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The Beijing Electron Positron Collider
(BEPC)

L ~5x1030/cm2's at J/y
E.,.~2-56GeV

A unique e*e- machine in the t-charm energy
region after CLEO-c.



BEPCII: a high luminosity double—ring collider

Two rings tunnel
Government approved, and started construction at end of 2003



BEPCII Design goal

Energy range

1-2.1GeV

Optimum energy

1.89 GeV

Luminosity

1x10 *em™s”' @ 1.89 GeV

Injection

Full energy injection: 1.55 - 1.89 GeV
Positron injection speed >S50 mA/min

Synchrotron mode

250mA @ 2.5GeV

Dual purpose machine




Design Goals and Main Parameters

Parameters Unit BEPCII BEPC
Operation energy (E) GeV 1.0-2.1 1.0-2.5
Injection energy ( E;,;) GeV 1.55-1.89 1.3

Circumference ( C) m 237.5 240.4
B -function at IP ( B, /B,) cm 100/1.5 120/5
Tunes ( v,/v,/vy) 6.57/7.61/0.034 5.8/6.7/0.02
Hor. natural emittance ( &) mm-mr 0.14 @1.89 GeV 0.39 @1.89 GeV
Damping time  (7/%,/7,) 25/25/12.5 @1.89 GeV | 28/28/14@1.89 GeV
RF frequency ( f,r) MHz 499.8 199.533
RF voltage per ring ( V,) MV 1.5 0.6-1.6
Number of bunches (/V;) 93 2x1
Bunch spacing m 24 240.4
Beam current Colliding A 910 @1.89 GeV ~2x35 @1.89 GeV
SR 250 @ 25GeV 130
Bunch length (cm) o; cm ~1.5 ~5
Impedance | Z/n|, Q ~0.2 ~4
Crossing angle mrad +11 0
Vert. beam-beam param. §, 0.04 0.04
Beam lifetime hrs. 2.7 6-8
luminosity@1. 89 GeV 10’ em™s™ 100 1
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BEPCII Major Milestones

In 2004, Completed
— Upgrade of Linac;
— Moved BES from beam line, and dismounted;
— Improve infrastructure, including the power station.
Resumed synchrotron run, till June, 05.
July. 05 — Sep. 06:
- Removed everything from ring, tunnel improvement,
water pipe and power outlets. finished.
- Install the main ring components, from 2"¢ of March, 06.

Sep. 06 — June. 07, ring commissioning, SCQ moved in
later,

Some synchrotron run.

Aug. 07, BESIII moved to the beam line.

Sep. 07 Commissioning ring and detector together.
Dec. 07 test run.

Dec. 08, to achieve a lum. of 3x1032cm2s-1.



BEPCII Status

*BEPCII linac installation complete(new electron gun;
new position source; new rf power (klystrons and
modulators); and others.

Most design specifications reached at 15t test run.




BEPCII Linac achieved Performances

parameters Design ( ) Achieved
Beam energy (GeV) 1.89(1.55) 1.89 (e-); 1.55 (e+) D
e+ 40(4) > 63
current (mA)
e- 500(50) > 500
Repetition rate (Hz) 50(25) 25~50
e+ 1.60(1.70) 0.93 @ 1.89 GeV ?
Emittance (mm-
mrad) e- 0.20(0.58) 0.30 @ 1.89 GeV ?
2)
Dy s e+ + 0.5(0.8) + 0.50 @ 1.89 GeV
(%) - + 0.5(0.8) + 0.55 @ 1.89 GeV 2

note: 1) Two rf power stations were not in operation at the time.
2) The values for 1.89 GeV is extrapolated from those of 1.30 GeV, should be
measured when the energy is at 1.89 GeV.




