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Purely leptonic decay at BESII
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Purely leptonic decay at BESII
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= With 158,354 D” tags and an efficiency of 67.7% for signal
events to satisfy the selection criteria given a D™ tag we
obtain:

Br(D*—p*v)=(440£0.66*%)x 10 f =(222.6+16.7",)MeV
PRL 95, 251801 (2005)
sWe also obtain Br(D*—¢*v)<24x107 at 90 CL.
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Comparing with Theory

EXPERIMENT
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CELO-c expects to improve f .,

measurement at an accuracy of
5% with 750 pb-1 of y(3770) data

BES-IIl will improve f ,
measurement at an accuracy of

2% with 4 fb! of y(3770) data



Semileptonic decays at BESII

Why interested in the Semi-leptonic decays of D mesons ?
To measure the standard model parameters V__, V D > Plv
.

Probing the hadronic current

Understand the dynamics of semileptonic decays

The parameters of Standard Model are:

a,G, sin” @, M ,,,fermion mass and mixings

!

fd h fvud Vus Vub\ fd\
S [=| Vo Vull s
!
\b , \V'[d Vt V'[bJ \b/
Weak CKM Mass
eigenstates eigenstates

The 4 quark mixing parameters
(1,4, p,n) reside in CKM matrix

Questions: Does the CKM fully explain
quark mixing? CP Violation?

N |

dr(D > Plv) G

To detect New Physics in flavor change
sector, one must know the CKM well

F 3 V 2 25\ 12
qu 2472_3IP| cqllf;-(q)l

Absolute branching fractions
give direct measurements of
the CKM matrix elements V
& V. and form factors




Semileptonic decays at BESII
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Semileptonic decays at BESII

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

(D’ —-»Kev,)/T(D* —>R0e+ve):1 299 PLB 644 (2007) 20

Measurement of the ratio
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BESIl results support that Isospin ¢ EQ-¢ confirmed the BES-II result

—— Conservation holds in exclusive
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Charm Physics -
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Charm Physics
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Charm Physics-DD cross section

=173 pb" of data @ 3.773GeV | Single tag method
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Charm Physics-DD cross section
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v" and y' resonance parameters

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

To measure the resonance parameters of
y(3770) or y(3686), one had better to
simultaneously fit y(3686) and y(3770)
resonances, since there are strong
correlations between the fitted parameters of
the two resonances.

If one do not consider the effects of vacuum
polarization corrections on the observed cross
sections in the data reduction, the total width
of y(3686) would decrease by about 40 keV!

+ £

D

Bodrors

Mainly due to vacuum polarization corrections

1935 I I T
: Mar., 2003 data
~ (3686) (a)
2.4 ]
0 w(3770) :
1
3.7 3.75 3.8 3.85
3 Lo [GeV]
107 —v(3686) '
)
=
23
B

3.66 3.68

PRL 97 (2006) 121801

After subtraction of y(3686) , w(3770) and J/ v
from the observed cross sections, one
obtains the expected cross sections of the
continuum hadron production.
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v" and y' resonance parameters
Comparison of y(3770) Resonance Parameters
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PRL 97 (2006) 121801




v"“ and y' resonance parameters

Comparison of y(3686) Resonance Parameters

Obtained based on cross section scan

[Mar. 2003 data]

experiment | M . (MeV) F;‘?t (keV)| T'* (keV)
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PRL 97 (2006) 121801

Taking into consideration the effect of vacuum
polarization correction on the measured parameters
for the first time in the energy scan experiment.



v(3770) resonance parameters

Precision Measurements of the Mass, Total and Leptonic Widths of w(3770)
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v"” and DD Cross section

Comparison of y(3770)
cross section
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My estimation only , Input with PDG06 Br




Measurements Of RhcxdoRuds C and Ruds c)+ ¥ (3770
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Measurements of R,.4,R 4s) aNd R 4sc)- 4 (3770

Ru ds(c) (s)+ RV/(3770) (5) | above cc-bar threshold

below cc-bar threshold
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e+ ’0,.. ““‘
"’I' .."'--....----""




Measurements of B[\P(3770)—>nonDD]

S o N 6000 .
A Caneez ' hadrons | f E ; =
isk 5l (a) | @ 5000| From DD-bad || . '
1 250, | N 1 9 : ] & 7 i
4F @ BESI (PRL84(2000)594) () f— I — 9 4000} - Loz
9 O BESHI (PRL 88(2002)1018021-1) "8 aF 00 | ‘ b 5 - {1 7 i "
;’;’ 35F % BESI (this work) ; — | D'D (b) | « 3000] : $102 )
]l @ O B 1 wh )
. 3fF 1< N g it
e i % 0 | | | ;2000 4 ® e
2.5 } %%{ © 4r DD (C) N 2 5 ] L + ; a7 o
R 37 3 of i { ™ 1000{ [
2 1 : ; L a
1 | 1 | 0 ‘ 0 ‘ i + Ii‘
15 3 .25 35 375 3.7 3.75 3.8 3.85 05 1 15 2 365 37

