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Introduction
€ (3770) resonance

It is believed to be a mixture of 1’ and 2°S states of CC
system. It is thought to decay almost entirely to pure DD-bar.

‘ B UT Cross section at peak (PDG04 parameters)
Long-standing puzzle of i 127 .
w(3770) production and ol =mxBF(y/(3770)—>e ¢’)=11.6£1.8nb
decays:

before BES-Il & CLEO-c ~<

_|o"(e*e > DD)="7.1+0.7nb

o™ (e*e” = DD)=5.0£0.5 nb (Mark-Ill)

previous
measurements

Previously published data indicate that more than about 35% of
y(3770) does not decay to DD-bar ? This conflicts with theoretical

prediction.
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€®New Measurements

Recently BES and CLEO-c measured the DD and y(3770)
production at 3.773 GeV based on the data taken below DD
threshold and at 3.773 GeV.

€ Cross section scan

A better way to measure the cross sections, the widths of the
resonance and the DD branching fractions of y(3770) is to

analyze the line-shapes of y(3770), y(3686) and DD production
simultaneously.

BES made a fine cross section scan covering both the y(3686)
and y(3770) to measure the resonance parameters, branching
fractions and search for non-DD decays ...



The Beijing Electron Positron Collider
(BEPC)

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

BES and/or BES-II Detector

was one of the two e*e- machines in the world in the t-charm energy region
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BES-Il data samples

€y (3770) at 3.773 GeV

~18 pb-! of data taken at 3.773 GeV for study of D
decays and measurement of O,

~15 pb-* of (cross section scan ) data taken in the energy >

region from 3.665 to 3.878 GeV for measurement of
resonance parameters and branching fractions for
y(3770)-> DD, D*D- .

®E_ = 3.650, 3.665 GeV
6.5 pb-! of data collected at 3.650 GeV.
~1 pb-! of data collected at 3.665 GeV.

Equivalent to
~27 pb-1 at

y(3770) peak

TN




World y(3770) Samples ( pb')
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Resonance parameters of y(3770),
y(3686) and branching fractions

For this analysis

@ Cross section scan experiment
Data (=5 pb-1) collected at'48 energy points from
3.66 GeV to 3.87 GeV.

Also collected calibration data sets (4 data sets for
BEPC energy calibration with J/y and y(3686) peaks).

€ Monte Carlo

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

event production in the full energy region.



‘ MC generator & simulation
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BEPC energy calibration ‘ During the cross section experiment, we

performed 4 fast cross section scans over
J/y and ¢y resonances to calibrate the
BEPC energy.

Just before the scan experiment e _ 0 (EERC_ 3005 3 M PC — Mt
J"" 36 48—30953

101

EBEPC s the energy of BERC

I set in the experiment,
10 %
: Etue js the true energy

3. 1213&;3 3.6783 3.6887 3.699 } ST IS =3684.8

PDGE04 [3096.916 = 0.011/3686.093+0.034
BERC. 1309530 % 0.05]/[3684.70  0.01

r/ 3.7 BEPC | 3684.90 £ 0.01
henscanover3.770GevV | |BEPC 3684.50 + 0.02"




€ Observed cross section

L% )

m
o(e’e” — hadrons) 2107 F—
. 2102
Opal Ecn) = o oL
L(Ecm) ghad(Ecm) 8trg _g MHhﬁfq
= 1 E |
expect L =
O had (S)=f0dx F(x,s) c®(s(1-x)) Z -80 -60 -40 -20 0 20 40 60 80

Averaged Z  [cm]
F(x,s) is sampling function The distribution of event vertex in Z

(Kuraev and Fadin)
122T. T, (s) Fitting the dlst_rlbutlon of the
o’ (s) = - 2“’ — event vertex gives the number
(s—M")"+ M°T, (5) of hadronic events n, .

