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Overview

e Qurtools:
— The BEPC Il collider
— The BES Ill experiment
e Qurgoals
— Light hadron spectroscopy
— Charmonium physics
— Charm physics
— And beyond...
— (Tau physics and QCD)

e Summary
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The BEPC Il Collider

Beijing Electron Positron Collider Il
Double ring, 11 mrad crossing angle
e Beam energies 1 — 2.3 GeV ",.
e 93 Bunches !
 Design current: 2 x 0.91 mA
e Design luminosity at 1.89 GeV: 1033 cm2s2
;
f
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BEPC Il Commissioning so far

Nov. 2006 Beam was stored in the storage ring
Accumulated beam ~ 6 A-hrs.,
beam life time ~ 1.5 hrs @ 60mA.

Dec. 2006 Start to provide SR beams for users

Mar. 2007 First ete collision, Lumi ~ 103%° cm= s

June 2007 Provide SR beams for users at 2.5GeV,
200 mA with a lifetime of 5.5 hr

Aug. 2007 Beam current reached 500 mA

Sep. 2007 SCQ moved to the interaction region

Jan. 2008 BEPCII collided 500mA X 500mA (in 93 Bunches)
Lumi estimated as 10%2cm-2s-T

Mar. 2008 Beam pipe installed in BES Il

Mai 2008 BES Ill moved to interaction region
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BEPC Il charm production

Average Luminosity: £ = 0.5XPeak Lum.; One year data taking time: T = 10’s

NevendY€Ar = Gy x Lx T
Physics Mass(GeV) Peak Lum. Cross Events/year
CMS (1033cm-2s-1) | Section (nb)

J/vy 3.097 0.6 3400 10 x 10°

THT- 3.670 1.0 2.4 12 x 106
y(25) 3.686 1.0 640 3.2 x 109
DD%ar 3.770 1.0 3.6 18 x 106

D*D- 3.770 1.0 2.8 14 x 106
DsDs 4.030 0.6 0.32 1.0 x 106
DsDs 4.170 0.6 1.0 2.0 x 106
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The Beijing Spectrometer Il




The Beijing Spectrometer ll|

Typical small collider experiment with:

Drift chamber

Time of flight scintillators

e (sl (Tl) Crystal calorimeter

1 Tesla SC magnet

RPC based Muon system ==&

oo
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Beryllium Beam Pipe

« Two Becylinders (0.8 mmand RS &
0.5 mm thick, 0.8 mm gap), e 2\
cooled by paraffin

e 14.6 um gold on the inner
surface

* The beam pipe was installed
on March 27, 2008, as the
last component of the BES-II|
detector
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Drift Chamber

Measure the momentum of charged particles

Design spec: Single wire resolution dE/dx resolution.
CLEO: ~110 um, 5.7 %
Babar: ~110 um, 6.2 %
Belle: ~130 um, 5.7 %
BESIII ~120 um 6 %

R,, = 63mm; R, = 810mm; length = 2400 mm

7000 Signal wires: 25um gold-plated tungsten (3% Rhenium)
22000 Field wires: 110 mm Al
Gas: He + C3H8 (60/40)

Momentum resolution@ 1GeV: 0.5%
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Standalone Cosmic Ray Tes

90 hits.

dr 25025
phi0  3.23820
dz  -326.564
tanL_-0.60083

1 3
-400 H 5:.
500 3 *
20950 500 200 200 200 200 500 800 a Iq,‘i-.‘ |!‘||;’|’i‘l|.“!"‘i‘ ; 1
resrevoverall
35000 Entries 781908
- Mean -2.772e-05
C RMS 0.123
30000~ 22 I ndf 2234154
- Prob 0
25000 6=120um po 5551+ 24.2
C pl 9.471e-05 + 1.416e-04
- p2 0.07865 + 0.00022
20000— p3 2245 +23.5
- p4 -0.000392 + 0.000456
= L_ H_ 5 0.1854 + 0.0008
15000  V7=60, V=80 ki
10000 —
5000 —
. O : | | | | | L 1 1 | | | | | | | | - L | L1 1 | 11
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Time Of Flight System

Double layers at barrel C dcap
of 88 counters/layer, = o
readout at both ends SRR E ks L YIS
High quality plastic e Th * /%
scintillator, 2.4 m long, L 1237 - B s | %
5 cm thick . SRR e |
. A |

100 ps timing, 90 ps for s = .
two layers P sl == =

4 P ; Eg
Endcaps each have 48 e | —- 2 S
counters, read out at the
innerend, one layer s e e e s wwn e

120 ps timing
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Crystal Calorimeter