Status of Storage ring

* Major magnets; super-conducting RF cavities and
super-conducting quadrupole magnets, beam pipes;
kicker; beam instruments; control system; vacuum
system as well as the cryogenics;
most of the systems have been completed;

* Their installation is under way; ~ 14 magnet sets

e Testing ring in Sep. 2006, without SCQ first;

*Beam collisions expected in spring 2007.
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Sextupole magnets Dipole correctors 11



Started the installation of magnet sets




KEKB type SC Cavity
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Cavities delivered and being tested
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Super-conducting Quadra-pole
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BESIII Detector

Muon Counter SC magnet

Be beam pipe

Drift Chamber

oo

CsI(T1) calorimeter
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BESIII Detector wmmess

103 cm~?s! @1.89GeV
6x 1032cm?2 s @1.55GeV

Magnet: 1 T Super conducting 6x 1032cm2s' @ 2.1GeV

“MDC: small cell & He gas
0,,=130 um

o ,/p=0.5% @1GeV
dE/dx=6%

3100
(2373)

-TOF:
oT = 100 ps Barrel
110 ps Endcap

H|| | Muon ID: 9 layer RPC

EMCAL: Csl crystal Data Acquisition:
AE/E =2.5% @1 GeV Event rate = 3 kHz Trigger: Tracks & Showers
oz = 0.6 cm/VE Thruput ~ 50 MB/s | | Pipelined; Latency = 6.4 us

The detector is hermetic for neutral and charged particle with excellent
resolution , PID adequate, and large coverage. 17




MDC
Parameters

R inner: 63mm : R outer: 810mm

Length (out.): 2582 mm

Inner cylinder: 1.2 mm Carbon fiber

Outer cylinder: 11.5 mm CF with 8 windows

Sense wire : 25 micron gold-plated tungsten (plus 37%Rhenium ) --
- 6796

Layers (Sense wire ): 43
Field wire: 110 micron gold-plated Aluminum --- 21884

Gas: He + C3H8 (60/40) o, ~130wm
Cell: inner chamber --- 6 mm o
outer chamber --- 8.1 mm ?P ~ 0.5%@1GeV/C
O ar
— 6%
Expected performance C;—E
X







Wire Stringing Completed
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Beam test

Pr'o’ro’ryge tested in a 1T magnetic field

at KEK 12GeV PS last year.

Results:

spatial resolution better than 130 ym
cell efficiency over 98%
dE/dX resolution better than 5%

(30 T1/K separation exceeding
700MeV/c).
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CsI(T1) crystal calorimeter

- Design goals:
- Energy: 2.5% @ 1GeV
- Spatial: 0.6cm @ 1GeV

Tt

- Crystals:
- Barrel: 5280 w: 21564 kg
- Endcaps: 960 w: 4051 kg

- Total: 6240 w: 25.6 T




Csl(TI) crystal detector cell

Pipe for fiber pin Hole for screw to fix

; ’/ ; CALCTI Al plate 1o CSI(TI)
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Csl Calorimeter

Testing:
‘Size
‘Source tests (137 Cs)
‘LED tests
‘PD tests
‘Preamp tests

‘Cosmic ray tests—
‘Beam tests (6 x 6 array):

Energy resolution (1GeV)
o, = 2.62 %

position resolution (1GeV)
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Mechanical structure
— \ 9
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A 1/60 prototype |

Status .

Assembly will start soon.
Should be completed by end
of year.

- By the end of the year, all

FED boards should be tested
and installed.
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TOF Perfor'mance

T T T |

= Time resolution 1-layer

(intrinsic): Capability of K/x separation
o Belle: 70 10 80 ps an I

e Beam tests: < 90 ps (i:[ [ R=810mm _

o Simulation: < 90 ps - b TOF e o8 s Tl'.th m

N

o

o
T

»» Time resolution of two :
layers is 100ps to 110ps -

o 400 i a<‘l B XA
for kaon and pions.

TS
L”‘”l! Ilf- TI“lL_ |

= K/m separation: 2 o 200 | g
separation up o 0.9 GeV/c. j £




Beam tests of TOF module

» TOF module includes: scintillator, PMTs, preamps, 18m
cable, VME readout board of FEE.
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Pion: 104+11ps proton: 70+2ps Electron: 94+3ps

Time resolution from beam test of prototype (including
scintillator, PMT, preamp, electronics, cable).

