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Introduction
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Introduction

Data Samples ZlEllhylE 0

. data sample of
** about 17.3 pb data taken at 3.773 GeV about 33 pb-l

¢ about 7 pb! data taken from 3.768 GeV to 3.778 GeV [ ¢ross
“* about 8 pb! data taken from 3.665 to 3.878 GeV section
scan data

* about 6.5 pb! data taken at 3.650 GeV
* about 1 pb! datataken at 3.665 GeV

pb’!
300+
by summer, 2005
250 ] ggl
2007 Id les (pb!
World y(3770) Samples (pb)
150 7] Side view of the BES detector End view of the BES detector
100+ VC: o,,=100 pm TOF: o, =180 ps p counter: o,=3cm
Xy T o
MDC: o, = 220 um  BSC: AENE=22% c,=55cm
Cye/ax= 8:5 % c,=7.9mr Bfield: 04T
50- Aplp=1.78%\(1+p?)  o,=3.1cm
4
O ]

MARK-I DELCO MARK-II MARK-III BES-II CLEO-c



D- and D° tags

Double tag analysis‘ Absolute

Singly tagged D samples measurements
Ny Tag'5321 1252160 Np0;,,=758441982241
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D->u*X

With the singly tagged D

sample, we can do some
Ty absolute measurements of D
) K ) Singly tagged | decays on the side recoiling

D : % | Dsample against the tags .
tag: e

DO N ﬂ+X D+ N ﬂ+X PT
I @ B ol © ! 0.52-0.62 GeV
go lh:EEl: BF
35l © (8) 0.62-0.72 GeV
: 2 g 0

X=any particles gs | T 0.72-0.82 GeV

& 0 B
_ 2 2r 0.82-0.92 GeV

P* is any charged 0 JLL HILL
particle (i, e, 7 and K) e ‘ 1 | v | )l
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D->u*X

Y7 y7j e k b3 1 pam |
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N ) \Twr Zer Zhe o B S AN Gy e . =ratio of a particle “i” to
N,,, =observed particle I; N _ = true partlcle i be identified as “m”
B(D' — p" X)(%) | B(D" — " X)(%)
ARGUS | 6.0407+12 _ " the first measurement
CHORUS | 6.5+1.2+0.3 - B(D+ - u X)
BES-Il | 6.8415+06 | 17.640.7+1.3 |- B(Do X =2.59£0.70£0.15
PDG 6.6+0.6 .
=2.54 £ 0.02
- PDG




D->etX and D2>KX

B(D =2 e"X) Comparison of Results
B(D’ - e*X)(%) | B(D* — e* X)(%)
CLEO-c | 6.46+0.1740.13 | 16.134+0.2040.33 PI‘EIiminal‘y
Marklll 75+1.1+04 | 17.0+1.9+0.7
I'(D">e' X
BESIl | 6.3+£07+04 | 152:+09%038 D = X)_ 4 95+0.1240.07
I'(D" > e X)
PDG2007 6.55+0.17 16.1+0.4
B(D 2> K*-X)
B(D" > K X)(%) | BID' >K'X)(%) |B(D" —> K X)(%) | BID' = K"X)(%)
BES-l | 24.7+1.3+1.2 | 6.1+0.9+04 | 57.8+1.6+3.2 | 3.5+0.7+0.3
PDG2007 27.5+2.4 55+1.6 53+4 3.4%06




The quantity R
®\Why are we interested in R(s) ?

« Vacuum polarization correction needs the
R(s) values, which plays an important role
In the precision test of the Standard Model.

 For evaluation of the electromagnetic
coupling at the Z mass scale, a,;,(M,) .

Qyep(M affects the
determination of
the mass of Higgs
boson from the
measurement of

sin” 6, indirectly.

» For determination of a,=(g,—2)/2 of the muon.
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« Non-DD decays of y(3770)

The R values at all energies is
needed to calculate the effects of
vacuum polarization on the
parameters of Standard Model.
[ for example,a,,(M,) and @ |.
A large uncertainty in this
calculation arises from the
uncertainties in the measured R
values in the open charm
threshold region (3.7 GeV to 5.0
GeV).




The quantity R

 Precision measurements of the R values in open charm
region are also important in understanding 1-resonance
production, for searching for new states, study of
dynamics ...

€y (3770) production & decays

It is believed to be a mixture of 1° D, and 2381 waves of CC
system. It is thought to decay almost entirely to pure DD-bar.