Een [GeV] \ Een [GeV] \ EKmaX¥GeV]

PLB641, 145 | PRL97,121801 | Accepted by PRD | Accepted by PLB
B(\|/"—>D°D°)[%] 49.9+1.3+3.8 | 46.7+4.7 + 2.3 -- --
B(\|!"—>D*D')[%] 35.7+1.1+3.4 | 36.9 +£3.7 +2.8 -- --
B(\|I"—>DD)[%] 85.5+1.7+5.8 83.6 £7.3 +4.2 86.6+5.0+3.6 84.91+5.6+1.8
B(y"—>non-DD)[%] | 14.5+1.7458 | 16.417.344.2 | 13.415.0+3.6 15.145.6+1.8
Ruds 2.218+0.019+0.089 | 2.262+0.054+0.109 | 2.214+0.031+0.094 | 2.199+0.047+0.119
oobs w(3770) [nb] 7.18+0.20+0.63 6.94+0.48+0.28 7.07£0.36+0.45 --
O 1onDD [nb] - -- 0.95+0.35+0.29 1.08+0. 40+0n15
¢ pp [Nb] -- - 6.12+0.37+0.23 --




‘I’(770) —J/ Yyt~

Itis an
o e interesting
< = question
. F T T Mass whether
% o f 17.8+4.8 BES-II (MeV) v(3770) Charm threshold hadronic
g : oo, ¥ S n transitions
B[ Mainly . M s, l inside the
w(3770) - m'n Jhy ; r;‘+ y(3770)
3500 o exist.
E 1Y
[ | Yes
3 zEH_ £ri : ';F \w
Flited mms (GeV) 3100 BT
L r lws'
BES-Il observed the first non-DD events g ¢
of y(3770) decays. CLEO-c conformed 2000=—y ™ q
the BES observation of the non-DD decay. ot It 0,1,2" ] re

BF (v (3770) > J /yn "7~ )=(0.34£0.14 £ 0.09)% | BES-|| || PLB 605 (2005)63
BF (y(3770) > J /yz *7~) = (0.189 £ 0.022 *{'11 )% || CLEO-c | | PRL96,082004(2006)

L

The two measurements are consistent within the errors.



Other Charmless

Upper limits are set at 90% CL Mode c373[pb] 03-650[pb] BUP[x10-3]
PLB650(2007)111,PLB656(2007)30,EPTC52(2007)805 K*K-2(n* ") 168.0+18.2+23.7 | 164.9+30.3+23.2 <10.3
2(K*K )t 11.945.8+1.7 <49.1 <3.2
Mode 63773[pb] 63-650[pb] BUP[x10-3] ppbar2(ntm’) 23.5+5.0+3.5 22.8+8.4+3.4 <2.6
on® <35 <8.9 <0.5 4(m*m) 131.8+19.5+23.6 | 76.2+24.4+13.9 <16.7
o <12.6 <18.0 <1.9 K*K-2(n*m)n® | 231.5+63.6+37.5 <375.2 <52.0
2(n*m) 173.748.4+18.4 | 177.7+13.3+18.8 <4.8 4(n*)n® <206.9 <119.4 <30.6
K*Kn*n | 131.7£10.1+14.1 | 161.7+17.9+17.1 <4.8 POt 111.9+13.1+13.1 | 113.6+21.3+13.1 <6.9
ont <11.1 <229 <1.6 pOK*K- 34.2+11.5+4.4 57.6+17.9+6.3 <5.0
2(K*K) 19.9+3.6+2.1 24.116.5+2.6 <1.7 pOppbar 13.1+3.2+1.8 17.746.2+2.8 <1.7
KK 15.8+5.1+1.8 17.419.2+2.0 <2.4 KoK-r* 94.7+15.5+10.4 85.5+26.3+14.4 <9.7
ppbarntr 33.2+3.4+3.8 42.116.1+4.8 <1.6 AAbar <25 <6.1 <0.4
ppPIK*K 7.1+2.0+0.8 6.1+3.110.7 <1.1 AAbart- <26.7 <429 <4.4
dppPr <5.8 <9.1 <0.9 ontT <37.1 <50.8 <5.5
3(n*) 236.7+14.7+33.4 | 234.9+23.8+33.1 <9.1 oK*K- <44.4 <53.2 <6.6
2(m*m)n | 153.7+40.1+18.4 | 86.6+40.3+10.4 <24.3 opp©a <20.3 <30.9 <3.0
2(m*m)n® | 80.9+13.9+10.0 | 124.3+21.7+14.9 <6.2 {}> omtmnd <25.5 <66.7 <3.8
K*Kntnn® | 171.6+26.0+20.9 | 222.8+37.7+27.2 <11.1 K'OK-rt*0 116.3+32.7+20.0 128.1+59.5+17.9 <16.3
2(K*K)n® 18.147.74+2.1 <23.0 <4.6 KKt 173.9+73.3+26.1 | 189.0+116.3+28.2 <324
ppPara? 10.1+2.2+1.0 9.2+3.4+1.0 <1.2 K*K-p°n? <5.6 47.6+33.4+10.7 <0.8
ppP i 53.119.216.8 29.0+11.1£3.7 <73 * K*K-p*rm 94.2+31.6+11.7 | 141.9453.3+19.7 <14.6
3(ntn)n® | 105.8+34.4+16.9 | 126.6+47.1+19.2 <13.7 AAbarg0 <7.9 <21.4 <1.2