Time difference of two TOF layers: no errors from
reference time (T,) or position.



TOF Monitor System

» Monitor the amplitude and time performance of
each channel including PMTs and electronics.

= U. Tokyo responsible for PMT testing in magnet

»» Being designed by University of Hawaii. Just
approved by DOE: 3/1/2006

|Electronic switch

TOF endcap 48 fibers

: ; TOF endcap 48 fibers

Laser = nght Sp“tter TOF barrel 176 fibers

TOF barrel 176 fibers

fiber
PMT
connector TDC start Wrapped with .
ADC gate e fiber
Fiber

TOF barrel i
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Superconducting Magnet

Coil: single layer solenoid

Cooling mode: two phase helium force flow
Superconductor: Al stabilized NbTi/Cu
Winding: inner winding

Cold mass support: tension rod

Thermal shield: LN, shield, MLI

Flux return: barrel/end yoke, pole tip

C ryostat
Inner radius 1.375m
0 uter radius 1.7m
Length 3.91m
Coil
M ean radius 1.482m
Length 3.52m

Service Port

Cable dim ension

3.7m m *20m m

Electrical parameters

Chimney

Superconducting Coil

Vacuum Vessel

4K Cold Mass Axial

Heat Shield Suspension Support

LHe Tube
LN2 Tube

pp Centralfield 1.0T
Nom inalcurrent 3650A
Inductance 2H
Stored energy 10M J
Cold m ass 3.6ton
TotalW eight 15ton

R adiation thickness

1020




BESIII Magnet Progress

Thermal insulation

assembly

E 0w s ;Q




Field mapping

Computer controlled 3D mapping
machine is under development.

Field measuring accuracy < 0.25%.

Measure ~90000 points with 0.5
mm position accuracy.

Status:

Complete cooling test of
the magnet before summer.

Mapping device - Complete the field mapping
together with SCQ before
Dec. 31, 2006.
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Muon Chamber

RPC
Muon Detector

2550

o) Barrel + EndCap;

) RPC as p detector;
Barrel :9 layers
EndCap: 8 layers

) One dimension read-out
strips;




RPCs

paper laminate on bakelite.
- Have good surface quality ( 200nm).

* Electrodes made from a special type of phenolic

+ Extensive testing and long term reliability testing

done.

* Have high efficiency, low counting rate and dark

current, and good long-term stability .

Pickup Strip

Insulmor

Cm e ////////////////////////////////////A

Y 7 T

bakelite resistivity 10'°--10"*Qem

»

b
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(RPC module)

Total of 64 endcap modules, 72 barrel modules;

Gas: Ar:C2H2F4:Iso_Butane = 50:42:8

HV voltage: 8000V;

One module contains two RPC layers and one readout layer.
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est Result after installation - endcap

Average strip efficiency: 0.97 Spatial resolution: 16.6mm
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pu/1t Identification Efficiency
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Trigger and DAQ

The trigger design is almost finalized; uses FPGA.
By the end of the year, all the boards should be tested

and installed.

The whole DAQ system tested to 8K Hz for the event

size of

12Kb, a factor of two safety margin.

The whole DAQ system tested during beam test with

L

MDC
and EMC

= L1 trigger rate: 4 KHz
= Event Size: 12 KBytes

= Bandwidth after L1: 48 MByte/sec

= Dead time: < 5%

1000 * BESII DAQ system
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Offline software

BOSS - BES Offline Software System
based on Gaudi.

BES Il Software
Framework Core || Calibration &
Software Database

Reconstruction

Physics Analysis
Software

Simulaton

1 ]
‘ Event ﬂ , .
Generator —>\HepEvD—> Converters G4Event Simulation
7 ] 1
BES 111 H—RawData j4— RawDala | ™ Digis /4 Digitzation |t
NN

/ Histograms "\
\_ Ntuples /

CnViVC/
[ ]

-

Hits )

McTruth )

Calibration . Reconstruction o N
Algorithms @ Algorithms —N@racﬁ
Analysi a N -
| Analysis ‘
Tools ﬂ DstTracks /14— ReC2DStAlg s
] I
U——
( DstData )@= RootDstCnvSvc

Tremendous amount accomplished so far.
Much more to do.