Long-standing puzzle of w(3770) production and decays

Before BES-Il & CLEO-c, 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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The quantity R

€® New Measurements

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

To uncover the puzzle, a better
way is to make 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 several fine cross section scans covering both the
v(3686) and y(3770) to measure the resonance parameters,

branching fractions and search for non-DD decays ...
11



The quantity R

The Previously Measured quantity R

Precision measurement of the

Including all hadrons cross sections in this region
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The quantity R

Definition & measurements of different R

_________ Results
;27 Ryg=2.141£0.02510.085 "~
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The quantity R

0.7 T T
Rpadr Rugse) 2N Rygs(c)+y(@770) 5 coe | N
n:lq-g_ :I | | | :
Results = 20 ®
* 2 [ _ i
PRL 97, 262001 (2006) I | .
3.65 3.7 3.75 3.8 3.85

E.. [GeWV]
Table' SyStema_'tIC _uncertal ntles In FIG. 2: (o) The eficiency versws the nominal coon.  enengyt;
the determlnatlon Of R Val ues (k) The ISEF foctor versus the nominal comnm. energy (see tesct).
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The quantity R

Comparison of R measurements from
different experiments
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Resonance Parameters of y(3770)

NeW measurements
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Resonance Parameters of y(3770)

New measurements

Comparison with those measured by other experiments (energy scan)

Experiment oP'd[ete—y(3770)][nb] | cPs[ete =y (3770)][nb]
BES (PLB 625 (2007) 238 10.0+0.3+0.5 7.240.2+0.4 Dec. 2003 data
BES [PRL 97(2006)121801] 9.6+0.70.4 6.940.5+0.3 | Mar. 2003 data
MARKII 9.3x1.4
My@r709(MeV) I a770)(MeV) | T 3770)(€V) Note

3772.4+0.440.3 | 28.5+1.240.2 | 277+11+13 | PLB 625 (2007) 238 || Dec. 2003 data
3772.2+0.7+0.3 | 26.942.440.3 | 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][x107] 0.97+0.03+0.05 0.93+0.06+0.03 1.05+0.14

R 4=2.121 +0.023 +0.084

T

T

Dec. 2003 data

Mar. 2003 data

(fit to cross sections at 68 energy points)
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Resonance Parameters of y(3770)

What about World Average

Comparison of measurements of
the cross section for y(3770)

Leptonic branching fraction

production

T 1 T 1 T T L T T
FDG 2006 o (7.334-L.44) b PDG 2006 —0—i  (LOSH-0.14) E05
MARK-II 1980 v —0—  (9.304/-1.40) nb : . PRL 97 (2006)
BES-11 2006 (A) o (6.944/0.56) nb : : - 121801
BES-I1 2006 (B) Lo (7.234/0.40) nb BES-I1 2006 (A) —o— 1 (0934-007)E05
BES-11 2006 (3 PNTS) ! —0— ! (7.18+/-0.66) nb BES-11 2006 (B) =o- 1 (0.97H-006) B-05 < Preliminary !
CELO 2006(2PNTS) 40~ 1 (6.38+/0.42) nb : :

| | : : | | | ; |

0 5 10 15 0 0.5 1 1.5 2

obs + - -5
O\ (3770) [nb] Bl(w (3770 ) > e"e™)] x 10

By (3686) > e¢"e | =(0.704 £0.122 £ 0.033)% | PRL 97 (2006) 121801
Blw(3686) — e"e ]| =(0.735 £ 0.018)% | PPc04
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B[y(3770)>non-DD]

Branching fractions

BF (w(3770) - D°D") = (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)%

ys

BF (w(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 %).

PRL 97 (2006) 121801

Mar. 2003 data set

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

75 | ! ! !
o 5 | -.’u.]1
o, Inclusive hadrons

2.5
£F
= 0

4
2
=
—“_' 0
33 4 L ©
2 ! D'D -
u 1
3.7 3.75 3.8 3.85
Ll.r_']u [GE-‘I]
FlG. 42 The obssrved oss sections versus the nom-

nal center-of-mass energies. where (a) shows the mclusive
hadronic event production. {b) and (¢} show the DV and
D¥ D™ event production. respectively: the points with error
are the data. while the lines are the fits to the data.



