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INTRODUCTION

1. y(2S)
Mass 2. Other quarkonia
(MeV) 3. Hadron spectroscopy
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New States Searches
& Observations

L J/y —ypp

2. o and x analyses
3. Excited Baryon searches

4. Pentaquark state searches



1.J/w—vypp

Event Selection of J/\y—ypp

2 good charged tracks
>1y (isolated from charged tracks)
Particle ID
4C-fits
—CL(ypp) > 0.05
—CL(ypp) > CL(YK'K")



1.J/y—=ypp

pﬁ masses for selected events
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1. J/ vy —>vpp

Backgrounds

Main backgrounds remained after selection for the
mass peak near threshold:
phase space

J/y — n'’pp (almost equal contribution)

J/y — n’pp-(data)

© 140

O 10 [t <— No clear

S ® enhancement
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1.J/yw—>vpp

fitted peak
location
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It can be fitted as an S-wave resonance



1.J/w—vpp

* Any PDG particle can be excluded.

 [ts mass and unexpected narrow width suggest a
possible interpretation as “deutron like” proton-
antiproton bound state (baryonium)



. 6 and k analyses
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VoS | 2. o and x analyses

Channels fitted to the data
Jy—of,(1270) Jy—>of,(1270)

©GC ®0
of,(980) of,(980)
b,(1235)n b,(1235)n
p mrr ! p’(1450)7

phase space £,(2240)®



2. o and «k analyses

If the o amplitude is written as:
— Gﬂ'
f ME—E—‘I:MPhtf_E}?
Prnl5) P (5)
Prn(M7) 9%, (A7)
§— m2 /2
g]_‘f{E}Mg _ﬂl.ﬂﬂ.lllrg

Casl5) = 1

exp[—(s — M*)/al.

pole: (542 =10 = 40) —i(249 =25 +50) MeV
If T'(s) = Topra(S) prn(M?)
pole: (570 £+ 20 = 45)—i(274%+25 £50) MeV

If T"= constant
pole: (542 = 20 = 40) —i(269 =30 *=55) MeV



Global fit |
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2. o and « analyses
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2. o and « analyses
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3. Excited Baryon searches

Probe the internal structure of light
quark baryons

L Obtain a better understanding of the
strong interaction force in the non-
perturbative regime

dJ/w—prn



3. Excited Baryon searches

J/w > prn

e Events selection NN

G 7000 -

% 6000 -
* 2 good charged tracks 2 oo -
©QIFQ2=0 4000
* |cosO|<0.8 oo
 PID: TOF and dE/dx - g_
« Prob(y2 1C) > 0.06 o 5_
* M, >1.15 GeV 0;
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3. Excited Baryon searches

N*inJ/wv— prh
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4. Pentaquark state search

* Not forbidden by QCD

 Definite evidence of pentaquark states would
be an important addition to our
understanding of QCD

* A baryon S=+1 is a natural candidate



4. Pentaquark state search

Current experimental results
LEPS @ Spring-8 reported a new resonance O,

Close to NK threshold, In ~2¢C - K*K-X

S=+1, M=1540 MeV, 1'<25MeV, 4.60
A 5-quark system (uudds) candidatel
DIANA @ ITEP, CLAS @ Jlab, SAPHIR @ ELSA
report similar results subsequently.
HERMES, ZEUS and SVD Collaboration: M ~ 1527 MeV
A strange meson-baryon molecule state or a pentaquark state?

If the latter, it will be the first multi-quark state.



4. Pentaquark state search

Need more experimental facts

(through different processes)

BES 1nvestigates the pentaquark state © in the
hadronic decays of charmonium

Y(2S) & J/ y > 0 6 >(Kgp)(Kh) & (Kep)(K*n)

O 2K¢p or K*n
® >Kn or K



4. Pentaquark state search

Individual Mass Distributions of
v(2S) 2> KpKn and K;pK*n Decays
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Individual Mass Distributions of
Jhy 2 KipKn and K;pK*n Decays

i

1

EVENTS /0.005GeV/ic™

EVENTS /0.005GeV/c

-

-

I+

4. Pentaquark state search
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4. Pentaquark state search
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No clear pentaquark state ©(1540) (or ®) was observed



4. Pentaquark state search

Upper limits @ 90% C.L.

