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The Beijing Electron Positron Collider
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A bit of history of BES physics

> 1989-1995: BESI
v’ T mass measurement

> 1996-2004: BESII

v 2-B 6eV R measurement
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BESII Detector
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V€ o,,=100 pm TOF: o+=180 ps u counter: o= 3 cm
MDC: o, = 220 um  BSC: AE/NE=22 % c,=55cm
GdE/dX: 85 o/o G(I): 79 mr B fl@'dl 0.4 T
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BESIT data samples

Data BESII CLEOc
J/v 58 M -
v’ 14 M 3IM
v 33 pb! 281 pb-!
Continuum | 6.4 pb1(\s=3.65 GeV)|21 pb! (Vs=3.67 GeV)
Performance BESII CLEOc I will talk about -
op/p 1.7%/N1+p? | 0.6%@p=1GeV |
oE/E 22% /NE | 2.2%@E=16ev |* New observations
PartID | dE/dx+TOF | dE/dx+RIcH |* Light scalars
Coverage 30% 93% - Vector charmonia

decay puzzle
CLEOc results are included when available. « BESIII




Observation of X(1835)
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EVENTS/(40MeV/c?)

EVENTS/(20MeV/c?)

Combine two 1’ decay modes BES Preliminary
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X(1835) |
e Fit with BW + polynomial

backgrounds, considering
mass resolution.

Statistical significance: 7.7c

1.4 2.2
M('mrm’) (GeV/c?)

Mass res. ~ 13 MeV
Efficiency ~ 4%

N, =264+54
M =1833.7+6.1+2.7 MeV/c*
'=67.7+20.3+7.7 MeV/c*

1.4 2.0 2.6
M(r*mtn’) (GeV/c?)

B(J/y = X)B(X »>n"nn')=(22+£0.4+0.4)x10™"




What is X(1835)?

1,(1870) 1eUPC) = ot2=

BES preliminaiy results:
M =1833.7+6.1£2.7MeV/c’
[ =67.7£203+7.7MeV/c’

omiTTeED FroM suMmary Taste | Tn PDG'0D:

Meeds conbirmation.

12(1870) MASS

»Mass comparable
»Width different
»No n,2>n'nn yet
»No J” from BES

m(1870) DECAY MODES

[{ n7w

VALUE [Ma') OOCUMENT 1D TECK [CHG  COMMENT
18424+ 8 OUR AV EHAGE
1835412 BAREERIS 00e 450 po —
PpamT T Py
1844413 BAREERIS 00 450 po —
184 2 Py AT P,
1840425 BAREERIS 4TEe OMEG 450 po —
PRl +ag— 1
1875+ 20+ 35 ADCMENT o6 CBAR O 1.9 O — l;ﬁ‘.c'
18E] 312 440 26 HKARCH 42 CREAl #T 8 =
4?"' g n :':' -.':'
& & & We do not use the tollowing data for averages, fits, limits, etc. & & »
19RM 4 E1K5 L L= L | e SIPEC 104 T — w2emld
12(1870) WIDTH
VALUE (M EVTS DOCUMENT 1D TECH  CHE  COHAMENT
2‘25:|:I.4 OUR AVERAGE
2354 22 EARBERI> noe 450 pp —
PERTT T pe
228423 2 2 5 EARBERIS 00k 4hll pp =
Pf 47 Py
200 40 BARBERIS 978 OMEG 450 pp —
pp2irta—)
2004+25+45 ADCOMEINT as CBAR 0O 1.94 Pp — -_|.";'.T|'-I
221492444 26 KARCH 02 CRAL gt el_ ~ o
[ — '.'-_' T
e o ¢ We do not use the following data for averages, fits, limits, etc, « » »
250:+25 31 ANISOVICH 00 SPEC 104 Bp — 3l
17040 EAl ag  BES Jis —
T E




What is X(1835)? In PDG'05:

OMITTED FROM SUMMARY TABLE

BES: PRL91, 22001 (2003
X(1860) G (UFC) = 2727 ( )

MASS (MeV) WIDTH (MeV) DOCUMENT 1D TECN  COMMENT

1859_+§7 <30 BAI 03F BES2 J/¢) — ~pP

2r1 Include I=0 FST
.| correction (hep-
ph/0411386),

15t refit BES ppbar 00

BES preliminary:  |BES preliminary results :
M =1831+7 MeV  |M =1833.7+6.7 MeV
| T < 153 MeV [=67.7+21.7 MeV

il mass spectrum

S0

-
&t
.