Blw(3770)>non-DD]
Measurements of ¢,y ande,;

Born
’mem & & )

determined with

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

Ry = R(E ) lz_smscov —Rus

b\

We obtain Including w(3770)

R o) =153+ 0.04+0.13

ohm 93240254080 n

Preliminary

It is consistent with

127

Eum

My calculation

gin o T R (3T ) e%e ) =1108 17 th
wiimh ) l:1+ EVP)M:(JTN)
(L +4y) = (LO4TH0024) _ $
obtained hased on PDGO4 y(3770)
PLB 6032004130 resonance parameters

PLB641 (2006) 145

L]

ppm— With BES
BF ((3770) > D "D )= (4991 1.3+ 3.8)% || previously

measured

BF(W(S?TO) % D+D_) == (35-?i 1-1 i 3-4)0/0 Cross sections
BF ((3770) —> DD)=(85.5+ 1.7+ 5.8)% || °°

production.

Q PLBG603{2004) 130

These result in the non-DD branching fraction

BF(y(3770) —> non— DD)=(14.5+ 1.7 +5.8)%
oo

w(3770)
ot o = (7.09£0.19+0.63) nb

= (9.22+0.25+ 0.80) nb

(1+3) |s calculated with the w{2S) resonance parameters measurg{d
by scanning the y(28) peak PLBE 641 (2006) 145

">WV.5 Considering the possible interference
>,¢, : I between the two amplitudes ...

BF ((3770) > D"'D")=(52.4+ 1.3+ 4.1)%
BF (w(3770) > P*"DP )=(37.4+ 1.2+ 3.6)%
BF ( (3770 ) > DD )= (89.8+ 1.8+ 6.1)%
BF (@(3770) > norn — DD )= (10.2+ 1.8+ 6.1)%

R, =2.26+0.02+0.09| |6,07., =(8.88+0.25+0.79) nb
Gionirag = (6.84+0.19+0.62) nb

(1+4) Is calculated with the w(28) resonance parameters measured,
by scanning the yi{2S) peak. PLB 641 (2006) 145



B[y(3770)>non-DD]

What is the branching fraction from PDGO7 ?

PDGO07

|

used

|

used

-

Branching fraction for y(3770) >non-DD-bar BES-Il Results
BF (w(3770) > DD ") = (50.1+1.3+3.9)% Determined
BF ((3770) — D*D ") = (35.9 £ 1.1+ 3.5)% from analysis
(W ( ) > s )= BEs oL e )70 of R values
BF (w(3770 ) > DD)=(86.0+1.7+6.0)% and DD-bar
— Cross sections
BF (w (3770 ) > non — DD )=(14.0£ 1.7+ 6.0)%

0

BF (w (3770 ) > D°D ") = (

BF (w (3770 ) > D"D )= (37.0+ 4.1+ 3.5)%
BF (w (3770 ) > DD )=(83.8+ 6.8+ 6.4)%
BF (w (3770 ) > non — DD )= (16.2 £ 6.8+ 6.4)%

46 .8+ 5.2 + 3.2)%

BF (w(3770) > DD)=(85+5)% PDGO07

BF (w(3770) > non — DD) = (15 = 5)%

Obtained by
fitting to the
inclusive
hadron and the
DD-bar
production
Cross sections
simultaneously.

21



B[y(3770)>non-DD]

Cross sections measured at 156 energy points

New measurements

From MC DD-bar events

All kinds of

hadrons including
non-DDbar events

Observed non-DDbar cross section

~

From MC e*e” —> hadrons

1 soofE
g { ¢ soof
= 1 A so0f
T 15 400F
; 1 5 300F
Q 4 .Q E
= {1 =& 20DE
3 100E
o
LT | = DiAF
120f 3 :
Jé 1001 - "m:_p, o
& 8s0f 3 wﬁ 0.06F gy
B eop 1 omf :
£ 40F fe) 3 - ]
20F 4 ooz E
C L | 1 7 | |
0 a0 0 50 037 38
Z [am] Eer [Ga¥]

The largest momentum of the
charged track in the final states

359

I |
nn H

‘.

Enhancement

=
o5
-
=
0

MRS

Erma>1.15 GeV

histogram is MC, point
with error bars is data

3.7b 38 3856
-E-::n [GE-\'?]

