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Charmonium Decay
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Selected analyses from BESIII

1. 2&3 Photons decay

> Yo = VY Analog to positronium
- Test on non-PQCD theory
> Y = yyy &0 —> vy

2. Light hadrons decay

» Y(2S)— K*_K'no, K*K™ pn puzzle
» Y(2S)—> oKKm Test on HSR
3. Baryonic dec ay Search for excited states
> 1M, — Ty
> ¥ — AZO +C.C. pr puzzle
- Test on color octet model(COM)
> % —> BB Study iso-spin breaking mechanism
> /¥, P(25) > A/_\ﬂ;o/n Search for new resonance
» P(2S) — pK*29, X — PKTA -
> LP(ZS) — pET[O All analyses based on 106M ¥(2S) and 225M J/V¥ data!
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243 photons decay
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>Analog to P-wave triplet states in ~ 1000 =
positronium, Lowest order predicts: cE 800 =
- R=["(%,2YY/T (X o2 7YY) = 0.27 § 500 E
Phys. Lett. B60,183(1976) g w0 =
] ]
= 200 ]
- R vary from 0.09-0.36 with high - . =
order corrections 4
< 0 :
_4Ek

Phys.Rev. D54, 2075 (1996) 010 015 020 025 030 035 040

E (v) (GeV)

Quantity Xco Xe2

By x By x10°  2.17+0.1740.12 2.81£0.17£0.15 B,=Br(W>%c02)
By x 10° 2.2440. IQ:I:ID IE:I:[I 08 3 EI:I:[I IB:I:D 17£0.13 B,=Br(}co/2 27Y)

Fﬂrﬂr l':l{Ele Rzryy(XCZ)/FW(XcO)

R
BESIII PRD85, 112008, (2012)

Measured R is consistent with the lowest order prediction!
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Y = yyy &n— vy

Motivation: BESIII, PRD 87, 032003 (2013)

e Test of non-perturbative QCD 40

60
corrections to a QED process (at o |
first order): o 30 2405_
_ BUjb—>3y) _ 6ax*-9)  __a(r). 5204 g |
R_B(J/a,b—}e+e—) B YE R S e 10;. %"20
*  Using a,=0.19: R=3.0x10"* U n |
Results: - ¢" 1020 30 40 50 O
*  Combine w/CLEO-c [PRL 101 Lac (
101809(2008)] give:
R=1.95+0.37 x10* Incompatible! modes Jjb =3y T = ame = 3y
. L € (%) 27.9 + 0.1 20.7 + 0.2
QCD radiative and relativistic vields 1344 181 259 4 05
correction are needed. significance 8.3(7.3)o 4.1(3.7)o
+  Evidence of 1.~y is observed. B(x107%) [11.3+18+20 45+12+0.6
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Light hadron decay
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P(2S) - KK 0, K*Km

Dalitz Plot
. Motivation N aesnmatasasansnarss IR Shasots ”_
— Teston 12% rule (Q;)) Al ;‘:??':-'Zr_-.j,-.: E i £
I R I R w I
- Test On HSR § B—: 1:' ".g'__%i;:}%:i‘_ .. N % 6:— N
— Search for excited ¢, K* states = | &0 &0 S
. Tar At "_‘.ﬁ;,ﬂ:’_?'_-..--z'.f_“_ . - = ar .
* PWA applied NIRRT E D :
* C 2_‘3'«."-";'5'-'."'"" R - PO 2 8
— Measured y(2S)— KK*, o1, ¢m i el fe et ¢ ] :
: g A RT 5 5.0 0 O D
(|sc?sp|n V|olated)‘ 3 . o B(1850)7 G(2170)? M oover
— Q, in VP decays significantly <E T e Bse
. H D,
deviate from 12% S 2
*  First observation: y(2S)— K*K",(1430) g = Iy + ¥ — K K™
(HSR suppressed decay) Ew ' ] +
2011 (2012 y % 7= R N 2« +
BESIII, PRD 86, 072011 (2012) Z Bl Ngp E
f; I1_I4I ) '1fEIl I1IE-I ) 2I_Dl I I2f2I ) IE.I4 I EIBI ) IZ.IEFIH-E.ID
M. (GeV/c)
BR(¢/' — VP) EM Short distance  Long distance Strong Total 'BESII % 10~%),
KK +ee 703%x100  981x 107 133x 107 364X 10 1L70x1075  3.18+£0.30+4%
bn 226%10°% 155 %107 L73x 107 192x 107 225%10°° 3.1440.23 £ 0.23
dd 9,78 x 107 0 0 0 9.78 X 107 <0.04
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¥(2S)— oKKT

Motivation:
— Teston 12% rule (Q;))

— Search for gluonium candidate X(1440), which was observed in pp annihilation
in 1967.