»Mass agree
»Width not contradict

>No JP in both cases
0.00 0.15 o

M(pp) - 2m (GeV/c)




What is X(1835)?

Further arguments support X(1835)=X(1859)=ppbar
bound state:
- ppbar bound state couples to n'nn large
[6.J.Ding and M.L. Yan, PRC72, 015208 (2005)]
- ppbar bound state couples to ppbar strong
[S.L. Zhu and C.S. Gao, hep-ph/0507050]

B(J/y > yX)B(X—>n'ntn)=(2.2+0.4+0.4)x10™*
B(J/y — vX)B(X - pp) =(7.0+0.4753)x10°"°

More data, more experiments, more information needed
- mass and width, most importantly JP
- more decay modes
- more theoretical calculations



Light scalars

» Many scalars found in experiments
» Do the sigma and kappa really exist?
» Have we seen scalar glueball already?

I will show experimental results from BES ---
(theorists (will) give interpretations)

* States in J/y decays f,(600) or &
- phi pi pi/phi K K
- omega pi pi/omega K K fo(980)
- gamma pi pi/gamma K K fo(1370)
- K K pi pi (the kappa) f,(1500)
+ Sigma in y'>nnJ/y
., decays £(1710)

- Pair production of scalars f,(1790)



EVENTS / 0.025GeVic

EVENTS f0.0250eVic"

The mass spectra of meson pairs
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Copious structures --- need partial wave analysis to extract
physics information: Covariant tensor/helicity amplitudes.



2.5

The scalars

f,(600) or o:
t,(980):
,(1370):
f,(1500):
f,(1710):
f,(1790):

BES: PLB 607 (2005) 243
PLB 603 (2004) 138
PLB 598 (2004) 149
PRD 68 (2003) 52003
yrnn: preliminary
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Events/30MeV

Events/30MeV

200 L

400

200

400 E

0.5 | 1.5 c
M(K*K) (GeV/c®)

BES: PLB 607 (2005) 243

f5(980) parameters:
M =965+8+6 MeV

g =165+10+15MeV

SKK —421+0.25+0.21
S

f5(1370) peak seen!
M =1350£50 MeV

['=265+40MeV

Observation of f,(1790)?

M =17907;, MeV
[=2707% MeV




Couplings to y, o, and ¢ Iin J/y decays, and
decays to n*n~ and K*K- reveal i1ts nature!

Scalar B(¢S, S>nn)(10-4) B(¢S, S>KK)(10-4)
f,(600)/c 1.6+0.6 0.2+0.1
f,(980) 5.4+0.9 45+0.8
f,(1370) 4.3+1.1 0.3+0.3
f,(1500) 1.7+0.8 0.840.5
fo(1710) -- 2.0+0.7
f,(1790) 6.2+1.4 1.6+0.8

B(J /!y — i, (1710) > KK ) = (9.6 )x10™
B(J /!y — of,(1710) > 0K K ") = (6.6 +1.3)x10™*

Use of these information
BR(AA710) > 727) _ 4 45 @95%CL | can be found in
BR(f,(1710) > KK) hep-ph/0504043

hep-ph/0508088 ..



The mixing of the scalars

Idea available long time ago,

most recent analysis in >
hep-ph/0504043

By Frank Close and Qiang Zhao

fo(1710)) = 0.39|G) + 0.91|s5) + 0.13|n#)

fo(1500)) = —0.73|G) + 0.37|s5) — 0.57|ni)
fo(1370)) = 0.56|G) — 0.12[s8) — 0.82|ni) |

The mass of the scalar glueball is about
1.46-1.52 GeV in the same scheme.



Entries/5MeV

W’ o (Gev/c’)’
*.hl .m. : '|+ : i i

BES: PLB 598 (2004) 149
% ™ J/y-onn

0)

More on o particle

‘ Pole position:

(541+39)-i(252 £ 42) MeV

BES preliminary

_\|!'—> J/y ntr ﬂ,ﬂ‘tﬁ#

Strong destructive

interference between
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sigma and phase space,
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pole position similar to

'~ mass (GeV)
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: BES preliminary
Kappa: K = S-wave resonance 5, " . k-

=]
g
T

10 MeV/bin
g

?i

l§

Events/25MeV
[

ame data sample, 3 different
analysis methods, similar results.