Measure the energy of
electromagnetic particles

Csl (T) SNl 222
3

Barrel: 5280 crystals, %

Endcap: 960 crystals

Crystal: (65.2x5.2—-6.4x6.4) x
28 cm? ! e -— "

Readout: ~13000 Photodiodes,

TR

1 cmx2 cm,
Energy range: 20MeV -2 GeV %
position resolution: /IO

6 mmM@1GeV e

il

S\-’R
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Crystal Calorimeter Performance

0. 5 bey maise W|th D 5Me‘v‘ threshold
e 011 gy

BESIl: 22% @1GeV uic 0.1 Bl iaﬁmnhngﬁls.xgﬁnm .......... AL

i 0.09 —-g cEE W MERERCR R RN SN

Babar: 2.67% @1GeV O 0,08 Friiiivbrivd b notoohen it v

0.07 Eidiiioermrmie bbb i frereeeeere perferiebet  ppesssssefss e
BELLE: 2.2% @1GeV 0.06 Biiil bbb i fefed b o

| ) 0.03 Eided il L LI LT

0_01 =iiii|- A | R
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Muon System
e 9 layer, 2000 m? e Ground plane

Dielectric foam

— Insulator

e Special bakelite plate | ———
without linseed oil RPC-tayer | EEE ' N
e 4cm strips, ~10000 channels s ‘fﬁ?‘ﬁ%%“r
* Noise less than 0.1 Hz/cm? s ———
55 o ‘ L« 1 Insulator

I Dielectric foam |
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I\/Iagnet

e Magnet reached 1 Tesla (3364 A) in September 2006

e Mapped the field including BEPC SC quadrupoles in
August 2007

—-"1

1.025 - - 7T I

| et

|

1.2 -- 7 |
|

105 --"7

phi (degree)
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Data Acquisition

Online Farm Single Event Hit Map
Run Control Display ete. Slow Control

Mass
Storage File Server
System

ol = 8

100M Switch (gl

Casfi= ,

e Server .;e,lsaa.;;séﬁc,l) Gigabit Online Switeh o Capable of 4000 Hz
e ~50MB/s

PC with
Multi CPU / Multi il Multi CPU / Multi
H Network Card

e * 10x B-Factories
 1000x BES I

e At the edge of what
oo [N M e is possible via VME

Link Link Fan Out

Farm Supervisor

PC with
il Multi CPU / Multi
H Network Card

a1 0O Switch 00M Switch

VME Crartes VME Crates

Branch 1

Farm Node 1 Farm Node 2 Farm Node N

Histogram
Display

File Server

_
—_
Supervisor
—_—— -
= i
. e
1 - )
e
-
.-
- 6"
- Network.
- Connection
-
- — 6— = Control Command
Readout

PG 3 =3 Event Data S“de 27

Tape Tape



Cosmics

Single Event Display

File View Tool L&F Help @
[ NORTH A8 = | ] FULL SCENE [ZIE [%|; SED Control Upper
Rotate Control Move Control
(@ I019) Q®®
Zoom Control
e R
0 20 40 60 80 100
[ EasT
SED Control Downer
I [~
B et
e | SubSystem Select Control
| MDC Detector
| @ Shen
| ® Sense Wire
| @ Hit Point
{MDC Apply )
| EMC Detector
| ®Shen
E P AR E Event Information = ® Barrel
(~mpc Y EMC | TOF | MUON 2 ® EastEnd
E Layerta CellMo TOFlag Valye ® WestEnd
j I Crate-20 1 22 ] 5270 EMC Apply
El l] (" Crate-21 E] 37 o 5895
(" Crate-22 12 48 Id] CESE | TOF Detector
i _— (" Crate-3 29 102 o G078 @ Shell
(" Crate—4 B e N 6656 L/ | @ Barrel
(" Crate-5 | @ EastEnd 3
p— (T Crate-&
| e | ® WestEnd
£ i a1 —
e | Crae-18 | | | MUON Detectorsheld
(" Crate-23 & | O Barrel
[ e |
<C i | ®End
! MUON Detectordin 1 &
Run Number: 1014 LVL1ID: 4 Global ID: 4 Event Length: 7372
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The BES Ill Collaboration

