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Brief Introduction

Why are we interested in Charm Meson decays ?
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Brief Introduction
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Brief Introduction
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Experimental Facility

(BES-I & BES-II at BEPC)



The Beijing Electron Positron Collider

BES/BEPC

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

E.,~2--5 GeV
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BES/BEPC

Beijing Electron Positron Collider

Circumference 240.4 m
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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-I Detector

1988 T4 KRE LR
Ecm = 3.097 GeV for J/y

Ecm ~3.57 GeV for Tau Physics
Ecm =4.03, 4.14 GeV for Ds
Ecm = 3.686 GeV for y(3686)

Central
chamber

O Comen 1994--1996 Upgrade -> BES-II

End view of the BES detector
CDC: TOF: o, ~330 ps u counter: o,= 3 cm
MDC: 6,,= 220 pm BSC: AENE~22 % G,=5.5Cm

Cyg/gx— 8-2 %0 o, = 7.9 mrd Bfield: 04T
Ap/p=1.7%(1+p?) c,=3.1cm




BES-II Detector

Muon Counters

TOF Coumters
Side view of the BES detector End view of the BES detector
VC: o, =100 um TOF: o, =180 ps u counter: op,=3cm
MDC: o, = 220 um  BSC: AENE=22 % G,=5.5cm
Cyg/gx— 8:9 %0 c,= 7.9 mrd Bfield: 04T
Ap/p=1.7%(1+p?) 5,=3.1cm




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-I

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™. 1




Data Samples

World y(3770) Samples (pb-7)
Largest sample from CLEQ-¢ by Summer, 2003
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Analysis Methods
Threshold data U5 LB B

Near DD-bar Singly tagged
production K- .| Dpsample

threshold D,r q i+
region 9 T

Absolute Measurements

With the singly tagged D sample, we can do some absolute
measurements and search for some new decay modes of D meSons



Studies of Charm Meson
Decays with BES-I & BES-II
at BEPC



¢ quark proposed
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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
T I R Tl i A BLAE F B — SRR 15




¢ quark proposed
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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
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242 Emm.{ b

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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3 Generations of Quarks & Leptons
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CKM Matrix

U is called Cabbibo Kobayashi & Maskawa mixing

matrix, _ - _ -
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CKM Matrix

Wolfenstein 25t 75 B A=S,, =sind, =0.22, I L MM
A B y:ﬁéj:ﬁfhfzﬁ’}fhﬁﬁ

5[%%)}—,?: Nﬁﬁ%ﬂ%l %W\ﬁ’ fl_l_ﬂz Y A/13(p—l'77)\
LT ﬁﬁ?;{i%ﬂ%gﬁ?é 2

&KX, & 2, J—IKTT s W il _ 1, 2 +® 14
BEREBEDP—ANEL, BAMW ’ -4 Al (1)
~/A7i FE-RNE=RBERD, WAVU0-p-in) -4 1

B A=,

CKMAERE T L 1IE A&V V=AE R —
SIS —ATHTCE M AR, e n D
PATE MR TR R A ZE. V.V=,

I/udV*ub +Vch *cb +thV* =0

th

(AT LA 6AN KA ) Y p

fEWolfenstein #79H, ZIE=MAEN
RDRIBIRA (o) 5 V=




CKM Matrix

Big Questions to be answered
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~ CKM Matrix Elements
m
CKM Matrix Status (2001) |measurements

AV, 1V,y=01% AV, IV, =1% AV, 1V, =25% )
< Iv < B < e’?’
1n= p K== =%
i_ AV, IVa=T%  AV,IV.=16% :_ﬁ
Loydoe Lo Wmes o av, v, =5%
i <. <y <! . Shi
\ v v - psey

! D % v D% Kkl BT

AV, IV,=36% AV.IV,=3%% AV,/V,=29%

o, =B [e” BB, 1
N /

Vud, Vus and Vcb are the best determined due to flavor symmetries: I, SU(3),

HQS. Charm (Vcd & Vcs) and rest of the beauty sector (Vub, Vtd, Vts) are
) i i i .24
poorly determined. Theoretical errors on hadronic matrix element dommage.



CKM Matrix Elements

S0 I = 45 5(2006) ~5%IRE | | ~10%i%2

R 5 R 0 S SR R 4 PDGO6 93
A
|Vud| |Vus| |Vub| Tvcd| |Vcs| |Vcb| |th| |Vts| |th|
0.97377 | 0.2257 |0.00431 |0.230 0.957 |0.0416 |0.0074 >0.78
+- +- +- *- +- +- +-
0.00027 | 0.0021 |0.00030 |0.011 0.017 | 0.0006 | 0.0008
BES-lII¥ E# BES-lII% 84
b 3t 2 b A ) =R

a =99y
sin 28 = 0.687 £ 0.032
y =(6313) 25

V,o/V,|=0.208+-0.007




CKM Matrix Elements

Global fit in the Standard Model (2006)
PDG (Particle Data Group) BH#E &L N EL R, B

FECKMAEE T EH ERISMAR, E2RUERHERN
Vud Vus Vub Vcd Vcs Vcb th Vts th
0.97383 | 0.2272 |0.00396 |0.2271 |0.9730 |0.0422 | 0.0081 |0.0416 | 0.9991
+- +- +- *- +- +- +- +- +-
0.00024 | 0.0010 |o0.00009 |0.0011 |0.0024 |0.0005 | 0.0005 |0.0005 | 0.00003
. +0.007 ~ BES-IIZSF
ﬂ_= 0.2272 + 0.0010 A - 00818 —0.017 %ﬂﬁﬁ?{%%
= 0. +0.064 — 0.017 >- ¥t Ix £
p O 221 —-0.028 77 —_ 0.340 t0.045 %B‘]WIU%%}E!

a+fB+y=(184170) _
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Standard Model
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Charmed mesons

Charmed meson is the bound state of ¢ quark and
one of the light antiquarks.

Quark u cd cs cu cd cs
content

Pseudoscalar| D’ | D" | Dj D D™ | Dy

p*°| p*| Dy | D | D™ | Dy

Vector

I_Jb%(ﬁu% ?
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Charm Meson Production

DA B A IR
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Charm Meson Production
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Charm Meson Production
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Charm Meson Production

£ (Eichten Model) i
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Single & Double Tag Analyses
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Single & Double Tags
Singly tagged D samples
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Charm Meson Production

L=17.3 pb™ of data @ 3.773 GeV ‘ Single tag method

= 300 F T T T T T T =
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E improve momentum resolution and
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Charm Meson Production
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Charm Meson Production

BES-Il s 45 R

D'D’

Comparison of measurements of
the cross sections for DD-bar

| OIS

8
, ! T production

—

6
=
£4
=
2 2
F
0 ——
b 6 N ;
_ [ MARK-I i Single Tag) e {5.394+/-0.40) nh i
o D+D 3 (s =3771CeV) xs E
Q d :_ MARK-D (Single Tagy o % (4. 82+/-0.59) nh _:
'g ' i (5 =3T74CeV) N 3
W‘ - BLES-11 (single Tag) _‘F\k& 144+/~0.59) nb ]
ﬁ 2 l } iu" I _ (4 =3773GeV) N _
n 0 = - + 1 - MARKE-TIL i Doubbe 1o s :‘M:H'-:E (5.004+/~0.52) nb .
.g : : - (ﬂE =3768CeV) ::1'. ;
2 6 T DD | pUTEmEL e
3 = l ' = E DD : CLEC { Double T H"\..:: - (6. 394+ /<0 163 nh :
4 If e N I g
= i ¥ i [ *-l% (60820014 nb
0 oo " X IR i e fIa:rﬂcm
2 = 6 7 8 9
ol | i i i o5 [nb]
3.74 3.76 3.78 3.8 3.82 | My estimation, Input
Center-of-mass energy (GeV) with PDG04 Br



¢ Quark Decays

At tree level

oo q V| \ W+
S —
FHH A s FHBAA
oc| 1)

c
.
rrmg ¢ ¢ Il
17| or V.| N W
% Y s (@) =
VW* 7 LB

FHFEAT (EEHD

38



Charmed Meson Decays

BErRAT RBA A EAE A R EFR . RERSHA
[A], HIEARRW]LLIr Ay =FpRA.