Event Display Tool: BesVis

Bes¥is@lzplus02

i File  View Help

iBEHBAeGEsauNdsRe o)

View |Event| DST | Detector |
Run -9 Event 4 BesDis Auto Control
date: 2005-10-01 time: 00:00:00
MC=Yes P= 3.763GeV Pt= 3.040GeV Px= 0.025GeV Py=-0.039GeV ™ Auto
P2=-0.051GeV tofMin= 3.242ns ECal= 0.392GeV. 100 degisec
104 s
View Control

Step: 1.00 deg
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AEeEns
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- " Based on ROOT, OpenGL, X3D and XML
< Support both 2D and 3D view

< QOperations and controls available through
menu and toolbar items

extrp= 0.000, pathL= 0.000
nHits= 44, nSter= 24

First version was released in December 2005.
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SIMULATION - Based on Geant4 - at pr = 16eV/c

Momentum resolution
o=04 MeV

MDC tracking performance:

Tracks

Sub-detector Design MC :
MDC o, (um) 130 110
a,/p 05% 0.4% -

Oue/ax  0-7% 6% :

TOF o, (ps) 90 85 100
EMC o /E 25% 22% J_ : Jy:

400

300

200[

g,,(mm) 6 4.8 Sp/p
MUC €(up) 95%  96%
€ (Tl'-> IJ ) 6 o/() 6 . 2 o/O nergy resolution with 0.5 MeV noise | E ! :ar 0.601 m:

1.792+0.1413
1.065 + 0.3683

EMC (barrel) Energy Resolution -single y
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Muon Counter

time resolution (ps)
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BESIII and CLEOc¢ comparison

Detector BES IIT CLEOc
Oyy (um) = 130 90 um
MDC AP/P (°/,) = 0.5 %(1 GeV) 0.5 %
Ogerg (0/0) =6 -7 % 6%
EMC A E/VE(Y/,) = 2.5 %(1 GeV) 2.0%
o,(cm) = 0.5cm/VE 0.3 cm /VE
TOF o+(ps) = 100-110/layer Rich
Double layer
u counter 9 layers ----
magnhet 10T 10T
14




Physics Simulations

I A RooPlot of "Mass from psi(3770) data sample from Hekl"

3)

e —
2250

0.000333
N
o
o

IIIIIIIIIIIIIIIIIIIIIIIIII

Events/ (
-k
(]
(=]

50, 000 ¢” Inclusive
event sample. o

llllllllllllllllllllllllll

o G R L2l . o B st
0.48 0.485 0.49 0.495 0.5 0.505 0.51 0.515 0.52
Mass from psi(3770) data sample from Hekl

I A RooPlot of "Mass from psi(3770) data sample from Hekl"

We can learn a lot from
CLEOQOc experience
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50, 000 ¢~ Inclusive event sample.

] A RooPlot of "D0 to K3pi"

\ A RooPlot of "D0 to Kpi"
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Events / { 0.006 GeV/c2 )

v\!"% YXcJ . XcJ' > YJ/ 'lp ]

BESIIT: (M. M.C) ;

m(x..) = 3.508GeV, =
m(Xcz) = 3.6536GeV; ano
o(x.y) = 8.1MeV, i
(%) = 9.4MeV. -

V'S J/p(@@P, 1), (=°, n)>vy
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wM(°) =135 MeV |
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V' Y%7, X7 =2 multi-tracks
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Physics Topics at BESIII

« Charmonium: J/vy, ¢(2S), n(1S) in J/y decay,

Xcio12) - Ne(2S) and h(1P;) in y(2S) decay ,
(1D) and so on

» Exotics : hybrids, glueballs and other exotics in J/4
and Y(25) radiative decays;

* Baryons and excited baryons in J/v and y(25)
hadronic decays;

* Mesons and mixing of quark and gluon in J/vy and
Y(2S) decays;
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-Open charm factory :

Absolute BR measurements of D and Ds decays: 1-2%
Rare D decay; D°-DO%ar mixing:CP violation;

f 5.. fos . form factors in semi-leptonic D decays:
precise measurement of CKM (Vcd, Vcs):

CP violation and strong phase in D Dalitz Decays:

light spectroscopy in D° and D* Dalitz Decays.