B(J/ — 00 — K%K =7 + K%K +n) < 1.1 x 10°°)
B(J/ — OK n— KopK™n) <21 x107°
B(J/v — OKtn — KopK™n) < 5.6 x 107°

B(J/1 — Kop© — KepK™n) < 1.1 x 107°



4. Pentaquark state search

Upper limits @ 90% C.L.

B((28) — ©0 — KopK n + K2pKn)

2.30
< — 0.84 x 10
0.686 x (2.85 4+ 0.08)% x (14.0 x 109) @

B(p(2S5) - 6K n — K2pK n) < 1.0 x 10°°

B((2S8) - 6K n — K2pK'™n) < 2.6 x 107°
B((2S) - K2p©O — K2pK n) < 0.60 x 10°°

B(y(2S) — K2p©O — K2pK'™n) < 0.70 < 10°°.



1. y(3770) — n*n- J/vy
O w(2S) >vxe., xc —>AA, PP

0 w(2s), /¥ - K K,
O w(2S), I/¥ — K K



1. w(3770) — n*n- J/vy

* y(3770) is thought to decay entirely to pure DD
* Lipkin: It could decay to non-DEWith a large BR
Phys. Lett. B 179, 278 (1986)
 Kuang: I'(w(3770) > n"r- J/y) = (25~ 113) keV
Phys. Rev. D 65, 094024 (2002)

BESII:  27.7 pb'! @~3.773 GeV



1. y(3770) — n*n- J/vy

e Events selection for n*n- J/v — n*n- I*l-

* 4 good charged tracks
¢« Q1+Q2+Q3+Q4 =0
* |cosO| <0.85

e PID: TOF and dE/dx



BES Preliminary

1. w(3770) - n*n- Iy

Mpec(®*t™ )={(Eem-E _, __)*-|P ., _|*}” distribution

v(3770) — n*n- J/y ISR return y(2S) — n*n- J/y
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BES Preliminary 1. w(3770) — n*n- J/v

Prob( XZ, 4C) >1% y(3770) - n*n-J/y ISR return y(2S) — n*n- J/vy

Open histo: O | | - ]
Jhy — ete- evt. 520 = A / ]

= B — ]
Hatched histo: %10 = ( Data % =
el N I;

3.1 3.2 3.3
I'l" Fitted GeV
17.81+4.8 evt. e ass (GeV)
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(c) Data /
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1. y(3770) — n*n- J/vy

BES Preliminary

* Fitted Total evt. 17.8 =4.8
Bkgd evt. 6.0 = 0.5 £0.6 (MC)
Signal evt. 11.8 =4.8

B(w(3770) — n*n-J/w) = (0.338+0.137 +0.82 )%
T(w(3770) — - J/y) = (80+32 +21) keV

e BES has observed the hadronic transition of
v(3770) — - J/y for the first time



2 - A —)AX, pﬁ

Color octet mechanism (COM) plays an important role in
P-wave quarkonium decay calculation

G. T. Bodwin et al., PRD 51, 1125 (1995).
H.-W. Huang and K.-T. Cho PRD 54, 6850 (1996).
J. Bolz et al., PLB392, 198 (1997).

BES I (x.) agrees with COM prediction.
Phys. Rev. Lett. 81, 3091 (1998).

Using nucleon wave function and Generalizing to other
baryons, COM predicts:

L' (Yeg— A A-bar) ~¥2 ' (y; — p p-bar) for y, and .
S. M. Wong, Eur. Phys. J. C14, 643 (2000).



2 - A —)AX, pﬁ

Final states: yn i pp-bar
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2 . XC —)AX, pﬁ
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PRD 67, 112001 (2003)

1 1 1 1 1
3 5 356
Ao mass (SeWie®

AA-bar Mass (GeV)

3.7

ZCO ZCI Zcz
B(,, —>AN) 4773 £1.0] 267506 |3375+0.7
B(y., = pp) (PDG02) | 2240.5 0.72+0.13 |0.74+£0.10
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2 - A —)AX, pﬁ

Xec —> PP
(x107") X co 7 o X o
B(y,, >AN) | 47724+1.0 [2.670+0.6 [3.3573%07
B% =) (PDG02)| 22405 0.72+£0.13 | 0.74+0.10
By, = PP)  [2.717°% +0.47 | 0.5771; £0.09| 0.6575 £ 0.10

* COM predicts: for y ., and y,.