1) 42732 (Leptonic decays)
2) #2734 (Semileptonic decays)

3) EERFFEZ (non-leptonic decays) B 1B FIFEZ
(Hadronic decays)

. 4% T73EA (Leptonic decays)
KEPNEBRTFHRFEST R 4R TEETRE.
D" > u'v,tv,e’v,
D —> u'v,t7v,e'v,

AR FEDEEF, BTFRSTEHT, Bk, B EEES
AbE . BRTHET LS MR R R E AR 39




Charmed Meson Decays

Leptonic decays AR TR BT, 53/EH BB ARk
AT DAAR 2 Bk 2 T 3R H B, (foss) 2o

D" > uyv .

f It is very difficult to
D measure the fy due to |V 4l

2 2
GF |Vcd |

(Dt > 1ty)=
87

RN T, BREHEE—MEIEENE, FHRMERYH
;%g@%%E%&%oiﬁiﬁﬁWEEQﬁi%,ﬂ%%%ﬁ
AR 40



Charmed Meson Decays

LI T

WERESERPHTFRIRE, SE5 RN € HF + E 5k
FREMERGBERN L, Ef&%%?ﬁim%%o

v = 5321 + 128

By .:-

Dfﬂg ! _:r_‘“"'

»Fully reconstruct one D/

u
o9 [ =

Muon momentum {Gc\*’f-r:]l

@ 08 |- = CCB .
e ." i R
07 |- e e
Require one additional charged 0.6 | : i | |
track and no additional photons ) 0.2 0 0.2 0.4 0.6
o Meutrino carries energy Uimiss (GeV)
"y and momeantum away
3 . ts {'-.'.-_.-7-7 = j—'m_l sz fjﬁ-ﬂ.‘?.‘? n“ /\'T:_‘
events | g ” Y2134 45
found 41

Should be around zero




Charmed Meson Decays

Measurement of f, Measurement of f,_,
at BES-II at BES-I

WA B34 Ds - p'v,o v Ep]

s w* i

P LU f bt = = (4.3 +i §+g : )x10* MeV

o ™
pr - M T T T

- A | - (a) e recoil o
LT 2 1
. - % 0] A —————t+—t+—t—t ﬂ - .
Fi = L (b) i recoil ]
- 2- -
3 i
e GEIVLE " §O# . F ”
BriD" =" = - S, T, pov [ (O}dwml mp:-.tooMaWc
2.5:— o= p > 550 Me
v Foh 0020010 o } é H
Br(D" — a1y = (0120000500000, ) S50 ISR N 1 W PR

D, Candidate Mass (GeV)
. . - -
| _Jf — { 1{-}5 +121 + 32 '} Mcv FIG. 2. The distribution of Fig. 1(d) rcquiring that the recoil
A - i i ifi

—113 — 28 systcm consist of a single charged track identified as (a) an
clectron: (b) a muon; (¢) neither an elecuon por Q8 WL
Shading in (c) indicates signal region events which saisly the
lepton Kinematic reyuirements described in the text.

BES-II BES-|




Charmed Meson Decays

21332 (Semileptonic decays) | strong interaction effects
are parameterized by the
| form factor(s).

LExclusive semileptonic decays ot

CKM 4 P%&7G, Ves, Ved,

s i RE T HONEO)]

K [7]
u (d) (K°) (FEZ LRI B o= iV N 7S
Fo BREXTEG, AU
G MR RAMEBEE,
Ay, (D> KI'v)= T; v, ['H,
K fi(g?) = f+(02)
=(pD+pK)f+ (q) l—qz
dF D — Pl G: "
T 1AL AR}
q Cy - A A Wl

LD’ - K e'v)=153|V, | fX(0)] x10"s™ EE Lk, KT

0 N 2 £ 12 1 -1 w Z |V FLA OF A
T(D" - 7z e'v)=3.01|V,, ['| 7 (0) x10'"s V17O




Charmed Mesons Deacys

_ . —0 —_ K.+ )
K (found in REC of D tags.) Dteg [ '
& CKM matrix elments
40 - B I rtaaat [Ves| Vel ,ffmlﬂ) input  e*
f:: 20 l:a), 1 D' s Eta—at 0.998 £0.052£0.145  0.251 £0.049£0.044 QCDSR [4]
e B TP b 1097400577015 0.255+0.05070 (3 LQCDI [5] K /
& 20  BD .y mleb e 1180400627008 0286 +0.056T) 37 L.QCD2[6] e? 4y
g 10 0.996 £ 0.013 0.224 £ 0.016 PDG o
S EEEED, KJE
1 BES MARKIII 1] 0 ot
g 4r @ PP ptama—at 1038 E@D ->Ke*v
|V(~“.‘/V(-_§"2 0.043 £0.017£0.003 0.0571' 2 £0.005
[ 3 l:b) Tt o pta—a? 0.015
& F—b.ﬁ"l-ir_
2 TV L KOt @ Form factors
1 \
[ 4 K0 o)
L 1.54 186 188 QCDSR [4] 0.78 +0.11 0.65+0.11
LQCDI [3] 0.71£0.0370 00 0.64 £ 0.057 0
v L e
lnvariant Mass {GeV/c") LQCD2 [6] 0.66 4004101 0.57 40,0611
) _ —0 BES 0.78 £0.04 +0.03 0.73 % 0.14 = 0.06
T (found in REC of D tags.)
BES"(O/) CLEO(O/) ‘@‘ —=0.934+0.19+0.07
o )y fE )
0 + PLB597(2004)39
BH{D” —>K €'V,) | 3.83.0.40+0.27 | 3.4440.1040.10
ot PRL95(2005)181802 44
B{D' »7e'v,) 0.33:0.13:0.03 | 0.262:0.025:0.008 (2005)




Charm Meson Decays

The ‘long-standing puzzle’ of whether the Isospin conservation
holds in the exclusive semi-leptonic decays of D mesons ?

P _ = KWMLK,
$81539%% | DKy, D oKy |PLB 644 (2007) 20 ‘%’;Q%}g oy

Motivats Measurement of the ratio

otivation B el of the partial widths /
Isospin conservation implies D K BES / MARK IIT | PDG02
[0 5K ¢ IT(D" 5K ev,)=1 ”4— I > K1'v,) " 1.44£0.62 14402
0 5K ew)T(D >E e'v)=14£02 S T IS ) N e A e

BES MARI\ HI PDG02 Obtained based on the branching

fractions quoted from PDGO02

_ '

I(D'5Ke'v) | m .
T Ty, HBH2H00714420.62 [4102 BESHI R4 RS H DA FHE TR
fijiEs7fE” . Solved the long-standing puzzle in

_ i 3
Monon’d EW04 (2004 4 3 A) Obtained based on the branching D decays ' 3
ICHEP'04 fractions quoted from PDGO2

BES-Il SR 4R F DAY P+ PR
PR FIRCRESFAE", R 1 R 7 UL

Paper published in BN = HER TR —/NPuzzle”,
PLB 608 (2005) 24

CLEO-c confirmed the BES-Il result
(D' —>Ke'v,)
(D" > K''v))

