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Introduction BESII
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* Vector charmonium data sets E“Sﬁ ,
% 36 : N;zo
BESII: 58 M 1.2B(20xBESII) 10 ¢ 341
(3686) CLEO: 28 M 0.5B(20xCLEO) 3B g v/
W(3770) CLEO: 0.8 b1  2.9fb(3.5XCLEO) 20 fb! ks v
n.,1.(2S), y., are available via y transition, 30 sy
and h_ available via pion transiton. R N R
« charmonium physics Swing.
_ _ Y \ M (7, o, ¢,£,K...)
- prr puzzle, and violation of the 12% rule NrAx
- non-DD decays of y(3770) ¥ NeAz
- charmonium structure and properties Jlv) 2 B5M > I ki
» light hadron spectroscopy Ve
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_ _ __ BeSIm
w(3770) > BB(B=X,2), AAx"7n",AAZ°, AAn, ppr’

* Y(3770) decays are dominated by DD mode
PDG 2014: Br[y (3770) — DD]=93"%

* Non DD decay measurements
Br[y (3770) — light hadrons] =
(14.7+3.2)% : BESII: Phys. Lett. B641, 145 (2006)

(-3.3£1.4"°%) : CLEO: Phys. Rev. Lett., 96, 092002 (2006)

* No significant light hadron decay modes are
exclusively established in experiment so far .

 NRQCD calculation yields upper limits of 5% for light hadron
decays (PRL101, 112001), while other phenomenological model,
e.g., hadron loops give large fractions(PRL102, 172001).



e Using 2.9 fb! taken at 3.773 GeV. BES]]I
* Continuum backgrounds are subtracted using 44 pb data taken

at 3.65 GeV.
* No significant events are observed .

N N By 3770 1 B
Mode f (3.773) (3773 Nifispmo—y € Ay [X 107] [X 1074]
AAN7" 7~ 8440 +33.6 52 4812 0.1321 80 1.80%47¢ =040 <47
AATY 1249 =144 34 83.6 0.1694 80 —1.28%0¢7 +0.15 <07
AAn 740 9.5 09 87.7  0.518 81 —1.22%151 =0.19 <19
STYT 1005119 07 96.0  0.1975 8.0 —0.217%% £ 0.05 <0
3030 435167 00 56.6 0.1752 8.0  0.3070% £ 0.05 <04
EET 485+=7.0 00 1197 0.1060 81 0317945 =0.05 <IL.5
==k 435+6.6 13 60.7  0.0581 82 —0.807103 +0.14 <14

PRD 87, 112011 (2013)
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v (3770) — ppr’
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Data sets: 2.9 fb! @ 3.773 GeV, 44.5 pb! @ 3.65 GeV

ﬁ?;[}??ﬂ)—:rpﬁ}r” | ﬁgﬁ—ﬂﬁﬁ??ﬂ)}rﬂ bl
Solution [pb] P | at 5.26 GeV
1 <022 269.8 350 £ 11.0 <0.79
2 33.8+£1.8+2.1269.7+234+0.3 122 =10 5




_ BESIT
77c (28)1 hc / ZCJ — pp

«These decays are suppressed by helicity selection rule.

1.(2S),7,, )
hC’ZCO =

Helicity: U,y “v, = U y*v, oc quark mass

suppressed by quark mass helicity amplitude: H,,, H,,, 4, =4, =+

\2 | A1 4+Az|4+2
“QCD

2
ma

Nucl. Phys. B 201, 492: Br[i/(\) — hy(A1)ha(A2)] ~ (
«However, measured branching fractions
Brly., — pp]=(2.23+0.13)x10™*
Br[;, — pp]=(1.41+£0.17)x10°°
« Theoretical estimation:
Br[h. — pp]~10"° (PRD 86, 034011)



[0 T BGSHI
~ —=— (at: 3
- — Filtt}ng results 1 <« 106 million ¢(3686) decays
— B R xd.nchS] 7
& 10k (3686):> 17 - are L.ISEFL.
S - -=+= w background .3 * Nosignificance for n(2S) and
~ non-resonant process -y .
S ' 414 h_signals are observed.
) 102;_ #5 3 + Upper limit is set to be:
a F ; ¥ §
5 10bu ¥ O\ R Br(y(3686) - 17.(25))Br(7,(25) - pp)
o e i) f Hf r <1.4x10° @ 90% CL,
-;r*’ - . .\“ ;; "\T / ‘\ Br(y(3686) — 7°h.)Br(h, — pp)
T, f A /
l e ) A TRV L <1.3x107" @ 90% CL.
3.3 335 34 345 35 355 3.6 3.65 3.7

M(pp) (GeV/c?)