' (eg— A A-bar) ~%2 I' (y;— p p-bar)
» BES new results for B(z,, > AA) and B(x,; — pp)
NOT consistent with COM prediction




> pQCD rule & Phase Study

v(2S) > Ks KL: Axkski=M
v(2S) > K"K : A k+k=E+M
y(2S) > nr: AT =E

BR(y(2S) > Ks K1) versus ¢
Can be obtained by inputing other two BRs and
Including continuum contributions.

’ +
e
| - Phase >M’W<
: : Aadromn I e hadron
e ¥ o A

e Y (o

(a) three gluon process (b) one photon process




W(ZS) ﬁKS KL 3. "IJ(ZS), J/¥ — KS KL

> 14M w(2S) -
Bkg
MC

Entries/20MeV/ic

1.2 - 1.6

Kg Momentum (GeV/c)

Ks mass sidebands



P(2S) - Kg K,

BESII: First measurement for

B(y(2S)2>KK,)
guantity Yalue
n“"? 156 + 14
emc (%) 41.5% =+ (.48
Etrig (7o) 76.0 18
Eon (96) 08.1 = 4.0
Ny2e)(10°) 14.0 =+ 0.7
B(K2 &+ #5Ta™) 0.6860 =+ 0.0027 [17]
B(y(25) -+ KOK?)Y(107°)| 5.24 + 0.47 = 0.48

PRL 92, 052001 (2004)




w(2S) — K K,

KK~ & n'm™
— 1nputs ;

Input 1:DASP;

Input 2:BESI ;

Input 3: KK~ TE
from BESI & =
n'n by form X
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J¥ —Ks K,
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J¥ - K K,
BESII: Higher accuracy for PRD 69, 012003 (2004)
B (J/y2>K(K, )
Quantity Value
nobs 2155 + 45
&vic (%0) 38.69 + 0.23
f (%) 77.2+34
N,2s) (10°) 5.7 +2.7
B ke i 0.6860 = 0.0027
B 5, 5 ksk (2079 1.82+£0.04 +£0.13 > 1o dift
~4¢ diff.
PDG2002: B 5, , ks = (1.08+0.14)x10-4



B yas s kexs = (5.24£ 0.47 £ 0.48 ) x 10

B 4 kexce = (1.82 £ 0.04 £0.13 ) x 10-4

By/(28)—>KSK|_

B

= (28 .8 +3.7)%

o _Biin >40

B, x B( ¥(2S)) enhanced!




4. "II(ZS), J/¥ — KS Ks

e CP violating process
e Test EPR paradox
(Einstein-Podolsky-Rosen)

Events selection

X * 4 good charged tracks
versus Quantum theory « Q(sum) = 0
e Marklll: 2.7M J/ ¥ + |cos0| < 0.8

B(J/ ¥ — K Kg )< 5.2x10-
(90% C.L.)

e BESIl: 58M J/ ¥
14M ¥ (2S)

» K¢ decay length
L:r:y >3 mm
: |Mmc - MK |> 2 Oum



4. \'IJ(ZS), J/¥ — Ks KS

2 circles — 1 0 & 2 0 regions from MC

1 evtin 2 O region 1 evtin 2 O region
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4. \IJ(ZS), J/¥ — Ks KS

Upper Limits (95% C.L.)

i T/ $(25)
nobs 1 1
nobs 4.74 4.74
enc (%) 20.744 041  19.18 + 0.39
Eirg (%) 98.240.2  96.510.7
Eand (%) 92.9445  96.215.8
B(K% > xtr") 0.6860 -+ 0.0027
B(R—> KK < | 1.0x107° 46x10"°
Submitted to PLLB

*1st upper limit for B(¥ (2S) - K¢ K¢ ).
*Higher sensitivity for B(J/% — K K, upper limit.
*Sensitivity insufficient for testing EPR paradox.




