.00 005 0410 045 020 025 030

M _-2m(GeV/c )|

M=1861+_,*,. MeV/c?
[ <38 MeV/e2 (90% CL)

Chinese Physics C 34, 421 (2010)

3 8
AL R
@)
F
T
o
(@]

Events / 20 MeV/e®
2

&
T

-
-
-

B +
0 100 200 300 400 500 600 700 800 900
AM=Mpp)-2m , (MeV/c’)

T

M(R,) = 1881% .. (MeV), T(R.,) =02, (MeV)

tars

B. (=R ) x By(R,, = pE} = (3828 k108

PRD 82, 092002(2010)
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Several non-observations

-
o

e E-010

Pure FSI mterpretation is disfavored
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