Results:
— X(1440) is observed from KK mass spectrum(9.35), but the statistics is not

sufficient to determine its quantum number.
— Evidence of f,(1285) is observed. (3.20) , ArAIV:- 393

— Measured Q,(s) are suppressed by a factor of 2-4 (Comparing with 12% rule).

b gof L eof
% 6'0E % 605
= 50} = 50
g - g -
= 40 N 40FB
= 2
© 30F @ 30
I.I>.I u Lﬁ u
20;* 20;*
10f 8 1> 100

- LY P IR TR N SRR I e e N NS N TSN NS WA NS

9-2 14 16 1.8 2 22 24 26 9.2 14 16 1.8 2 22 24 26
2
Moy, (GeV/c?) Mo (GEV/C?)
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Baryonic decay
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® Test on intermediate meson loop(IML) calculation, which agree with the

measured Br(n.—pp) and Br(n.—AA
R r057 01003 2013

Events/ 15 MeV/ic*

40 E_ —+— Data 95 E_ —e— Data
a5E  ---- signal (a) ~ g E - Signal (b)
= — — Background o = -J;Wﬁiz_f-
0F mma-xT > 250 Dy
25;_ B v =T = E_ B iy — =" At rtec
20 E— I:I Jrg— n"E'T E 20 = —_— iy — '(Ef + other bg
2z 1sp
55 T 5 o
024 25 26 27 28 29 30 9652.702.752.802.85 2,90 2.953.00 3.05
M(EZ'T) (GeVic?) M(EE) (GeVic?)
n,— 3t3~ n,— EE"
Statistical significance 930 6.40
Ngps 112. 15 78 + 14
Nocaki 0.7 20
- Pk Larger than pred\iction 5.39% 5.5%
Branching fraction (1077) 2.11 +£0.28 £0.18 = 0.50 0.89 £ 0.16 = 0.08 = 0.21
Branching fraction based on 0.51-1.00 0.48-0.96

IML [13] (107%)
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J/y—A Z%c.c.

(a) | M (b)
HEEL ] T A - Motivation:
E : | ] e Study isospin breaking
1 2 ] mechanism in J/y—>AZ° + c.c.
Wiy, |+ Search for A(1520)5yA
I R TR o ® ¢ Measured n.—>AA (Only
e N observed by Belle in B >AAK
" @ 1 e @ | before)
z | | - z | My -
< wf 1 2 | | Results:
0y @ ) * First observation
Gh‘l il i A B LR L * No evidence of A(1520)—>7A
TABLE Branching fractions (107%) * Measured n.—>AA consists with
results of Belle.
J/r decay mode BESIII PD

Y
A"
?-"14:'(--"?4:' — AA ]I - -
AANLS200 + coe (A(LIS200 — wA)

ldg =011 20,12 =7.5

L37x012 01l <75 PRD 86, 032008(2012)
1.98 = 0.21 =0.32

=().41
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J/y, v (2S)—~A A 1%/n

* lLarge error in previous measurement

Events/5 MeV/c *

Events/2.5 MeV/c *

« Systematic measurement A A 7°:

isospin violating decay

A A n: isospin conserving decay
e Teston 12% rule
BESIII, Phys. Rev. D 87, 052007 (2013)
)Y decay x10>
20 (b)
- ‘Mlyy) B(J/¥—AARO) 3.78+0.27+0.29
i B(W(25)—AAnN) 15.7+0.79+1.52
: * B(J/¥— AATO) <0.29 @90%C.L
i mo. o.nuz 1;14 (ln 018 02 0220.224 035 04 l 0.45 b ”: Vg ;ws B(\P(ZS)_’AAT]) 2.47+0.34+0.19
M, (GeVic ) M, (GeVic )
alP(ZS) decay “ s M) First observation
: % 2 7Y B! z‘\Al 0
4 S Qh = .(L ,—> :l’ ) < 10.0%
: 3w B(J/¢ — AAxY)
| | ! B — AA
i ! o BRI 1 = T LT e l,'. _> 4\1\7)) -
omum 01 o.1zo.umao.mo.z 022 0.24 035 M 045 05 055 08 065 ( — - — e 1.""':t‘29 Cj,
G o %= B Ay TR
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Measurement of y.;>BB

Color-Octet contribution: Large effect in P-wave
state. Test on Color Octet Model(COM) by

. XCJQAX

* chezoi)

. XC192+2_‘

o v, >2(1385)%(1385)

BESIII, Phys. Rev. D 87, 032007 (2013)

Events/3 MeV/c?