PRD 88, 112001 (2013)

Channels B((3686) — yx.;) X B(x.; — pp)(X107>) B(y., — pp)(X107?)

2.37 = 0.08 = 0.09
0.79 £ 0.04 = 0.03
0.73 £0.04 = 0.03

X c0
Xel
X2

24508 £ 1.3
8.6 0.5 =05

).
8.4 £05=0.5




v (3686) > AT 77 +cc, wK'K”™ BESII

* pQCD “12% rule” and long existing pr puzzle

Bi;('%(%( )—h Bu{?(%( |—e e -3
0, = 23 )86 ~ E,j, 86)=eTe” 19 79, Qpﬂ :(189i073)><10
J/ y—h Jjy—ete

-Mass spectrum of *z* may indicate the A" /X" hints

* Large uncertainty for branching fraction of ¥/(3686)2> wK*K-

B(1(3686) = wK 'K )=(1.85+0.25)x10™*
with uncertainty ~13%, and
Q - =(21.815)%
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PRD 88, 112007

v (3686) > ATz +cc  BESIL

* 106 million ¥/(3686) decays are used.

. T (X) is reconstructed with nz (pz) mode.

(=]

i 1s 18z 2z 23« FOr determine detection efficiency, a preliminary

M(AT)(GeV/c?) ] o
: partial wave analysis is performed.
A(1810), A(1800), A(1670), A(1600), A(1405),
; A(1116), A(2325), A(1890), A(1690), A(1520), A(1830),
5 A(1820), 2(1660), 2(1670), 2(1580) and 3(13853)
5l B(w(3686) = ASTm +cc)
ot T4 16 18 2 22 24 26 — (1_4(] + (.03 + 0_13) X 1(]_4,
ME )N GeV/c?) 3
L B((3686) - A 7 + c.c.)
_ 60
2 s} — (1.54 £ 0.04 £ 0.13) X 1074,
= 4of _
L SR - 4
z Qs . = Bly(3686) — A2 ") _ (9.3 + 1.2)%,
R ae T BJ/fp — AX 77)
10F .~ P, * N . . . .
obbsn Db = e —e ] o TO resulve A /X7 contribution, PWA is desirable.

M(AZ)(GeVic?)
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1w (3686) > wK 'K~ BESI
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106 million ¥/(3686) decays

Branching fraction Source

(1.56 £0.04 £0.11) x 10~* this_analysis
(2.38 £0.37 £0.29) x 10~ BESII [20]
(194+03+03)x 104 Q. =(84£37)% CLEO [21]
(1.5+03+0.2)x 10~ BES [22]

I (1.854+0.25) x 10~ PDG [5] | 0




X >0 KK BESTI

* Compared to J/yy and y/(3686) decays, relatively little is known
about y, decays.

* Look for scalar states, e.g. f,(1370), f,(1500), and so on, and
test the glueball-ggbar mixing relations
(Int.J.Mod.Phys.27,1250135).

q q G
(j T«-% L P LT
X — Y _ Y —
- G_’ c Q' C < q

(a) (b) (c)
g G
C —p—0F
¢ (] \ 4
c _<J C —e—
G G
(d) (e)

The schematic Feynman diagrams of x.1 — PS via three-gluon annihilations.

e Looking for K*,(1430) 21K

11



Events / (6 MeV/c?)

Events / (6 MeV/c?)

PRD 89, 074030
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BESII

* Use 106 million /(3686) decays
« 1" IS reconstructed with decays

n'— iy’ =y and

n'—->nr'rt s>y

Process B(x10~%)

B(y., » WK "K) 8.75 +0.87
By, =K K) .94 +0.34

12



Events / (34 MeV/c?)

Events / (34 MeVic?)
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where (a) (b) for mode I, and (c) (d) for mode I
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Process

B

(%107%)

Ael
Ael

Ael
Ael

— ' fo(980)

— Kj(1430)*
._ fﬂ(m-;{:r — KK~

. fo(1710) = K* K-
= 'f, (1525), f,'(1525) = K* K~

— ' fol1710)

K™, Kj(1430)*

— i K+

6.41
1.65 4
0.71
0.92 4

+0.573%
4 (.47+132

-0.56
+0.22

F0.68
-0.48
4 0.23]

+0.55
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J 'y — ppa,(980)

BESII

* The nature of a,(980) and f,(980) is a long-standing problem of

physics

* The measurement of J/yy=>ppa, (980) will provide an additional
constraint to any model describing ao(_980) formation and decays.
* YPT provides a description of J/y > NNMM process, yet to be

test experimentally.