o a ] (84143075) —i(309£457,) MeV
D etk (eev) [(T60% 20+ 40) — i(420 £ 45 + 60) MeV

l§




BES preliminary

Pair production of scalars v KK

0

L

x:iﬁ” S mr leferen‘r way for scalar study:
e T v Start from JP¢=0*, 1+, 2+
2. Start from gluon+gluon
3. Pair production of scalars,
very different information
than in J/y decays

EVENTS/5MeVc:

Can study different
1371 _ kinds of resonances:

(n*n ) K+K")
| (Krn=)K-m+)

o, e e % 3.7 . (KTCTC)K

M T KK ) (GeVic)

10




(mn n )WKTK") BES preliminary, 30— ©'n KK
Zfa710) | 022000 § o | Zwol { f,(980)
3 L fl | 4 g’ : 1 /
& o |r|I 1 ]'ﬂ]L " o RTHEMEE § £,(1370)
- i Lll 'Lh I gl 20T C o ] x
I B B TR S s o e b WL
e Bt Lk e
u I 1.5 2 .E'.SHH l s L ‘ﬂ;_ J z ¢ 2.
MK K (GeVic' M E  GeVE") M[n: n ‘.n (GeVich)

Blxeo — fo(980) f0(980)]B[f(980) — 7+~ |B[£(980) = K+ K] = (1.73 £ 0427 325) x 10~*
Blxeo = £0(980) fo(2200)]B[f0(980) — 77~ ]B[f6(2200) = KT K~] = (8.42+ 1.16175, %)) x 10~*
Blxco = fo(1370)fo(1710)1B[£o(1370) = = 77 |B[fo(1710) » KT K] = (7.12 + 1467328y x 1071
Blxeo — fo(1370)f0(1370)1B[f0(1370) = nt 7" ]1B[f61370) - KTK™] < 2.9 x 1077,
Blxeo = fo(1370)£0(1500)]B[fo(1370) — | B[f5(1500) - KTK~] < 1.8 x 1074,
Blx.0 = fo(1500)fo(1370)]B[f0(1500) — 7=t~ ]B[f01370) = KT K] < 1.4 x 107,
Blxeo = fo(1500) fo(1500)]B[fo(1500) — 77~ ]B[f5(1500) — KT K] < 0.55 x 107,
Blxeo = fo(1500)f0(1710)]1B[f0(1500) — 77~ 1B[fo(1710) - KT K] < 0.73 x 10~.

Q. Zhao, hep-ph/0508086, try to understand these data and the scalars ...



K*+rt-)K-7+) Q2| BES preliminary -
G
=
Decay mode B(xco =& X — T K+K_) 1,5 2
(x10~%) =
(892] (892] 8.09 + 1. 24+f o
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= / :
LL
o100
I i :
With g e > K*(892)"
] :Eﬁ
Kappa-kappa WE TR B 2R F 200 K*,,(1430)
M(Kn) (GeV/c?) o
2 N
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1] lm -
Kappa-kappa 100 hql . /
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(K7 m)K BES preliminary, 30— ©"n KK
=
< 1371 events & | K,(1270)
A S 40 -
= 100 K,(1400) >
- "
Z :
% 20 ‘J_‘
50 S rLJ1 n {rJJl
M(K ) [89660]

1 3
"'-.-'[-[Kmﬂ {Gﬂ?ﬁ: 1

1 15 2 25 3
MK (GeVicH

Y
o

K, (1270)

Blxeo = K1(1270)KT) = (6.66 £ 1.071180) x 1073
B{x.o — K1(1400)*KF) < 2.85 x 1073

EVENTS /0.050GeV/c’

[¥]
o
T

The mixing angle between

K4 and K;p 6557 degrees, |

while in ' decays to KK,

the angle is <29 degrees. ol ] llj\f(n-n) 2[700’82_'05] —
Why? M(Knm) (GeV/c?)




Vector charminia decay puzzle

+ "12% rule" and "prn puzzle”
+ Experimental progress
* v" non-DDbar decays



The “12% rule”

M. Appelquist and H. D. Politzer, PRL34, 43 (1975)

Ty = |M,|2[%(0) *
= (2/97) (1 = 9) ot (S er, Y.
The leptonic width via one photon into Il is
L= M, FIE0) = 5(3a)*($0,)me,

tions are not trustworthy, the ratio

r, Za®
T, (2/97)(n% = 9)5/,]

is independent of wave-function effects,

(3)

(4)

where o :llﬁ Although separately these calcula-

(5)

B

This is the famous
(or notorious)

"12% rule".