=1.00+0.05+0.03




Charmed Meson Decays

| SR R— § R F
MR THERIIFWEBRE, 7] :

o + 71
LB H A PR WO<; v
1) i BERNTHIHFmE e 5 EAHZE . ; <\&\\\\ﬂd)

2) A THBESTE T RN L L H20%. T T~
ﬁ%%%ﬁﬂ“%i%%&%ﬁ?m%ﬁ B(D— Xl'v)=1/(n,+n,)=20%

| m=2; n =3
7,0 =(410.1£1.5)x10 s i
7,. =(1040.1£7)x 107" "p" _ (2.54+0.02)
7. =(500 £7)x10 s Upo

A ATFMAENMRZ K? RERMA A RN IFBIX = EIR RN T
BREEAR? EMNNERERZRBIFRTHELRERRRBFET
FAE? MARFWEFRETFERYFEERMR, N

T, (D" >I'X)=T,(D" —>I"X)=T,(Df - I"X) 46



Charmed Meson Decays

The semileptonic decays of charmed
mesons occur primarily through the

dinclusive semileptonic

decays (PAZSYIRFIAS) beta decay ofthe charmed quark.
55 WA EL
G, m,

_ I, (D> X("v,)=T, = m] f(—)
" @O \ }x 192 7 m,

In this picture, the decay rates satisfy:
l—‘SL(DJr) = FSL(DO) = FSL(D;)

oc| V. Jor| V| Any differences in the total decay
' - rate are due to the hadronic decays.

WHEENTHELEEAERTET
RE, THURFALEEEN
#| €4 1% A




Char'med Meson Decays

e 7

Singly tagged

. D sample
P = 1A
B(D’ — 1" X)(%)| B(D* — u* X)(%)
ARGUS 6.0+0.7+1.2 -
CHORUS 6.5+1.2+0.3 -
: BES-II 6.8+1.5+0.6 17.6+0.7+1.3
X=any particles A
PDG 6.6:0.6
=p*, en 7 K 7
B’ e X)%) | B —e X% the first measurement
CLEO-c | 6.46+0.17+0.13 16.130.20:£0.33 B(D" - u"X) _ 5,504 070+ 0.15
Marklll 7.5+1.1+0.4 17.0+1.9+0.7 B(D' > u*x) 7
BES-II 6.3+0.7+0.4 15.2+0.9+0.8
PDG2007 6.55+0.17 16.1+0.4 D' _254+0.02 |PDG
T o
(D > e*X) b 48

(D’ > e*X)

=0.95 £0.12 £ 0.07




Charmed Meson Decays - Ds*>e+

L)
o 0
|||| |:'|'1T|

e
]
Hl ]
|
|

— o E P PRer—— E—r—— : . \Lf;———-

= - N (b
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— — —
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_5
'_r

vents /
S
] L

b
L
b
=
b=
-
-

{
|

% :
i
|
5
r_
J|||

20 £ (e}
1o E ==t Jﬂ e ]’—Li?f_\hm
P P TR N P L I
100 =
so E
PR s ' | -
° 1.88 1.9 1 92 1 =) 'l 9‘5 1.95 e
M(GeV /c?)
Fld., 1. Mass distribution of 2, smgle tags. (ay <7 L Y
EEPR Y ey Kei 't (dy KR = w L ey fam 'L and () combined.
T —T T L B B e e e e L LIE s e
1 = -
- —~+5.T4+2.44]
EO.E - |"l (? f—-4.3 2.1 _./\?{(:I
Eos [ ' .
-:.'._"1__1_0.4 - é F'{f =
2, | S Z 3
0.2 © N Z =
N 5f:£Eahu -
0.

F1G. 3. MNormalized hikelhhood wversus branching frac

mum., defines the error interval. The unphysical region 1s .

5]

B

28]

=]

Q
=]

0
o

b 3

_II|III'|-I-JII|

Events / 4 MeV/c*

]

=

(=]

1.92 1.94 1.98 1.98 2

M(GeV /c?)

FIG. 2. {a) Single tag mass spectra when a RS junshaded) and a
W3 electron (shaded) 1s detected in the recoil system. (b Smgle tag
mass spectra when a RS {unshaded) and a WS hadron (shaded) 1s
detected in the recoil system. (¢} Single tag mass spectum of net
electrons corrected with charge symetric background and hadron
misidentification.

w
.1}
0

- - = 5 £
Our measurement 5( D] "X=(7.7 '4;' :|"'n 15 COT-
sistent with the Mark 111 IEI upper lmit. {}Lu I."'ICLI'II..,I'III'IE [rac-
tion corresponds to a D, semileptonic decay width of

D) et Xy=(165" 5T hab=<10M s while D and

D measurements [ 1] lead o T —e " A1=(1.63x0.15}
10" s hand TP et Xy=(186x029)x 10" 571 The
measured semileptonic decays of charmed mesons are con-
sistent  with  the description  of the spectator model,

U (D =T g D" y=Tg (D).

1.23+0.51 11 -1
unzhaded region, 68.27% of the area to the left iright) of F(D+ _) e+X) (1 65+0 91+0 45)x 10 S B E S I



Charmed Meson Decays

LEih

DOMID* I 25 TR WEMTE, LRGSR FFRT
HARR S WA RBT,

Dy BB 82 725 A5 57 B Il 2 (8
[(Dg — " X) = (1.657)535) x 10" s~

REXRKN, EABEHBEENRIXTLER, ENESEER
SEIS R B R ., X0 LAZEBES-II/BEPC-I S2i3E B F 52k,

2. A ) A 1
5 T QCDMNL G, WHEGH s~ =16%
(C,=0.74; C =1.8).
B(D?%->e+X)=(6.3+0.7+0.4)% B(D%->e+X)=(6.7+0.3)%

B(D*->e+X)=(15.2+0.9+0.8)% B(D*>e+X)=(17.2+1.9)%
BES-II PDGO06 50




Charmed Meson Decays

N B G SRR
% 73EA (non-leptonic decays)

q 1
<A ValdVe D ppr+ _
BT H MM FREN T HRE LT c \ﬁgiffﬁlﬁ

0T /N T20%3X L8 SE 5 Z 5L R it
1 55 A B T 2B T

q
KESLBMNEG RN R RIIRE, DERREENERATEEREBIE
BRTHEAIE.
I ¢ » T § » !
- e e |
i d " W <
I
C §
ll Cq ; q
i i ‘ [ { d
Spectator decays AWK St W exchange decay W annihilation decay
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Charmed Meson Decays

SRR T K G oy Z= 7 B EZ R -

1) D* WIERGES GRFEHIAN, FUEITHNCE
WHEAFAENIS AT X 7, BEilt, D HARKREED;
FIEY, 5MEH DS HMeT IFER LN DT T B4 EX N
FRSEMTY, @D TDHERFEE. ) .

2) DO AR T (WASHE ) . D* EWAS#: A,

C

S

Cq

q
U < < d

W+

W exchange decay
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Charm Meson decays -- D—KX

Events/(0.005 GeV /c?)

Mass (GeV/c?)

60

PLB 625 (2005) 196

(a)

(b)

-l -

= e
= =T ——F =

4 0.45

0.5
Invariant Mass (7777) (GeV/c?)

0.55

PLB 643 (2006) 246

0.6

| measurements

Improved & First

: 4 T T
50 "‘l. 7 S 20 |- A — *°er a’ 7
C/\ln\ + o [ (‘d) 1 = =0 - —
g r ',.7_!_._...“ L i —_ 10 -]
= el Sl - =
= 25 ] o .8 F— i — o i
@) L ] E b a0 b’ —
I = =20 |- _
S ol = =2 Iy .
S = L8 F— ™ o -
e ] e C 20 C —
= L = =20 | —
L ] = 10 —
L 20 — d — 10 - d; —
i ] 10 — s —
o I7 I I 1 1 I1 1 I2 1
0. 0.8 0.9 N ) -3 ° 1.825 1.85 1.875 o 1.825 1.85 1.875

Invariant Mass (GeV /c?)

