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Introduction



w(3770) = 5 QCD
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w(3770) = 5 QCD
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w(3770) = 5 QCD
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Experimental Facility

(BES-I & BES-II at BEPC)



The Beijing Electron Positron Collider

BES-1I/BEPC

L ~ 1 x10%/cm?s
at y(3770) peak

E.,~2--5 GeV

—1
3 " 144
e e e S (O



BES-II/BEPC

Beijing Electron Positron Collider

Circumference 240.4 m

LINAC 202 m
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C.M. energy 2-5 GeV

BES (Beijing Electron-positron
Spectrometer)

A large general purpose
electro-magnetic spectrometer. It
measure the energy, momentum of
charged particles, photon and does
particle identification to reconstruct
the decay events fully.

strange | bottom

physics goals

Three Generations of Matter

Also studies of light hadron (u,
d, s quarks) production in e*e-
annihilation



BES-II Detector

Muon Counters
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TOF Counters
Side view of the BES detector End view of the BES detector
vC: o,=100 pm TOF: o= 180 ps M counter: G,=3 cm
MDC: 6,,= 220 pm  BSC: AENE=22% G,=5.5cm
Capax= 8- %o 6, = 7.9 mrd Bfield: 04T
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Particle Identification

Muon identification can be done for the charged
track with momentum of great than 0.52 GeV/c
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Data Samples

v(4030) and y(4140) data samples

~ 22 pb'data taken at 4.03 GeV with BES-I
~ 2 pb~' data taken at 4.14 GeV with BES-

y(3770) data sample [at BES-II]

~18 pb'data taken at 3.773 GeV

~7 pb~'data taken at the region from 3.768 GeV
to 3.778 GeV

~8 pb™' data taken in the energy region from 3.665
to 3.878 GeV

The total integrated Luminosity is about 33 pb™". 12




Data Samples

World y(3770) Samples (pb-7)
Largest sample from CLEQ-¢ by Summer, 2003
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Studies of y(3770) production
& Decays at BES-II



Discovery of ¢ quark

Discovery of J/y Discovery of v (3770)

So called “November
Revolution of
Particle Physics!”

PRL33, 1404\(1
Received 12, Nqv., 1974

Charmonium: bound states of cc-bar

PRL33, 1406 (1974) PRL39, 526 (1977)
Recelved 13, Nov., 1974 |
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Charmonium

5 X1EBF (Charmonium)
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Charmonium

Charmonium is the o~ bound state. There are 8 states below

dissociation energy Sor] L 7eDD-bar BT,
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What is y(3770) ?

M = 3755 MeV ISLAC 219
cc-bar pure 1’ D, wave: [ ®30MeV "

. M 3772+6MVMARKI%

..
.
®e
°

MARK-I observed the y(3770) resonance=-1 ~ 28 SMeV 1G4 kI

0+90eV HW(3770)

To describe the large leptonic width, the mixing with 2°S, is
introduced. The mixing increase the leptonic width of the resonance.

y(3770) resonance is believed to be a mixture of 1°’D,and 2°S, states
of the .. system.

| (3686) >=—sinf
lw(3770) >= cos@, [1°D, > +sin6

mix

2°S, >
2°S, >

1°D, > +cos 8

mix
mix

Where 0,. is mixing angle.
20



S-D Mixing

2A
r tan20 . =
M,-M,
@ < {Ml =M, 3s6) cos’ 0, + M , 3770, sin * 0,
modecl M, =M, ;46 sin * 0, + M , 3770, cos’ 0,
- 12

v (3770) The mixing angle is an

important parameter in
the mixing model.

\ 2
tan“" 6, = e
ee

v (3770)
B I‘ee M
M

w(3686) _

The physical states | ¥ (3686) > and | ¥ (3770) > with masses M,
and M .., arethe eigenvalues of the mass matrix.
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S-D Mixing

PRD 41 (1990) 41, PRD 44 (1991) 44
‘ @@Q["J GDDBEBHED@ model ‘ arXiv:hep-ph/0105327 v2 5 June 2001

2

4o’
[y (3770) > e'e ) = <—Isind R, (0)+ cos@ . R, (0)
My2/(3770) 28 5 \/Em 1D
2
['(w(3686) >¢e’e )= doe, cosd R, .(0)— sin€ . R, (0)
M;(3686) mix~ 28 2\/5}7’2 mix~ 1D

e =2/3
R 1s the radial wave function

M, 0T (W (3770) > e"e”)  0.734sin6,, +0.095cos O

mix mix

M 63 T (3686) > e"e”)  |0.734c0s6,, —0.095sin 6

mix
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y(3770) Decays

BIE® EA N~99%IK)
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Puzzle of Y(3770) production and decays

Theoretical prediction

Ty =y x.,)<500 keV (y" &y', K.T.CHAO,16Oct.,2002)
Ty = J/wzr)<200 keV, Y.P.Kuang, PRD41(1990)155

(D, - ggg)=160 keV PLB267(199 1)11

T'(y'' = non— DD)< 860 keV
BF ((//"—> non — DB) < 3.6% <heoretical prediction !