_ y' — X _ Bw'—>e+e‘ _ o
Q, 12%

BJ'/qJ—>X B

J/y—>e’e”



"12% rule" and "pr puzzle”

wmark-n_* Violation found by Mark-IT , confirmed
- by BEST at higher sensitivity.
- * Extensively studied by BESII/CLEOc

«\/P mode: p n, K*K+c.c., KOKO+.c., onO,...
— * PP mode: KK

—— | «BBmode: pp, AA, ..
KK «VT mode: K*K*,, of,, pa2, of,
pm ™| e3.body: ppr®, pp, w0, ..

Q, (% - Multi-body: KcKshh, ntnn® KK, 3(n*n), ...



Extension of the “"12% rule”

«In Potential model, if J/y, v, and y" are pure 15, 25,
and 1D states, one expects

Bw' — X Bw' —> efe” °
Q, = 2 =3 = (127 +£0.6)%
J/ y— X J/py—>ete”
B . B. ..
Q= VX _ “vioee _ (19 +03) x10 !
BJ/W—>X BJ/w—>e+e‘

*but v’ and " are known not pure 2S and 1D states
PRD17, 3090 (1978); 21, 203 (1980); 41, 155 (1990); ...
*Let's look at data ... (and first, the story of pn)



__ 0! BESII: PLB619, 247 (2005)
Y =T TN CLEOc: PRL94, 012005 (2005)

)

N

Events/(10MeV/c?)

N

80_' N I R S S I B S B ] LN L N e L
: 229 7t : % 60;_ '+‘.+ 196 s
or BESII 1 =50F 'l CLEOC
i 1 = = : 3 -

- *--.._40:— :{ i —
ol [ T R T
! 1 @ HnE A A
Or - LI:J2OE_i i+ E i -
i I 10E ¢ A =
||—L'—"|JLL|— adeact L St - 2
8.0 0.1 0.2 0.5 0.4 0 0.12 0.14

vy mass(GeV/c?) M(yy) (GeV)

BESII :B(y'—> n*7x 7°)=(18.1£1.8£1.9)x10™
CLEOc:B(y'—>n"n 7’)=(18.87+£2.8)x10™
BES and CLEOc in good agreement!



v’ T 7w 0| Dalitz plots after applying ©° mass cut!

| _|| |||||||||||| I_|
125, S 1 Very different
. 10, -, E
ol BESI 1% %y CLEOC dgrom 77y 3x
2 8. . G SF ..*:.';- 1 [
O N7 irAn o B Tawl A =
_— 5' h -..:-"{.":'4:_.._.- —— . h"l . ‘ ] }u
o kel iRk B AL "-J!rl.,,':f AR q z
T | = e, 1
= | RIS L E o Su s 1%
E - . 4 =% . E E | . ‘j_l an 1'..- 1' E -E
02 4Te B 1012 0 25 7.5 10 (| SSS——
M n)iGeVicT) M{J‘I:+:'I:D]|2 EGEVE] : .Irr|?|::|1':r_':':|l coer

Similar Dalitz plots,

different data BESII : B(y'— pr)=(5.1£0.7+1.1)x10

i hniques:
handling techniques;, - . By'— pr) = (2.47°5 +0.2)x10°°

PWA vs counting!

y'>pn is observed, it is not completely
missing, BR is at 10~ level!



J/\|Iﬁ ! ~_ Make p mass cut,

BES1 96
PWA analysis . ji and countevents = o
assuming p 5o MAK2 83
interferes with 3 pLJT 78
excited p states < B OASP 78
L. P. Chen and o céiﬁ{?s
W. Dunwoodie, SR MRK1 76
Hadron’91, MRK3 data "+ e GV i )
B(J/I,V N ,072') ——=  PDG: 1.27+0.09%
- =1.171+£10%?)
B(J/W — 7?+7Z' 72_0) 7 7 1 B{Jflﬁp—}pn}z{ﬂ'fn} =5
MREKEZ 83
e BJ/ly o> x'nx’) Very
—— T = (2.0040.09)% different
05

15 o e 2B(J /Y — pT) = (2.34 + O.26)°/o




Very small in " decays

(ARSI 1AL

i

e i
N N
% @m - M»\QH}
e ggg \ & V(o
(a) three gluon process phase (b)) one photon process
ll'."'+ /
%uv@m" interference
e "fﬁfr.ﬁf') H&“‘
25 | ,
s | +M+I _| (¢} one photon continunm process
B 11l + + . . . . . . n .
*"i _Mr +, Continuum contribution is crucial in y" analysis:
w8 =N 11, Total y" charmless decays (<2nb) is much
1:: veimmary  less than total continuum process (~16nb),

s as s 2. Inteference between amplitudes

Fr [GEV]



BESII: hep-ex/0507092

’9 o0
Y 2T TN CLEOc: CLEO-CONF 05-01

Events/(10MeV/c?)