For w(3770), we use energy-
dependent total width I',.(s) 12



DD-bar production D E;»

€ Energy dependent cross sections ~ &
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Observed cross sections

Observed DD-bar cross section {nb)
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€ Fitto the observed cross sections

Fitting the observed inclusive hadron and DD-bar cross sections to
the theoretical cross sections, we obtain the branching fractions

O-B3770 — 127rl“e°el“mt(s) O'B— 127[1_‘:::1—‘1)5(‘9)
VT T M)+ MT2 (s) PP (s=M*)+ M'T., (s)

The total energy dependent width has three components:

l_;ot(s)zrpoﬁﬂ (S)+FD+D— (S)+FMH)5(S) momentum of D at peak

1+ ("P?,o)z (PD0)3

—0
L. . (s)=T,0(E, —-2M ,) B(w (3770 ) > D°D )
e ’ 1+ (rp ) (p))’

D

function

w(3770) total width threshold / momentum of D

L. (s)= roefE/cm _ 2MD+)11;§D+;2 Eﬁ;”; B(w (3770 )= D*D")

Blatt-Weisskopf penetration factor

r . (s)=T,(1-By (3770 )> D'D - B(y (3770 )> D*D")

e Z[ (D)= (i)j by [ Oy ()= T 5 (D] by L o ()—o, (j)) "

A jaq (i) A () Ay ()




Independent hadron and
DD-bar data sample

net
N net n
obs /o had exp __""had
O haa (1) = — O (1) = —
Lg,, , Lg, , Branching
“ fraction for
net __ nrobs obs net exp exp the singly
N had — N had N DD nhad nhad nDD tagged D
channel

exp exp
Msa = O pai L E /
exp prd

n, = W(3770)(l+5,SR)L[B (B¢, +B,&,)+ BB 53]

B, = B(w(3770) > D'D)
B. =B (3770) > D*D")

These relations remove those hadronic events which also
appear in the DD-bar samples, so that the inclusive hadronic

and DD-bar samples are independent. 16



10 E I
-l w(3686)

To measure the resonance parameters of
y(3770) or y(3686), one had better to
simultaneously fit y(3686) and y(3770)
resonances, since there are strong
correlations between the fitted
parameters of the two resonances.

3.75

|
3.8

L [GeV]

If one do not consider the effects of
vacuum polarization corrections on the
observed cross sections in the data
reduction, the total width of y(3686)
would decrease by about 40 keV!

10

[nb]

10%

ohs
Thad

w(3686)

hadrons

Mainly due to vacuum
polarization corrections

3.66 3.68"
hep-ex/0605107 |

After subtraction of y(3686) , y(3770)
and J/ y from the observed cross
sections, one obtains the expected
cross sections of the continuum hadron

production. 1y
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Comparison of y(3770) Resonance Parameters

=XPCMENt a1y MeV) T (MeV)| T, (eV) |AM (MeV)
MARK-I'| 377246 | 2845 |370+90 | 8843
DELCO | 3770+6 | 245 | 180+60 | 8612
MARK-IL| 376445 | 2445 | 276+50 | 80+2
PDG04  3770.0 +2.4| 23.6+ 2.7 260 + 40 | 83.9+ 2.4
BES-I 137722+ 0826.9+2.4 251 + 28 86.6+0.7

prd

O3y | yso3m2 3 mev

=9.63+0.66 + 0.35 nb o

v (3770) |J§=3772 3 MeV

=6.94+ 0.48 £ 0.28 nb

R, =2.262+0.054+0.109

which is consistent within error with

?

o)

v (3770) |J§=3772 .3 MeV

hep-ex/0605107

obs = 8.12+1.56 nb

19

obtained based on PDGO04 parameters




Comparison of y(3686) Resonance Parameters

experiment | M . (MeV) Fl;‘?t (keV) T (keV)
E760 3686.0+0.1+0.3|306+ 36116
BES-II N/ A 264127 | 2.44+0.21
FIRIELES, 3686.09+0.03 | 281+17 | 2.12+0.12
This work 136855+ 0.0+0.3 | 331+ 58+ 2|| 2.33+0.04+0.11

Bl(w(3770) = e*e”)] = (0.93 £ 0.06 + 0.03)x 10| B[(w (3770) = e*e )] = (1.12 £ 0.17)x 10