BF (z//"—) non — DB) < 5% Recent theoretical prediction

arXiv:0802.1849v1 [hep-ph], Zhi-Gui He, Ying Fang, Kuang-Ta Chao

Experiment
v(3770) production cross section at peak
Ujfd = 1272 x BF (¢ — e'e’)=12.4+1.9nb v(3770) resonance
M 2 parameters




Puzzle of Y(3770) production and decays

DD-bar cross section
MARK-IIl measured the observed DD-bar cross section (at Ecm = 3.768 GeV)

o**(e'e” —>DD)=5.0+0.5 nb

=>» production cross section fioe =0.688
o’ rdCt(e+e_ —>DD)=73%0.7 nb‘ (Added all errors in quadratically)

=>About 38% of y(3770) does not decay to DD-bar ! ??
HEWHI TS !
721 BRI A AN [R] B S 5620 WU 5E B AR TR R 25 2

To clarify this situation, it is important to more precisely measure
both DD-bar cross section and y(3770) resonance parameters at
the same experiment ! 25




w(3770) Production

Observed & expected cross sections

o(e"e” — hadrons) 1&3
2
" 10
OE, )= 2
L(Ecm) ghad(Ecm) gtrg E10
| 51
opk(s)=[ dx F(x,5) 6”(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)

122, T, (s) Fitting the distribution of the
o’ (s)= R event vertex gives the number
(s=M")"+M-T, (s) of hadronic events n, .

For w(3770), we use energy-
dependent total width T, (s) .



Y (3770) Production

Observed cross sections = - —
— Incluswe hadrons 'Iil
0
S, ©00 [-(3686) resonance region -
=6 070 § 1
2 4 D’D g 400 | + -
= ! 3 .
2 2 ——+ - L 200 | . i
AHE ' : S
’ g 5 A
® — P
o D'D o can. Encrgy [Gew]
E 4 : 1 T T T
g o S Inclusive hadrons
4 ° T g 1
Qg 1 + _ . I ! . :33 II
q 30 |- ) -
EG t+'|'§ B S Illlfpll""l'. )
5 | AR . DD sze b 1N Yl -
g h——— :
O by | * i 1' $ 19 [ v(3770) resonance region -
o | . : :
0— } : : ' ® a7 3.75 3.8 3.85,7

374 376 378 3.8 3.82
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B
Y(3770) and DD Production

Fit to the observed cross sections

Fitting the observed inclusive hadron and DD-bar cross sections to the
theoretical cross 0sections, we obtain the branchingbfractions
B 3 1221, T, (s) 5 12 2L ,,I" —(s)
Oy @31710) = 2 12 o - = 2 DDz 2
(s—M7*)+M°T, (s) PP (s—M?*)+ M’T? (s)
The total energy dependent width has three components:

L,(%) ZFDOBO (S)+FD+D— (S)+Fn0mD5(S) momentum of D at peak

1+ ("'pﬂpo)2 (pD0)3
1+ (rppo)z (p20)3
. threshold
w(3770) total width s . / momentum of D
1+ (rp ;. .
L. (s)= rOHfE/cm —2M ) Pp) Pp) g, 3770)> D D)
1+ (p,.)" (p).)

Blatt-Weisskopf penetration factor

r  (s)=T,(1-Bw (3770 )> D'D - By (3770 ) > D' D")

£ ( G pua ()= O o (i)) ‘Y [ Ty )~ (J')J by [ oy (=03, (j)]28

Ahaa’ (i) ADOBO (j) AD*D' (.i)

T, o(s)=T,00E,, —2M )

B(w (3770 ) > D°D")




Y(3770) Production

Line-Shape and Resonance Parameters of y(3770) and yw(3686)

@ 1 st
1 B[w(3770)-non-DD]=(16.4 +7.3 +4.2)%

If one do not consider the effects of vacuum

| ] |
3.7 3.75 3.8 3.85 . i
E [GeV] polarization corrections on the observed cross
10 3 c sections in the data reduction, the total width
- " . yv(3686) ! ] | of y(3686) would decrease by about 40 keV!

_ e Mar. 2003 data set
5 2
R EJ Lodlronrs
2T Mainly due to vacuum polarization corrections
0o '

© After subtraction of y(3686) , w(3770) and J/ v

from the observed cross sections, one
obtains the expected cross sections of the

2
AN |
3.66 3.68 " 3.7 3.72 continuum hadron production.

Een [GeV] - . - o
PRL 97 (2006) 121801 HIRX WK R,y SEERX FIR, 42 !




Y(3770) Resonance Parameters

Comparison of y(3770) Resonance Parameters

M ARE-TI 1980——
DELOO 1978
M ARK-T 1977 il U AP 2 O 0507 DARYN
| o b [ )

(3 TG O 507 BAn™
—_—r— [ FIO.0-000 ie™

rt v == 3 FA.0- 2.4 WMa™

CFTEZE-0.8) via™

MMAR B -TT 1980 —rp— (B0 O 2.0 Ma™
DELC,O 1978 —o— (BS.04-Z2.0) Mawv

LA -L 1L9FF —1o— (B0 -3.03 NMaw
PG 00

(B3 .04/ -2.43 M=V

MARK-I 1977

I & (28.0+/5.0) MeV |

+ i

BES-II CThis Moar.): ¢ BES-TI 2006 b (86 6-+7-0.73 MV
3740 3760 3780 380 ' :
[ . 1] B0 100
Ma=s= ?MEV) Mjawss diffn]e‘ience {MeWV)
T T E T E I I T I E T E I I
[ mMAwrK I 1980 4l aorrsoomev | [ Marx-TI 1980 : (27E/-50) &V |
DELCO 1978 —ti  (Dh Ol -5.00 MV DELCO 1978 —qi— : (LBO+/-60) &V