- Electromagnetic form factors and QCD cross section;
* New Charmonium states above open charm threshold

- R values .; Should aim at 1% error, now MC — <2%.

* tau physics near the threshold. -



Yearly Event Production
Average Lum: £ = 0.5xPeak Lum.. data taking time: T = 107s/year

el V) = / AW, WGV, W) NevendYear = ooy xLx T
Resonance | Energy(GeV) Peak Lum. Physics Cross | Nevents/yr
(1033cm-2s-1) | Section (nb)
J/ 3.097 0.6 3400 10 x 109
T 3.670 1.0 2.4 12 x 106
P(25) 3.686 1.0 640 3.2 x 10°

Huge J/y and ¢(2S) samples at BESIII

Below are a few examples of physics reach
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Hints for New Spectroscopy—Challenge QCD

Courtesy of R. Faccini

Belle

Part1a1 Wave Analysis will be the KEY tool
in the study of spectroscopy, some of Key
issues should be solved in the future.

Am,e gev/c
Continuum

X (3940¥0, |-

N 120

<
Jhp = (v, w, p, 9)

f,(980)

f,(1370)
f,(1500)
£,(1710)

_,(1790),

B Glueball, hybrid or exotic search in JAp (10x10°) @ BESIII
e N
f,(600)

and also Tensor candidates

and Many threshold enhancements

Jhp = ppbar +X - probe excited and exotic baryon states




Scan of the resonances (3.7 + 4.6 GeV)

o(e'e — DD ),0(e'e” — DiD;"), ——|Test QCD @ 3.7 + 4.6 GeV

o(e’'e =J/yan'n"),o(e’e” = x,, p(w))—*Search for exotic ccbar, Y (4260)

o(e‘e” = ¢nm),0(e’e” %n'J/w)l

+ - + - ' s Probe gluon enhanced hidden ccbar states
o(e'e” = ¢KK),o(e’e” =n'¢9) | Mot
Wi4160)
T820)
4100 — WU4040)
N 5210
~3940_
3900f— 3p1,_‘_3§_8'9_. 3 ~3820
\p, W'(3770) 3p, 3800 1D, 3800 3D, =3K10_.
DD (3730) O mm— 243 ’ i
3700(— WI3686) 45
M.3590) | A\
o SO PG
00— Wa3415)
1300 — s10MeV A1 - 14 ‘ggao&“
A detail plan to take data (@ BESIII should be 3100|— - MO
made based on the study of R&D in Physics book. L0 100
2900 L 077 r 0,127 1~ .2 .

— .
.3 > *
s, *s,Cpy Py 'Py - lD: D23



Charmonium below open charm @ BESIII %%

%c,0,1,2 Sample useful to understand
the decay dynamics of ccbar and
light hadron with same JPC!

Q. Zhao, hep-ph/0508086

P(2S) 2 mtn-Jhp (31%) really
“pure” Jhp sample a
complementary of Jhp peak data!