. BESII preliminary CLEOc preliminary

:' v UL I L L R n--’:' L 'I"': fl_ """"" I'-I:"' ':I
s 3773GeV T 4 3.650GeV;§§;- 3.773GeV
- }ﬁ 1530 | EE: 3.670GeV
5t gl o s 9f ' 1 =100 E

E | 1 5 J ‘LJ 1575
1k : ﬁ ‘|:.. : : Eﬂ.g

80 0.1 02 0.3 04 80 0.1 0.2 0.3 0+ "FToa2 o
ry mass(GeV/c®) vy mass(GeVic®) M{ ) (GeV)
oc’(e’e” > ' n"Y@3.773 GeV : @ continuum :
BESII : (8.6+3.3+2.1)pb (19.3£7.3+3.7)pb
CLEOc :(7.4+04+1.2)pb (13.11’5 +2.1)pb

BES and CLEOc are in good agreement!
X-section at y" peak is smaller than at continuum!



BESII: hep-ex/0507092

39 + -
Y 2T T m’| CcLEOC: CLEO-CONF 05-01

Mz x ) GeVicy

c’(e'e” — pr)@3.773GeV : @ continuum :

“on. 373
..I\ U_‘i’ :h".::-h ’ .
%} B .- . -.__.:.,:L:

‘i " T

.?

BESII < 6.0 pb
CLEOc:(4.4+£03+0.5)pb (8.0%; £0.9) pb SR correction.

BESII preliminary CLEOc preliminary

—, | ]
3.65 | ;-
[ ) -
2;.“]_. . b; “}!' . 30773 :; ., 3.67
% 8 @ 8f 'y Tl -
2 & ’ . Py 6 . . '1:"_'" t % ": : .
:L: ﬁ - ”—‘E‘” &: & :E':& 5 ‘,
£, o v oar L »
B N e N LY AT
e - e et .
ﬂﬂ' Z 4 &6 & 10 12 uﬂ 5 10 0 5 10
M ) GeVicY M( wtn? }z ((‘;ia-'l.l'z:l

Subtle difference

< 25pb In handling
efficiency and

BES and CLEOc are in good agreement!
X-section at y" peak is smaller than at continuum!

=>non-zero y >pn amplitude.




y0 BESII: hep-ex/0507092
Y —2>pPpT CLEOc: CLEO-CONF 05-01

Wang, Yuan and Mo PLB574 ,41(2003)
----- i on —resoance — peak :

al//"—>ggg +$/ T ae+e_—>7

—resonance — peak :
2

Ll

B
O

on

%

poelv o b ova ol wales

a

e e —>y*

Q
St

2

Total cross section

: " B(y"—> pr) < ‘a . +a

w"—>ggg —y*

2 373 3?-1 .1?5 3.?'5 .1.'."'? 3.'."'.3”3?9 3.8 .131 .15..
E,, (GeV) . :
Three unknowns with two equations ---

17008 One can plot the BR versus phase 9.

g(] + 5) o depends on efficiency and ISR correction,
efficiency and ISR correction depends on cB(s) |
Iteration is necessary!



BESII: hep-ex/0507092
CLEOc: CLEO-CONF 05-01

ANSERAREEE R R | BES data restrict BR
| and phase in a wide
| range (@90% C.L.):

| BRe(6x10°,2.4x107)
$ < (~150°,-20°)

| CLEOc data further
| restrict BR and phase

{ inaring*. At ¢=-90°:

Briy —pm)

BR=(2.1£0.3)x10""

or

180 ~160 -140 -120 -100 -80 60 40 -20 0
Phase between \J~ Sirong and EM decays BR — (2.43‘3 )x 10™°

*Toy MC is used to get BR from CLEOc data (not CLEO official results)!



