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Introduction




The Beijing Electron Positron Collider

(BEPC)

L ~~1x103%"/cm?-s at y(3770) peak
E. . ~2-5 GeV

One of the two e*e- machines in the world in the t-charm energy region
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€ y(3770) data sample

~18 pb-1 of data taken at 3.773 GeV

~7 pb1 of data taken in the region from 3.768
GeV to 3.778 GeV

~8 pb-! of data taken in the energy region from
3.665 to 3.878 GeV

about 33 pb-! of data collected around 3.773
GeV in total.
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€ y(3770) resonance

It is believed to be a mixture of :]_3D1 and 23S1 states of CC
system, and it is thought to decay almost entirely to pure DD-bar.

€BUT

Long-standing puzzie of

y(3770) production and
decays:

before BES-Il & CLEO-c

Cross section at peak (PDG04 parameters)
127 ‘

- Gy’fgm) =————xBF(y(3770) > e’e ) =11.6£1.8nb

w (3770)

< o*(¢'e > DD)=5.0+0.5 nb (Mark-lll)

o (¢'e” —> DD)=7.1+0.7nb |
N

Previously published data indicate that more than 30% of y(3770)
does not decay to DD-bar ? This conflicts with theoretical prediction.




€ How to solve the problem ?

(1) Directly measure the branching fractions for the decays
v (3770) - D° D 'D*D™,DD and (3770) — non—DD

(2) Simultaneously measuring both O 5 and 9y 3770) could solve
the problem or may uncover the puzzle, since there is no
systematic uncertainty in normalization (luminosity or eff.).

(3) Search for some exclusive non-DD-bar decays of y(3770)

(4)



BF(w(3770)>non-DD) determined with R & O5p
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o(e*e” = DD)

@® L=173 pb* of data @ 3.773 GeV

| Single tag method

Using Kinematic fit method to K-
Improve momentum resolution and D .
select the singly tagged D meson tag wrﬁ

Single tag analysis O — L e-

1 1
ND

tag

bs
- — From Monte X— 3

e —
DD 2 L BI/'E carlo Requiring (M. =M.
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\ PDGO04 Br
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pQCD calculates the R ratio

R value

Experimentally, one measures

:hadrons

lowest
order

:EQﬁ

flavor
color

(N, # of hadronic
events

L : Luminosity

O_obs _ N had
had - L
ghad
obs
Born O-had
had
¢ (1+9)
Born
R — o had
o 2

\ghad: Eff.

(1+6) :radiative
correction factor

86.8544 nb
O-e+e_—) B 2 2
#uE. (GeV)
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from high order processes

= [
Including the contribution }NV%(IM tot d d uds

Ecn [GeV] o-obshad gy e — <
3.650  |18.98+0.23 [14.60+0.18 | 2.24+0.03
3665 118.30+0.28 | 14.10+0.22 | 2.18+0.04
3773 | 27.68+0.31 | 22.87+0.26] 3.75+0.04

Y

— stat. &7p-to-p

= |Ruws = 2.22 £ 0.02 £ 0.09 systematic error

- x"‘

= —

c |[R=3.75+£0.04+£0.19@ 3.77/3 GeV —

= & Ruas|r0 030 cev=2-26£0.14

E /

= | Russ | =2.21+0.13

uds Ifit 10 o, (soae) & Oy (3o T Obtaining by fitting to
\ the R values measured
bl BES contribution paper by BES in the range 14

See DEIOW | to Lepton-photon 2005 from 2.0 to 3.0 GeV




My calculation

Born
L 4 Ry/(3770) & G, (3770)

Taking the R for light hadron production to be a constant, then

Ry/(3770) — RéEcm)

We obtain

E,, =3.773 GeV R uas

Including y(3770)

R, 30, = 1.53 £ 0.05 +0.13

Born
O, (3770)

=90.351£0.29+£0.80 nb| |Preliminary

It is consistent with

Born 12 T

O' —
VOO T (14 8, )M

x BF (w (3770 ) —> e*e”) =11.08 + 1.74 nb

2
w (3770 )

(1+6,,) = (1.047£0.024) T

obtained based on PDGO04 (3770)

PLB 603(2004)130

resonance parameters
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€ Determination of branching fractions with

obs Born

dObtained from analysis of R

L prg o Bo_rn q Obi
BF (w(3770) > DD)=—22 - 0D _ T
N prd o Born - Born
w (3770) w(3770)  SBES-1% v (3770)
Radiative correction Some systematic
_ uncertainties can
Assuming that y(3770) decay exclusively into DD be canceled out
obs 1-4M3 /s . L
op(s)=] " dx f(x,5) ¢ (s(1-x))[1-TI(s(1- x))|
- PR D62 . .
|1-TI(s(1—x))[*=(1+6,,) =1.047+0.024 = (2000)012002-1 Es:l;?:;\;e ::srgzcct::rrl‘ ;:;;:tor

12 7L, T ,(s)
(S o M2)2 + Mzrtit (S)

o’ (s) =

y(3770) resonance
parameters measured by
BES-II.