V1ass 19/7
(MeV) | Charm threshold
------------------------------------------------------------------------------ ZS _ lD miXing : “p
M. in Y(2S) 3700 i’ puzzle
2y KsKn x J. Rosner PRD 64
¥(2S) 20p2 ——1975 (094002) 2001
2 y TN 3500 ‘TI L },{ P. Wang et al
with untagged /S P, PRD70(114014)20
gamma 4 Iw 04
M. Voloshin e | Non-DD decay of
hep-ph/0206240 (3770):
gg(nC(ZS) > T+ N. Achasov hep-
Nne ) = 5-10% ph/0505146
3100~ n 25+1 L T The production
Detail study of of D°D?, D*D"
h at BESIII M. Voloshin hep-
2900! ~ ph/0402171
0,1,2" )

Nc(1S) sample from Jhp > y n(1S)
used to study the light spectrum



BES lll Charm Mixing

Mixing: ¢(3770)—DD(C = -1)

Coherence simplifies study DCSD interfere away so not a background
Unmixed: DO— K-n* D0— K*n-

mixing: DO9— K-rt* D0— D0 =Kt T(D°D° = (K n* ) K nt)) x4y’ ‘p‘z Bk

Can add lepton final states (Klv Klv) (DD’ - (K x*)K'w™)) 2 ‘q‘z B2iin-
Sensitivity: current limit: 10-3

ry sensitivity 10-4 with 20 fb-! s
- Kt vs Ko
D°-D° Mixing Limits - T
. 0.6/~ m (K JT )(K JT )
§ 04:— .
. "t ~1 background event is
BESIII 02| €xpected
B e oo
o 4000;
! = Kot vs Kt
) 2500%—
i 2000;
1o no 8, assumption| 1°°°§
i 95% C.L. Limits 500
i 0T si 182 183 184 485 186 187 188
—l:bl—l—l—l—_kl—l—l—l—b—l—l—l—l—;—l—l—l—l—bl—
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Direct CP Violation at w(3770) at BESIII

K+

Acp =

a+
a_

P P

Im(V. V.V V.
VoV ]SinéerD AmA’ Sinéer510_3

cS us

;\,2
*CP violating asymmetries can be

measured by searching for events with two
CP odd or two CP even final states ex:

p'p, K*K, p"p" Ksp®,
for the decay of o”" — f, f,

CP(f,/>) =CP(f)-CP(fy) (-D" =—
CP(o") =+

: KK vs nr

- Beam
- constraint
- Mass

S RN IR BRI ARTRIN A AL R A
181 1.82 1.83 1.84 185 1.86 1.87 1.88

A.p sensitivity 102-10-3




Semileptonic decay and CKM Matrix at BESIII

dr (D — Pﬁv) To find V, & V4 need form factor 1) = f (())
dq2 24 3 from theory at one fixed g2 point. g )= 2 /' m pole
AI : Ag, : AFF\’ Ab A6D
— Oy
+ + = 0 S o 0
(213) (26D) (ZFF) 5 0.6% = 1.0%
q - )

_ Well measured
Form factor term come from theory (Lattice QCD).

Supposing AFF/FF ~3% , BESIII will get

BESIII: dVed/Ved 1.7% dVces/Ves 1.6%

Integrate Lumi. - 1 _< | = Great contribution to
20fb-! DDbar D -:& A% D Q CKM Unitarity

MC simulation

Quark models, HQET, Lattice & other methods have all been invoked to calculate
form factor absolute normalizations. These calculations have been done

mostly at g% =0 or 9> =q?_,. (i..e w=1, justlike Fin V_ inB —=D"IVv)



Future

In US:

 CLEOc stops data taking in 2008
 BaBar stops running in 2008.

e Fermilab stops collider physics in 2009.

In China:
BESIII commissioning in summer 2007.
BESIII will be a unique facility.

¥

w
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BESIII Collaboration

First formal meeting held Jan. 10-12, 2006 at IHEP, Beijing.
Adopted Governance Rules, elected IB Chair and Spokespersons.

Institute of High Energy Physics

University of Science and
Technology

Peking University
Tsinghua University
Shangdong University
Nankai University

Central China Normal University
University of Anhui
University of Zhejiang
University of Zhengzhou
Nanjing Normal University
Nanjing University

Shanxi University

Sichuan University

Henan Normal University

University of Hawaii
University of Washington
University of Tokyo

Joint Institute of

Nuclear Research,
Dubna

6SI
University of Bochum
University of Giessen

*

Need more herel
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Physics preparation

Wr\i fe qa Yel |ow book on Charm2006: Workshop on Tau-Charm Physics

June 5 -7, 2006, Beijing, China

BESIII physics: a summary
of theoretical and
experimental tau-charm
physics and the BESIII
physics reach.

http://bes.ihep.ac.cn/bes3
/phy_book/book/book.html

Workshops:

- Charm 2006: International
tau-Charm workshop Beijing
June 5-7 2006

- US-China workshop on HEP
cooperation
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Summary

BEPCII linac installation complete.
Elements for collider complete; installation
begins.