Puax>1.04 GeV/c

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

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[y(3770)>non-DD]

BF(y(3770) > non— DD) = (15.4%5.7+1.7)% -
o’ _=(110£041£013) nb (From thefit)
> Preliminary !
R, =2.195%0.053£0.119
y
M(MeV) rot(keV) Tee(keV)
3685.5+0.0+0.3 | 356+89+4 | 2.39+0.04+0.11 Consistent with
expenment M, (MeV) 1“;‘!‘ (keV)| I' ™ (keV)
E760 36860+ 0.1+ 0.3306+ 36+ 16
BES-II N/ A 264:27 | 244+021 o] ~ | PRL 97 (2006) 121801
=) .|! 1:l (k)
2 A\ |
PDGO4 368609+0.03 | 281+17 | 2.12+0.12 ) N
RS s 0003 33145847 233£004£011 %ﬁ“ R 23
31.66 168 X [é:\] .




B[y(3770)>non-DD]

| Analyzing the non-DD-bar
Analyzing 17.3 pb-! of data @ 3.773 GeV, hadronic events satisfied

5.65 pb-! data @ 3.650 GeV and 1 pb-! Ekmax>1.15 GeV, we observed
data @ 3.6648 GeV yields

R, =2.214+0.031+0.094

G = (70720362 0.48) nb

o™ =(095£035£031) nb

o™ =(6.12£037£023) nb

BF[w(3770) — non— DD] = (13.4+5.0+ 3.6)% D
. . B T T
These results are Preliminary ! JK
17 A T
| . - N
N# of singly tagged D satisfying selection criterion of Ekmax>1.15 GeV 0 l l l
183 184 185 186 187 1.88
Mode | DKt | DO>Krntntn | D*—-Krntrt M GeV]
Nobs | 14.6+6.5 7.3+5.0 4.242.7 Knz
Nexpected | - 13.5 10.6 17 Direct measurements of

the branching fraction



Search for Charmless Decays of y(3770)

Mode c3773[pb] c3650[pb] Bur[x10-9]
¢n° <3.5 <8.9 <0.5
on <12.6 <18.0 1.9
2(m* ) 173.748.4+18.4 | 177.7+£13.3+18.8 4.8
KKttt 131.7+10.1+14.1 | 161.7+£17.9+17.1 4.8
ot <111 <229 1.6
2(K*K) 19.9+3.6+2.1 24.1+6.5+2.6 1.7
oK*K 15.845.1+1.8 17.449.2+2.0 2.4
ppPatT 33.2+3.4+3.8 42.1+6.1+4.8 1.6
ppPaK*K 7.1+2.0+0.8 6.1+3.1+0.7 1.1
dppbar <5.8 <9.1 0.9
3(n*) 236.7414.7+33.4 | 234.9+23.81+33.1 9.1
2(mr )N 153.7+40.1+18.4 | 86.6+40.3+10.4 24.3
2(n*m)mO 80.9+13.9110.0 | 124.3+21.7+14.9 6.2
K*K-n*mtn° 171.61£26.0+£20.9 | 222.8+37.7+27.2 11.1
2(K*K)no 18.1+7.7+2.1 <23.0 4.6
ppParno 10.1+2.2+1.0 9.2+3.4+1.0 1.2
ppPa Tt 53.1+9.24+6.8 29.0+11.1+3.7 7.3
3(rtm)mO 105.8+34.4+16.9 | 126.6+47.1+19.2 13.7

Search for
Charmless
decays of
y(3770)

We have searched for
more than 40 modes
for the light hadron
decays.

PLB650(2007)111
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Search for Charmless Decays of y(3770)

Preliminary Results

Search for light-

hadron decays

of w(3770)

Mode o3773[pb] o350 pb] BUP[x1073]
K*K2(m*w) | 168.0£18.2+23. | 164.9+30.3+23. <10.3
7 2
2(K*K )t | 11.945.8+1.7 <49.1 <3.2
ppPa2(ntn) | 23.545.0+43.5 | 22.8+8.4+3.4 <2.6
4(ntm) 131.8+19.5+23.6 | 76.2+24.4+13.9 <16.7
K*K-2(r*n)nl | 231.5£63.6+37.5 <375.2 <52.0
A(r*)n® <206.9 <119.4 <30.6
POt 111.9+13.1+13.1 | 113.6+21.3+13.1 <6.9
p°K*K- 34.2+11.5+4.4 | 57.6%x17.91+6.3 <5.0
p%ppbar 13.1+3.241.8 | 17.746.2+2.8 <1.7
KK nt 94.7+15.5+10.4 | 85.5+26.3+14.4 <9.7
AAP <2.5 <6.1 <0.4
AAP T <26.7 <42.9 <4.4
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Search for Charmless Decays of y(3770)

Search for light-hadron decays of y(3770)

Mode 03773[pb] o3650[pp] BUP[x103]

