-
Recent Results from BESII

Xiaoyan SHEN (I H fE)

(Representing BES Collaboration)
Institute of High Energy Physics, Beijing
shenxy@ihep.ac.cn

June 6 - 10, 2008, MESON2008, Cracow, Poland



Beijing Electron Positron Collider (BEPC) at THEP

L ~ 5 x1030/cm?-s
at J/y
EbeamN ]1- 25 GeV

....
......

BESI: run from 1989-1998
BESII: run from 1999-2004
BESITII: will start running in July of 2008




BESIl @ BEPC
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BESIT data samples in this talk

Data BESII CLEOc
J /\|; 58 M -
w(3770) 33 b 572 pb-!

Y(2175)
n(2225)-> ¢d
X(1440)>KKr

v’ radiative decays
V' resonance parameters, non-DDbar
decays

BESIII (See Fred Harris's talk)




Y(2175)

arXiv: 0712.1143, PRL 100, 102003 (2008)



Observation of a new 1--
resonance Y(2175) at BaBar

~

ol £) (nb)

= A structure at 2175MeV
was observed In .
ete > Y ISR ¢f0(980), " tmorston tome i )
e*e" 2 v,sgr K'K1,(980)

Initial state radiation
processes
I.E.;I. | 2.6 2.8 3

M =2175+10+15MeV
[=58+16+20 MeV D oy e 1= JOI0%000) o

K*YK ~#"7" (squares) final states. The hatched histogram shows

Y(2175) ]

6.20

the simulated cross section, assuming no resonant structure. The
solid (dashed) line represents the result of the one-resonance (no-
resonance) fit described in the text

Phys. Rev. D 74 (2006) 091103(R)



J/y = Nnofy(980) at BESII

Final states:
n=>vy, 02>KK-, f,(980)>ntn
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Define 7, ¢, f,(980) signal
and sideband regions.

PRL 100, 102003 (2008)

EVENTS/(20MeV/c?)

EVENTS/(10MeV/c?)

S

0.9 1 1.1 1.2 1.3 1.4 1.5

M(K'K) (GeV/c?)

f,(980)

"t

0.6 0.8 1 1.2

Mt ) (GeV/cH)

o C
2

o
o
n



A peak around 2175 MeV/c? is observed
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EVENTS/(20MeVic)

EVENTS/(20MeVic’)

Fit with one resonance:

{ Simultaneous fit to signal
{ and sideband events with
{ BW +p3

M =2.186+0.010 +0.006 GeV/c?
] T'=0.065+0.023 + 0.017 GeVI/c?
| N =52+12

events™

2.2]-31':

=05 =16 225
Mo T,(280)) (GeVic

M(¢f,(980)) GeV/c?



Fit with two resonances

* BG shape is fixed to sideband BG
* the mass and width of the second peak
are fixed to those of from BaBar.

*rd.80c 7T 256 T
: ] M=2.186+0.010GeV/c?
I'=0.065+0.0226GeV/c?

1 N;events= 47+14
el b [N events= 22511

ﬂ- |'|I|*-I||||I....I....I...

1.08 P 416 F | )
mi 1(980)) (Gev;

B(J/y — nY(2175)B(Y(2175) — ¢f,(980))B(f,(980) > n'n") =
(2.92+0.87(stat))x10™*



> A resonance at 2175 MeV/c? is observed
with significance ~ 5c in ¢f,(980) mass
spectrum.

Mass (GeV/c?)

Width (GeV/c?)

BES

2.186+0.010+0.006

0.065+0.0231+0.017

BABAR

2.175%x0.010+0.015

0.058+0.0161+0.020

» Branching ratio obtained:

B(J/w > nY(2175)B(Y(2175) = ¢f,(980))B(f,(980) > n'n" ) =
(3.23+0.75(stat) £ 0.73(syst)) x10™




What is Y(2175)?

Some theoretical interpretations:

= A conventional ss state?
= An SS analog of Y(4260) ( ssg )?
= An SSSS  4-quark state?

More experimental information needed.



n(2225) in J/v — v ¢ ¢ at BESIT

O A pseudoscalar signal near threshold was observed in
¢¢ invariant mass spectrum by MARKIII and DM2.

O Known as 1n(2225) in PDG with
M= 2220+18 MeV/c?
= 150%3%0_, ,+60 MeV/c?.