BESIII hardware and software progressing
rapidly, although still much to do.

Machine/detector Commissioning expected in
2007.

Rich physics after CLEO-c.
More Collaborators welcomed!
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Challenge to BEPCII/BESIII

» Three super-conducting devices, sc cavity, sc
quadrapole; detector sc magnet;

»Machine reaches design luminosity; detector can
take data without too much backgrounds;

» For physics analyses, how to beat down the
systematic errors of the measurements, and how to

improve the partial wave analyses.
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Observation of an anomalous enhancement near the
threshold of pp mass spectrum at BES II

BES Il JAp=>ypp

M=1859 3 5 MeV/c2
-10 =25

I' <30 MeV/c? (90% CL)

g

EviaN.005 Gevie?
e

¥2/dof=56/56 J

0 0.1
M(pp)-2m,, (GeV)
Phys. Rev. Lett., 91 (2003) 022001




pp bound state (baryonium)?

There is lots & lots of literature about this possibility
E. Fermi, C.N. Yang, Phys. Rev. 76, 1739

(1949) I
|.S. Sharpiro, Phys. Rept. 35, 129 (1978)
attracti C.B. Dover, M. Goldhaber, PRD 15, 1997 (1977) ce?

Observations of this structure in other

A. Datta, P.J. O'Donnell, PLB 567, 273 (2003)]
M.L. Yan et al., hep-ph/0405087

decay modes are desirable.

singlets with singlets with
Md - Zmp' € Mb - Zmp-ﬁ?
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Observation of X(1835) in J/y = yn*n™n'’

| X(1835)
D 250 F ! o 510
© 150 - S
n'—nra” ‘g 100 [~ g ?o
w 50 = U>J 10
E 0 1 | 1 U 0
1 1.5 2 2.5 3
G M(t'mm) (GeVic)
L1000 © 150 F ) X(1835)
2 > o 16.00
J/Y —=yn'm = 800 s oL 5
: < 600 2
n—vpe B 400 5 e
Z 200 | ;
i L. 1 . 0 : :
w 0 i ~ , - .

0.9 1 1.1

+ - 2
M) (GeVic?) M(r'Tn) (GeVic?)
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Combine two channels

200
180

EVENTS/(40MeV/c?)
X 88 B

LN
o

D
o

N
o

Jp =ya'nn

Statistical Significance 7.7 o

U

o
T

(1835)

L\

14 16 18 2 22 24 26 28 3
m(r*tn) (GeV/c)

EVENTS/20MeV/c®

N, =264x54
M =1833.7+6.1+2.7 MeV/c’
'=67.7+203+7.7MeV/c*

B(Jy = yX)B(X =a*'nn)=(22=+04+04)x107"
Phys. Rev. Lett., 95 (2005) 262001 67



X(1835) could be the same structure as X(1860)
indicated by pp mass threshold enhancement

- X(1835) mass is consistent with the mass of the
S-wave resonance X(1860) indicated by the pp mass
threshold enhancement-.

Its width is 1.9c higher than the upper limit of the
width obtained from pp mass threshold enhancement.