Political Map of the World, June 1999

USA (7)
University of Hawaii
University of Washington
Carnegie Mellon University

Univ. of Florida -
Univ. of Minnesota
Rensselaer Polytechnic

Institute= =

University of Rochester -

“Spectators™: -
four institutes
from Italy

BES Il - DESY — Mai 2008

Europe (5) Totally 37 institutions now

GSlI, Germany
University of Bochum, Germany
University of Giessen, Germany

JINR; Dubna, Russia

Budker institute of Nuclear Physics

B Japan (1)
Russia X S
| - China (24)" " Tokyo University
“IHEP;:.CCAST; GUCAS,
Uniwv. of Sci. and Tech. of China
= _Shandong Univ., Zhejiang Univ.
‘Huazhong Normal Univ., Wuhan Univ.
Zhengzhou Univ., Henan Normal Univ:
- Peking Univ., Tsinghua Univ. ,
~Zhongshan Univ.,Nankai Univ.
““Shanxi Univ., Sichuan Univ
Hunan Univ., Liaoning Univ.
Nanjing Univ., Nanjing Normal Univ.
Guangxi Normal Univ., Guangxi Univ.
Hong Kong University

Chinese Univ. of Hong Kong
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Light Hadron Spectroscopy

100 Jhys are probably enough
to answer most questions about

light hadron spectroscopy 4 4 Y
Meson spectroscopy D 23.;:; ;%}iﬂ
Baryon spectroscopy G H M

Glueballs and hybrids
Checks on all the things seen

with BES I M

— Y(2175) in J\y ->nof,(980) ¢ ;% D -

— X(1580) in JAy ->K+Kr® H M M
— X(1860) in J/y — ypp

— X(1835) in J/y - yn'ntw
— Partial wave analyses

@ @l
<
3=
€
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Glueballs

Lightest glueball predicted
by lattice at ~ 1710 MeV

Scalar state

Expected to mix with
qqgbar f, states

Close and Kirk
PLB 483, 345
(2000)

/o(1370)

Jo(1500)

® |38)

fo(1710) ® |s5)
® |nn)

12 | 1°
10 2*‘—'321= .
+ 17—

3 — 3"‘—
8 -
2‘_ 1""— 3
%: 6 2 _0"—
{2
4 O —
2 1
Glueballs
0 - : : : 0
b e +-

Spectrum from quenched LQCD

Mg (GeV)

Y. Chen et al.
PRD73:014516,2006
(updates Morningstar &

Peardon, '99)

0**:1710 £ 50 + 80

Also:
1611 + 30 + 160 Michael '98
1550+ 50 +? Balietal '93

* Indeed: Find three f, states nearby

(two expected from qgbar)

e Study of decay branching fractions
allows to estimate glue component

M. R. Shepherd
Charm Physics Workshop, Beijing
November 27, 2007
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Partial Wave Analysis

General idea:

However: Resonances Decay amplitude
Coherent sum of
concerned are mostly broad Alenitie
Large non-scalar contributions \
1) =) Vada(Q)

Take into account angular o
dependences and interference : ObsbervefEiﬂteﬂtsi)w

i I et OUEVEl) s Fit parameter: pro- Location in
by |3|erform|ng a partlal wave funcgggg L%Caagsn Ve duction amplitude phase space
analysis (complex)
Very powerful tool, especially

Single event intensity

with large statistics Likelihood: \

Computationally extremely p_e" #”rl” 1(£2)

expensive n! 1 [0 (2)d Q2
Log likelihood

Massive parallel calculations
using graphics cards (GPU)

| | 1 |
—Inl x = E In (Z VoV Ao (£2) A ;,(Qi-)) + E Val, (\( E Ay (24 ;,(Q,-))
o, cl YMC

i=1 o, ol i=1

Normalisation integral
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Digression: GPU based computing

e 3D computer games require
lots of manipulations on
floating-point 4-vectors

e Gaming market drives
hardware — 320 fold parallel
processors available for less
than 200 Euros

* Recently double precision
became available o o |
* Make use of this: General IR Rl FANDS Rl FANpY
Purpose Computing on B e I e o B e
Graphics Processing Units 2 «pz | e o |y o
(GPGPU) ol { .

o Application to PWA at BES = -f ===t

EVENTS /0.0

1 -3 2
Mt ) (GeVie?)
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Entries/0.025 GaV/c?

Partial wave analysis of J/y — yn*n™ and yn°n®

[
[=]
E

L
R J/l//_)}/ﬂ ﬂ Channels fitted in the PWA:

= f,(1500) ?| | f,(1710) ?| ~

o ] J/v — v fo(1270)

. : — A fo(1500

o A fo(1710

(1500)
(1710)
— v f2(1810)
(2020)
(2150)
(2050)

=

TM(n0nd) s Phys. Lett. B 642 (2006) 441
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Partial wave analysis of J/y — yn*n™ and yn°n®

PWA components:

3000 3000 3000
“‘r “I ".-r
2000 . '. f,(1500) 2000 |-} '. fo(1710) ?|| -000 L S '_ f, (2020)
SN - '*“.-""'-.' N, -~ “_.,lnl“' N .-':-P_,w__-
1000 o M 1000 M ra N 1000 M e “
— 0 1.5 2 O 1.5 2 © 1.5 >
= 3000 3000 3000
= f. (127 f. (1810 f. (2150
&1 2000 . ', 2( 0) 2000 - ) '. 2( ) o000 /! '_ 2( )
—
— * . . * L .
i s -~ - - ™o -
&2 1000 1000 M i Sl 1000 i - “
— L=t o)
S o °4 15 2 ©
3000 3000 3000
ll‘,., l’.' I| ++
2000 ! f,(2050)| | Lo00 | N all 0 2000
. .
* "i f. “’l o-'.. _‘I“'lln'
1000 M " et e 1000 M o N 1coo
. Lo ., M o
1 1.5 2 1 15 >

Mt ) (GeVieD)



X(1860) in J/ v — ypp

dN/d|cos® |

150 T T T
)
 Enhancement at (below) “‘gmo-_
pp threshold St
e Clarify angular structure £ N
e Baryonium? &
Fragmentation? i
J 0 fropssssass ——
800 |- b) |
- M=1859 3 *5 MeV/c?
& -10 -25
. 2 400 I' < 30 MeV/c? (90% CL)
) + §
L
0.00 0.10 0.20 0.30
[ M(p p) - 2m, (GeV/c?)
a5t Phys. Rev. Lett. 91, 022001 (2003)
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EVENTS/20MeV/c?

X(1835) in Jly > ym'ntn, ¥ > n i

e Same resonance as X(1860)?

e BES Il has much improved
photon reconstruction

P U R T B B %‘

ol [9.0c _ g’“
1 p ||\H\
LAt . X

1.8 1.5

1.?' 1.8 23 25

m(z'Tm’) (GeWc)

Phys.Rev.Lett.95:262001,2005

BES Ill MC study, 3x10° J/ys

SR RAARE AR RARAE R/ UL nans. AN LARAN LR AR
B r bakfrac = 96+ 13 1

iy | width = 0.0650 + 0.0091 GeV

p0 = 7606007208 + 1871895000 ]
p1 =-2944656838 + 2173289029
p2 =-1507468153 = 147IJBDEEEB—_
sigfrac = 162+t 16

x1835 = 1.8373 + 0.0038 GeV

A Hl%

1.9 21.2 23 24

X Invariant mass {Ge'w: )
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Charmonium Physics

e Understand charmonium
spectroscopy and charmonium
decay dynamics

— Hadronic transition (54%)

— Radiative transition (28%)

— Study of spin-singlets (h., n., n.)
— Hadronic decays (15%)

— Leptonic decays (2%)

— Radiative decays (2%)

3x10° y(2S) events /year
at BES-II
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Charmonium Physics at BES llI

Mass (GeV)

Mass, width, non-DD
decays & I'(nnJ/y)

of the y"

Mass width & other
|decay modes of the M’

Mass of the h,

Rel. to %, c.0.9.
other decay modes

M2 components
in .5 2vJI/y?

P

L'(J/y>m)=?

<+ .
L L L L L L L L L L 1 1 1 Mass & Wld"'h
“—+ 1 1+— “++ 1++ 2++ 2—+ 2= o= 3+— 3++ 4++
S PC of the 1,
Slide 41
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N, mass and width

 Not well understood — previous measurements inconsistent

e May be due to line shape — see recent CLEO-c publication

WEIGHTED AVERAGE
2979.8+1.2 (Error scaled by 1.6)

’

- ABE 07 BELL
wWu 06 BELL
Wu 06 BELL
ASNER 04 CLEO
AUBERT 04D BABR
AMBROGIANI 03  E835
BAI 03 BES
FANG 03 BELL
BAI 00F BES

- BAI 90B MRK3

- GAISER 86 CBAL

2950 2960 2970 2980

2990

3000

3010

247
(Confidence Level =

WEIGHTED AVERAGE

26.5t£3.5 (Error scaled by 2.1)

0.006)

BAI
FANG
BAI

- AMBROGIANI

ARMSTRONG

BAGLIN

BALTRUSAIT...