» MRK3 J/y —y K*K-K*K- 168 events
J/v — vy K*K-KO,K® 119 events
> DM2 J/y — v K*K-K*K- 92 events

J/v — v K'K'KSK° 33 events
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FIG. 2. The observed @¢ invariant-mass spectra from (a)
Jiw— yK K K*TK  and (b) J/w— K TK T KIK: (c). (d)
the corresponding ¢¢ 1nvariant-mass specira after efficiency
correction. Shaded histograms show background estimates;
dashed curves show detection efficiencies denoted by e, solid
curves show fits described 1in the text.
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Signal and
background In
data sample.

1.05

04 GeV/c?)

Entries /

n(2225) in Jhy

N
o

N W
o o
Tt o

ies / (0.
o 2

En ies / (0.04 GeV/c?)

20

15

10

1.05

1.1

1.15

M(K*K) (GeV/c?)

—

c) M(K'K'KZK?) (GeV/c?)

—_

|IIWW‘\III|IIII|

T 11

2 2

K'KKeK?) (GeV/c?) (b) M (K*K'KS,KE) (GeV/c )
(\IA u T T T | _C\T-\ FT T [
&) - 1o 6 - ~
S 6 - | RS [ )
(4] = 1 O N |
Q) B 1O 4 =
<t 4 — < > =
Q i 19 - i
—, > [
N = 27 |
0 - J-‘ o -
2 4L NI | BV | IR C O ‘ |
c 2 3 € 2 3
L L]

d) M(K*K'KEKYD) (GeV/cd)



Near threshold enhancement observed
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PWA of Jlyv — yéo at BESII
PWA shows the structure is dominated by a

O-+ state: n(2225) ( >10 ¢ ).

Do extra resonances exist?

Resonance | Mass Width Num. of Sign.
(GeVic?) (GeVic?) events

0-+0+ n(2225) 2.25+0'01 -0.01 0.1 9+0'04_0_02 1 99.6+18'4_18_5 >1 0 0]
extra 0+ 2.01+0'08_0_11 0.14+0'17_0.10 23.8+10'4_9_1 2-1 ()




Resonance parameters of a pseudoscalar:

m=224"700000 GeV

[[=0.19£0.037 0 GeV

B(J /v — yn(2225))B(17(2225) = 7¢¢)
=(444+04+£0.8)x10™"

PDG value:

M=2.220 + 0.018 GeV/c?;
r= 0.150 +0'300_ 060 i 0.060 GeV/CZ;
Br: (2.9 + 0.6 ) x 10~
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E/1(1440), n(1405), n(1475)

One structure (E/1(1440)) near 1.44 GeV, may
due to two states, one couples to a(980)r and

KKr, the other couples to K'K.

Masses, widths and decay modes are not well

measured.

Radial excited 1 or n' state? Glueball?

J/y decays:

« J/y>yX(1440)> y KKr, vy nnn
« J/v> o/d X(1440)> w/d KK
« J/v> o/d¢ X(1440)> w/d nnn

PRD77, 032005 (2008)

(this talk)
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X(1440) in Jhy = o+KKr

= Final states: o2>n*nn®, KKn=K Kn

O
N
o)

m(r*n™yy) (GeV/c?)

Events/(10MeV/c?)
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/25'15'175'2 2.05 05 15 195 5 2.95
m(KKn) (GeV/c?) m(KKm) (GeV/c?)



X(1440) in Iy > o+KKm

* Final states: o=2>n "t %, KKr=K*K-r®

m(r*n™n®) (GeV/c?)
Events/(10MeV/c?)

0
1.25 1.5 1,756 2
m(K*K™n° (GeV/c?)

1 1.5 2 2.5
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m(K*K~) (GeV/c?)

X(1440) In J/y =2 ¢+KKn
* Final states: ¢2>K*K", KKn=KsKn
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X(1440) in Iy 2 ¢+KKm

= Final states: ¢2>K*K-, KKn=K*K-rt0

15}

10}

m(K*K™) (GeV/c?)
Events/(10MeV/c?)
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X(1440) in J/v > o/¢+KKn

TABLE V. The mass, width, and branching fractions of J/ decays into {w, ¢}X(1440).

J/ i — 0X(1440) J/ i — 0X(1440)
(X = KK 7™ +cc) (X— K'K™ 7"

= 1437.6 £ 3.2 MeV/¢? M = 14459 = 5.7 MeV/¢?
['=489+9.0 MeV/c? ['=342+18.5 MeV/c?