MARK-1T 1977 -i—ﬂ—(S'?D—H—?U) eV

obs

= 8.12£1.56 nb

PDCCOL 2004 (2 _E-/-2_T) MeaV PDCIELY) 2004 E —f (Z604+/-40) oV
T PDG(Avemge) 2004 iof (25.34/-2.9) MeV | [T PDG(Average) 2004 o} (2404/-50) eV |
BES-IL | ;q- (26.9+/-2.4> MeV BES O | ; 4:._ (251-4/-28) &V
=5 =5 ~B0 78 ==0 o ‘Z2s0 _ S00 7580
rtot Total width (MeW Fee Leptanic width (eVv)
w (3770 ) w (3770
prd _ obs _
which is consistent within error with
R, =2.262 +0.054 + 0.109

PRL 97 (2006) 121801

Mar. 2003 data set

Oy 30y 532 3 mev

obtained based on PDG04 narameters




Y(3686) Resonance Parametrs

Comparison of y(3686) Resonance Parameters

Obtained based on cross section scan

experiment | M, (MeV) F;‘?t (keV)| T'* (keV)
E760 3686.0+0.1+0.3|306+ 36116
BES-II N/ A 264+27 | 2.44+0.21
PDG04 3686.09+0.03 | 281+17 | 2.12+0.12
This work \3685.540.040.3|331:£58+ 2| 2.33£0.04£0.11

Mar. 2003 data set
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Mixing Angle of the S-D Mixing

The ratio of the scaled leptonic widths of y(3770) to y(3686)
M2 42y D(1(3773) = €Fe7)

RES -
R;‘ 7700 /1w W = - Rl" ";"-' aly :ﬂlﬂ:j-l_ﬂu]-:}
W(37T0) /1{3686) M2 s T(0(3686) = ) W{BTTO) /40 368A)
\ f.-'“ This solution is favored by relative
i Y /1 decay rates for y(3770)>J/ y -
I B Y| and y(3686)>J/ y T
y i

0.1 i .-"' -

: 6  =(10.6+1.3)
\ y
003 . J,.-" .

-30 -20 -10 0 10

Ry (3770) pu(3686)

mixing angle #,;, [degree]

Figure 19.1: The ratio Rysrro)y(s6e6) of the scaled leptonic widths as a function of mixing
angle ., where the dashed lines show the £1g intervals of the measured quantities. 32



The quantity R

®Why are we interested in R(s) ?

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

* For evaluation of the electromagnetic
coupling at the Z mass scale, «,,,(M,)

» For determination of a,=(g,—2)/2 of the muon.

2 o
a” (0 K (s o i
a had, LO _ ( ) j‘ ds ( ) R (S) The R values at all energies is
4m?

H 372 S needed to calculate the effects of
@opp(M nffects the vacuum polarization on the
determination of e Fsaittz) parameters of Standard Model.

2.1-5 Ge¥

e,

L
(S

the mass of Higgs [ for example,a,.,(M;) and @ |.
boson from the | A large uncertainty in this

: '_4‘*
Measurenientiof /y ‘, v‘u calculation arises from the
indixte &1 iy .. Hnee uncertainties in the measured R
y- : values in the open charm

. Evaluate ag(S) threshold region (3.7 GeV to 5.0
 Non-DD decays of y(3770) GeV).




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
+7 7 Rypy =2141£0.0250.085 "~

uds € 7 ) Below DD-bar threshold ]
\ /
(&) —
M \\ \RPQCDuds = 2.15i0.03 ,//

\\ -

o

Rhad(8)=Ruds(cy (S)+ ZRyes. 1 (S) 5 ~ { PRL 97, 262001 (2006)

R,i(s) are R values due to all 17~ resonances decay to hadrons.

-----
...........

. Y
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e

calculate
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The quantity R

New measurements

0.7 [ .
R..s R and R 083 | =
y + - 0.6 — 7]
had uds(c) uds(c)+y(3770) Eo%E I e ]
0.5 | 5
0.45 | g
n.i — : : : 5
Results = 3 | @y
— 2 - — e e e e e e ]
PRL 97, 262001 (2006) s L . : . i
3.65 3.7 3.75 3.8 3.85
E... [GeWV]
Table. Systematic uncertainties 1N [
the determination Of R Values (k) The ISEF foctor wversus the nominal comnm. energy (see tesxt).

Sources Agyg E ] T T T
Luminosity 1.8 E 4.5 E P BES—II [PRL B8 10180211 (2002)) ]
Hadron selection 2.5 - 4 - e EE?-" {PLD i', 145 (2006))
E £ Fasgtsa—s (UG wark) |
M.C. modeling 2.0 —~ K | ¥ R [this work} 10 B
e — L":_ ) — contimum Puda (pacD) ik
= 3 F { _
W (3770) resonance parameters 2.7 E 1'
+ 25 ¢ ﬁ
Total - %_- 4 *';4’4’4;**
(off Y(3770) region) i :E' a | _
o I | I |
Total . 365 37 375 38 385

(within W(3770) region) E. [GE-V]
m



The quantity R

. . —! PRL 97, 262001 (2007)

.5 —

2 B Fsmigege—— HES—I1 {PLA 41 145 (20061}
(per— TR T i

= = | Fa [tHEe vwoarkc}

- —— =omntdurm RPuda [(paCcD]

Fpe BEES—II [PRL B8 1018021 —1 (202 ))