By (3686 ) > ee 1= (0.755 £ 0.031)%

B[y (3686) > e"¢”]1=(0.704 £ 0.122 £+ 0.033)%

20

hep-ex/0605107 PDGO4




€ Branching fractions

BF (w(3770) > DD ") = (46.7+ 4.7+ 2.3)%
BF (w(3770) > D*D )= (36.9+ 3.7+ 2.8)%
BF (w(3770) > DD) = (83.6+ 7.3+ 4.2)%

Ll

BF ((3770) — non — DD) = (16.4 £ 7.3 £ 4.2)%

where the first error is statistical and
second systematic, which arises from the
un-canceled systematic uncertainties in
hadron cross sections (~4.4 %), neutral
DD-bar cross sections (~4.5 %) and
charged DD-bar cross sections (~7.4 %).

These results are preliminary !

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

hep-ex/0605107

7.5 | -

Inclusive hadrons

[1als]

wlbe

Toh

0 3.7 3.75 3.8 3.85

wm |GeV]

FIG. 4 The observed ooss sections versus  the nom-
nal center-of-mass energies. where (a) shows the mclusive
hadronic event production. (b) and (¢) show the D"DY and
Dt D™ event production. respectively: the points wily exror
are the data. while the lines are the fits to the data.



R & BF(w(3770)— DD)

We use R values and cross section for DD-bar production to determine
the branching fraction for the decay (3770 ) > D D.

PQCD calculates the R ratio

hadrons

lowest
order

:ZQE

flavor
color

Experimentally, one measures

O paa = m

Born

R _ o had

O u+u-

r N, #of hadronic
obs __ Nhad < _evenFS :
Ohad = L : Luminosity

L-¢g
had g _
had - Eff-
b
Born __ O-Zaz

(1+0) :radiative
correction factor

_ 86.8544 nb

T E,, (GeV)

22



Radiative correction could
remove the effects of high
order processes from the
observed cross section,
and gives o’ (e‘e” — hadrons)

1T

[TTT1

Events Recorded by BESI 1

Mrad Vb
|y [ S ST S S — ——

Events/cm

’ The events observed in the experiment

-0 -30 -20 10 O 1o 20 30 40
z(cm)
The distributions of the averaged Z of events

. : : : 23
thould be estimated based on cross sections, luminosity and acceptance

™




ISR corrections

o (s)= [ " dx F(x,s5) 6" (s(1-x)) [1-TI(s(1- x)) |

Kuraev
& Fadin

Effective
o’ (s) is Born order cross sections , / c.m. energy
S
. . . x =1- —
F(x,s) is sampling function S w_ Moninal c.m.
energy

F(x,s)= gx?7'6"** +6"

2 S the electron equivalent
p = ﬂ__(ln m 2 - IJ radiator thickness
2 2
4 7| 3 2 24 | 3 m2 4
e
H H H
SH =5" 15!
X
b sfr-2)
1 1 1 1-x)?
5, =§ﬂ2{4(2—x)ln—— +3d = x) ln(l—x)—6—x} 24
X



1 Vacuum polarization
1_Ti(s) 1+T1(s)+1IT°(s) +... correction
_ Vacuum polarization change
11 = H + H the photon propagator
o (s '
I1, = 4”20[ [PVJ _(S )ds —ino (s)] —ig,, —ig,,
¢ g 1-Tg)
I, =1+ —5 ‘facl_ results in i
. 2a 4m,2 P o’
O (8)= —f(x), (x = s ) o =>|1 I(s) [
—11(s
S x 4+1- x(2+x) 1+41—x
f()=->-"+ (x<1)
9 3 1-v1—-x
S x 2+ x 1
f)=-2- 54 3( dan =, (x> 1)
expect
(1+5)= had Radiative correction factor
O'B 25




‘Rtot and R

hep-ex/0605105

E Gev obs e*e” — hadrons
om | ] O had ( hadrons ) -

3.650 18.98+0.22 | 14.62+ 0.16 |2.24 £ 0.02 *}‘N“%.EE

3.665 18.30£0.27 | 14.15£0.21:2.19 £ 0.03
3.773 27.68+£0.27 | 23.14+ 0,22 3.79 £ 0.04