B(J/i — wX(1440) » oKSK " 7~ + c.c.) = (4.86 = 0.69 £ 0.81) X 107
B(J/¥ — 0X(1440) — mK+K ) = (1.92 + 0.57 = 0.38) X 10~
B(J/— $X(1440) = pKIK "7~ + c.c.) <1.93 X 107° (90% C.L.)
B(J/i — $X(1440) — ¢K+K-ﬂﬂ) <171 X107 (90% C.L.)

= B(wX)/B($6X)>20! X(1440) couples to ® much
stronger than to ¢

= More statistics is needed to determine whether
there are 2 structures or only one.
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Observation of a strong enhancement near the
threshold of x-A mass spectrum at BES i
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= Fitted as N(1535) (becomes worse by about
56 (42=28 with d.0.f.=2)).

Br(J/w—> pN(1539)x B(N(1539 — KA) =426/, > x10™



N, * is N(1535)?

* From BESII measurements:

BR(J /v — pN(1535))e BR(N(1535) = pz) ~(1~2)x107*

BR(J/w — pN(1535))e BR(N(1535) = KA) ~ 4x10~*

If N_* is N(1535), its coupling to KA is much

asm . A . e amm

= L. - on - e
stronger than fo prm.

P

Then N(1535) would have very large ssbar component
(a 5-quark system).



J/\y — nKIA at BESI

Phys. Lett. B659, 789 (2008)

An enhancement near AK threshold is evident
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v’ radiative decays

Only limited modes measured by BESI
M, M [PRD58, 097101 (1998)]

o vKK, ynr [PRD67, 032004 (2003)]
Try to measure more modes
B(y'2v+X)

o 2-prong: n*n, K*K-, ppbar, nn*r

e 4-prong:2(n*n), nt KK, n*mppbar
e 6-prong: 3(n*n’), 2(x*1)KK-
Published in

 PRL99, 011802 (2007)

. PRD74, 072001 (2006)

y 2(| \+K_), |\S!(+TE-+C.C.



Observation of ' radiative decays

Expected 1% BR, but only 0.05% observed.
Potential channels for hadron spectroscopy study, including search for

non-gqgbar states, provided statistics is enough (BESIII?).

~ 0.1% more observed in this analysis.

Mode BR (x10-)

[m<2.9 GeV/c?]

Y pp-bar 290404

YN’ 126 =29 = 1.5

v 2(t) 39.6 = 2.8 =5.0

vy KKF+ce.c. 25.6 = 3.6 = 3.6

vyt KK- 19.1 = 2.7 =43

Y T ppbar 28 12 =x0.7

v 2(K*K") <4.0

v 3(mm) <17

v 2(n ) KK- <22

(@]
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dB/dm (107°/100 MeV/?)
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i 15 3
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PRL99, 011802 (2007)




\V, 9'Y7T+TC' and ”YK+K arXiv: 0710.2324

Mode BR (x10-) % 1_
Y6,(1270)> yr'n 22+ 142 £ i
vE,(1500)> y'n 1.5 + 0.7+, a :4:
vE,(1710)> yrtm 24 £+ 0.6 798 o0
vE,(2050)> vt 2.8 + 0.9 108 sof -
v6,(2200)> yrim 4.6 = 1.0745 o
v£,(1270)> yK'K- 1.9 + 0.6 710, E
YE,(1525)> YK'K- 0.69 & 0.44 7041 ot L, el e e [l
vE,(1710)> yK*K- 3.1 0.6, M(r*r) M [GeV/eT]
e Fit with incoherent BWs E
« ISR produced p and ¢ consistent g,

with prediction

4

vf,(1270)-> yn*n helicity amplitudes
Positive solution Negative solution
r=0204+0.09+0.25 x=-0.26+0.09 £0.24
y=—0.26 =-0.08 £ 0.05 y = —0.25 4+ 0.09 £ 0.06 1
pstar = 0.53 petar = —043 37y x=0.89 4

y=0.46




D->e*X, D>K*-X and D>u*X

B(D =2 et X)