Jv, v, v’ »pr| UTU/y—>pr)=likelV

-Partial width of v"'>pr is I'(y'—> p7)~0.014 kel
larger than that of \|l.'9p7t!. T(y"— pr)~50 keV
-hard to understand if y" is

pure 1D state, also hard if " or

is 25 and 1D mixture. T(y'"— pr) = 0.6 keV

B =11 _ 020+006)% Q. = 12.7%
B(J/w — pr)

BW =11 _ 190+16)% Q. = 0.019%

B(J/w — pr) In S-D mixing model, using
mixing angle 6=12°, using
or Rosner's assumption (12% rule
" for 1S and 2S), one predicts
B(w —> ,0775) — (0.10+0.15 )% Q'pn :(2.7_5.3)"/0 |

~0.09
B(J/y — pr) ¢=-90° or imperfect model?




Other ' decay modes

@y > pn is suppressed by a factor of 60!
@y" > pn is enhanced!

@QOther modes may supply more information!

We list a few new measurements
using BESII/CLEOc data ...
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HJ’» VP
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Multi-body ' decays

BESII: PRD71, 072006 (2005)
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CLEOc: PRL95, 062001 (2005)

others obey the 12% rule!




Search for y" decays to light hadrons

CLEOc preliminary: LP2005-439

Channel
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Some x-sections agree,
some very different.

31777421 74+04+1.2

)
310404 13402402
18715 4£05 3.24+0.3+0.3
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145728 15 148406+ 1.5
2.2 < (.2
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< 12.6 < 5.2
235738 £31235+1.1+3.1
< 35 < .0
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Physical region of W —pn
At 90

BR(y’’—>final state)

LA

g
=

180160 140 -120 -100V 80 60 40 20 0

Phase between \y~ Strong and EM decays
Same operation as for y"'2>pmn
should done for all the
modes to extract the BRs
of v" decays.

O ¢=-90 degrees as in J/y and y' decays?
[ Any way to choose one solution?



"12%" rule and "0.02%" rule

@y’ >VP suppressed  Seems no obvious rule to categorize
the suppressed, the enhanced, and the
normal decay modes of J/\y and y’.

@y >PP enhanced

@y >VT suppressed
, The models developed for interpreting
@y >BB obey/enh specific mode may hard to find

@Mul’ri—body -obey/sup solution for other (all) modes.

The y" decays into light hadrons may be large --- more data and more
sophisticated analysis are needed to extract the branching fractions
from the observed cross sections. Why D-wave decay width so large?

Model to explain J/y, ¢’ and y’’ decays naturally and simultaneously?
S-D mixing in ¢y’ and ¢’ [J. L. Rosner, PRD64, 094002 (2001)]
*DD-bar reannihilation in y’’ (J. L. Rosner, hep-ph/0405196)
*Four-quark component in y’’ [M. Voloshin, PRD71, 114003 (2005)]
*Survival cc-bar in y’ (P. Artoisenet et al., hep-ph/0506325)
*Other model(s)?



I did not cover D physics at BES, since
the data sample is small and the detector
is poorer than CLEOc --- we are working
to have a modern detector (as well as a
modern accelerator) for D physics, as
well as for the physics I have just talked
about, that is BESTIT.



BESIIT status

+ BEPCII design
- BESIITI detector status
- Schedule



BEPCII: a high luminosity double-ring collider




BEPCIT luminosity

Choose large ¢, & optimum

DR: multi-bunch &;,,,,~400, k=1
R 00, k,=1 > 93 param.: I,=9.8mA, &,=0.04

N

Micro-f:4," =5cm = 1.5 cm Reduce impedance +SC RF
SC insertion quads c,=5c¢cm = <1.5¢cm

(LBEPCII/ LBEPC) D.R.=(5-5/ 1.5) x93 x 9.8/35=96

LBEPC=1-OX1031 cm2s! = LBEPCII =1x10 33 cm2s!