41004

Dec. 2003 data set |

=-5 _E*,: WA _ *$¢++$¢-$
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Resonance Parameters of y(3770)

New measurements
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Resonance Parameters of y(3770)

Comparison with those measured by other experiments (energy scan)

R ..=2.121 £0.023 +0.084

Experiment oPrd[e*e'—y(3770)][nb] | c°Ps[e*e—y(3770)][nb]

BES (PLB 652 (2007) 238 10.0+0.32+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 M;r. 2003 data
MARKII 9.3+1.4
M, 3770)(MeV) I a770)(MeV) | T 5770)(€V) Note
3772.4+0.4+0.3 28.5+1.2+0.2 277+11+13 | PLB 652 (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
Bly(3770)—e*e][x10-] 0.97+0.03+0.05 0.93+0.06+0.03 1.05+0.14
X x
Dec. 2003 data Mar. 2003 data

(fit to cross sections at 68 energy points) _




Cross Section & Br of y(3770)

What about World Average

Comparison of measurements of

the cross section for y(3770)

Leptonic branching fraction

production

| | I I | | | : I ! |
PDG 2006 B (7.334/-1.44) nb PDG 2006 Lo (LOSH-0.14) E05
MARK-II 1980 ' — 00— (%.304/-1.40) nb ' : PRL 97 (2006)
BES-I1 2006 (A) g (6.944/0.36) nb : E ~ 121801
BES-11 2006 (B) Lo (7.234/0.40) ub BES-11 2006 (A) —0— 1 (0934007 E03
BESII2006(3ENTS) | —o— | (7.18+/0.66) nb BES-I1 2006 (B) - 1 (0.97H-006) E-05 @) Preliminary !
CELO 206(2PNTS) o~ (6.38+/0.42) nb : :

| | : : | | | ;| |

0 5 10 15 0 0.5 1 1.5 2

obs + - -5
O, 3710) [nb] Bl(w (3770 ) > e"e )] x 10

By (3686) > e¢"¢ | =(0.704 £ 0.122 £ 0.033)%
By (3686) — e"e”]=(0.735 + 0.018)%

PRL 97 (2006) 121801

PDG04
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R Value

Measurements of B[ (3770)—>nonDD]
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4- @ ;;:;f(PRLBd(zDUU)EM) = 2.3 = + i ‘ ] g 4000E = 2
(O BES-I (PRL 88(2002)1018021-1 "D - ) I_ | o | . > ; E ‘E ‘: »
35F * BES :miswo(rky ! : — :,154 :_ DOW qﬂa 3000; E $10 "
3F L '8 | | - ; _ '§: & o 16
| S v I
25% %{ RIS IR @ | % 1000] W,
2 3 ‘ : ‘ 1
15 5 3.55 3‘.5 3.‘75 03.7 3.75 3.8 3.85 00_5 15 2 37
Eem [GeV] \ Een [GeV] \ EKmaX¥GeV]
PLB641, 145 PRL97,121801 | PRD76,122002 PLB 659,74
B(y">D'DY)[%] | 49.9+1.33.8 | 46.7+4.7+2.3 - -
B(\|!"—>D+D')[%] 35.7+1.1+3.4 | 36.9 +3.7 +2.8 -- --
B(\|I"—>DD_)[%] 85.5+1.7+5.8 83.6 +7.3 +4.2 86.6+5.0+3.6 84.9+5.6+1.8
B(y"—>non-DD)[%] | 14.5:1.7458 | 16.417.344.2 | 13.415.0+3.6 15.145.6+1.8
Ruds 2.218+0.019+0.089 2.262+0.054+0.109 2.214+0.031+0.094 2.199+0.047+0.11 9
o°bs w(3770) [nb] 7.18+0.20+0.63 6.94+0.48+0.28 7.07+0.36+0.45 -
G honDD [nb] - - 0.95+0.35+0.29 1.08+0.40+0.15
- - 6.12+0.37+0.23 -




Branching Fractions for y(3770)—nonDD

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 PD GO 7

16UPG — 0717 )

¥(3770) WIDTH

VALUE (MeV) DOCUMENT ID TECN  COMMENT
25.2+18 OURFIT
6 9 OUR AVERAGE

¥(3770) MASS ABLIKIM 6L BES2 e — hadrons |
‘ . T SCHINDLER 80 MRK2 eTe
rom 5 and mass difference below. i L
(22 24 45 BACING 78 DLCO ete
8 +5 RAPIDIS 77 MRKL ete—
VALUE (MeV) DOCUMENT ID
3772.4+1.1 QUR FIT  Error includes scale factor of 1.8, 4(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

My(a170) = Myj(25)

VALUE (MeV) EVTS DOCUMENT 1D TECN  COMMENT . Coe i )
: hadrons and found a statistically significant signal for the decay to ¢ only

863211 0URFIT Error includes scale factor of 1.5, (ADAWS 06).
86.3£1.1 OUR AVERAGE  Error includes scale factor of 1.9, See the ideogram below.