No obvious cross section discrepancy at the two energy points is observed. However, to extract the non-DD-bar BE» of
y(3770) decays, one needs to consider the interference between the two amplitudes of the continuum and the resonances,
and to consider the difference of ISR & vacuum polarization corrections at two energy points.



Charm Physics at BESIII

Precision Measurements at BES-I11

Assuning & month running for
Physics/year & average efficiency

of collecting data is T0%o.

Charm Production at BES-III

Average Lum: £ =05 xPeak Lum.:

Che year data taking Time: T = 1073 N_../ year= G, LxT x € jatataking
Resonance Masz(iZel) Peak Lum. Fhysics Crozs Neventzvr
IS (1033cmr2gly | Section (nh)

Ty 097 BNl 3400 6 % 107

T 4,570 1.0 2.4 7.3 = 108

Y25 d.586 1.0 o4 20 x 109
D'Dbar 3.770 1.0 3.6 11 x 10¢
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 12 5 1o




Why are we interested in Charm ?

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 Lo ZU
L O form-factors from LQCD support measurements for f
M= K

B physics.

The parameters of Standard Model are: The 4 quark mixing parameters
a,Gp sin’ @, , M ,, ,fermion mass and mixings | (4,4, 0,77 ) 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 are we interested in Charm ?

The constraints in (2,7) plane
arising from some measurements ...

T -_I I._ T T T _'
E 3
I ! itter -

I| II;I'E‘IJII:I”}.'III

exclpded area has CL>0.95

sol. w/ cos 2p<0 "
{excl. at CL>0.95) * !

ey

The width of band is mainly
dominated by theoretical
(LQCD) errors on fg fz, and B
semileptonic form factors .

1 With Charm data one can calibrate
_ the OQCD calculations. If the OCD
- pass the test with the charm daia,

. the theory errors of a few % on B

1 system decay constanis &

. semilentonic form factor are

== achieved, and the CKM elemenis

sol. wicosZ2h <0
axcl, at GL = 0.95)

excluded area has CL>095 | 7

.---—__.

! achieved (

Table 8. LQED imoect (in per cent) on the precision
of CKM mafrix elements.

. Vea Voo Vi Vb Via Vi
2004 Yy 7 11 4 15 36 39
LQCD.. L7 163 .5 .5 .5l

Then the uncertainties
will be reduced to

500 fb-1 @ BABAR!BEIIE



Why are we interested in Charm ?

0
o
0
P
c
o
=
Q
=

Probes for

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. 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.
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Monte Carlo samples

Generated 0.8 fb! @ 3.773 GeV with BOSS6.0.2 BES-III software

Generated 1.0 fb! @ 3.773 GeV with BOSS6.1.0

e'e” — w (3770 ) Generated Monte Carlo events
|
v 0.58 0.42 v
DD’ DD"
| > Charge L Charge
conjugation conjugation
(K z* (K z*r?
K 7"z’ K 7z z*n°
K 7"z 7" K%z~
KO7Z-+7Z-_ KO7Z_+7Z_O
< KOz+r < Kz n*n
L . —> /L[+Vlu
K:+V' K"y,
Th K-z'1"v, Full simulation
K T I Vl K*OI+VI
27




Absolute Branching Fractions at BESIII

+ Double tag analysis, Independent of Luminosity and
B(DO —)K'T[ ) cross section in the double tag measurements

_ _ - -0
30000~ K ' 20000;K ‘nm
20000 15000;_ 40000 Kz \

: 10000F '
10000 :

i 5000/ |

[ e N, 2000

083164 185 186 187 1086 189 183 1.84 185 1.86 1.67 1.8 1.89 -

Mbc M |

EK+__+" 20000}K0-+ -bc e )LJ N
wo K"z 7 K'm 83 1.84 1.85 1.86 1.87 1.88 1.89
30000 o000 M,
20000- 10000 N_, = 433000 =+ 750