Measurements with
Improved Accuracies

1. B(J/y — n*nn0)
2. y(2S) »>VT
3. w(2S) > vy J/vy




Measured from S8M J/W evts.
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Sources Systematic error (%)
MDC tracking 4

Photon detection efficiency 4
Kinematic fit 4.2

MC model ~ 3
Background uncertainty <3

MC statistics 0.39
Number of J/ events 4.7

Total 9.5

Submitted to PRD




1. B(J/y — n*nn0)

0(28) =t Ty

S W )
and <t (1)

Nf’bs/fsf

Nppe ferr/B(T/¢ — ptp~)
Nf"bs

_ e _
= N e BUM S i) 2)

B(J/¢Y — pr) =

(1)




1. BJ/y — n*nnO)

Measured from 14M ‘W(2S) evt.

Systematic error
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fe

Sys. err. (%)

MDC tracking
Kinematic fit
Photon efficiency
Backgrounds
MC model
B(J/4 = pp7)
B(r° = v7)

MC statistics

1.012

0.985

2.0
1.6
4.0
1.5
1.6
L7
0.03
1.0

Sum

~ 1.0

5.6

B(J/y— 1t n%)=(20.97+0.21+1.17)x10-3



1. BJ/y — n*nn0)

Discussions of BESII B(J/y—n*n 1" results

» S8M J/y : B/ vy —ntn n?) = (21.35+0.0542.03)x10-3
14M y(2S) : B/ vy —rntn %) = (20.97+£0.21+1.17)x10-3

»Combining BESII Result :
BJ/ vy =t n’) = (2.11+£0.12)x10-2

> Inconsistent with PDGO02 :
BJ/ vy =t n’) = (1.51£0.2) x10-2

» Extensive and careful checks on MC and DATA consistencies
had been made, such as
MDC reconstruction, kKinematic fit, photon detection,
Barrel Shower Counter performance, etc.
The agreement between MC and DATA is reasonable.




2. ¥(25) > VT

pQCD rule and “pz puzzle”

“ pQCD rule :
the relation between J/'¥ and W(2S) BRs

_ w(2S5S)—>X w(2S)—>e'e” 0
Q - _ —12%

J/y—> X J/iy>ete”

*" Violation in VP mode was revealed by MARK-II ,

confirmed by BES at higher sensitivity



2. W(2S) > VT

< BES-I results PRL81(1998)5080

PRD67(2003)052002

VI B Y(2S) >X (10-) J/W—)X (10-7) Q. (%)
Mode | (PDG2002 from BES) (PDG1996) "

of, | <1.7(C.L.90 %) 4.3+0.6 <4.0

1.1 £0.5+0.2 24+1.3

pa, | <23 (CL.90%) 10.942.2 <2.1

e | <1.2(C.L.90 %) 6.7+2.6 <1.8
2

Of, | <0.45(C.L.90 %) 1.23£0.21 <3.7

T This value from DM2 only f

12 % rule ( pQCD rule) Suppressed!!



BES-II

2. W(2S) > VT
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2. W(@S)>VT

obs
B, os)mx = N nwaSBHXAY,gMC (lgsle?;ee;
v2s) " B xoy
VT B 2s) x (1079 B, x (1077 Q. (%)
mode | (BES-) | (PDG2002)
of, |2.05£041+038 4.3+0.6 4.8+1.5
pa, | 2.55x0.73+£0.47 10.9+2.2 2.3+x1.1
K'K", 11.86£0.32 +0.43 0.7/+2.6 2.8+1.3
of, 1044012011 1.23+0.21+ 3.6+1.5
 This value from DM2 only f

Accepted by PRD Suppressed!!