GAISER

86
86

2

X
BELL 6.
BELL 05
CLEO 0.1
BABR 10.1
E835 06
BES 13
BELL 0.1
BES 29
E760 0.1
SPEC 67
MRK3 0.5
CBAL 11.1

402

(Confidence Level 0.001)

-20 0 20 40 60 80 100
7c(15) mass (MeV) 1.-(15) WIDTH
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N, mass and width

* Only ad-hoc phenomenological model seems to work for lineshape

4250308-001

& B 1 O
o 16 &
kY; Q
— Q
> -
D 12 D
S <
o >
3 b
w
o 8 %
S S
e &
o 4 Q
@) o1
Cc_: N

0

0.04
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M(J/y) - M(n,) - Lattice

S.Choe et al, QCD-TARO hep-lat0307004

130 [ T | ]
Continuum 44—
190 Clover non-pert. ]
. 116.5
110 —  Experiment —
MeV
AM 100 -

S0 5 =
1
0 -
6o U 1 1 | |
0 (.05 0.1 0.15 (.2 (0.25

a?(GeV =2

Figure 3: Continuum extrapolation of the hyperfine splitting with the non-
perturbatively improved clover Dirac operator. The bare quark mass 1s tuned to
maintain an approximately constant mass M(*S;) == 3095 MeV Ya.
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The XY/Z states

States above D threshold found, which mostly decay to charmonia

4600
4400 F

4200

3300

Mass (GeV)

3400f
s200

so00

4000

3600 |

Other decay modes

---------------------- 1D, DDy
e
2EJ=2SS1 .
,,,,,,, IEPII—PE
PP,
r's,

of the 1- states
(need detailed scan)

Are there XYZ states
down here that are

not seen (because they
don't decay to J/vy or y')?
Can BESIII see them in

1. decay channels?

Are there ss versions
— of the XYZ states

(i.e. Y(2175)) to be seen

ﬂ_+ l——ll+— “++I1++I2++I2—+ = I3+— 3++ 4++

in 0 & N’ final states?



Scan of y(3770) peak

L

BES-II result

BES-III Physics Book

Ry

hadron

data in
w(3770)

. FEC1OM

tot - -
rﬂm | 26.8 0.5 Mel
g '~ T
[am, 25619 ed
Measured value

26.9 MeV
251 eV

Input value

Blw(3770) - DD]
(88.2 + 2.4+ ~ 2.0) %
89 %

Measured value

Input value

BES Il - DESY — Mai 2008
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Charm Physics

128 million DD pairs are expected at BES-IIl with 4 years’ luminosity.
5 M at CLEO-c until 2008.

800- /00M
600 -
400 1
200
O_
BESII CLEO-c BES-IIl BaBar Belle
~ ~— ~ - ~ ~
y(3770) peak Y (4S) Peak
Background free Higher statistics
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Charm physics, CKM and QCD

Interplay with B-factories:

e (Constrain CKM with B and K measurements, check with
measurements in charm sector

e Many B measurements depend on lattice QCD calculations of e.g.

fD’ st
e BES can measure these decay constants with good precision

e (Check/calibrate the lattice calculations

D, mixing and possible CP violation in the D system
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D-Meson decay constants — test LQCD

£ 12 [Veenl? 190 200 210 220 230 240 250 (el
| D| CKM
f | CLEO-c: 281 pb-! |
D CLEO-¢ | 61677
Vv
. Laco ]  8t4
GEm ot u)f) 22\ ; i
. FUDI™ipt 9. .
[(DF = Ity) = - =k
" 3 oy | BES —— 22261445
1 f . (MeV)
Recently, the HPQUD+UKQCD collaboration claims D
better than 2% precision for their unquenched calcula- BES-IIl reaches 2% with

tions [11] 20 fb-! data @ y(3770).

(fp+)ocp = (2082 4)MeV,
(fp+)oen = (241+3)MeV, (7)
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Precise determination of f,. — challenge LQCD

H.B.Li ,J.H.Zou arXiv:0804.1822

200 220 240 260 280 300 320 340 360
Hou, PRD 48, 2342 (1993). AT st el os Tt

See Hewett [hep-ph/9505246] &

L} [
|
It CLEO-¢ uv H—F;rﬂ 264+ 15+ 7
+ +
H | |
| _ CLEO-¢ tv (t*=n*T) | ! { 310+25+8
— CLEO-c tv, (T"—e*v.T) i : H 273+ 16+ 8
CLEO-c combination h :! : 274+ 10+ 5
4.0 sigma dlSCprancy Belle uv_ H : H 275+ 16+ 12
between LQCD and |
BaBar uv R 283+ 17+ 7+ 14

experimental determination

. 0
in the SM world average 32 /0
LQCD (HPQCD+UKQCD) |+ | 1.2%

fo/fps ratio is especially . U1 100 s
interesting |

f,, (MeV)
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The D-meson unitarity triangle

Vg Viy e
'Vus Vcs /_/”'J/-’
Vud Vcd Vub VC b _—
Flp bl g
Vus Vcs Vus V < . }
00 (1,0)

can be used to define a (squashed) D-meson unitarity triangle

@ op + Ijp = T VeV

V., V*
P ”D — arg ( ub cb) arg (_ Vuz\/!{d) _ __‘_}_
cd < cd

® D =
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The D-meson unitarity triangle

Vud V Vub v
1 cb O ————
VooV TV

can be used to define a (squashed) D-meson unitarity triangle

Q /)D + H}D = —m

ub Cb V“b Vt;(f p— ~
@ ap =arg | —y e e\ ~v,ve, ) — 0

cfi
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The D-meson unitarity triangle

In the SM, kaon or B-processes constrain strongly D-UT through CKM

o |V,s| constrains (in a first approximation) A

@ B — DK constrains « and thus (3p ...