QT <37.1 <50.8 5.5
oK*K" <44 .4 <B3.2 6.6
oppP <20.3 <30.9 3.0
ot <25.5 <66.7 3.8
KK -t 116.3+32.7+20.0 | 128.1+59.5+17.9 16.3
KKt 173.9+73.3+26.1 | 189.0+116.3+28.2 32.4
K*K-pOz® <5.6 47.6+33.4+10.7 0.8
K*K-p*m 94.2431.6+11.7 | 141.9453.3+19.7 14.6
AAP0 <7.9 <214 1.2

Preliminary Results Upper limits are set at 90% CL

We searched for y(3770)->light hadrons over 40 channels, but no significant
signals were found. This does not mean that y(3770) does not decay into light
hadrons. To extract the branching fractions for y(3770)->light hadrons from the
observed cross sections, one need to make finer cross section scan coverigg

both y(3686) and y(3770) with larger data samples (BES-IIl can do this well).



SUMMARY

 Inclusive decays of D mesons

Measured BF(D+ >mu+ X)=(17.6+-2.7+-1.3)% the first measurement
Measured BF(D+ 2K- X)=(24.7+-1.3+-1.2)% } Improved

Measured BF(D+ 2K+ X)=(6.1+-0.9+-0.4)% measurements

Measured BF(DO =2K- X)=(57.8+-1.6+-3.4)%

 The quantity R

Improved measurements of R in the range from 3.65 to 3.88 GeV
Measured R 4= 2.121+-0.023+-0.085

Measured R 4qcynya770) fOT the first time

e y(3770) parameters

Precisely measured M, ;3,70 =3772.3+-0.5 MeV; I',=28.5+-1.2 MeV;
I' ;=277+-16 eV

Precisely measured BF[y(3770)2>e*e’]=(0.97+-0.08+-0.05)x10-°
0 0bS 2770y = 7.15+-0.25+-0.25 nb [combined two measurements] 28



Combined 49 energy point cross
SUMMARY section scan results and 3 energy
point cross section results (inclusive
hadron and DD-bar cross sections)

* BF[y(3770)->non-DDbar] /

\

Measured BF[y(3770)>non-DDbar] = (15+-5)% _
Measured BF[y(3770)>DDbar] = (85+-5)% PDG07 [BES] ﬁ\sai‘;hméfs
BF (y (3770 )= non - DD)=(15.4+5.7£1.7)% [ isonly one
BF [y(3770) > non — DD] = (13.4£5.0533)% ) y(3770)

e Light hadron decays of y(3770)

No significant signals for y(3770)->light hadron were found in about
40 channels.

 How to solve this problem ?

Finer cross section scan over y(3686) and y(3770) to measure the
cross sections for exclusive modes and fitting the cross sections to
extract out the branching fractions (My comment only !)

Need to more precisely measure y(3770) parameters -



Thank You!



Backup slides

Gang RONG

Institute of High Energy Physics, Beijing 100049, P.R. China
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The quantity R

Radiative correction could
remove the effects of high
order processes from the
observed cross section, and

gives o”(e*e” — hadrons)
Events Recorded by BESII
n, +N

had b

- 29 LY. .1
n 1Yz AN 5)
4 Y ad LULLES

Events/cm

.-le'-‘"r

’ The events observed in the experiment

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

|-Nbcould be estimated based on cross sections, luminosity and acceptance




The quantity R

ISR corrections
o (s)=[ " dx F(x,s) o"(s(1-x))|1-TI(s(1- x)) |

g <~ Effective

. . — _ 2 c.m. energy
o”(s) is Born order cross sections ~* 1 S |
< Moninal c.m.
F(x,s) is sampling function UUELCY
“1goV+S H
Kuraev | F (x,s) = Bx?'6V*% + 6
& Fadin the electron equivalent
B = 2a In S { radiator thickness
T m’

2 2
5v+s=1+3ﬂ+a(ﬂ_1] p (llnsmz_{]}

7| 3 2] 24(3 2
sH =81 + 51
s =— (1—i)
2

5, = %,32[4(2— x)In 1_

X

1+3(1-x)?