_ Scale factor/
86.720.7 ABLIKIM 06l BES? ete™ — hadrons | | . /

Mod Fraction {T;/T Confid level

OTI=IUTL 3 CHSTOV o4 BELL BT — ¢(3rmo)k+ = roction {Ti/1) st
80 +2 SCHINDLER 80 MRK2 ete™ DD (85 +5 )%
8% -2 IBACNO 78 DLCO efe r, DIV (487 £32 )%
88 +3 RAPIDIS 77 MRKL ete™ M3 D™D~ (36.1 2.8 ) %
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y(3770) =-J/ Yy nt w ™
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y(3770) =-J/ Yy nt w ™
BESIT g CLEO<

%Eﬂ ;I.'J'" W-E-f.lrgi-fﬂ*ﬂm . * 5 2_|_0 2 pb 1

%, (manly ] (4.54+0.4)107 y" decays
Z, L » efficiency: 37%

3nEF 32N 33 n 2 475 events @ 90%CL
2 enn - . BROWGB770)—>t m-JAp(18))
;Eﬂ . N e *:D 26% @ 90% CL
%i"ﬂﬂ aonte Cat T-f g e - e — R ;
& _ w;_ - _ s 232 ewns |
o 3 3 :J“| 3. 2 3.3 EtE-— v Y[ 23] E‘ ?

M{tt) GeV W(28) — wha Sy ; ;
17.8+ 4.8 events incl 6.0+0.8 .. ;
bad (0 from cont) ISR Y AT
BR{y(3770) =t rJiy) e e
= {0.3410.141+0.08) % E... -Mass recnlllng :n:+:n:—
I'= (80 £321+21) keV T. skwarnicki, OWE03

DAPHNE 04 06/08/04 Hanna Mahlke-Krueger, Cornell (RG mdfy)



yv(3770) =-J/ Yy nt &~

BES-| . s2402pp: CLEOTC

f ee Y y(2S)(*). (4.51+0.4)10% v” decays
N Ve T ET IV o efficiency: 37%
i | '1 » < 4.75 events @ 90%CL

a2  3a | BR(w(3770)—7* -J/y(1S))

hep-ex/0307028 M(t*L) GeVv <0.26% @ 90% CL
e 28 pb(3.783-3.885GeV), E """""" ]
1.85x10° y” decays 232 everts :

» efficiency: 16% ee = v y(2S) D -

y(2S) = '~ Jy

» 17.8£4.8 events incl i E \ l

6.00.8 bgd (0 from cont)
BR(y(3770)—nn~J/y)
=(0.3410.1410.08) % E.., -Mass recoiling trmt-
I'= (80 32 21) keV T. Skwarnicki, QWG03
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y(3770) -J/ ¢yt m -
‘ w(3770) > nyf;rr T \ ) gf ,E.LED ﬁLm?fﬁ%‘fﬁ%?jE]S I

= ﬁﬂﬁ@]ﬂﬁﬁm

z 173+43;;W ;,Tr BES]I —

2 T ot i BB i are CLEO-c j

= za i mainhy ; - | !
| w30} x' Jiy i :

Evanls / 7 MgV

i-i‘hh.r.t I Arss :llf' O T

BES-ll observed the first non-DD events of

w({3770) decays. CLEO-c conformed the
BES observation of the nonOD decay:. e

i e T s & e e e ] L e o md e e TEm La sy mim
a d. [°E] [ AT abmar gemk (T b pollsf ey piBeSes o o T
= el Baep, el thee B Ko e woics ok ol ] B}, i im0 Bt 1 b i woal wsile CEgl.
- T vl B i e R b etk i e B aeed Caala s o
il

BF ((3770) > J /" )=(0.34 1014 1 0.09)% | BES-I| PLB 605 (2005)563

BF (w3770 ) > J{wr's ™) = (0.189 £0.022 *{{7))% | CLEO-c¢ | | PRL96,082004{2006)

The two measurements are consistent within the errors.
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(3770) —>J / l// ntw-

......... &i:..._-_...-. 4
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Before EES-11 one knows the decays
/ | p® ()
-

i - Pl I EF ! i ‘i o
r“_lj'l;.l?”:l-—} J[ ¥YT'n |:|H|i_}|1::_:| |-_|:I|I,' : ‘\‘—\\__ -‘I‘ :.”IH

B (3T70) = 4t 3™) = (0420142 0090%, | L esmmon

it is an interesting question if transitions
inside the charmonium system exist.

It is very important in elucidating the
exact nature of the {3770} and hdp

us mmderstand why the {37 70) does
not seem to be saturated by DD-bar

decays. MIHTEEBR ﬁﬁmﬂﬁﬂ‘ﬂ_fﬁd Eﬁﬂn
w(3770) IE-DDbar TERE .

Test of vanious theoretical models.




Y(3770) =-J/ Yy ntn-

After about two year argument, CLEO-c finally found

the non-DDbar decay of y(3770)>J/y * - and It is an
cc_mformed BES result on measurement of the partial interesting
width of the decay. question if
transitions
—_— inside the
(MeV) Charm threshold \I’(3770)
D . L AT s :
1o . L D D exist.
i P - X
h, : N
R == T
3300 p— /~ |
7 The first
oo — R\ £ L 25+1 -DD-
3 100 f - . 1 1. non
W s/ CL_‘:‘:’ =, J bar decay
so00l—f o o mode of
"ot - - 0.1.2"" 1 Fe w(3770)
observed
by BES
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SLE % R A TR B QCD & th B A KR vHE, A
ﬁ‘ﬁ_f PAGSUEA A R QCD Y B .