- On the other hand, if the FSI effect is included in
the fit of the pp mass spectrum, the width of the
resonance near pp mass threshold will become larger.
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Fit to J/¢y > ypp including FSI

M=1830.6 + 6.7 MeV

Include FSI curve from
A.Sirbirtsev et al.(hep-ph/
0411386) in the fit (I=0)

I'=0=x=93 MeV
150 —
BES IT Preliminary
G
°
2 100
g
%
=
w 50
> b
L "
'
or |
0.00 0.15 0.30

M(pp) - 2m, (GeV/cz)

/:

M{frmt)

In good agreement with X(1835)
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Observation of w¢ threshold

enhancement in J/¢y — Yoo

APaie T YA

va Aoy i
LUV B2 ’
SR ¢
"??' st =2eb
v ; .’\' n-'.:
oy LR

b
> 2

T T T
350 |- —

Entried/1Mev

1.06 1.08
M, (GeV)

M(K*K>)

T T

> e N

-.-‘ - —

- e -‘;“ga m

S8, **a - -

:ﬂ . 1‘ '.“- -

/ \ % I:"-- -~ -i... =
_e_ -‘ 9:.. BT ‘- N
>- -‘.-I' - ® in -
“—”’ : -® "‘ & = = TH
(@\| . " e .-:'. s -
. =4y ]

- PN
. - —_

§ =W T ]

e - '* = =" e N

g 1




Entries40MeV

DOZI decay of J/y—yw¢ is observed, a clear
threshold enhancement is observed

Entries/40MeV

| anree v i“

Swvie AUk Y
& ®

Phase Space

Eff. curve

Side-bands

L~

Side-bands do not have

mass threshold enhancement!
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BES IT Preliminary

Partial Wave Analysis is performed.

O** is favored over O-* and 2**

M =1812*)) +18 MeV/c’
[=105+20=28 MeV/c’

Br(J/y —vX) Br(X = wd) =(2.61x0.27+0.65)x10™*
Submitted to Phys. Rev. Lett., hep-ex/0602031

What is the nature of this structure?

hep-ph/0602172, hep-ph/0602190
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VvV Girj:Grossman-Soffer-Zupan (665Z) PRD68, 054Q}§£gqq;.3b le

-iy

> _ Same final state | _ -
O B>D()K "y

) Interference N

A(B_-)-D_OK_) = AB A(Do-)KSTC—TC+) — A(512-513)
A(B-—)DOK-) = Aere+K8B- v A(Do-)KSTC+J'C_) — A(Sl3’s]_2)
A(B+->-6°K+) = Aere+KsB+ » A(D°»>Ksm')=A(D°>Ksx ")
r,.= |IA(B>D°K) /A(B>D°K)| s ,,=m*(Ksm) S,;=m*(Ksz")

Limited by uncertainty due to Dalitz plots | y = 681413 Belle
<y <113 (@20) helfp—ex/041 1049

Model in D° decays currently 119 —

This difference of pha(nonly?obtained in e+e- 2 y(3770)->DDbar,
where the other (tag-side) D meson is reconstructed in CP eigenstate, such
as K*K-or Ks i° and so on. -> @BESIII

We need to do detail MC study and more theoretical input to the physics book
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CP properties of the D states produced in the ¥
(3770) are anticorrelated. If one D decaying as
CP=+1 other state is “CP-tagged” as CP=-1

32,000 CP-tagged K*n- decays are expected
for one year run at CLEO-c (G.Burdman,
|.Shipsey hep-ph/0310076) ?7?7?

Based on this number we can estimate:
10,000 K¢t

7,500 w5 w0 at BESIIl / 2 years 10
1,900 KKK

The §(cos(dp)) 2% > 1°-20fory at B
factories A.E. Bonder hep-ph/0510246

" GeV?
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If CP violation in Charm 1s neglected: mass eigenstates = CP eigenstates

‘DCP i>= %“D0>ilﬁ>}
V2 4D —>K‘7z+):A(D° —>K'7z+)i A(E—)K‘ﬂ*)

CPx

fy Flavor mode
. D +) e
2

CP
Eigenstate (-)

In the limit of CP-invariance

> A(DO —>K+7r')=A(F—>K'7r+)
5D ( .

AD' 5Kk 77 /

cos 0p ~ 2% at BESIII

Br(Dgp, > K 7% )=Br(Dgp_ — K1)
2\r, Br(D° > K 7")

COS O, =
75