PLB 658 (2007) 1

A

B[%] DO KX D*—>KX
K*X 3.5 +0.7 £0.3 6.1 £0.9 +0.4
_K
KX 57.8 +1.6 +3.2 24.7 +1.3 +1.2
q KO/KObarX | 47.6 +4.8 +3.0 60.5 +5.5 +3.3
r~ K*0X 2.8 +1.2 0.4 | 1.5*2°, ,+0.2(<6.6@90%)
K*ObarX | 8.7 +4.0 +1.2 23.2 +4.5 +3.0
—p< *+ 0 0
K**X <3.6(@90%) <20.3 (@90 /o)m
— K*X 153 +8.3 +1.9 5.7 £5.2 +0.7




Charmed Meson Decays

DOSK-T*, DK m A A X HME g

g 5 =

* .—? N = 2N, Br(i)e(i) - 3 N pp(i)e(in j)Br(i)Br(j)
-

N, (s j)= N, Br()Br(jeG,j) (1= ))
N, s j)=2N 5 Br()Br(j)e (i, j) (I # )

Requiring Jwgﬁ, =M

Y Ns i Ne"p(z) S N (l )= NP>, j) .,
7 =3 () - Z ( J Sy
i=1 O N, (i) i=1,j=i ON, (i)
yields-: N N
_'p'D° _'D'D”
GDOBO = and O'D+D_ =
Branching fractions for L L
the D hadronic decays OpD— 0 050 T O iy y

H—{LHE



Events'2MeaV/ic”

Charmed Meson Decays

ﬁﬁi&"l‘*ﬁs

AT

LA
= O

Events2MaVie™

IJ

1.82

1.84 1.86 1.88

GaVie!
Invariant Mass

[ (S [
[ T o T o o =]

[}

Krxtws.K'n

et

Kt vsK+7r7r7r

C'

—

K z'x* vsK0

=]

K rntntn vsK7r7r7r

R

(=] h
T

- .

K rx* VSK+7[7Z'

Kﬂ'ﬂ' vsKﬂ'ﬂ'ﬂ'

[=]

] | m |

Ko n'vs.K'n n’

(s =]

LA

1.B2

1.84 1.86

Invariant Mass

F??

N (i) - NP (i)

LA
TTT 7T

NI':'I
N -

T

110

Events,2Me ‘.-'.-'ci

=]
LI

'

r K 7"z wvs. K n n”

r*vs.Kyn x’

LA

s

[}
LA

- |

K rx'n*tvs.Kin nn*

hE 1.82 1.84
GeWie?

Krntntvs.K'nw nrn’

1.86

1 88
GaWie

Invariant Mass

N
2=

NN N (@i, )= NP (G, j)

P+ Y (

)2

ON,(ij)

PDG0O4 (°%)

3.530 4= 0.09
13.0 4= 0.3

T.46 = 0.31
9.2 &= 0.6

i=1 O N . (i) i=1,j=i
Fitted branching fractions
Mode BES I1(9%)

D° . Kt 3.92 + 0.32 + 0.26
D° — K ata” 13.2 += 1.2 4+ 1.0
D° — K—at+tatm= 8.33 4+ 0.73 + 0.530
D+ - K—atat 10.2 += 1.2 + 0.8
D+t — K9g " 3.5+ 0.5+ 0.3
Dt o KOgtata— T.O 4+ 1.2 4+ 1.0

DY — KOo9gx+ga° 15.6 += 2.5 + 1.4
DY - K watata© GG+ 1.3+ 0.6

2.82 &=0.19
7.1 &= 1.0
9.7 = 3.0
G.O = 1.1




Charmed Meson Decays
D*s>® w4 N7 > LI =

i B A | T T r—my m e e ——

E .‘ .'r'r _.

E llIJ l’! !

LR S, P S SR
1.85 1.9 1.95 2 205

Mﬂﬁﬁw (GeV)

FIG. 1. The distribution in ¢ invariant mass, calculated
using fitted momentum vectors, for candidates satisfying the
1C fit described in the text at a confidence level greater than
1%; the selection criteria on Mg - and the helicity of the
K™ in the ¢ rest frame have also been applied.

3

- — e T S T
a e #3g

2 i F‘mh-tx%:d!%__ré|

E
Probix’) = 2% |

I ‘ |«— Probiy’) =0.2%
1

Ewvents / 5 MeV

FE—— - PR TE— ul-l H e i | 1 . i ]

1.0 1.85 1.9 .95 2 205

5-¢ Fit Mass for D_D_ Candidates (GeV)

0

FIG. 2. The distribution in candidate D, invariant mass,
calculated using fitted momentum vectors, for the events
which satisfy the 5C fit described in the text at a confidence
level greater than 0.1%; the 1C fit masees corresponding to
the cvents in the D, signal region are given in Table 1.

L B B S B R L R B LI L T |
0.25 T
% HZE F}f i H\M\
=015 F 2 .
= 01 ’_,,fij} o
- 17 T
0.05 : : T :
i RN .
0 0.05 0.1 0.15 0.2 0.25
Bdm:

FIG. 3. The variation of the marginalized likelihood func-
tion deseribed in the text with Ry . the dashed lines corre-
spond to the +1o statistical error estimates.

Byr = [3.9 TT5(stat) 717 (syst)]|%.

H— AR H

BES-I




Charmed meson Decays

Charmed meson decays

Probes for New Physics

dD%D%ar Mixing —

BES-Il ##EHE 24K
JCP violation >N, ARGEHEE
XHISEE 4R

JRare Decays —~

At BES-Ill we can study these well !
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Charm meson production
and decays at BES-III

( The Near Future)



Charm Physics Topics at BES-IIT
Precise test of the Standard Model

1. Purely leptonic decays }
2. Semi-leptonic decays

3. Non-leptonic decays

Probes for New Physics
1. Search for D°DP%ar mixing |
Prof. Y.H. Zheng will .
2. CP Violation }talk about these topics
3. Rare pure or semi-leptonic decays :
O0f charmed MESONS @

Topics related to charm production

59



Why is Charm important ?

Charm plays an important role in understanding the SM
(standard model) dynamics in two respects:

Precision measurements of decay constants f, f,,

7

"E form-factors of semileptonic decays of Charm
S 2 mesons provide the calibration of Lattice QCD
' L calculation. In turn, the very precise calculation of
'S @ the ratios of these decay constants f/f; f, /f; and W °<l{;
- 8 form-factors from LQCD support measurements for ‘
M= K

B physics.

The parameters of Standard Model are:
a,Gp sin’ 6, , M, ,fermion mass and mixings

The 4 quark mixing parameters
(A, A, p,n) reside in CKM matrix

S [=[Vals Vall s ny 1-;_12 A 461
b Ve Ve Vs JLD AFQ-p-im A% 1
Weak
KM
eigenstates C Mass CKM
eigenstates

To understand the quark mixing and CP violation in SM, and detect New Physics in flavor
change sector, one must determine the CKM elements as precisely as possible !




Why is Charm important

The constraints in ( 2, 77) plane
arising from some measurements ...

ﬂ ? T ! T T 1 1 r I a 1 I I I 1 I I I I .