R FEAAXS e I FA PR B 142
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Search for Charmless Decays of (3770)
Search for w(3770)—> KK

Events/d) MeV

Events'4h bleY

“ - x i
1.8 - K§ mass _PWind?W
—o i Fig— - :“u L
1.8 » = .
1.4 - o v :
1.2 - v Selection <
o g i, o criteria
P gV,
0.8 "r‘;. - W :
0"0.3 B.ﬂﬂ 0.5 e O7F .I;:B'“.Q..?
Miwss DL, (ﬁﬂaﬁ“‘::ll(kng +C.C.|
o I I e ““I"
TIN(e'e > K K$Y=125+3(8
s B 1R - —
s |47 |
s 1 | Data taken
i 1 |around y(3770)
d I Lo 1 | peak [Ldi=277pb"
o — - ;
1 1.5 2 2.5
Mass My,

D = K ow B OO O

~~ 4-prong with net charge zero
| cosd |< 0.85

CL, >0.001 = 7z (K)
P(y’4) . _...>001
P(x*4) . eps > P(X74)

ttnatn

\_ satisfy K selection

N(ete" > K"K )=0

1
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Search for Charmless Decays of (3770)

Data taken off-resonance
(@ 3.65 GeV) |[Ldi=64pb"

|No significant K K¢ +c.c. signalobservedl

production

Normalized to the luminosity
and phase space of y(3770)

= =| 1T :
1T ]V + - *0 0 L 0
4 e (e >K 'K;)43.9@ 90% C.L.
i.E5
1
o.7E
(I
Lo 3= 3
)

| |
[ 1.5 = =5
Prillawssr Brily o T9Fa™ 0

|No K "*K * signal observed |

K*OKO
N <71

N o' < 4.2

2 &

Ez:g l Ne'e >K*K)<R3@90%C.L
2| nﬂﬂ,_ﬂﬂ -
M T

0+
Kgrm
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Search for Charmless Decays of y(3770)

Charmless final states observed

Resonance productions and decays QED process

hadrons hadrons hadrons
three gluon annihilaton process  one photon annihilation process one photon continuum  process
amplitude a, amplitude a, amplitude a ),

Observed in experiment

2

N(e'e” — charmless hadrons)

oq| a,+a,+agy,

observed
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Search for Charmless Decays of y(3770)

A detailed maximum likelihood analysis gives

Nw(3770) > K’K))=a’ =1.86"7)
N(e'e” > K Kg),p, =b" = 03975
cos =—-0.999 = ¢ =180°
7* =9.695

set a=0 = y* =16.16

giving a significance of 2.4 &
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Search for Charmless Decays of y(3770)

Those yield the branching fraction and upper limit to be

BF (w(3770) — KK )= (4.3 £1.3)x10™
BF(y(3770) = KK )<1.2x10° at90% C. L.

and partial width to be

r =(10.1°5%" £3.3) keV

w(3770)—>K K"

(preliminary !)

T , <29keV @90% C.L.

w(3770)>K °K

("¢ 5> KK )y = (18.4£6.0%4.0) pb

55



Search for Charmless Decays of (3770)

()s are for the y(3770) resonance data, (‘) is for the-continuum data
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Search for Charmless Decays of y(3770)

()s are for the y(3770) resonance data, (‘) is for the continuum data
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Search for Charmless Decays of y(3770)

()s are for the y(3770) resonance data, (‘) is for the continuum data
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Search for Charmless Decays of y(3770)

Mode o3773[pb] 0365[pb] Bur[x10-3]

om0 <3.5 <8.9 <0.5

on <12.6 <18.0 1.9
2(n*m) 173.748.4+18.4 | 177.7+13.3+18.8 4.8
K*K-n*n 131.7+10.1+14.1 | 161.7£17.9+17.1 4.8
ot <11.1 <22.9 1.6
2(K*K) 19.9+3.6+2.1 24.1+6.5+2.6 1.7
oK*K 15.8+5.1+1.8 17.419.2+2.0 2.4
ppbrmtn 33.24+3.4+3.8 42.146.1+4.8 1.6
pp KK 7.1£2.0+0.8 6.113.1+0.7 1.1
dppP <5.8 <9.1 0.9
3(n*m) 236.7+14.7+33.4 | 234.9+23.8+33.1 9.1
2(m*m)n 153.7+40.1+18.4 | 86.6+40.3+10.4 24.3
2(n*m)n® 80.9+13.9+10.0 | 124.3+21.7+14.9 6.2
K*K-n*n-n® 171.64+26.0+20.9 | 222.8+37.7+27.2 11.1
2(K*K)n® 18.1+7.7+2.1 <23.0 4.6
ppbarno 10.1+2.2+1.0 9.2+3.4+1.0 1.2
ppYar* 53.1+9.246.8 29.0+11.1+3.7 7.3
3(n*m)n® 105.8+34.4116.9 | 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 (3770)

Search for light-

hadron decays

of y(3770)

Mode 63'773[pb] 63'65°[pb] BuP[x1 0-3]
K*K2(r*n?) | 168.0+18.2+23.7 | 164.9+30.3+23.2 <10.3
2(K*K)n* 11.9+5.8+1.7 <49.1 <3.2
ppPar2(n*n’) 23.5+5.0+3.5 22.8+8.4+3.4 <2.6

4(n*m) 131.8+19.5:23.6 | 76.2+24.4+13.9 <16.7
K*K-2(n*m)n® | 231.5+63.6+37.5 <375.2 <52.0
A(r*)m® <206.9 <119.4 <30.6
oot 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+17.9+6.3 <5.0
p’ppPar 13.1+3.2+1.8 17.716.2+2.8 <1.7
KOK-r* 94.7+15.5+10.4 | 85.5+26.3+14.4 <9.7
AAbar <2.5 <6.1 <0.4
AAPA Tt <26.7 <42.9 <4.4