I

R=3.79£0.04£020@3.773GeV| < Stat. & p-to-p

= systematic error
-
© — ¢ —
'E Ruds —_ 2022 i 0.02 i 0.09 r Ruds |2.0 to 3.0 GeV= 2026i 0.14
.
e; p—
Russ =2.26%0.05+0.11 Obtaining by fitting to
\ the R values measured
o Obtained by fitting the y(3770) by BES in the range 26
See DEIOTE | and w(3686) cross sections from 2.0t0 3.0 GeV




Comparison of R measurements from different
experiments

S

: < o[of:

- 4 Gammaz Rl

4.5 | o [
- op PLUTO j

4d F @ BEs (PRL 84(2000)594) ; s

b -~ (O BES-Il (PRL 88(2002)1018021- 1; j
— 3.5 | % BES-ll (this work) § 2
Sles 3 F =
i _____________________________ % - r -
2 % N S % 1A E

hep-ex/0605105 Fen [GeV]

Flcs. 4: The wvalues of R measuared by BES Collaboration.
MARK-1 Collaboration. 2 Collaboration and PLUTTOCY € al-
laboration in the energy region between 255 and 3,90 eV,
where the error bars show the combined statistical and sys-
ternatlic errors in guadratare.
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My calculation

BF (v (3770) - non - DD) determined with R & o,

Born
¢ Rw(3770) & G, (3770)
Taking the R for light hadron production to be a constant, then
Rw(3770) — R,gEcm )

We obtain Including y(3770)

R, 3, = 1.57 £ 0.04 £ 0.13

E,, =3773 GeV R uas

Born  —~9.58+0.26+0.81 nb| [Preiminay

Oy (3770)

hep-ex/0605105

It is consistent with

Born 12” T
= xBF (w(3770 ) > e"e¢ ) =11.08 = 1.74 nb
v eTh) (1 + 5VP )M;(3770)
(1+0yp)=(1.04710.024) _ L
obtained based on PDG04 y(3770) 28

PLB 603(2004)130 resonance parameters




€ Determination of branchin_g fractions with

obs
OpD

Born

and O, (3770)

Assuming that there are no other new
structures and effects except y(3770) and
continuum hadron production in the energy
region from 3.70 to 3.87 GeV, we have

AObtained from analysis of R

L Npri O_Bo_rn Obi
BF (y(3770) > DD) = —b2—= —p0_— oo
Nyamy  Oyam)  Swes-u: Ty (3770)
Radiative correction .
_ Some systematic
Assuming that (3770) decay exclusively into DD uncertainties can

o s)= [ e f(x9) o (5= ) [1-TI(s(1- X)) |

be canceled out

DD

» PR D62 Radi_ative correction factor
| 1- H(S(l — x)) | = (1 + 5v ) =1.047 £ 0.024 — (2000)012002-1 obtained based on new

P y(3770) resonance

121" T (S) parameters measured by

o’ (s)= — ! — BES-II.
(S_M ) + M Ftot(s) /
] ] ) O_obs

Radiative correction factor |g = 7 Zups_yy = 0.764 £0.014 29




Results of branching fractions hep-ex/0605105
_ With BES

BF (w(3770) = D'D°) = (48.9 £ 1.2+ 3.8)% | | previously

BF (y(3770) > D" D7) = (35.0 1.1£3.3)% | | cioce cections

BF (v (3770) - DD) = (83.9£1.6+5.7)% || "

Q PLB603(2004) 130

These result in the non-DD branching fraction

|BF(y(3770) > non— DD) = (161 1.6+ 5.7)%

preliminary

30



If we consider
Results of branching fractions (ll)

>Niv':'_: ~
- RaBems Considering the interference
e - between the two amplitudes
bach P

arterf myterf
'Erh-'d.:; = R 'E’r::'l':e—

BF (w(3770 ) > D°D")=(51.4+1.3+4.0)%
BF (w(3770 ) > D*"D " )=(36.8+1.1+ 3.5)%
BF (w (3770 ) > DD )= (88.2+£1.7+ 6.0)%
BF (w(3770) > non — DD)=(11.8£1.7+ 6.0)%