1 I T 1 -
sin2p Yam, | Am,_ & Am, Eﬂ :

0.6

T cws
— 14

n iy

2.3

FPCHP 06

T I.'IIIIlI-:I|'|I!_-I T

mqchaded area hes CL =085 7
II ¥

i B i $0l, v cos 20
Thh‘_"“‘“-—-._ [excl &1 CL = 095}
':'2 ! = -__-"\-\.___. =
.1 |Uutl'nll-¢b| I

W] 1 1 | I T 1

I."'_IFI.'F';“I
&
E
3
Lagaalisg

The width of band is mainly
dominated by theoretical
(LQCD) errors on f; f; and B
semilenionic form factors .

| Witk Charm date one can cedibrate

the OCHD caloilaians., If the OCD

| puss the testwith the charm data,
| the theory errors of a few % on B

system decay constamirs &
semlentonic form factor are

- achieved, wid the CKM elemenis
' achieved to

Table 8. LOCOyimpeact (In pes cent) on the precikalon
of CEHM matrig elements

 Veo Vo Vi Vi Vi
2004 ‘v T 11 4 la J6 34
LQCD 1.7 16 .3 5. & 5.l

Then the uncertainties will be reduced

fEBESHILL, FEAiiTaT L H R
= Ey AV, EERES
Wops Vo, Ve V. FRIBIERE.



Why is Charm important ?

D mesons Unitary Triangle (DUT)

L
i
m
— =4
DD f
-
(]
1] _—g
o
| 00008 ::%
L0001 — am, 3
D8 sin2s B s
- =l o
el o 2L o= 0 B
..... L PR | L P | I S —
GLoT 0.953 0959 1 1,001 1002 1003

1
Po
Figure 23.15: Individusl constraints and the global CKM fit on the [§p, §,) plane (a8 of
onur proapective in 2002). The shaded areas have 85% CL. Only a part of the [} Uniterity
Triangle is visible {in black solid lines)] : the two mpices associated with [arge angles are
ancrwt, whereas the missing apex is sitinted a8 the origin, fr away on the lef.

TR #H 2)20124E R/, Global fit
S HRIREEA:
oIV D/ 1V, |=04%

O-(l Vcd |/|Vcd |)
Ve 171Vl

= 0.4%

(assuming that the CKM
mechanism is the only
source for CP violation)

TRV, b [V | RV, [/1V, | {ERT LI Global fit {H
MxF b . H B R AT LN I R B EEEF R

1X B 2% | & 1] u%EBEs-m/BEPc-u;‘zEﬁ%Et%&062




Why is Charm important ?

Probes for New Physics

Measurements of some transition rates of
Charm provide probes for New Physics.

In the SM, the D’D? mixing, CP violation and rare
decays of charm are all small.

ol .. 3 2, 2 —6
D" D mixing x~y=10"=>r, =[x"+y"]|/2=10
CP violation ~107°
Rare decays <10°
However, some New Physics effects beyond the SM can
enhance the mixing, the CP violation and the rare
decays. So search for the mixing, the CP violation and

the rare decays provide the unique opportunities to
search for New Physics beyond the SM indirectly. 63



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

4



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.



Monte Carlo Simulation

With BESIII Offline Software System (BOSS)

e+—> 4—6_ At 3.773 GeV
0.58 A_ 042 BES Il Full MC simulation

@f I e
Charge
conjugation

Charge
conjugation
A
( K \ 4 \
e K
Koo a—— BOSS6.1.0
K-r+mo Kopr* DDGEN generator
KO+ 1r- m 6.2M DDbar events
et 0 KOTr*r0 ~1000 pb-!
O tgptgr-
K0T rrg0 K%
K-e+ve K-K*m*
K*e*v, Kle*v,
me Ve K*0e+ve
* -n-Oe+ve

........ 67
All possible modes with branching fractions from PDG6



D Leptonic decays

BES Ill Full MC simulation

60000 Niag=203541+451
DoK'
40000
20000
fea 185 T66 8T 788
M,
Not use p Information
150 H
+ 0_+
100 D ->K'nm

-

135 signal events
50

/
4

D91 0 01 02 03 04 05
U.=FE . —-P

miss ‘miss miss

TR, 1fb1 (3

Beam Constraint Mass

M, = \/ Elfeam - pﬁle

N(D*" - u'v))

B(D" - u'v,)=

+ +
—>u'v,

Ntag XE,
Use p Information

_ 109 signal events
40—
30 D" >K'n*
20|
1 Df—

. _I_h—. [ = I"—"‘—'Ilr

u.=E.-P

miss ‘miss miss

0.2 0.3 0.4 05

68



Ds Leptonic decays
Ds'l'_)u'l'v ) :EJ < BOSS 6.1.0

For 1 Tag Mode:

NT29(dr) 11456107
£ 59.9%
NSig 30.0+/-5.5
B (0.44+/-0.08)%
Input 0.4%
ABr | Br ~18%
. . . p ey mr RN AV /ch ~9%
Uiss = Eoiss = Priss U iss = E s = Priss
8 Tag Mode : K*'K 7, KK ,nx " ,n'n", 8 Tag Modes
I(Dg — p'v, )/[(Dg —¢n") (314 pb _1)\g§p_,7z'+7z'7r,K*K*o,77p_ g
with 5M e'e” — cc ts ECM=4'17 GeV\ ECM=4/{3 GeV

CLEOIIl CLEO-c Pre. | BESIII [4fb]
Af D, / f D, 7% ~5% ~2.8% l




D Exclusive semileptonic decays

800pb-1 BES Ill Full MC simulation

D —> K'n~

—0

- L + -0
30000 [ D - K'z'x
|r a000f
20000 3000} 500
2000} 400/
100001 300?
_ 1000} -
i ’ ! i 200
1985 1.86 187 788 185 188 187 188 100F
200001 D >K'rrrn I D' Kt &
[ n I ﬁ - o l[nissz iss_Ii)m's
15000 ’ 4000 250F
i I - D' >rey
. 200
10000F | -
[ 2000 150
50001 i -
I i l I 100[
Ps5 18 187 188 fs 18 18  1& 5ol
$o5 "o " o.68 o1 BiE 'o.'z'r' ‘0.25
MBC U.=E. —P.

miss niss " mis



D_0 - K "7~
15000
10000~
000
1 T . THT T3
D > K'rnxrn*
L o
5000
E 1 THT T3
M .
D" > Ke'v| |
aool= ‘
- |
i |Im'
- |
300 I
i / ﬂl
200|
[ .
: b
100| i \
_-m»“// Illrl“.-r m
B Ty ey S WY i
Umiss :Emisa

1 O0R00—

BES Ill Full MC simulation

250 D% > K utv
- T
(’T.
200/ ' i
- |
|
150} W
D' K p' K 7" K7 Knrx
100—
B |
Y
s0l TR
-%1 ('.‘.(35I - I(l|.1 I I().15
U E —-P

80

60

40

20

~500pb-1

= T T ] T T T

=]
]

20

|| D° & K*Fﬂ” K r*
1lize J-?Kp K7 K7

=




Ds Exclusive semileptonic decays

awob- BES Il Full MC simulation

ﬂm:— —
3000 Tag : @z~ 'IEBIIE— Tag : K'K—
2500 1@5—
2000 — mf_
1500 — L .mf_
1000 — mf—
sool-- oF
§3--Tor 7oz 193 T4 195 196 197 198 18 2 1;1.;11.;21;31,;41.;51.;5JH?1.;51.;92
M - | '
BC
= Tag : KK~ s
4000 R “2— DS"'—)(DG"'Ve
u IEE—
3000 =
- e
2000 ‘ 152—
- 10~
1000 — -
E H

T EEETI TN CE RN NEET A NEEEE B N TN E NN FETEE - ol T S T S N . S SN N N N S A A A
Q.ﬂ 181 182 132 154 183 196 1937 1.28 1.99 2 $-1 -0.03 o D03 o1 013 oz

MBC




Inclusive semileptonic decays

Single tags 1000 pb-! ectron yields
DO > K x” P SKrtrtn K K* ot K*1r KTt
60000 40000 10000 6000 3000 o]
30000
40000+ 4000} \ 2000 [ 15007
20000 5000 1000
20000~ 10000 | 2000r 1000 500- | t
L T T R T R ¥ e S e T . VW W
PP 5K ntA° 80000- D" 5K a'n" KT K* rm° K* rmr° KM |
30000r | a0k 1500 2000~
20000 000 o i
10000 20006- | 5300 500
0=8s 186 1 LY TR Y Y i T 0 18 s 8 Y im 1m 18 e 1 18
Beam Constraint Mass [mKnn] Beam Constraint Mass [mKnn] Beam Constraint Mass [mKnn]
N ) — 195500 mgh'r-sugn electrons wrong-sign electrons
D ~ Tag
—0 = 502500
D Tag
Ayobs i g fi_ fi yreal wr'ong-sigp electrons are used
e ‘ e R € to estimate the charge
vebed = | gl pyreali :
YK e L VR symmetric background, e.g.