PLB 658 (2007) 1
B(D® »>e*X)(%) | B(D* —>e*X)(%)
CLEO-c | 6.46+0.17+0.13 | 16.13+0.20+0.33
Marklll | 7.5+1.1+0.4 | 17.0+1.9+0.7
BESJI | 63+0.7+0.4 | 152+0.9+0.8 -1;(';0 _’e+)>:)=o_95io,12io,o7
PDG2007 | 6.55+0.17 16.1+0.4 (7=
PLB 658 (2007) 1
B(D 2> K" X)
B(D* = K™ X)(%) | B(D* »>K*X)(%) |B(D° 5K X)(%) | B(D°* ->K*X)(%)
BES-l | 24.7+1.3+12 | 6.1+09+04 | 57.8+1.6+3.2 | 3.5+0.7+0.3
PDG2007 27.5+2.4 55+1.6 5344 3.4406
B ( D 9 M+X) To be published in PLB
0 + + + .
B(D” - 4" X)(%) | B(D” - 4" X)(%) P the first measurement
ARGUS | 6.0+0.7+1.2 -
"o +0.2 |PDG
CHORUS | 6.5+1.240.3 - o, o ED
BES-l | 6.8+1.5£0.6 | 17.6£0.7+£1.3 |-E(B - ﬂ:;:) 2591070 £ 015 S50
PDG 6.60.6 (D7 = uX)




Resonance Parameters of (3770)

New measurements
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3770)

mparison with those measured by other experiments (energy scan)
Experiment oPrd[e*e-—y(3770)][nb] | o°Ps[e*e—y(3770)][nb]

BES (PLB 625 (2007) 238 10.0+0.3+0.5 7.2+0.2+0.4 Dec. 2003 data

BES [PRL 97(2006)121801] 9.6+0.7+0.4 6.9+0.5+0.3 Mar. 2003 data
MARKII 9.3+1.4
M, 3770)(MeV) I'tot 3770)(MeV) | T8 3770)(€V) Note
3772.4+0.4+0.3 28.5+1.2+0.2 | 277+11+13 | PLB 625 (2007) 238 || Pec. 2003 data
3772.2+0.7+0.3 26.9+2.4+0.3 | 251+26+11 | PRL 97(2006)121801 || Mar. 2003 data
Experiment BES [PLB 652(2007) 238] | BES [PRL 97(2006)121801] PDG
B[w(3770)—e*e][x10°] 0.97+0.03+0.05 0.93+0.06+0.03 1.05+0.14
T T

Dec. 2003 data

Mar. 2003 data

R,4-=2.121 £0.023 +0.084 (fit to cross sections at 68 energy points)

B[y (3686) — e*e”]=(0.704+0.122 + 0.033)%
B[w (3686 ) > e*e"]= (0.735 + 0.018 )%

PRL 97 (2006) 121801

PDG04




B[w(3770)->non-DD]

New measurements

cross sections measured at 156 energy points

All kinds of

From MC DD-bar events

hadrons including

non-DDbar events

Observed non-DDbar cross section

T T T
] o H
£

Enhancement

o~

o
From MC e“ e~ — hadrons

Eimax>1.15 GeV

kmax

P [GEV]

histogram is MC, point
with error bars is data

3.8

38b

Puax>1.04 GeVic

The largest momentum of
the charged particle from D
decays is about 0.92 GeV/c.

T T 73 E
I cut off =l gﬁ_
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B 15 400F
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20F 4 oeep E
1} L | ] u' | ] 7]
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The largest momentum of the —
charged track in the final states [

Selection of the non-DD-bar hadronic events
by tagging the largest energy of the assumed
Kaon in the final states of e+e- annihilation




B[w(3770)->non-DD]

BF(w(3770) > non— DD) = (15.1+ 5.6+ 1.8)%~

cross section scan
SS;DD (1.08£040£0.15 nb > ( From the fit )
oo =(6.07£0.40+£0.35) nb ) |PRD 76 (2007) 122002

R, =2.199+0.047+0.119

Analyzing data samples of 17.3 pb!' @ 3.773 GeV, 5.65 pb' @
3.650 GeV and 1 pb-! data @ 3.6648 GeV yields

R, =2.21410.031+0.094 PLB 659 (2008) 74
O oty =(7.07£0.36+0.48) nb

o™ _ =(0.95+0.35+0.31) nb

non-DD

o™ = (61240374023 nb

BF[w(3770) - non— DD]=(13.4+5.0+ 3.6)% 39



Summary
> Y(2175) observed in J/y decays.

> 1n(2225) resonance parameters from PWA.

> X(1440)

> Observation of new y' radiative decay modes.

» y(3770) resonance parameters, non-DD dacays

> More and better results are expected from
BESIII in the near future (F. Harris's talk).

Thanks a lot | .