R, =227+0.02+0.09| (o™ =(9.11+0.26+0.81) nb

O, (3770)

preliminary [




Search For y(3770) decay to ®a® and ®dn

Ecm around 3.773 GeV (L=33 pb-1) Ecm=3.65GeV (L=6.5 pb-1)
118 0 - —~1.15 TCO n
S > N « = %
E‘-ﬂﬁ ' * %‘1_:5 *
.*: . q) p (D
1 . * , . *
Mass[y7](GeV /c*) . I'-.-lﬁssT:.‘](Gei.:';}' .
oy :(I) signal
% Ecm [GeV] ® 70 | Dy
¥ 23 sidebpnd around 3.773 |0 5.2+2.5
monn Lo 3.65 0 0

Mlzss[r7{EeW 7]




Search For y(3770) decay to ®n*n-, ®K*K- and ®pp

Ecm around 3.773 GeV (L=33 pb-1)

Ecm=3.65GeV (L=6.5 pb-1)

5 K'K-n"w 2 [ ] [ | KK nrm
_ I
- < ||| T
iy ol -
% - . — [] E o
E K'K- K"K~ -.:_.| K+ K- K+K_
2 S 25
= : _ —1
4 = 0 = —
= K- ﬁ K- 1tn
KK pp K"K pp
Ul 18] L
°T 1.05 11 1.15 ° 1.05 1.1 1.15
Mass[ K"K | (GeV /%) Mass[K*K~] (GeV/&)
Ecm Ot n DK*K- ®pp
Around 3.773 GeV 6.0 £3.5 27.3 £5.8 2
(L=33 pb-1)
3.65 GeV (L=6.5 pb-1) 2 4.9 +2.6 0

33



Search for y(3770) decay to multi-body
final states containing #° or 1)

Around 3.773GeV

Ecm=3.65GeV

? 2(nt ) m®

Mwants /{00 Gav /el
¥
] L.

] [L .,

A"

ppn '’

O

h Kn* 1'[7'[0

I-I l—l .
pth

|

o |
i1
o

= (=R ]

el e L |

Th

25

Evenis /{03 CaV i)

10

2(nt iy

L -
y

nl'.'l.'- 0.5 me o7 Q.8 I:EI.-'l LER 0.6 a.F 0.8

Pellzwss fyy] (G W i)

Around 3.773GeV Ecm=3.65GeV
(L=33 pb1) (L=6.5 pb1)

1=l hj

2KK)® |

3(ntm)n’

Eevents f{luin GeV /7

oA o= .3 aa o & [ 0.3 @A
B e o o W

DD-bar events have been removed.



Observed Cross Sections

U?—lﬁgni fﬂ_ TT3GewW (]Jb:]

ol ies oty (pb)

o < 1.8(C.1L..=90%) | < 9.0(C.1..—90%)
17 7.1 4 3.4+ 0.5 < 17.8(C.L.—90%)
G 3.7 +£2.2+0.3 < 20.2(C.L.=—90%)
SR K 17.4+ 3.7+ 1.6 1534+ 81+1.4

Hpp < 3.8(C.L.—90%) | < 8.4(C.1.—90%)

pfr:.'r_l_?r_iTD
2(K K )w"
3(mwTa)mw®

2{(m "W )y

T7.2+£ 83 8.1
1594 £ 16.0 % 17.1
7.8 4+1.34+090

130.2 4= 21.2 £ 13.8
198.8 = 33.1 £ 21.3
93 +£3341+1.0

60.6 = 7.6 8.3

300 =108 4.1

124 4+444+1.3
102.6 = 18.2 &= 14.9
103.1 £ 23.3 &= 10.8

< 20.2(C.L.=90%)
117.2 + 41.6 & 17.0
75.1 + 35.0 &= 7.9

No obvious cross section discrepancy at the two energy points

IS observed.