Jobed A M Nrealé n—ye+e-, y conversions etc.




E

Events/ (0.6 MeV /c?)

s

Events/ 0.6 MeV/ )

D non-leptonic decays

40000}

30000

20000

1000k

000

4000

000

2000

1000

Beam Constraint Mass (GeV /¢
— ——
~ [)0__)P(l1T
:.u PENF TR T T N T SO N SN Y N O T R TR T N S T
‘Ea;?» 1.24 1.25 1.86 1.87 1.82

S000

800

Baoam Constraint NMass

(€3N /o=

1.29

Events/{0.6 MeV /%)

}

4
t ,'llif‘

Events/(06 MeV

L)

=

3000

zsoof D*S K-ttt
2000
1500

100¢

5OQ

IS ST S (SRR P . | A = I\v |

44, .

1"-'.'83 1.84 1.885 1.868 1.87 1.88
Beoun Tonstraint Mass (e /%)

1.89



Ds non-leptonic decays

|

5 o1 902 195 104 05 186 197 1ve 19 2 $5 191 192 193 184 195 196 197 1% 193 2

M - M .
Tag : K"K~ R




Expected Results on Charm Decays
Statistical error only Relative error (%) on the measurements

Mode SB/B(4M™") 6B/ B (20 1b™")|sB/ B(PDG 04)| CLEOc |/
D" > K z*| o5 0.2 2.3
D"> K rx'r'| 05 0.2 6.5
D' > K e'v 0.7 0.3 5.0
D' > retv| 18 0.8 16.6
D' > K u*v| 09 0.4
D' >z utv| 24 1.0
D" - u'v 4.0 2.0 ~100 15.0
f.. 2.0 0.9 7.5
314 pb-!
Mode 5818 @1 Gev )| 8B/ B (4.16GeV) |98/ B (PDG 06)] _ CLEO< |/
Dg - ¢ 7| 40 14
D; > ¢ge’v 5 17
D ; —> U Ty 5.7 18
D o> 7'y
g ~2.8 1.3 9 47 76

About one year data taking =»4fb! for designed luminosity



Leptonic decays

fo at BESII

2
3 generation unitarity global fit: =~ %— 1ﬂ +(1§)2+ AlVao | 2
0 o . i Dy 2B |Vcd(s)|

2 7
hep-ph/0406184 CKM fitter group P

AlV AlV

AlVal, 1.1% AlVel 0.06% Ao o 1.2% BESII E . =3.773 GeV
| Vcd | | Vcs | > fD

A At A
o =~ 0.6% % ~1.0% /o, ~ 21% BESII g —4.03 GeV
Tp Th D, om

With 20fb-! AB -

N ~ 4)° Challenge LQCD Prediction
at BESIII B (2 4) /o / 9e LQ

77



Exclusive Semileptonic decays

Decay rates relates to CKM Matrix elements and form fator

2
dF(D—:PlV) — GF3 p; |I/cq |2| f;(ql) |2 \ F(D SN Keve) _ B(D —)KeVe) — 1.53 | V;s |2| f+K(0) |2 xlolls—l
dyq 24r Tp
@) £.(0) T o> mev,)= BRIV 3011y Pl 0] x10M 57
+ q = 2 2 ) Tp
1=q"/mp To extract V,, & V4 need form
5 factor from theory at one fixed
A‘ch =\/(ALJZ+LATD} +(£)2 q2 point.
A\ 2B 27, f
1. Well measured life times of D mesons from PDG06 ~ AVcd/Vced "'1-8:/"_
At _, —_—
D _ % = V
- 0.4 % D =% 4
2. With 4 fb-1 ¥(3770) data at BESIII >_ AVes/Vcs ~1<.6°/|o_
%_% Vv
(A]TBJ ~0.7%, 1.8% D =K
3.Form factor from theory (Lattice QCD). S BESIIl: L=4 fb~!
Assuming Af/f ~1.5%. y(3770) MC

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

Great contribution
to CKM Unitarity

have been done mostly at q? =0 or q? =q2_,.- (i.e w=1, just like F in
V, in B 5D Iv)




Exclusive Semileptonic decays

D* > K (892)ev

(L+cosg)sing, )’

Focus FPCP 2006

0.8 < M(Km) < 0.9 GeV/c?

2000 [-

1600

1000

S-wave
interfere
Lasymmetry

-1.0

RGN

-0.5 5 1.0

D.
cosV

1
I‘A\Zdﬂ!:ng

+((1-cos@)sing, \H,(qz)\z\BW\z

+(2sing cosq, )’ ‘Ho(qz)r\BW\2

+O(A?)

+8(sin” 6, cos 4, )H,(a*)h, (qz)Re{Ae‘i5BW}

H,(92), H.(g?), H.(g?) are helicity-basis form factors
which are computable by LQCD A new factor h, (g?)
is needed to describe s-wave interference piece.

40—

Events

20

%[i_;_i__i_j!,*!if‘!, e 0 . @&

BES-II
8 (=) D" —)E*O€+Ve'
6 | _
oY 1
- B .
g’ : 4=-—-|_1._""' " I M nl
S 4w D’ > K e'v,
2 " -
1 ¥
) Lom=== —/ \ﬂ\i |_|'|-|
0.7 08 09 1 11 1.2

Invariant Mass(GeV /c®)

BES-III M[C simulation

T TT
T H T EET

-0.1 0.1

0
Umiss(GeV)



Inclusive Semilep’ronic decays

Measurements of B(D — ¢~ X)(£ =e, ,u) B(D°-e*X) B(D*>e*X)

+ (5.71 & 0.20)% PIMZ06 E(17.2 + 1.0)% PDGO6

- (6.0 0.3 + 0.5)% - (20+2y%

E ARGUS(1996) - HYBR(1957)
+ = (6.64 + 0.18 + 0.20)% -
“‘ - CLEOILI{19968) — (17.0+ 1.0 += 0.7

«* = —_— s = I\,IARI\_III(1985}

C «** g HYBR(19587) = (16.8 + 6.4)%

e® VI = e 7.5+ 1.1 +£0.4)% E MARKII(1951)

MARKITI(19585) = 2o tidyoy

- —=t— 5.5 &+ 3.71% DLCO(wso)

= “IARI\IIU‘JSU - (15.2 + 1.0 +0.7T)%

— - (6.3 £ 1.7 £ 0.4 BESII{Preliminary
q = E BESII(PF(‘] minaryy = (16.13 4 0.20 & 0.33) %

= E (5.46 £ 0.17 £ 0.13)% CLEOc(2006)

E L5 ] CLFOC(%OOG) ! ! F ] ]

i] 5 10 15 20 25 30 10 20 30 40 S50

D'(p',Dy) g

(6.5 +0.7)% PDGO6

(6.5 + 1.2 +0.3)%
CHRS(2005)