Radiative correction factor |g =

pd

Zees_ = 0.764£0.020 16




€ Results of branching fractions

BF (w(3770) > D°D°) = (50.1+£1.3+3.9)%
BF (y(3770) > D*D")=(35.9+1.1+3.5)%

BF (y(3770) > DD) = (86.0+ 1.7+ 6.0)%
BF(y(3770) > non— DD) =(14.0+1.7+6.0)%

These results are preliminary !
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_O - S )
BF(y(3770) - DD ,D*D~,DD) determined
by fitting o, ,(E;) &opp(E;) line-shape with scan
data.

® Cross section scan experiment

We use energy dependent inclusive hadronic cross
sections and DD-bar cross sections to determine
the branching fraction BF (¢ (3770) - non— DD).

€ Monte Carlo

Developed a inclusive hadronic event generator
with high order ISR corrections to simulate the

hadronic event production in the full energy region.

18




10

Density [nb/GeV]
— —
o o

e

MC generator & simulation

Full energy range ISR e¢"¢” — hadrons Generator

3

N

I I I I
Js =3.78 GeV

w (3686 )

g
gy -
------------------

1 1 IIIIH| o 1 IIIIIW

I E
w (3770); 1

sdo/d 1Fl_l|b GeVh)

IN_dN_idP}(GeVicy®

o | | | | | b1
056115 2 25 3 35 4

Effective energy [GeV]

E
=

N, dN/d(Thr)

LN, dN/diSph)

0.z

N

Nch4

IIIIHH
5 10

. P (cm

1
NP(E)

Vedaldy

T ﬂ,de‘;'dl‘itCe\"a'cj'g

1IN dN/d(Obl)

IN, dNHdApl)

10

0.2

——
L
_3_
10 |

EL . I
)

—

KNO-

IN, N,/

H BECE
z
o

'™ cl

-

{IN, N, /deost
[=]

1N, dN/deost
o

lodadY

[=]

o
' '
L L
[=] T I T 1 T
51 ] ofF==- o [=]
td T B
< 4% F E -
2
o =
- 18 F ¥ 4 L
o e
- o - A L
- &
T -
P P 1 - O -S|

5
n=0.5In(p+p, V(p-p,) 5 Y=0.5In(E+p, W{(E-p,)
T b 10 T T T "]
9=
<P_. 2>7% n H —
Tin " 42 L <P 2> o
- L .
— = LK Tout ]
o sl O .
2 i
E ;ﬂﬁ — i -
— I‘II""JE:I | 1
o] 5 o} 0z a5
<P (GeVie)
F T T T T
e 0.1
g a

10
NCHG




€ Observed cross section

M, 0q

L (E;cm) ghad (E;cm) gtrg

CradBo) =

o2 (s) = dx f(x.5) 0 (s(1-x))

12 2T, T", (s)
(S -M 2)2 + M Zrtit (S)

o’ (s) =

f(x,s) is sampling function

(Kuraev and Fadin)

Hadron efficiency vs C.M. energy
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DD-bar

€ Energy dependent cross sections production
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Observed DD-bar cross section {(nb)
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€ Fit to the observed cross sections

Fitting the observed inclusive hadron and DD-bar production cross
sections to the theoretical cross sections, one obtains the branching

fractions

o 3 12T, (s) oE 122T2T 55 (S)
PO (s = M*)+ M T, (s) PP (s=M?)+ M'T;2 (s)
L,.(s)= F 05 (s)+I h (S)‘*'F —(S) momentum of D at peak

1+(”PDO) (PDo)

B 3770 D° D
T+ (p .Y (ple)7 S W 3770) = )

L, o(s)=T,0(E,, —2M )

w(3770) total width resnold / momentum of D
1+ (r
,,,,(s)—Fé’i/cm—ZM +) (p,.)” (g’)B( (3770) > D*D")
1+ (rp,.)° (P,.)°

I  (s)=T,(1-B(y (3770 )> D°D - B(w (3770 ) > D*D")

o eB) -6 ;’,*350(1)— o (j)) ( (D=0, (1)]
& ‘Z( A (0) ]+Z[ A () ]+Z A () 24




Line shape of the cross sections for hadron and DD-bar production
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¢ Branching fractions

Obtained from fitting to the inclusive
hadron and the DD-bar production
cross sections simultaneously.