PRC 69, 015201

A e B B o

I = 02 — Chiral 'etl’l?;s-pu
= = = - Chirzl 'crms

10%dr/am,

e 225 million J/y decays

10%dr/am,

TTT T T | LA N L RN LR R | R R T
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Events/(20.0 MeV/c?)

BESTT

PRD 90, 052009

500 F

1 J/y — ppa,(980),
E a, (980) — 7°7
IS observed for the first time.

400 |
300 F

200 F

100

.-"""‘
=)= = =" i [l Sl TR T T N TR TR NN SN NN N T

1 1 M ..
0.7 08 0.9 1.0 1.1
M, (GeVic))

e Br(J/w — ppa,(980) — ppr°n) = (6.8+1.2+1.3)x10",
e Interference with N states is not taken into account.

e Comparison with Br(J/yw — ppz“z~) from the PDG shows
preference r,=0.2 in ChPT .



Iy —Pete” P=ninlz®) B
* Electromagnetic decays are suggested as an
important probe to reveal the structure of hadrons.

WV = Pee) b ()P % [QED(@)].  [Fyp(q?)
— — = |Fypl(g-)|* D(g°)]. ‘uplg®)| = - —
i!{}'hl { 'i‘ — P}’I‘ VP J'f J'f VP xd J {I _ (f‘_ / 4-.1_:'

!

Pointlike QED part

« Measurements of EM decays for p, ®, ¢ mesons have been performed
at CMD2, CLOE and so on.

- The branching fractions and form factors for ¢ - ne'e”, w — z’e’e”
are consistent with VMD model prediction, but for decay o — z°u* 1™,
measured A~ significantly deviates from VDM.



M(y ) (GeVic?)

n'—= Ty (= yy)

BESTT

S i — yatx T 102 PRD 89, 092008
E * Using 225 million J/y
T decays
2 * y-conversion backgrounds
Z from J/y>Py are
085 08 085 1 105 085 09 o005 1 105 subtracted.
M(yx*T) (GeV/c?) M(”T n } (Gewé) - Backgrounds from
N | f?l—fflfl IYy>Pd/w
E : E wé (d) i are subtracted.
® 2 .I.JP * Non-peaking backgrounds
2 £ ‘ﬁtﬁ are carefully checked with
2 = 1 MC simulation.
10'::' 45 IEI.ISI | DES - IIIIJ.IEI N D;SS

o M) (GeVie) M(y v) (GeV/c?) Signal yield and peaking BG.
E sr” — 7y | T T
2 4 _ e) ] Modes Ny Ny €
2 | ; ]L R ;;:fr e {;;: —yata7) 9833£33.0 274+ 10 24.8%
2 1L _L"' ] Jiwy—=ne e (y —=aan) 3730199 85+03 17.6%
c £l LT Jy = pete (= ata ) 842496  53+0.3 14.9%
AT U v Jiw = nete (n — yy) 2355+ 164 H T+0.3 22.7%

1%.08 01 0.12 0.14 0.16 0.18 0.2 J/w = aete (7" = yy) 394+69 1.1 £0.1 23.4%

17/



BESII

PRD 89, 092008

Mode Branching fraction Combined result Theoretical prediction
Jiw—=nee (fy -yr'n) (601 £0.20+0.34) x 10
Jw—=nee (fy =nann) (551 £0.29+0.32) x 10
Jiw—=nete (n—ra'nz") (1.12+0.13 £ 0.06) x 10
//
//

(581 £0.16 20.31) x 107 (5.66 £0.16) x 107>

] LA LA LA LA

J/w = nete=(n = yy) (1.17 £0.08 £ 0.06) x 1075 (1.16 £ 0.07 £ 0.06) x 1075 (1.21 £0.04) x 1073
()

Iy — alete (' = yy) (756 £ 1.32£0.50) x 107 (7.56 £ 1.32 £ 0.50) x 1077 (3.897037) x 1077

* Measured branching fraction for J/y—>1n'e*e’, nete are
consistent with the VMD predictions.

 But for J/y—>n'e*e, there is about 2.5 standard deviation
from the VMD prediction.

* Further improvement of the theoretical calculation are
needed.

18



Summary o
By using BESIII data sets taken at J/ v,
 (3686) and y(3770) peak, a lot of results on

the light hadron decays are obtained.

No significant non DD decays of (3773) are observed.
No significant 7.(2S),h, — pp decays are observed.

Measured Br. for y(3686) - AX 7" +c.c,oK K.

Perfomred PWA analysis for y.,, > n'K'K".
Observed J /v — ppa,(980).

Observed J /i —> n'e'e”, ne‘e” and z'e'e”.

A more interesting light hadron decays of charmonium will come
soon!
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