(17.6 = 2.7 £+ 1.3)%
BESII{Preliminary

RIATIA

s

(6.8 + 1.5 + 0.6)%
BESII{Preliminary)

n
[
H
[=
H
-
i) ]
2 >
[T | [T LR BRI R

B(D%—>p*X) B(D*—>u*X)
CLEOC's results are not used in PDG0O6 average

hadrons AB/B[%] | Current Exp. | BESIII [4 fb™']

with the BES-III detector, we may have the D—e*X 2.6% ~0.3%

opportunity to study these decays, to check: D*—e*X 1.3% ~0.3%

? ? D'—p*X 22% ~1.0%
L. (D" — X"y )=T. (D" — X0y )=T. (Dt — X"y a :
si( ) =g ( )= (D ) D*—p*X 15% ~1.0%




Non-leptonic decays

Precise measurements of absolute branching fractions of
charmed meson decays

Measurements of the interference effects between different
decay amplitudes

Dalitz plot analysis

Study of the single and double Cabibbo suppressed decays

81



Precise Measurements at BES-III

A short summary

on the Absolute After CLEO-c, the accuracy on the absolute

Measurement measurements still needs to be improved.
Why is it so important ? CELO-c
. . . expects to
1) Form factors in D semi-leptonic decays & decay improve fo,
constants f,, and f,_, can be used to calibrate Lattice measurement
QCD calculations. [f,. =235+8+14 MeV LQCD] a;;g%b"\:'“;
~ p = o
[Af,. [ f,. =7% LQCD] v(3770) data
2) Precise measurements of inclusive semileptonic
branching fractions €<= lifetimes of D mesons 2 :i'f:ri'\',:?“
- D+
to understand decay mechanism. measurement at
] ] ~2% accuracy
3) Engineering measurements level with 4 fb-! of
a) Determine production rate of charm in B decays. “’(37.70) SEIEE
and improve
b) Realism of MC generator & BCK subtraction fos measurement
when looking for New Physics in general. at 1.3% accuracy
level with 4 fb-! of
y(4170) data




Probes for NP-- Rare Pure or Semi-leptonic

Decays

EFRER RIS, HEEE K Charm BRIENAZ TR EEE N
GIMHL | A& .

P vHEAS B I TRUHA
R

B(D’ > e*e’)~107% U|
SM BD' - 1 1i)~3x107° >W< *m.g;,m—<—r
B2, —S@aaENrEE (W: R-parity violating SUSY )
AR ERERERER LR, SHB KRS H:

B (D0 - e+e_) up to 10™°

Best limits are from BABAR
(Burdman et al., Phys. Rev. D66, 014009).

B(D°—> pu'n ) upto10°
B (DO > eiui) up to 10°

PRI PR p° > o n 7 REEHH

—

Search for these kinds of rare decays can probe New Physics




Probes for NP-- Rare Pure or Semi-leptonic

Decays

Experimental upper limits

Current status are about 10-5-10-6

Branching Fraction

= = = = = = = = Talk from Ian Shipsey
L = L = & L “ =
o= DY e u
s T (BABAR) - - -
= D° et e Expt. sensitivity 10-10"
fa T (EABAR) - - > p .. y
S Just beginning to confront
- DY — ™ p - [ g .
(BASARHERA—S] models of New Physics in
D': — " 0 0
(CLEO) > - *> - an interesting way.
D% — Kt
(FOCUS) - >
O — Kt .
(FOCUS) - > Still plenty of room
e mata ppe] Do — for New Physics.
EEEFF%:?E? Ot — a ™ -
oo T = E - - . - .
L m 255 2| Focus) Outlook: promising
— g O (ST T -
FES BB s | ol - > CDF/DO, B factories,
= = = = = =]
22308 F ook - » CLEO_c¢/BES IIl
e mME B =] (FOCLIS) —
= 25T 7 = e superflavour
== | DO —x'w'm -
== _E (FOCUS)
= B ®B| O —xn'n” - _
= 5| Fecus) G. Burdman and I. Shipsey

Ann. Rev. Nucl. Part. Sci. 53 431 (2003)
arXivhep-ph/0310076 (updated 12/2005).



Probes for NP-- Rare Pure or Semi-leptonic

Decays

Current status | === | Main Experiments Cited by PDG (10 ~107)
Decay Mode E653 (104) E791(10%) FOCUS(109)
D > K'e*u" — 6.3 —

Dy > K e'u — 6.8 —
D! > et u’ — 6.1 —
D > e u — 7.3 —
Dy —> K"y 5.9 1.4 3.6
Dy > K u y” 5.9 1.8 1.3
Dy »>n'u'pw 4.3 1.4 2.6
D >xutut 4.3 1.6 2.9
D; > K'e'e — 16 _
D; > K e'e” — 6.3 —
Dg > rn'e’e — 2.7 — o
D —>rne'e — 6.9 —




.=

0e

B

[=F-] 0+_
«El KeTe

B

(M

[«F-] o
oskE K*0e+e_

asf| @€ H

o4

NP- -

Probes for

T 188

1.84 185 1.8

oon

“°f Kletn ~

T 188

3 1.84 185 1.8

o0
oaf 0.+ —
B K*¥l%eT

Rare decays

osf-| Ktete™ os-| K~ete™
05:—
0.43—
023—
o #_E : 84 1‘.%I_‘_I_‘_I_‘l.$ a7 ll.éTgLu o5 85 1.88 ! II\IBTI'I I1I.!._é_‘_.
1
oaf—
osl- n_e+e_ 053— n_e+e+
4_
02_—
: w
oNETE s 1..95”1..‘9:; 15‘5"‘"D+ R T R R v

i EF-1 - i ied 1.&6"1 g O
aF [0
ok et~ 0
Decay bMode |N™=|NF [¢{%) [T1.L.{ 107")
0° —eFy® | 0 1280|409 1.58
B — gete” | 0 |2.80| 8.2 T.88
DY — oFpt | 0 |2.20] 8.2 T.23
D® — RPte= | 0 (220|118 5.57
DY — KTt | 0 |280(116| 557
D% — ™ete™ | 0 |2.30|10L7( 5.52
D — KeFg®( 0 (2.3 |1L7| 552

Diecay Mode |NF™ (1P |¢(%) [U.L.{107")
Dt —gtetem| 0 |230/262) 340
DY —getet| 0 (230268 353
DY = Ktetem| 1 [380(228] 6.2
DY — K-etet| 0 (230239 373

86

With 0.5 fb-! ¥(3770) data, the sensitivity can up to 10-6.




Probes for NP--Rare decays

DP Decay Mode

U.L.x107%(0.5 fb—1)

Dt Decay ldode

L. x1075(0.5 fb—!)

*D% — ete
* DY —
DD . E.‘:FIU,:':
D% — ete—
*D° — putpT
DD N (_ﬁeﬁui
D — K% *e—
«* D% — KOu+p—
D% — KV Fpu*
D — K*e+te—
* D — K*%u+pu—
DD N I{*DE:F,LLi
%« D% — plete—
*xDY — Pt~
*DD N PDE:FJU'ZE

1.58
1.58
1.58
T.88
T.88
T.88
5.57
5.57
D0.57
D.52
2.52
5.52
3.45
3.45
3.45

OF — gtete™
Ot — gttty
» Dt — gt eFuE
Dt — aw—etet
T — Tt
* DT — a7etut

T — Rt a—
* Ot — Rt eF o+
>t — K etet
T — Rttt
* DOt — R et ut

3.40
3.40
3.40
3.53
3.53
3.53
G.G2
5,62
G.G2
3
3

Note: the * means that the upper limit is estimated.