PLB656(2007)30
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Search for Charmless Decays of y(3770)

Search for light-hadron decays of y(3770)

Mode 0'3-773[pb] 63'65°[pb] BUP[x1 0-3]
T <37.1 <50.8 5.5
oK*K- <44 .4 <53.2 6.6
oppPar <20.3 <30.9 3.0
¢mtmn? <25.5 <66.7 3.8
KOK-ntn® | 116.3+32.7+20.0 | 128.1+59.5+17.9 16.3
K+Kntne | 173.9473.3+26.1 | 189.0+116.3+28.2 32.4
K*K-pOn® <5.6 47.6+33.4+10.7 0.8
K*Kp*n 94.2+31.6+11.7 | 141.9453.3+19.7 14.6
AAP30 <7.9 <214 1.2
EPJC52(2007)805 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 coveﬁ'ng
both y(3686) and y(3770) with larger data samples (BES-lll can do this wel %



Hot Topics on y(3770) Physics

Heavy -bar €5 # & (9 B Fo AN AR = K ?
non-DDbar 75 & B8 H FRHO BEUT 72 ) B o o) 756 !

Puzzle Pieces: w“#f? summary N

Results on b and ¢ bl \“\b
oYL2E) i)

Spectroscopy and ) M TR
Decay I

TS =y hackonic decays e " raa.. "'i*‘.
| Hanna Mahlke-Krueger F%L up[?ﬂtl]l ron 007 )
Cornell University bp‘
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y(3770) Physics at BES-III
( The Near Future)



What should we do for y(3770) at BES-III ?

We should precisely measure the line-shape for et+e- 2
hadrons total cross sections in the energy region between
3.700 and 3.90 GeV (or even more wider energy range).

To measure the decay branching fraction for
v(3770)-> non-DDbar precisely.

To find more exclusive non-DDbar decay modes of y(3770)
and more precisely measure their decay widths.

In the measurements of the branching fractions for
v(3770)-> LH, we have to consider the possible interference
between amplitudes ... We need to make finer cross
section scan to extract the branching fractions.
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BES-III/BEPC-II

Charm Physics at BES-III

‘With the BES-III at the BEPC-IT we will
more precisely measure these physics

= ) quantities and will do some measurements
. With the BES-1I at BEPC for probes for NEW Physics ! ...

we measured many physics i =
quantities about charm == : *'QQ

and Yy{3770) resonance. f ‘Q%
- Magee l\ E | H :

BES-III will be the successor \ﬁ
of the previous successful -

15
BES-1 and BES. 1 fi _____
»
%‘mﬁ‘ ¥ "'f{r
—————
754

Luminosity reach to 10¥5 at E__, = 3.78 GeV
{compare to 101 for BEPC).

Large angle cowerage, good charged PIO & momentum
resolution, good phaton energy resolution.

20086-8-11 Gang BONG, IHEP, BES-III T
Collaboration

rrrrrr

ad
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BES-III/BEPC-II

BEPCIVBESIII Project oesien

* Two ring machine
* 93 bunches each
i Lllltl.illﬂsitjf X 5 CESR-c design
1033 urﬁ/s{él.ﬁﬂ(}eﬁf
6x 107 cm? 51 (@ 1.55GeV
6 107 cx? sl (@ 2.1GeV
* New BESIIT
Status and Schedule
* Most contracts signed
+ Linac installed 2003
* Ring to be installed 2006

r

u P a + BESIII in place
— "'---:"--—-'--t 'E_ﬁ.ﬁﬁ; - - -
et and Commissioning 2007

ran plan not decided: example Sfthfsr 15407 3vwrs
3wrs (@ 3770 30M DDfyr =30MDD ~x20 full CLEO-c

3 wrs (@4170 2M DsDafyr = 6A4DsDs ~x20 full CLEO-c

BEPCIL'BESIIT
data talking summer of 2608



Charm yields at BES-III/BEPC-II

Precision Measurements at BES-I11

Assuming O month mnning for
Physics/year & average efficiency
of collecting data is 70%o.

Charm Production at BES-111

Average Lum: £ =05 Peak Lum.;
One year data taking time: T = 107g N

et

'year =0, X LxT x&gg e

Fesonance Mass(zey) Peak Lum. Fhysics Cross Nevents vr
OIS (1033 e 251 Section (nk)

Ty 4.097 .5 A400 & x 107

T d.670 1.0 2.4 7.3 w108

Yy 25] d.606 1.0 ) 20 = 107
D'Dbar 3.770 1.0 3.6 11 x 104
D D- 3.770 1.0 2.6 7.9 x 10¢
DsDs 4.030 0.6 0.32 0.6 x 10¢
DsDs 4.140 0.6 0.67 il r g alfel




BES-III Detector

Twed rings, 93 bunches:

BESIII Detector e s @ars

Gx 10 om=2 =1 @ 310 Geds
Gx 10F cm= =71 @ 420 Gayf

Magnet: 1 T Super conducting

& S 1 MDC: small cell & He gas
400 754 L~ o, =130 pun
~0.5% @1CeV
: dx=6%
L seemmne %
T %..
| i 3500 i :
‘r?_ B ol = 100 ps Barrel
110
e '|'. i;qjq'ip ....... l}‘}qv W
Muan ID: 9 layer RPC
EMCAL: Cslcrystal Data Acquisition:
AEE = Z.SEjE@l eV Event rate =3 kHz Trigger: Tracks & Showers
oz = 0.6 co/ Thruput ~ 50 MB/s | | Pipelined; Latency = 6.4 ps