ln(l—x)—6—x} 33



The quantity R

| Vacuum polarization correction

— 2
1-TI(s) =1+1(s)+117(s) +... Vacuum polarization change
I1= H + H the photon propagator
—ig —ig
_ (o) (S ) Hv — Ny
= 477205 [PVI —s' ds —imo P Ty T (one)
results in
II,=1+ 5” §
vac 3
11" 4m; o’ = g >
5vac (S) - 7f(x)) (x = S ) |1—H(S)|
5 x +1- (2+x) 1++v1—-x
f(xX)=————+ , (x=<1)
9 3 6 1-J1-x
S x vx—-1Q2+x 1
== -+ L (x> 1)
9 3 x—1
1+6)=2 ;:E:t Radiative correction factor 34




The quantity R

MC generator & simulation
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The quantity R

T ] — PRL 97, 262001 (2007)
4.5 w R BES—Il (PR 88 1018021 —1 (200
A LD Pamger— BES—I1 {PLB &1 145 (20063) B
o | W R [thEe work} ]
- —— contimum Puds [paco) Dec. 2003 data set
L} — _

=-5 _EI E*'I!*f- *$¢++$¢-$
= n e ad / qontlnuum I:Quqls(c)-k RW(S??O)—}hadrons_

/316 7/-.." o TS a5 o gs

' Weighting the first 8 R ey (5) values below the T [":3IIE " |
DD threshold with the staistical error yields Rgs

R, = L1412 0,025 £ 0.085, U U L

Rudsfc]-l-ﬂfﬁ?’r‘ﬂ] (5) or Hyeg (5)

Jiyr o wyr

e v hadreoome

which can directly be compared to RESED =2152003 : 'y

calcued by pQCD [4,15] : A H 3
o 2 E ; é T —
2 | i i =
1 E_ ii. E. o BES m Crystal Ball _E
- it :l... 3 exclusive data - 2 a PLUTO -
D [ [ | I 1 _I-F- l-l"'-l_-l |“i" AT _l' [ | 1 | 1 I | 1 [ | | I [ | | 1 [ | I [ | [ | 1 [ | I 1 [ | [ | [ | I [ | [ | 1 [ | I 1 [ | 1 | 1
0.5 1 1.5 2 2.5 e 2.5 4 4.5 ="

= (SGeaeW



The quantity R

During the cross section experiments, we performed 9 fast cross section scans over J/y and v
resonances to calibrate the BEPC energy and monitoring the variation of the energy with time

. PDG _ nq PDG
Just before the scan experiment E"™ = M5 _ (EPPC _ 3095.3) x My™ ~ My
3684.8 —3095.3

EBEPC is the energy of BERC
set in the experiment,

E'Ue is the true energy

308 3.1 3.1;'13,5;3 3.6783 3.6887 3699 3684'7;3684'9 =3684.8
10} | Mass [MeV] ] '
m Iy v
104 } P[S'GQ4 3096.916 i..'(),.,(_).ll 3686.093+0.034
L i B BERC. [3095.30 + 0.05]|[3684.70 = 0.01
‘0 _—;/\\6\8 BEPC .................
3 R o
[_When scan over 3.770 GeV. BEPC 3684.90 = 0.01
| 50+ 0.027
BEPC energy calibration \ BEPC 3684.50 £ 0.07




B[y(3770)>non-DD]

Branching fraction for y(3770) >non-DD-bar

Citation: W.-M. Yao et al. (Particle Data Group), J. Phys. G 33, 1 (2006) and 2007 partial update for edition P D G O 7

16(PG = 0717 )

¥(3770) MASS

From mt"{25) and mass difference below.

VALUE (MeV) DOCUMENT 1D
37724211 OUR FIT  Error includes scale factor of 1.8,

My(a170) = Myj(25)

VALUE (MeV) EVTS DOCUMENT ID TECN  COMMENT

863211 0URFIT Error includes scale factor of 1.5,
86.3£1.1 OUR AVERAGE  Error includes scale factor of 1.9, See the ideogram below.

86.720.7 ABLIKIM ~ 06L BES2 ete™ — hadrons
923130113 34 CHISTOV 04 BELL BT — ¢(3770)K™
80 42 SCHINDLER 80 MRK2 ete~
86 +2 IBACNO 78 DLCO eTe™
8 +3 RAPIDIS 77 MRKL ete™

VALUE {MeV)

¥(3770) WIDTH

DOCUMENT ID TECN  COMMENT

25.2x1

26.9+24+£0.3

24 xbh
24 xbh
28 b

BOURFIT
9 OUR AVERAGE

ABLIKIM 06L BES2 ete—
SCHINDLER 80 MRK2 eTe
BACINO 78 DLCO ete™
RAPIDIS 77 MRKL ete—

— hadrons

¥(3770) DECAY MODES

In addition to the dominant decay mode to DD, ¢/(3770) was found
to decay into the final states centaining the J/2 (BAI 05, ADAM 06).
ADAMS 06 and HUANG 06A searched for various decay modes with light
hadrons and found a statistically significant signal for the decay to ¢ only