BESIII, Phys. Rev. D 86, 052004 (2012)
Results:

« B(x,~>AA)are larger than
the COM prediction

*  BUP(y,>XX) are consistent
with the COM prediction

.« BU[y,>Z(1385)X(1385)] are
consistent with the COM
prediction

Events / ( 0.005 GeV/c?)
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Y(2S)—pK*Z% and x ;= pK'A

* Test on Color Octet Model(COM)
« y(2S)—p K*X0 (first observation)
* There is an enhancement in the mass of p A in the decay y ,—p K*A

BESIII, PRD87, 012007(2013)

2001 m
~ 180F _Da.ra.for xcﬂ o 600:—
© Je0E —s— efficiency curve O -
D 1400 ---- phase space MC > 500F
O] - O -
g 120 - g 400¢
y 100:_ __| Y E
S bl - S 300;
. - . ..__I;I. e ® Sy @ C
T 60F[ O - c 200}
> 40K | e > i
Y o0f| ‘ W00 e PR
oot b b b b b b1 b G'r*'."|....|....|....|....|....|....|..
21222324252627 2829 3 21 22 23 24 25 26 27
M(PA) (GeV/c?) M(PA) (GeV/c?)
Channel ' — pK*E? +cc. Yo — PKTA +cc. Yo — PKTA +cc. Yo — PKTA +cc.
BBESHI) (167013 £0.12)X 107 (132032 1L0)X107* (4520204 x107* (8403206 %107
PDG (10.2+1.9)x 107" 3.2+ 1.0)x 107 (9.1 = 1.8) X 107
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Y(2S)—pK*Z% and x ;= pK'A

* Test on Color Octet Model(COM)
« y(2S)—p K*X0 (first observation)
* There is an enhancement in the mass of p A in the decay y ,—p K*A

BESIII, PRD87, 012007(2013)

fggg — Datafor %, - quasibound dibaryon state?
o = - x \ 16 o ~_ 600
S 160F —— efficiency curve S F final-state interaction?
© 140F ---- phase space MC ® 5000
< 120k T Interaction N* and A*?
sl S 300,
. - . ..__I;I. e ® Sy @ C
£ 60 . £ 200
> 40F| o > ]
Y o0f| ‘ W00 e PR
D:'"""""""""'"""""""""""" . G'r*'."|....|....|....|....|....|....|..
21222324252627 2829 3 21 22 23 24 25 26 27
M@@A) (GeV/c?) M(A) (GeV/c?)
Channel ' — pK*E? +cc. Yo — PKTA +cc. Yo — PKTA +cc. Yo — PKTA +cc.
BBESHI) (167013 +012)x 107 (132203 1L0)xX107* (450204 X107* (84%03%06) %107
PDG (102 +19)x 107 (32+1.0)x 107 9.1 +1.8) x10™
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PWA of y(25)— ppn®

Non-relativistic 3 quark model predicted far more excited baryons states than

experimental observation.

A supressed due to isospin conservation in charmonium decay.
N(2065) was observed in J/'Y — ppn®, close to the edge of the phase space.

W TR oNasn - (@) Resonance M(MeV/e2) T'(MeV/e2) AS ANg; C.L.
T . :;E{;g N (1440) 1390%3{}33 340232305025 72.5 4 11.50
= ~--N(1650) N(1520) 1510731} 11572219, 198 6 5.00
= N(1535)  153512%15 12072040 494 4 9.3c
= N(1650) 165072710 1507317l 821 4 12.20
E N(1720) 1700732732 450130°T1° 556 6 9.60
@ % (2300)\ 23007307199 3407301110 120.7 4 15.05

i g N(2570) ) 2570719798 250713 FCY 789 6 11.70
15 20 235 — — —~
M, o(GeVie?)
Resonance N (%) B.F.(x107?)

e T O N O N (940) 1870790157 27.2+04 6.4270-Z0FL.78
- —Nan0 N (1440 1060F90F430  o- 6t o4 3 5gF0.35+1:85
Tl e () T G0 5802 05
- 570) N (1520) L0 3 F0E 27.7+ 0.4 0.64T0705 70 77
= . N (1535) 6731;475%235862 25.5+ 0.4 2'4718:321?:%3
2 N (1650) 1080172 =82 26.9 + 0.4 3761025120
L s ol wmesod g
Zoso [T T T - . .