The detectar is hermetic for neutral and charged particle with excellent resoluton FPID,
and large coverage.



v(3770) Parameters and
B[w(3770)—non-DD]




y(3770) Parameters and

B[w(3770)—non- DD]

BES-III MC simulation |

~60 pb!
data in

y(3770)
region

3.7 3.75 3.8 3.85
E_ GeV

3 BES-II result |
6
4
2
0
3.7 3.75 3.8 3.85
E. GeV
L) s, 26.810.5 MeV 26.9 MeV
Lsm, 25619 eV 251 eV

Measured value

Input value

Blw(3770) > D D]
(88.2 £ 2.4+ ~ 2.0) % Measured value
89 9/, Input valge




v(3770)-> light hadrons

These are simple BES-III MC simulation only !

1000;— T g; 7z'+7z'_7z'+7z'_7z'0
s00f 400
- 200F
&5 0.0 q 1.57 T.02 0.1 ) o Jc) 5.4
C _ _ BOO _ -
400 [ K'Krrx 600 K'Krn'nn
200 -
o35 i 1.01 T02
- + -
1000 PDP7T 7T
smf—
&5 0.90 q T.01 T02
3005—
200F
100

m

E easure/ Ecm



v(3770)-> light hadrons

Measurements of branching fractions for
y(3770)-> light hadrons with BES-III at BEPC-II

The way to measure the
_ branching fractions for
e e oexclusiveLH |1 w(@3770)- light hadrons is to
analyze the energy dependent
b cross sections, since there are
10 * interferences between the

i }» amplitudes of the exclusive final

I states from resonance and from

'i> the continuum. But needing large
i - cross section scan data samples!
-2
365 3.7 3.75 3.8
XK R AEBES-IIBEPC-I LR A5 charmless
RARRNFEITEZ —. EF L& HQEDAI R
STEZRTIER, I HINE KA ZE 72
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Search for new 1 states

BES-III will collect data at 3.773 GeV, 4.03 GeV and 4.14 (4.17) GeV,
and perform finer cross section scans covering the resonances.

“Finer resonance line-shape analysis” provide an opportunity to
search for heavy hybrid, DD-bar molecular, and four-quark states.

Analysis of the fine cross section scan If BEPC-11 maximum energy
data may probe new structures associated can extend more than 4.2 GeV,
with hybrid charmonium, DD-bar molecular or that will be nice.
other exotic states in this energy region...
L Fine cross sections scan \ :
= > a

oty S

=

= \

oc a
=
=

/3



Search for new 1 states

Measurements of the line-shapes of the cross sections for the
exclusive processes:

ete” > D'D ,D*D " ,D:D;

ee” o> won .. |

e'e” > Jlyr "x ,Jlwyn ,J/lwyn ,J/vX,.
e'e” > oK K ,or "1 ..

e'e” —> Xera=01,00P s X cr(r=0,1,2)@

and comparing the line-shapes with these for the inclusive
hadron production, one may find something new.

BES-II made finer cross section scan from 3.66 to 3.88 GeV, and studied
the line-shapes of the inclusive hadron production, DD-bar production and
some exclusive charmless final states production. But data sample is too
small. We hope that BES-III make the finer cross section scan covering the

resonances with large samples to carefully study the structures. i



BES-1I/BEPC

&P JE-DD 3 : w(3770)> J/yntn
RBUFE3.77 GeV Wik dE-DD #8721 B 9%
Bk Br[w(3770)> non-DD]

WEete- > LH #H, #Ey(3770)>LHAZ LR

R E R 46, V(3770)FIy(3686)HIILiRSE, &
W2 e+te- > hadrons & FH 2R

BES-1II/BEPC-II

- To uncover the puzzle of y(3770) production & decays
- To search for new particles in the range from 3.7 to 4.8 GeV
- To study something more ...... 75




The END



¢ quark proposed

=5 A
197445, AMTINRBE T2 H @® one up quark (charge +2/3) : U

B R F AR S SA . @ one down quark (charge -1/3) : d

Naive QLICll“k model @ one strange quark (charge -1/3): S

Meson : (qq) @ ‘ Charged pion T (ud)
- (ud)

0 proton p(uud)
Baryon: (q q q) @
° neutron n(udd)

=5 BN T1964F 53 mHiE /R 2 (Gell-Mann)f1ZZ 1% (Zweig)
MSLPRH [SU3) R 1. BRI BT AR T 4 SN B 58 1
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¢ quark proposed

%%’3\)‘%}“0”\6’{] gl )\
LI EXIA B F R R (|AS|=1) W P R e, Bila:
K* > ntvy

T(K* > n*vv)

+ 0 + SIO_S
'(K" > 7z pv,)

o >CEEH) ERR A -

AT BRI, 19704 GIM (Glashow, llliopoulos &
Maiani) ZEE & EIA—NH5 5, Bl“c”S W RMERE LR ERIA
2 591E A R R R AR

WIFBSHEAUKHEILR, WRAELECSRH, BNIAFE—RIIHC”
e’ R MEES T (u, d, s)A KT
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