0.002 T T T T [ T T T T I | | ! T T | I

0.0015 — % : 22
C = Summer 2007 : o
= ; =
0.001 — 5 G
= A ; .
0.0005 —& : ot
= = ] =
a - 8 ! =
1= o A S - R i
= €k : =
-0.0005 ye ol EE
- D : —_
0.001 : Am 2
-0.0015 — sin2j RIS Am, & Am_;r
c s o 1, feeepesaiies]senigusnrgisssysiig i s o 1\ Sl 1 5 1

0-008 997 0.998 0.999 1 1.001 1.002 1.003

pD
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The D-meson unitarity triangle

0.001

0.0005

1=5-0.0005
-0.001

-0.0015

-0.002
0.897

axcluded area has CL > 0.65

T =2 T s
Y oy
l{"_ T sr.-\
,r‘n,-r R} ,"ﬂ\\
{ F IV'E?;N N

llllIIIIIIIII”lIIIIIIIIIiIII

................

—T—TT
fitter

[
a
.

Am

|IIlIllIII|IIlI|IIIIllIIl

BES accuracy

e For leptonic D decays

J(|Vcd‘).-";(|vcd|) — 2.3%

o(|Vesl)/IVes| = 1.7%
U Vecl/ Vol 1.3%
|Vedl /| Ves| -

@ For semileptonic D decays

- (Ds — K and Dy — o):
sin2p A A
| | o . (V) /(I Vegl) = 2.4%
0998 o099 ﬁ1 1002 " 1003 o(|Ves|) /| Ves] = 1.3%
° N\
Observable | CKM Lattice Exp meas Ep ey
Br(D — {v) | |Vl 2% fo|Vedl 1.1%
Br(D; — (v) | |Vl 1.5% fos| Ves| 0.7%
B ‘(DS_"'- "] V‘CS Vcs f‘ 5 /
_9:_{9—*—*-'1} Ved 1% -Vcd_’% 0.8%
dr(D° — 7=} | [Vl || Fo—=(0) | 4% V| Fp—=(0) || 0.6%
dr(D® — K=) | [Ves| || Fo—k(0) | 3% || |Ves|Fp—k(0) || 0.5%
dr(D, — K) | [Vegl || Foo—r(0) | 2% || |Veal Fpp—r(0) |\ 1.2%
dlf(Ds — o) \Ves| || Fp.—o(0) 1% \Ves|Fp.—(0) | \0.8%
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Neutral D meson mixing

D, and D, can transform into DO C § j § U D?
each other (like Kaons an Bs) TR B

. u ) ) i (_:
* The mass eigenstates are AAAAAN——
D,)= p‘ D°>+q‘5°> I 1
B ————AAAN
D;)=p|D")-4[D°)

+ long distance physics (Kaon loop)

 With eigenvalues

i mz@, Am=m, —-m,
ﬂ1:m1_§F1 4T
ir / = 1"2' 2’ AFEFZ—Fl
My, =M, =51,
2 \
Am AT
Y= — y = —
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Quantum Correlation

At BES-III:

DD pair with L =1 must be in anti-asymmetric state

| D’DY)c=-1 [|.DG |DY — | DY) |DY)]

| —
l\..ll

the interference c mes for free:

10y 7)o 7Y

’U’—

PRD 73, 034024 (2006)

Asner and Sun

|.1.Bigi SLAC report-33,

1989 page 169

(C=-1) ete- —> y(3770) — D D
Forbidden if no mixing Kt Knt
Forbidden if no mixing Kl*v K1*v
Forbidden by CP conservation CP+ CP+
Forbidden by CP Conservation CP- CP-
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Mixing Rate R,

Sensitivity in 20 fb-! data
at BES-II:

D°.D° Mixing Limits
Belle Key

no & assumption

95% C.L. Limus
P 1 aal s s o a b o s o a2l
10 5 O 5 10

X (90)

w(3770)—D°D—(Kn+)(Kn+)

_ X +y" _ N[(K 2")(K*77)]
"2 NIK'A)(KEEY)]

Background estimate done for 20 fb1 :

2 events in the signal
region due to mis-ID.
(the mis-ID rate for pi
as a Kaon is 1%).