Main Parameters of BEPCII

Parameters Unit Collision SR
Operation energy (F) GeV 1.0-2.1 2.5
Injection energy (Ei) GeV 1.55-1.89 1.89

Circumference (C) m 237.53 241.13
B -function at IP (57 8, cm 100/1.5 -
Tunes (vx/vy/-vs) 6.53/7.58/0.034 8.28/5.18/0.035
Hor. natural emittance (&x)] mm-mr 0.14 @1.89 GeV ~0.10
Damping time (7/7,/7.) 25/25/12.5 @1.89 GeV 12/12/6
RF frequency (f,) MHz 499.8 499.8
RF voltage-per ring (Vi) MV 1.5 3.0
Bunch number (Nb) 93 multi
Bunch spacing m 2.4 0.6
Beam current mA 910 @1.89 GeV 250
Bunch length (cm) o cm ~1.5 -
Crossin-g angle mrad 11x2 -
beam-beam par-am. o 0.04 -
Beam lifetime hrs. 2.7 >10
luminosity@1.89 GeV ~ |10° cm™s™ 100 -




Charmonia Productions at BESIIT
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Limited by existing tunnel

Ecm energy spread: — Ecm=3.097 GeV

A=0.93 MeV

A = 273\/§E192 x10~* Ecm=3.686 GeV

A=1.3 MeV
Important for narrow
resonance like J/y or v'.



Events Productions at BESIIT

Physics Ecm Peak Lum. Cross Events

(1033¢cm2s1) | Sec.(nb) / year

J/y 3.097 0.6 3400 10 x 10°
y(25) 3.686 1.0 640 3.2 x 109
w(3770) 3.770 1.0 7.4 37 x 10¢
v(4040) 4.040 0.6 9.2 28 x 106
v(4160) 4.160 0.6 6.2 19 x 10¢
T 3.670 1.0 2.4 12 x 10¢
DDbar 3.770 1.0 6 30 x 10¢
D, 4.030 0.6 0.3 0.9 x 10¢
D, 4.140 0.6 0.6 1.8 x 10¢

Average Lum. = 0.5% Peak Lum; and 1 year = 107s data taking time

Huge numbers of J/y or y' in one year's running ---
So the accelerator and detector optimized for D physics!




BESIIT physics goals

Systematic study of hadron spectroscopy (quar' glueball, hybrids,
baryons), charmonium physics (v's and y.'s, h., n., ...), Tau, R ..

dVud/Vud 0. 1°/o SVus/Vus 1%
1 -

< © <
BESIII n® ¥ —= " ) KE— .
One year
Lumi. 5fb-! dVed/Ved 1.2% SVes/Ves 1.1%

At y(3770) < .:—< a
peak D Q b

dVt+d/Vtd 3.5% 8Vts/Vts 3.5% SVtb/Vtb 29%
—_— — w
B, === B |B, ZX= B, *~<b

BESIII + Lattice BESIII + Lattice QCD

BESIII QCD +B factories +B factories + pp
The Goal: Measure all CKM matrix elements and associated phases
in order to over-constrain the unitary triangles.




The BESIII Detector

SC magnet

Magnet yoke &
u-counter

TOF

Be beam pipe

Drift Chamber
P ¢

CsI(Tl) calorimeter



Main drift chamber

* Inner diameter: 63mm; Outer diameter: 810mm;
length: 2400 mm, 40 layers

» End flange: 18 mm thick Al ( 6 steps)

+ 7000 Signal wires: 25mm gold-plated tungsten (3% rhenium)
-+ 22000 Field wires: 110 mm gold-plated Aluminum

- Small cell: inner---6*6 mm2, outer---8.2*8.2 mm?

+ Gas: He + C5Hg (60%/40%)

e Momentum resolution :

GP
Pt =0.32% ® 0.37%

t

e dE/dx resolution: 6 ~ 7%




Main drift chamber

o,~X Layer9

Test beam results

Spatial resolution (mm)
o
[
ul

Distance from sense wire (mm)

Constant 4354
Mean 354.6

Sigma 16.44

[%2]
g 2200V, 4GeV/c 1T

Test beam kesults

860 280 300 320 340 360(f )380 400 420 440 460

Single wire reso.
BESIIT ~120um
CLEOc:  ~100um
Babar: ~110um
Belle: ~130um

dE/dx
6%
5.7%
6.2%
5.7%

Whole mechanical structure of MDC have been assembled and
delivered to THEP, wiring started since Aug. 5, 2005, expect to

be finished in Feb. 2006. Cosmic ray test Jun.-Jul. 2006.