(ADAMS 06).
Scale factor/
Mode Fraction (I';/T) Cenfidence level
r, DD (85 £5 )%
M DOV (487 +3.2 )%
M3 D™D~ (36.1 £2.8 )%
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Comparison with those measured by CLEO-c

BES-II

o0 =6.14+0.12+0.50 nb
BF(y(3770) > non— DD)=(14.0+1.7+ 6.0)%

b
Taking o, 3,, = 6.95 nb
(6225170 =(9:35%0.764+6.8)/ 2=6. 95an._
o — =~ 0.97 £ 0.44 nb

v (3770 )>non—-D D

Based on measured R values.

Method:

BES measured R4, near DD-bar threshold
and R at 3.773 GeV with traditional method, :
then calculate the Born order cross section for:
y(3770) production. By comparing the cross :
sections for DD-bar and y(3770) production, :
BES obtained the branching fraction. BES :
used an ISR generator to simulate the decay :
y(3770)-> hadrons and obtain the efﬁc1ency
for ¢(3770)-> hadrons.

CLEO-c
o =639 £0.10 1,/ nb

obs _ +0.41
O\ (3770 > hadrons = 0-38 £ 0.08 755 nb

- .

o _=-0.0140.08"" nb

v (3770)>non—DD

Method:

CLEO-c directly count the number of
hadronic events observed at 3.773 GeV, and
subtract the backgrounds from J/y, y(2S)
radiative tails and continuum QED
background. CLEO-c used the efficiency for
the decay y(3770)-> J/ly n* - to estimate
the efficiency for y(3770)-> hadrons.
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Comparison with those measured by CLEO-c

BES-II CLEO-c

oo =6.39+0.10%), nb

BF (w(3770) > non— DD) = (16.2+ 6.8+ 6.4)% 0;?2770)_)hadmm = 6.38 £ 0.08,5 nb
. obs ~

Y \
[0 0, = (9-35% 0.764 + 6.8) / 2 = 6.95 _ l
- _ +0.41
O-l//(3770 )—)non—DB ~ 101 i 007 nb O-l//(3770)—)n0n—DB _— 0001 i 0008 -0.30 nb

(hep-ex/0512038)

. b ..
(the error in 0';(3770) is ignored)

Based on analysis of inclusive hadron
and DD-bar cross section scan data.

Actually, considering the errors, the two results are not in contradiction.
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Comparison with those measured by CLEO-c

Discussion | BES-II

Method:

BES did not consider the possible effect of
interference between the final states of

resonance decays (i.e. Res. > " — gq - hadrons ) :

and non-resonance annihilation of ete-
(i.e. e'e” — qq — hadrons).

This possible effect may reduce the branchlng
fraction by about 4%.

If we consider this possible effect, the
branching fraction and cross section would
be reduced to

BF(y(3770) > non— DD) =~ (10.0+1.7 £ 6.0)%
0.44 nb: O —=-0.01+ 0.08_*3';01 nb

o — =~ 0.70 £

v (3770 )> non —D D

In this case, if we use Ty =6.39£0.10,  nb
measured by CLEQO-c, the branching fractlon
and cross section would be reduced to

BF (w(3770) = non — DD) = 7%
o — =~ 049 nb

v (3770 )> non — D D

Method:

CLEO-c

CLEO-c considered the possible effect of
interference between the final states of
resonance decays (i.e. Res. - 7" — gq — hadrons )
and non-resonance annihilation of ete

(i.e. ¢'e” — gqq — hadrons).

v (3770)—>non—D D
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B[y(3770)>non-DD]

What about world average ? ‘

Comparison of measurements of the cross

PDGO06

BF (y (3770) — e*e”) = (1.05 + 0.14) x10~°

M, 1, = 377112 2.4 MeV

World average

} o’y =11.5+1.5 nb

My estimation based on PDGO06 parameters of y(3770)

World

~.