I s TostIHE sioics  pistliRgA
e - Lq —45 —83 : . . —0.08—-0.30
0 L - Totz 4515493 25.5 + 0.4 16.5+ 0.3+ 1.5

S
M, (GeV/c?)

BESIII, PRL 110,022001 (2013)

2 new N* states are observed, but no clear evidence for N(1885) and N(2065).

2013/4/25

QWG 2013
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Based on the large J/ v and y’ data samples at BESIII, many interesting

results came out:

» Testing on non-pQCD calculation by x, — vy and J/w — yyy.
Evidence of $(1850) and ¢(2170) in y(2S)— K*Km.
Observation of X(1440) in y(2S)— oKKr.

Testing on 12% rule by J\y/y(2S) —hadrons.

Testing on COM by y.; — baryons.

Study of IML and isospin breaking mechanism by J/y /y(2S)/n.— baryons.

vV V VYV V V V

Observation of new N* states in PWA of pp m°.
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BEPCIT & BESIIT

Work beam energy: 1.0-2.3 GeV
Design luminosity: 1.00x1033 cm-2s-!
100 times as BEPC !

Much better detector |l

| >300 physuas'rs

= '
ﬂF‘ o 3\ G BEijing Spectrometer - III
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BESIIT

BES Ill @ BEPC I

€60°

Components Parameters
MDC o(p,)/p;=0.32% * p,; dE/dx,., < 6%
TOF 90 ps (for bhabha)
EMC G(E)/JE=2.3%+/E
MUC 9 layers for barrel, 8 for endcap
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BESIITI data set

e July 19, 2008: first e*e collision event
 Nov. 2008: ~14M p(2S) events for calibration
e 2009: 106M y(2S)

225M )/ y World's largest J/y, w(25)
+ 2010: 900 pb y(3770) and y(3770) samples!

. 2011: 2000 pb! y(3770) (still growing)
478 pbl@4.009 GeV

* 2012: T mass measurement
y(2S):0.4 billion; J/y: 1 billion

e 2013: 0.5 fb'@ each of 4.26 and 4.36 GeV(XYZ)
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Measurement of y ;> AAnn

« COM predicted: % %
~ [} [
By, > (1385)2(1385)1=(2.15£0.12)x 10~ 3
Bl > E(1385)5(1385)]=(3.610.20)x10° £ & :
2 4 £
NUCI' Phys' A 6741185 (2000) E P T E } .
M e (wio 2(1385)) (Gevic?) M 1385y 7 +cc. (Gevic?)
* By, ,>2(1385)2(1385)] are 5 T
> 5
consistent with the COM prediction 3 :
0 o BE (d
BF[x105] S 8 o
I o4
2] L
XeD Xet Xe2 o ZIHHIIHHHIHIHI* Rl
Yo decay mode D P55 58 B4 345 35 355 36
B UL| S B UL | § B UL | § M(1385)A1r sicC (Gerc) Mz(1335 (1385) (Gch)
ARnta— (wjo £(1385))| 28.6£12.6+2.7 [<54| 2.2 [26.245.5+3.3 48 | 71.8+14.5482 64 |ref }3 ]zs_
10F (0 o 100F 0
Y(1385)FAr~ + e | 34.8413.243.4 [<55] 2.2 <14| 0.3 | 23.64£11.842.7 <42 1.7 | BF g 8F
GE ST ‘
¥(1385)"Ant +ce. | 24.6£12.742.4 |<50{ 1.6 <14| 0.0 | 37.8+11.8+4.4 ] <61| 2.6 :: L P :E: Fh
T i Q| hdactabial, .. Stual. S, Yk
$(1385)+5(1385)~ | 16.445.741.6 3.1 | 44425206 | <10 19 | 70140200 |<17] 20 [%® 3:)1:35 4 345(@1?/,25;5 I g e 33M335 o 3‘229‘1,563)55 6
(1385 (1385)" AR (fotal)
¥(1385)~5(1385)* 23.5+£6.242.3 4.3 <5.7] 0.9 <8.5] 0.0
AAntr~(total) 119.0+6.4+11.4 >10{31.1£3.44+3.9 > 101137.0£7.6£15.7 > 10 BES”I, PhyS ReV. D 86, 052004 (2012)
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Charmonium Decay (J/¥ & ¥(2S))
¢
(____Hadrons
c €

Strong decay to hadrons
Y

r
r
adrons

2 =
c
EM decay to leptons
c ’ A
M (=
c -

%Hadrons

EM decay to hadrons
r\p«“’

Radiative decay to hadrons

c -~
C
' ons

E1/M1 transit and decay
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