R, < 1.5 x 10
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CP violation in the D system

e CP violation in the mixing
e CP violation in D decays
e CP violation in interference

e All clean ways to probe new physics since the
SM predicts an unobservable asymmetry of
~10-4

* 1% level CPV likely indicates new physics.

However: Needs extremely good control of
systematic effects at the 10-3 level —
very challenging!
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Rare and
Forbidden
Decays




Rare and forbidden decays

Search for New Physics in Charm Sector:

e Lepton flavour and lepton number violating decays of
charmonium and open charm
e Rare charm decays heavily GIM suppressed: BF(c—u/h~108

* Loops different from B and K systems because cis an up-type
quark

e Weak charmonium decays: J/y - DX — BES almost reaches
down to rates predicted in SM

e Charm Mixing (Large CPV in mixing indicates New Physics)
e CP Violation - Direct (New Physics could be ~%)
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Lepton flavour violating decays of the J/y

e Lepton flavor violating (LFV)
processes are strongly
suppressed in the Standard
Model by powers of the (small)
neutrino masses. Such decays
signal new physics.

BESII upper limit

BR(J/y > ep) < 1.1x10-
BR(J/y = e1) <8.3x10°°
BR(J/w > pt) < 2.0x10-
with 58M J/ v sample

BESII
PLB561, 49 (2003)
PLB598, 172(2004)

Jhy 2 ey, er, ty, the sensitivity can
be 108 — 10-° at BES-III with 1010 J/y
events per year

Jy = e proton +c.c, JAy = u proton
+c.c can also be searched for.

SM, strongly suppressed >

(BR < 10749) W ~J
e N ,'I
R
e —-——-—
1 Vu Ve e
SUSY

}*\/\/\/”’L X
c M A

()

R-parity violating SUSY
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Rare and forbidden charm decays
Charm FCNC decays heavily GIM suppressed in SM:

BF(c—ull)~10-8

48 "W
> > -, °

Burdman et. al., PRD66(2002)014009

4

New Physics can contribute in loop, loop is different from B and K mesons

Lepton decays: D, — I*I- (I = e,u);
GIM suppressed decays: D,® —-M,® I*I- (M is an allowed meson);
LFV decays: D° — e* u= , D, ->M ®e* u~;

LNV decays: D* - M* I* I+ (Il = e, u; same signed di-lepton);
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Sensitivity to rare and forbidden charm decays

BES-III(20 fb-1)
CLEO-c (1fb-1)
B BaBar (288fb-1)

LFV and LNV are “smoking guns”, any indication of
a deviation from zero will indicate New Physics.
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Summary




Many things just skipped...

e Measurement of Tt mass and
branching fractions —
requires precise beam
energy measurement

e Precise R measurements,
including spectroscopy
above DD threshold

e Hundreds of branching
fraction measurements

e Studies of invisible decays

 Upgrades planned:
— Beam energy
— Better ToF
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Summary

There is a lot of interesting physics at charm energies
Many measurements are unique to BES Il

BES [l will contribute to

— Hadron spectroscopy

— Charmonium physics

— Charm physics

— Tau physics

BES Ill will mostly be systematically limited

— a lot of work in front of us

First beam time from June to end of year

First results by next year — if things go moderately
well, could have the worlds largest J/y sample by then
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Li Haibo, Steve Olsen, Shen Xiaoyan, Sébastien
Descotes-Genon, Matthew Shepherd
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Search for 1+ in Jiy — p°X, X > nn®

1000 4 Entries 18900 | 00 (o o0 | e
| f, T
780
750 +Ll=
500 m‘H 400
500
- 4
250 050 |- 200 |
0 a b
06 08 1 12 14 16 18 2 22 24 0. _0'5 [L]( ) 015 . % ﬂl,o 25(0} 350
0 2 ‘ ‘ -
M(nn°) GeVic thetal-data phital-data
1000 |- | Entries 18900 2000 | [‘Enies 10 | [entes 1ae00 |
] 1000
780 |
1500 + i it
750 ‘ ﬁ?h
500
1000 500 |- L
w4 P
250 |- ALE‘::* A W i
500 | e 1 050 L
e L [ |
06 08 1 12 14 16 18 2 22 24 03 0'5 [l](c) 015 7% 12,0 Eé(od) 350
0 2 ' ' -
M(nn°) GeVic theta2-data phita2-data

[2] D.R. Thompson et al., Phys. Rev. Lett. 79, 1630 (1997).
[3] S.U. Chung et al., Phys. Rev. D 60, 092001 (1999).
[4] A. Abele et al.. Phys. Lett. B 423, 175 (1998).