(1+ 05 ) |Ecm=3.771 Gev = 0.72

average —obs
<0opp >

single—and —double —tag

sections for DD-bar production

—6.08+0.14 nb [L—

obs
Cpp

BF (w(3770) > DD) =

- =

produced
(1+dx) G, 3110)

[ ™ T . T N T T ]
- NN .
N
[ MARK-1I (Single Tag) —_—— \ (5.39+/-0.40) nb
\.\ —
N :
[ MARK-1 (Single Tagl & § (4.82+-050ynh ]
= \ ]
i § ]
 BES-11 (Single Tag) + (O 14+-~059)ynb 7]
\
3 N :
MARK-II (Double Tagl g %\ (5.00+/~0.52)y nh
[ \ ]
i ) B NN _
[ BES-11 ({Double Tag) _Q_ (5.934+/-0.58) nb
[ o -
i %
[ CLEC  ({Double Tag) *._ (6.39+/-0.16) nh
Average % (6.08+~0.14) nb .
A I R i \\ . | R P P |
. . obs
My estimation, Input O.DB [Ilb]
with PDG04 BF

BF (v (3770 ) > D D) = (73

4+ 11.2)%

BF (w (3770 ) > non — DD) = (26.6 + 11.2)%

Which are obtained based on the measurements
from MARK-I, MARK-II, MARK-IIl, BES-Il and CLEO-c.

My estimation

obs — |
< 0 5 >leLEo double —tag = 0:39 £0.16 nb

If using CLEO-c DD-bar cross section,
the BF would be

BF (w (3770 ) > D D)= (77.2+10.3)%

BF (w (3770 ) > non — DD) = (22.8%10.3)%




Resonance Parameters of y(3686)
PRL 97 (2006) 121801 Line-Shape of \|I(ZS)

10%
s 1 | If one do not consider the effects of vacuum
. y(3686) 1 | polarization corrections on the observed cross
= i sections in the data reduction, the total width
.:.1 0 2 of y(3686) would decrease by about 40 keV!
3 |
S Mar. 2003 data set
et Badrons
3.66 3.68 3.7 3.72 =t
Liem [GEV] Mainly due to vacuum polarization corrections
experment tot - After subtraction of y(3686) , y(3770) and J/ vy
P M, MeV) 1T (keV)| ' (keV) from the observed cross sections, one
obtains the expected cross sections of the
E760 36860+ 0.1+ 0.3 306+ 36+16| continuum hadron production.
BES-II NI A 204t27 | 2441021 | | conclusion: Ruds in the resonance
S regions below 3.9 GeV is the same as
368609+0.03 | 281+17 | 2.12+0.12 the one in continuum region !!

This work ;685 5+0.0+0.3 | 331+58+ 2 2.33i0.04iﬂ.1]1 43




Resonance Parameters of y(3686)

Table 1: The measured +{3770) and +(25) parameters, where M is the mass, ', the
total width [[y = [ for 45{3770])], ['.. the partial leptonic width and AM the measured

ma.ss difference of the ¢ (3770) and the +{25]).

Res. M (MeV ) Ciee (MeV) .. (eV) AM (MeV)
4(3770) 37722+07£03  260+24L03 51 £ 26 + 11
$(25)  3685.5+00+03 [0.331 +0058 +0002| 2330+ 36+ 110| 86.740.7
.......... PRL 97 (2006) 121801
(25) WIDTH___..o++* )
VALUE (ke {J{JEL'IL?I'I:"I&‘T‘:’D TECN  COMMENT

2T7+L1ILOURAT .7

ERAGE
3314584 2 _ABLIKIM 06L BES2 &7 e~ — hadrons I

204427 ® BAI 028 BES2 eTe™
3063616 ARMSTRONG 938 ET60 Pp— e o™

® From a simultaneous fit to the hadrenic and ppT cross section, assuming [ =Ty +
le + I, + ' andlepton universality. Does not include vacuum polarization correction.

Meter) s
VALUE (keV) DOCUMENT ID TECN  COMMENT
2.43 £0.05 OURFT

ERAGE e
2.330:£0.03620.110 | _,........ . ABLIKIM 06l BES2. efar.shatiidhs

2.14 £0.21 ALEXANDER BS  RWVUE See T mini-review
s » » We do not use the following data for averages, fits, limits, eic. » » »

244 +£0.21 7 Ral 02B BES2 e7e™

20 £0.3 BRANDELIK 79C DASP &7 e~

2.1 0.3 8 LUTH 75 MRK1l eme™

*

obtained from
analyzing the
line-shapes

>PDGO7

To obtain the correct
values of the resonance
parameters, it is
iImportant to make the

vacuum polarization
corrections !