The results are Preliminary !
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if transitions inside
the y(3770) exist ?

w(3770) > J lyr x| .. i?'

analysis of the fitted dilepton masses of ["l"7 7~
Open histogram is for e+e- channel,

l//' production due to ISR

histogram in yellow is for mu+mu- channel
L™ | | | |

:_ The histogram is psi(3686),
- while error bars are the
- psi(3686) + psi(3770)

ok Jmainly |}
[ data [ : 200 [
: : : +

Events/10 MeY
M
o
|
]
] ] ] 1 \
0 MeV
[+1]
[ |
=
|

MC -
S i 100 .
: - ] (3680 —%/ 1w
0 -Fl—l: H+—H Hb-— 1 1 p L I
3 31 3.2 3.3 3 3.1 3.2 3.3
Fitted mass (GeV) Fitted mass (GeV)

17.8+4.8 J/wr*z™ signal events obtained BES-III/BEPC-II

N (3770) > J /yr 'z )=11.8+4.8 36




‘1/1(3770) > Jlyn*n ‘ PLB 605(2005)63

Before BES-II one knows the decays
f D (D)
Blw(3770) > J /yr 7~ )= (0.34 £ 0.14 £ 0.09)% C w (d)
INw(3770) > J /wr 77 )=(80+£33+23) keV || v(3770)
= u (d)
it is an interesting question if transitions ¢ JDp D)
inside the charmonium system exist. . ¢ o
e
It is very important in elucidating the " /C )
exact nature of the y(3770) and help c
us understand why the y(3770) does e’ y(3770) e
ggz;;:m to be saturated by DD-bar BES established hadronic transition

Test of various theoretical models.

CLEO-c made a precision measurement c
— w(3770)
BF (w(3770) > J /wx*n~) = (0.189 £ 0.022 7007 )%




w(3770) > J lyrn" 7~

CELO-c's w(3770) > wtrn~ J/y
signal

Evenis /2 MaV

BES observed the first non-DD events of
y(3770) decays. CLEO-c conformed the

BES observation of the non-DD decay.

BF (w(3770) > J /wx 77 ) = (0.34 £ 0.14 + 0.09)%

BES-II

BF (w(3770) — J /wz*7~) = (0.189 + 0.022

+0.007 %

20
k (MeV)
1 il M il riletim B & e e leal elato 550 0 sheei ther atn, b F B!
b |1 mal] Beer ). el oA M) shuay ek |Tah sl e L ol 1L
s 1= & 1w b rgsl wam (shele] B |- omn g hasar al m g
prad vorimed praks beseews] o e BT ey peemll (leseay kL) aml Sl g

PLB 605 (2005)63

CELO-c

PRL 96,082004(2006)

The two measurements are consistent within the errors.
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SUMMARY (preliminary !)

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

R=3.79+0.04+0.19 @ +s =3.773 GeV
Russ =2.2240.02£0.09 @ /s ~3.66 GeV

Russ226+0.12 (@ inthe range from 3.67 to 3.89 GeV
Obtained from fitting to y(3686) and y(3770)

oBom  —058+0.26+0.81 nb‘

w(3770

®BES measured the resonance parameters of y(3770) and
v(3686) with the improved precision on y(3770) resonance
parameters and with precision in measuring leptonic width of

y(3686) comparable to the current PDG.
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SUMMARY

(preliminary !)

€ BES measured the branching fractions for inclusive non-DD-bar
decays of y(3770) using two different data samples and two

different methods

BF (v (3770 ) > D°D °)= (48.9+1.2 = 3.8)%
BF (w (3770 ) > D*D )= (35.0+ 1.1+ 3.3)%

BF (y (3770 ) > DD )= (8.9+1.6*5.7)%
BF (w (3770 ) > non — DD )= (16.1£1.6%5.7)%

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

BF (w (3770 ) > D°D ") = (46 .7 £ 4.7 + 2.3)%
BF (w (3770 ) > D*D )= (36.9+3.7+2.8)%
BF (v (3770 ) > DD )= (8 .6+ 7.3+ 4.2)%
BF (v (3770 ) > non — DD )= (16.4+ 7.3+ 4.2)%

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

#BES observed the first non-DD event of w(3770) - ntn~ J/v ;

searched for some charmless final states around 3.773 GeV and

at 3.65 GeV, but did not observe obvious cross section

discrepancy at the two energy points for most decay modes.
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Thank You

| would like to take the opportunity to thank Professor F. Porter for useful discussion about
measurement of branching fractions for y(3770) - DD-bar.