Requires Partial Wave Analysis
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Sensitivity to y and yp at BES-III

y can be probed with first order sensitivity:
v Reconstruct K+K- (CP+) decay — other side must be D, (CP-)

N« =2B I =2B 1-ny)I" where n=+1 for CP=+

1y = N« 1
2NDD BKK
v’ yp in semileptonic tag + CP tags: PRD 75, 094019 (2007)

Cheng, He, Li, Wang and Yang
_I'(CP+)-I'(CP-)
7 T T(CP+)+T(CP-) ‘
=YyC0S¢@+X-Asin ¢

With 20 fb -1 data at BES-III,
and a CP tag rate of 1.1%,

Yep = YCOS @

+26
the sensitivity to y.p is 0.003, A(y) =— — +(0.003.
which would be 4.3 & with the VN(DYDP)

current world average
Vep = (1.12£0.32)%

BES Ill - DESY — Mai 2008 Niklaus Berger Slide 72



Neutral D mixing — current state

Semileptonic and hadronic D decays  averaged y,, from KK, =z lifetime ratio

X2 + y2 X'2 + y'2

R, =YX Yep = (1.12+0.32)% (3.9 0)

R = (2 1+1 1) X10_4 Combined contour in (x~, y'):
M R > _'5' [ L L — 16
Averaged WS Kz mixing results (time-dependent): ¥ .
r"* = (-0.1+2.0) x 107" ooonf-
) / . [-—|—O 28 -onu.'.; Inconsistent Wlth“ ;
Yy = (0 —0.37 ) / s~ NO-mixing at 3.9¢ 3

Rp = (0.330"9013) % oo -

0.0Mm -0.0005 0 0.0003 0.021
s : G
Averaged mixing results (time-dependent): o3l FReRaT
_Jro 30 This.av.erage include 001
Tr = (0 87" ) T preliminary CLEO-c of -
‘A o . measurement of vt ) -
y = (0.66 i 002 1) 0 cos Ocn — 1.00 = 0.66 2Alog(L)=37 at (0,0)
- ‘ LT 002} corresponds to 5.7c B
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Strong phase

Consider the amplitudes for these mass eigenstates decaying to K"

CP even:
—i 0 D° [ pr— _+ 1 r— + e 1 g
Dl—ﬁ(D +D ) 4=(K7|D,)= S((A D°)+ (K 7*|D fz_}zﬁ—E(Ae + e )
4=k 7 D)= (k= D°)~ (K7 D°))=—L (4o — Fe )
CP odd: " oy 2
1

CP tagged
Kr decay:

p
i.e. the CP even & CP odd
rates to a specific final state
will not be the same |

-
/ = L‘:L-‘D
B(D.,,. >K 7)-B(D, »Kz) _
e . —— =2r¢os(0)
B(Dep, > K 77)+B(Dep. > K 77)

At BES-III, 20 fb-1 data, the sensitivity: 6 (cosd) = 0.04

Important for unitarity triangle y
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Rare D decays — BES |l sensitivities

SM RPV Current limit (x1076 ) BESIII

(x10°°) (x10°°) 108

D*—K*put - 9.2 (FOCUS) 10.5
Dt*>rtuut 1.9 15 8.8 (FOCUS) 8.7
D*—>p*uu* - 560 (E653) 24.0
DOm0yt - 180 (E653) 12.3
DO Ot 1.8 8.7 22 (E791) 13.7
DO KOyt 260 (E653) 10.6
D+—Ktee* - 6.2 (CLEO-c) 6.7
Dt—>nte et 2.0 2.3 7.4 (CLEO-c) 5.6
D*—>pteet - - 15.4
D% nle-e* 45 (CLEO-II) 7.9
DO—sple et 1.8 5.1 100 (CLEO-II) 10.3
D°—K%e* - 110 (CLEO-II) 7.5

90%CL

6001 T0(2002)99Q¥d
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LFV and LNV D Deca_ys

SM RPV Current limit BESIII
O ' I | 90%CL
10 10 10 10

D*—>Kptut 0 13 (653) 10.4
D*>mutut 0 4.8 (FOCUS) 8.7 -
LNV < D* >yt 0 56 (E653) 19.4 g
D*—K-e*e* 0 4.5 (CLEO-c) 6.7 o
~
Dt—>nete* 0 3.6 (CLEO-c) 5.6 8
D*—pe‘et 0 12.4 >
\\ —pe‘e : 8
D*—>K*epu* 0 68 (E791 8.3 N
4 —>K*eu ( ) 8
D*snteu* 0 30 34 (E791) 5.9 ©

D*—p*ep* 0 15.5

LFV< D> nlep* 0 86 (CLEO-II) 9.7
DO—pep* 0 14 49 (CLEO-II) 11.0
DKl pu* 0 100 (CLEO-II) 9.6
\.
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