3. ¥(2S) - yy J/vy

Measure 4 BR:
Y (2S) > (mon)diy; W(QR2S) >y x> vy Iy

 Different measurements deviate each other

* B(W(2S) > n°J/y) very crude

* Theoretical prediction for charmonium hadronic
transition amplitude can be tested by our high
statistics measurements

R = I'((25)ond /)

— T(9(28)n07/9)
Rf . F(T’—}HT) RH _ F(T”—H}T)
- T(#(28)—-nd/9) T (¥(25)—nJd/¢)



3. ¥(2S) - yy J/vy

BES Preliminary
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BES Preliminary ‘ 3. ¥ (25) —> VY J/\V
Channel T df 1
Final state vyete T 1yete YT
Event mymber 123 £18 155 £ 20 2465 £ 101 3290 £ 148
Efficiency(%) 11.21 13.34 26.94 AT
Sys. error(%) 9.68 8.77 8.54 8.40
Correction factor (.962 0.974 (.962 0.974
BR(%) 013010020 £0.013 Q147 £0.019 £0.013 | 291 £0.12£0.21  3.06 £0.14 £0.25
Corbine BR{%) 0.143 £0.014 £0.013 2.98 £0.09 £0.23
PDGi%) 0.006 £0.071 31310.2
Channel TXel TXcl
Final state veTe” T YyeTe” N
Event rumber 5263 £ 124 §752 £ 178 2512 1 82 3358 £ 96
Efficiency(%) 23.88 29.24 19.70 25.54
Sys. error( %) 12.23 12.45 12.10 12.44
Correction factor 0.962 0.974 0.962 0.974
BR{%) 87310212100 91110241102 | 790£026£0.88 8.1210.23£0.99
Combine BR(%) 8.90 £ 0.16 £ 1.05 8.021£0.1710.94
PDG(%) 844086 54408

B(¥(25) = vXe1) - Blxa = vJ/¥) =

(2.81 % 0.05 = 0.23)%

B@(25) = vxe) - Blxea = vJf¥) =

(1.62£0.04 £ 0.12)%



3. ¥(2S) - yy J/vy

Discussion on W (2S) — v v J/y results

»BES B(W(2S) —> nJ/y) is the most accurate value
in a single experiment

»BES B(W(2S) — m°J/y) is the most accurate value
and greatly improves the accuracy

»Miller’s expectation using PCAC for R (Phys. Rep. 194,1,1990)

. 27 pﬂ' 3 2
R= 1_5(%) U r = (mg — mu)/(ms — 0.5 - (Mg + muy))

is equal to 0.0162,
smaller than BES value 0.048+/-0.007 by a factor of 3.

BES Preliminary




3. ¥(2S) - yy J/vy

Discussion on W (2S) — v v J/y results

» QCD Multipole expansion expects:
(Y.P.Kuang et al: PRD 24,2874,1981; 37,1210,1988)

(Using BTG potential model)

or = 00025, R = 0.0013.

consistent with
BES results: R’ <« 0.0098 R

exp exp

< 0.0065

BES Preliminary




SUMMARY

@ New States Searches & Observations:

# A near pB threshold enhancement in J/w%ypﬁ found,

_ +3 +5 .
M—1859_10 s MeV/c

I' <30 MeV/c? (90% CL)

any PDG particle can be excluded.
# Clear o signal shown up in J/yw—ontn decay

# unobserved N*(2020)? appeared in j v — pr T
# No Pentaquark state seen in
J/y & y(2S) 2 0 0 2(Kp)(Kn) & (Kyp)(K*™n)



SUMMARY

@New Decay Modes Observations:

# Evidence of y(3770) Non-DD decay to
y(3770)—> ttn-J/y

# The first measurements for BRs or upper limits of
e >AAN, Y(2S)—- KK, , Y(2S) - K¢ K¢



SUMMARY

@ Measurements with improved accuracies
# BESII Results with 58M J/y & 14M wy(2S) evts.
BJ/ vy =t ') = (2.11+£0.12)x10-2
much higher than PDG value (1.5+£0.2) x10-?

# The first measurements for BRs of (were upper-limits)
v(2S) >VT (of,,pa,, KK, 1))
# Improved accuracies for BRs of

J/¥—> KSKL ‘ XC_)pE
¥ (2S) - () Jhy; W(2S) >y x> vy Iy

# Higher sensetivity for B(J/W— K  K; ) upper-limit



Thanks a lot !
et il