- -Rare decays

Pr'obe for NP

ar — 2 n $ 4
- + /"I‘ i + + r— 4+ + + + T + = s +
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E | N | | . | L | e Lol Lo sadbioasloanyl slomil | oy ”Igé”
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Probes for NP--Rare decays

'| BES-III M.C. Simulation 4 fbt|
Decay Mode | Obs. Number | UP. Number |Efficiency U.L. (10°9)
DI > K e'u” 3 6.68 31.2% 12.2
D > K e u' 1 3.89 31.2% 7.14
D > retu’ 1 3.89 31.2% 714
D > rme 1 3.89 31.2% 7.14
D > Ky u 1 3.89 28.8% 7.71
D —>K uu' 0 2.30 28.8% 4.53
IDMNECY ANTANTE 3 6.68 28.8% 13.2
DI >nutut 1 3.89 28.8% 7.71
D > K e'e 1 3.89 33.8% 6.58
D > K e'e’ 0 2.30 33.8% 3.89
D > re’e” 0 2.30 33.8% 3.89
D >z ee’ 0 2.30 33.8% 3.89

fb-! W (4030) data, the sensitivity can go down to about 10-7.
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Ratio of charged/neutral DD production

RCJ'H

My calculations based on the two observed
cross sections only! It is not official !!

Theoretical prediction

18

D mesons
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F hep-ph/0402171 M. B. Voloshin

1 1
3770 3780

E MeV

' . i . i
3760 3790 376 3.78

E_ . GeV

3.74 3.8

We can measure the fraction f vs E,. A finer cross section scan over
the y(3770) resonance with the BES-IIl at the BEPC-II will give results on
these measurements N




Measurement of DD-bar Line-shape

8 r BES-II result |- 8 r BES-III Physics Book 1
o ’..J
6 hadron | - 6 - tha \l -
L i -
—— ~70 pb-! X +
a | DD B O- 4 | datain " \ i
O v(3770)
region / Iy \.
2 Nea\—{D "D | \
I !&-..ﬁz ‘
0 P
3.7 3.75 3.8 3.85
E_ GeV
T %m0, 26.8+0.5 MeV 26.9 MeV Blw(3770) > D D]
L sm, 25619 eV 251 eV (88.2 £2.41+ ~2.0) % Measured value
Measured value Input value 89 % Input value

With ~70 pb-! of data collected from 3.65 to 3.875 GeV with the BES-III Detector
at BEPC-II, we can precisely measure the DD-bar line-shape and the ratio of the
rates of the charged and neutral yields at different center-of-mass energies.



BES-1 & BES-II/BEPC BES-I#N
BES-Il 5¢

HWE &, ANWE b, ATHISER
BHiKWE Br(Dg*2>eX), etc...... % ‘%’“L; ﬁk B

YW E Br(D*>u*X), etc......
E&iﬁ%% Vcd’ Vcs *n%’lkli?‘

KW T -twzerzoss, H|EFED A TR BT
A uﬁ;’f%@t‘“r fHL; %H%Ti’:ﬂ,ﬂﬁﬁé‘tﬂﬁ ) NLHEAS SF
fE 2 BefE" !

Bk E DD-bar F=AKFEIR
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BES-III
Precise test of the Standard Model | B2 4+
1. Purely leptonic decays YL

Sﬂ'J/"'EfD“ foe. > zj};{ LQCD > fB, fBs > %*ﬁ'
B € CKM 4B 1 Zo

2. Semileptonic decays
HIBFEREY,, V,or £ 0), f. (0), f(q?). f.* ().
AEFTRAETZADOS>VIVABKAF.

3. non-leptonic decays

Absolute branching fractions of D decays
Dalitz plot analysis

RRAFAREHBZAGTEIRESF ... o
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BES-IIf¥%&
Probes for New Physics AT YL 5

1. Search for D°D%ar mixing
2. CP Violation }

Professor Zheng
will give a lecture.

3. Rare Decays of D mesons
Rare semi-leptonic decays

} Sk

Rare purely leptonic decays

Topics Related to Charm Meson Production

DD-bar line-shape
Ratio of charged and neutral D yields
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BES-IIZZ ST

BES-111/BEPC-II 9T L
Precision test SM (with 4 fb-! data)

- Pure leptonic decays fo, ~ 2.0%; fp,, ~ 1.3%

- Semileptonic decays Vi~ 1.6%: V,~1.8%

- Absolute Hadronic Branching fractions B(D°-K-n*) ~ 0.5%
B(D*—K-n*n*) ~ 0.5%
- Something more......

Search for New Physics (with 4 fb-! data)

. DOD° Mixing Sensitivity : 7.5x10
. CP Violation Sensitivity : Acp < 2.5x10-2 @ 90% C.L.

(See Professor Zheng's Talk)

- Rare Decays Sensitivity : 10-7 for D mesons @ 90% C.L.

Sensitivity : 10-°~10-% for D, mesons @ 90% C.L.
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The END



Backup slides
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Charm Physics-Isospin Invariance ?

‘long-standing puzzle’ of whether Isospin conservation holds
in the semi-leptonic decays of D mesons ?

Isospin conservation implies

F(D°—>Kev)/r(D+—>Kev)—14+02

PLB608( 2005)24

I(D° > K e )IT(D" > K e'v,)=1

D' —>Keve

Events/(0.001 GeV/c?)
QN & & W

[

BF (D" o K'e'v) = (8.95 +1.59 +0.67)% BRE(DISKUV)S (0323508,

r(p°® - K-

1.82

1.84

B

1.88

Invariant Mass (CeV/c?)

e'v,)

rD*" - K e'v,)

—

=1.08+0.22 =+

0.07

PDG04
N _ | PL|8644(2007|)20
— -0 4 i
E wipD" > K u'v,
"E..
E o'l!l!lﬂ. H[EEIEI. BE BT 13
&= 1.82 1.84 1.86 1.88

Fitted Mass (GeV /%)

upport isospin conservation holds in
the exclusive D semileptonic decays!

CLEO, PRL95(2005)181801

rp°®—- K e'v,)

(D" > K %"y

=1.00 £ 0.05 = 0904




Design

BEPCII/BESIII Project

®* Two ring machine

* 93 bunches each
e Luminosity X 5 CESR-c design
1033 cmﬂ%l.wcev
6x 102 cm? s @1.55GeV
6x 1032 cm? s @ 2.1GeV
* New BESIII

Status and Schedule

* Most contracts signed

e Linac installed 2005
* Ring to be installed 2006
 BESIII in place
and Commissioning 2007
run plan not decided: example 5/fb/yr 15/tb/3yrs
BEPCII/BESIII

3yrs @ 3770 30M DD/yr =90MDD ~x 20 full CLEO-c

3 yrs @4170 2M DsDs/yr = 6MDsDs ~x20 full CLEO-¢c  4ata taking  summer of 2008



CKM Matrix Elements

CKM (il 5

"= === :q

ST

)
o

&‘ A Q‘ g‘ 'g‘

Vd

A)

R

Hbeta B muonFEZZR KM E .
HKIFHFERE T ERZE RN E .
HB/r 7 Fnon-charm [)}4%F 32 KM %€ .

V., 1=0.230+-0.011

R AR E: HD TR TR RN E .

(Single charm particle production in high energy neutrino interaction)

HP M Fr=ESLRNHE; HDATFERBEFETRRINE .
HB->D*I*'v 4587 AR Z RN E .

HBB-bar J& & SLIHf E .

HB,B,-bar JB-& SEH 1 1€

t->bl*v semileptonuc decay.
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SRR

m u rnd mS mc m b mt
1.5~3.0 3~7 95+-25 | 1.25+-0.09 | 4.20+-0.07 | 174.2+3.3
MeV MeV MeV GeV GeV GeV

102