BF (l// (3770 ) —> DOD_O) — (46 8 + 52 T 32)% Considered the

correlation

BF (w (3770 ) > DD )=(37.0£4.1+ 3.5)% between the two
— . \) ——
BF (v (3770 ) > DD )= (83.8+6.8%+6.4)% fr;ac’:fo;';%orthe

BF (v (3770 ) > non — DD ) = (16.2+ 6.8+ 6.4)% two modes
BF (y(3770) > non — DD) < 31.1% @ at 90% C.L.

where the first error is statistical and second systematic, which
arises from the un-canceled systematic uncertainties in hadron
cross sections (~3.4 %), neutral DD-bar cross sections (~6.2 %)
and charged DD-bar cross sections (~8.6 %).

These results are preliminary !

27



Search for exclusive decay w(3770)=> non-DD

28




Evidence for y

—>Jlyr'n

analysis of the fitted dilepton masses of [/ 7 7"

Open histogram is for e+e- channel,

histogram in yellow is for mu+mu- channel
LW | | | |
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e
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178+4.8 J/yn*x~ signal events obtained 6.0+ 0.8 (3686) - J /w7~ out of

N(w(3770) > Jlyn'n ) =11.8+ 4.8

17.8+4.8J lyx =~ signal events




@ Previous observations of non-DD-bar decays

BES observed 12 signal events for the
decay v (3770) > non - DD
measured the branching fraction to be

BF (w(3770) = J yz *z~) = (0.34 £ 0.14 + 0.09)%

BES-II established the transition
at 3 7 level! e

12 events

o
YR 4.

& e

-
oy

CLEO confirmed BES observation of the decay, and PLB 605(2005)63

measured the branching fractions to be

BF (w(3770) = J lyz* 7~ ) = (0.189 + 0.020 + 0.020)% { PRL 96,082004(2006)

‘ BES searched fory (3770 ) > pr , and determined the limits region

BF (w(3770) = pr) e (6.0x107°,2.4x1073)

PRD 72, 072007 (2005)

CLEO also searched for some other non-DD-bar exclusive decay

modes...
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Ecm around 3.773 GeV (L=33 pb-!)
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Search For y(3770) decay to ®m*m-, ®K*K- and ®pp

Ecm around 3.773 GeV (L=33 pb-!)

Ecm=3.656eV (L=6.5 pb-1)

2,

5 | CD|1T+TT' O
% 20D fin ¥ E— |_ S ol : : : H
o PK*K- = DK*K-
=) S 25
2 3 e - (©) o= T |
l l ®pp _|_‘ e pp ©)
H 0.5| l
T 105 11 s 0O 05 11 15
Mass[K K] (GeV/c?) Mass[KTK~] (GeV/c?)
Ecm N(® m 1) | N(@K'K) | N(®pp)
Around 3.773 GeV 6.0 £3.5 27.3 5.8 2
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3.65 GeV (L=6.5 pb-?) 2 49 +2 .6 0 32




Search For y(3770) decay to multi-body
decays containing ° or N

Around 3.7736GeV Ecm=3.656eV
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Observed Cross Sections

ete — f

Around 3.773GeV

Jgfggff (pb)

P’
gy

< 1.8(C.L.=90%)
7.1 +£3.4+0.5

< 9.0(C.L.=90%)
< 17.8(C.L.=20%)

g
PK T K™
Ppp

3.7+2240.3
17.4+3.7+1.6
< 3.8(C.L.=90%)

< 20.2(C.L.=920%)
15.3 +81+1.4
< 8.4(C.L.=90%)

2(mta )m®
KK ata—xa®
ppm’
ppT
2(K T K )n®
3(a T )nw®
2(m T )1

—+ 0

w T

77.2 £8.3 8.1
159.4 £ 16.0 £ 17.1
7.8 +1.3 09
60.6 £ 7.6 £ 8.3
124 +4.44+1.3
102.6 = 18.2 = 14.9
103.1 £ 23.3 = 10.8

130.2 + 21.2 + 13.8
198.8 + 33.1 &+ 21.3
9.3+33+1.0
30.0 + 10.8 = 4.1
< 20.2(C.L.=90%)
117.2 +41.6 = 17.0
75.1 &= 35.0 = 7.9

Preliminary !
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SUMMARY (preliminary !)

¢ BES measured R at 3.773 GeV and around 3.666 GeV
with average uncertainties of ~5%

R=3.754+0.04+0.19 @ +/s=23.773 GeV

I_e,,ds =2.22+0.0240.09 @ +/s~3.66 GeV
R.i;s =221+0.13 @ Intherange from 3.67 to 3.89 GeV

\ Obtained from fitting to y(3686) and y(3770)

ot =935 +£029 + 080 nb

¢ BES measured the energy dependent DD-bar cross
sections, and the cross section at 3.773 GeV

‘ % — 614 +0.12 + 0.50 nb ‘ Singly tagged D analysis

‘o"’bs 503 +0.46 +0.35 nb ‘ Doubly tagged D analysis
35




SUMMARY

(preliminary !)