CsI(TIl) crystal carlorimeter

+ 6300 crystals, (5.2x5.2 - 6.4x6.4) x 28cm?®
- PD readout, noise ~1100 ENC  Other detectors

+ Energy resolution: 2.5%@1GeV -Babar: 2.67%@1GeV
» Position resolution: 6mm@16eV  -BELLE: 2.2% @1GeV
- Tiled angle: 6~1-3°, ¢~1.5° -CLEOc: 2.2%@16GeV

*  Minimum materials between crystals

~60% crystals successfully
delivered, 1/3 crystals tested . =2
and assembly underway. Arescddiiil]
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PartID: double-layer TOF

R=81-92.5cm, coverage: 82%

88/layer pieces scintillator, 2.320m long, 5¢cm thick
Intrinsic time resolution 90ps/layer

Time resolution 100-110ps/layer, 80-90ps double-layer
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Super-conducting magnet

- Al stabilized NbTi/Cu conductor from Hitachi
+ 1.0T, <5% non-uniformity

- 921 turns, 3150A @4 5K

+ R=1475m, L=3.52m, cold mass 3.6t

» Thickness: 1.92X, -
» Inner-winding method

Coil wiring completed
in June 2005, assembly
finished. B-field
measurement with iron
yoke in one month.




u system: RPC

. 9 layers, 2000m?, 7500-8000v  Known RPC quality
. . . and aging problems

Bakelite and glass, no linseed oil mainly related to

* 4cm strips, 10000 channels the linseed oil

+ Tens of prototypes (up to 1*0.6m?)

Noise less than 0.2 Hz/cm? ‘Endcap completed

*Barrel in progress
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Event Display
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Project Schedule

- June 2003 R&D and prototype

> May 2004 BEPC run

Jan. 2004 - Jun. 2006 Construction

May 2004 > Nov. 2004 BESIT dismounting/Linac upgrade
Nov. 2004 > Jan. 2005 Linac commissioning

Jan. 2005 - Jun. 2005 SR run

Jul. 2005 > Apr. 2006 Storage ring assembling

Jan. 2006 - June 2006 Commissioning of storage ring
Dec. 15, 2006 Move BESIIT to beam-line

Jan. 2007 > Commissioning machine & detector
Feb. 2007 > Test run->physics run

Very tight schedule



Summary

Lots of progress in hadron spectroscopy and charmonium
physics study from BES.

X(1835) observed in J/y—>y+(n'nn) decays, could be the
same state observed in J/y—>vyppbar, could be a
baryonium. Need more information (JP¢ etc.).

Scalars are studied in J/vy, v’ and ., decay. Parameters
of o and k are given, other states are also measured in
hadronic and radiative decays.

Vector charmonia (J/vy, ', and y") hadronic decays are
studied extensively and simultaneously to understand
charmonium decay dynamics.

"pr puzzle” remains a puzzle, " charmless decays is
observed and could be large.

More data are needed (and expected) for further
studies from BESIIT.



Mercil
Thanks!
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Comments on PWA

+ Something may affect the results:
- Resolution correction (finite momentum resolution)
- Parametrization of the resonance (theoretical efforts)

(When statistics increases, significant
fake signals may be produced)

+ A PWA fit should supply also

- Goodness-of-fit (indicate how reliable is the fit)

» Likelihood method (Toy MC simulation)

* x? method (1-dimension or multi-dimension DT/MC comparison)
- Correlation between components

* Mass/width/fraction are all correlated, only quoting diagonal
error is not enough

- Significance of the signal also depends on correlation



vt al vy - e o+ w0)

PWA — x07) + «(0)
dI =" (JA]* + |Ci*)d(LIPS)
1=—1

Ay = Ar o)+ Al (mt ) + A;('}TO, T )

Ay = B(m?)sin 0 (cos ¢ %1 cos fsin g )e ™
BW 770y (m?) + 3. ;" BW;(m?)

B(m?) =
L+ ¢ C is incoherent
Pp (ﬁ@l) M*(1+d-T,/M,) background term
ngfﬁ,}(mz)

Il/fg—mz—}—f( 2) —imI',(m?)

Gounaris-Sakurai’s parametrization



S- and D-wave mixing A prediction of ¢’ charmless decays
Wang, Mo and Yuan, PRD70, 114014(2004)

® ()(f) < 1 means the final state f is suppressed in 1)’ decays

relative to J/; B(y(2S) — 999)/B(J/y — ggg) = 0.26 + 0.04
® ((f) > 1 means it is enhanced; T = f) T(J/p—ete)
® ()(f) =1 means it observes the 12% rule. Q(f) = C(J/Y — f) T(y' — ete)
L' f) o L' /)
ro F(J/c,y—)f) YTy > )

e\

A —

] : & Average
Non-zero phase btwn e 4« cenhancement

il
matrix elements N
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Prediction on y(3770) charmless decay branching fraction: <16% (or 3.8MeV)
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