¢ BES measured the branching fractions for inclusive non-DD-bar

decays of y(3770) using two different data sample and two

different methods

BF (v (3770 ) > D°D°)=(50.1+1.3+3.9)%
BF (v (3770 ) > D"D )= (35.9+1.1+ 3.5)%
BF (w (3770 ) > DD )= (8 .0+1.7+6.0)%

BF (y (3770 ) > non — DD )= (14.0+£1.7+6.0)%

Determined
from analysis
of R values
and DD-bar
cross sections

BF (v (3770 ) > D°D °) = (46 .8+ 5.2+ 3.2)%
BF (v (3770 ) > D *D )= (37 .0+ 4.1+ 3.5)%
BF (y (3770 ) > DD )= (83 .8+ 6.8+ 6.4)%
BF (y (3770 ) > non - 2+ 6.8+6.4

BF (v (3770 ) > non - D

Obtained from
fitting to the
inclusive
hadron and the
DD-bar
production
cross sections
simultaneously.

We searched for some exclusive multi-hadronic final state at
Ecm=3.773 GeV and Ecm=3.65 GeV. We did not observe obvious

cross section discrepancy at the two energy points.
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Comparison with those measured by CLEO-c

BES-I

BF (y(3770) > non—DD) = (16.2+6.8+6.4)%

Taking o, 5,79 = 7,00

’ \
[0y = (9.35%0.764 +6.8) / 2= 6.95 _
o —-~11+0.7nb

v (3770 )>non—D D

. b ..
(the error in 6,37 is ignored)

Method:

Based on inclusive hadron and
DD cross section scan data.
Fitting the observed inclusive
hadron and DD production cross
sections line-shape to the
theoretical cross sections to
obtain the branching fractions.

Both results are not contradiction.

CLEO-C  (nep-exios12038)
oo =6.39+0.10%);; nb

D

obs =6.38+0.08" nb

O-l// (3770)—> hadrons

- .

o =-0.01+0.08:% nb

w (3770)—>non-D D
CLEO-c directly counted the number of
hadronic events observed at 3.773 GeV,
and subtracted the backgrounds from the
J/ @, (2S) tails and QED continuum.
CLEO-c averaged the efficiencies for the
DD decay (0.8) and y(2S) decay (0.68) to
estimate the efficiency for the decay -
Y(3770)->non-DD hadrons. CLECO-c
considered the possible effect of
Interferences between the final states of
resonance decays and non-resonant
annihilation, assumed the amplitude for :
Y—~2>qq 2> hadrons interfere in the same way
as one for y>p*u-.



Comparison with those measured by CLEO-c

BES-II CLEO-c
o =6.14+0.12+0.50 nb o =6.39+0.10%);; nb
BF (y(3770) > non— DD) = (14.0+1.7£6.0)% O 5770y s hadrons = 6-38£0.087)57 nb

Taking o), = 7 nb

[0:0%% 70y = (9.35% 0.764 + 6.8)/ 2 = 695nb] l l

- _ +0.41
O (5710)>non—bD = 1.0+ 0.44 nb @ D 0.01+0.087;5, nb
Based on measured R Discussion:
“hlglt?]%sd If BES considered the interference effect

between RES->y*->qq—~>hadrons and e*e-

= 4R DD threshold and R
S measured R4 near reshoid an >v*>qq->hadrons, we obtain:

at 3.773 GeV with traditional method, then

calculate the Born order cross section for BF (y(3770) > non— DD) ~ (10.0+1.7 £ 6.0)%

W(3770) production. By comparing the cross o —~ 0.7+ 0.44 nb

sections for DD and (3770) production, BES y(3770)—>non—-DD -

obtained the branching fraction. BES used an  In this case, if we take o,= 6.39 nb,
enerator which included ISR to simulate the —

: Oy (3770)—snon—pp ~ 0-4 1b

decay g(3770) =>hadrons. 39
These results are not contradiction. ‘




Comparison of measurements of the cross
sections for DD-bar production

[ W

[ ™V

RARR"RARRS

ARK-II(Single Tag)

ARK-I (Single Tag)

|

[ BES-II (Single Tag)

ARK-TII{(Double Tag)

[BES-I1 (Double Tag)

[ CLEOC (Double Tag)

(6.08+/-0.13)n
L | L L L L | L L L L

—i—

(5.39+/-0.40)nb

(4.82+/-0.59)nb

(6.14+/-0.59 b

(5.00+/-0.52)nb

(5.934+/-0.58%mb

(6.39+/-0.16)nb
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