L C Dtag
10000- 000 NP > K 7)=12350+125

r L — 0

53 1.84 185 186 187 188 180 183 1.84 185 1.86 1.87 188 189 & ="174.4%

M M, B(D’ = K 7*)=(3.83+0.04)%

| . BWD"—> K r)=3.80% (MC INPUT)
(L=800 pb™") 28
BES Il MC BB 08




Absolute Branching Fractions at BESIII

4000
3000F

20005

1000F

187 188 189

oo -0 _
4000

2000

fe3 184 185 186

i85 188 189

20001

rp+ - _—_ 0
1500;_K72'7Z'7Z'

10001

500

P s Tim im 187 i® 189 P Te im 1%

Mbc Mbc

BES Il MC =300

T8 i 189

Independent of Luminosity and cross
section in the double tag measurements

3000~ \

-+ __+

20000 K7z'7

1000~

053184185 186 1.87 188 1.89
Mbc
N =158800 + 440

Dt_ﬂlg
N(D* > K 7*7*)=8130+100
E=54.0%

B(D" > K 7°7")=(9.48%0.12)%

B(D" - K n'n")=(920.6)% (MC INPUT)

pb™")

SB/B=0.5%/4 fb



Pure leptonic decays at BESIII

BES Il Full MC simulation
Singly tagged D- samples

60000/ Ny, =203541+451
- Do K*1r1m
40000
20000 —
P83 185 86 -7 A— Y
. M,
Does not use p Information g
150— D+ —)K07Z'+
135 signal events
100— N N
- D > uv
D71 0 01 «

vu.=E.-P

miss ‘miss miss

Monte Carlo Sample for 1 fb-!

Beam Constraint Mass

_ 2 2
Mbc - \/Ebeam _ menn

ND" = u'v))
N

B(D" —»> u'v,)= >

tag D u'v,

Use u Information

B + 0_+
— 109 signal events D" —>K'z

40—

30

20(

o LI |‘|_|‘L.—r|r
o . L —_ . . o[

D 0 0.1 0.2 0.3 0.4 0.5
SV
U.=E.—-P

miss ‘miss miss



Semileptonic decays at BESIII

BES Ill Full MC simulation Monte Carlo Sample for 0.8 fb-1

- N’ > K e'v)=5528+8(
r —0 -
30000 "D > Kz~ ! 500
i k ao00f -
1 - 400f
200001 3000F B
: 300
2000} r
10000 ' 200
1000} r
_J {_ : 100
D- . L ST — £ 1 L L
1985 1.86 1.87 1.88 {35 1.86 1.87 1.88 E
93
20000F 0 o - — .
D —)K+ﬂ' T 7Z'+ L ﬂ DO N K07Z'+ﬂ'_ l/;mss iss Ir)ms
15000 -
4000 250
10000L - N(D° —» 7z e*v)=707+29
200
2000 - D ey
5000 § D' Ke'v
A_J L_ 150}
P55 1.86 187 188 185 186  1.87 188 :

100f

jtl}?C’

50}

N, =359884+ 600
Singly tagged DObar samples

= - - D T
o U N B | P R N N R T T N N S R R T I |
-Sos5 0 0.05 0.1 0.15 0.2 025

U.=E.—P.

miss iss " mis



Precise Measurements at BESIII
Statistical error only Relative error (%) on the measurements

Mode 5B/ B (4fb™") |6B/ B (20 tb™") |sB/ B (PDG 04)| CLEOc |/
D> K zn*| o5 0.2 2.3
D> K x'n”" 0.5 0.2 6.5
D' > K e'v 0.7 0.3 5.0
D" > mre'v| 18 0.8 16.6
D" > K u*v| 09 0.4
D' > 7w utv| 24 1.0
D™ > u'tv 4.0 2.0 ~100 15.0
f.. 2.0 0.9 7.5
‘ 314 pb-!
Mode OB | B (4.03GeV ) 6B/ B (4.17GeV) 0B/ B (PDG 06) CLEO-c
D¢ - ¢r " 4.0 14
D > ¢ge’v 5 17
D; > u'v 5.7 18
D > 'y
Iy ~2.8 1.3 9 47 32

One year data taking =»4fb-!



Precise Measurements at BESIII

Decay rates relates to CKM Matrix elements and form fator

2
dF(D—:PlV) — GF3 p; |I/cq |2| ﬁ-(qZ)lZ \ F(D_)Keve) _ B(D—)Keve) =1.53|I/cs |2| f+K(0) |2 >(10115’—1
dq 247 Tp
£ @) £.(0) " TD > mev,)= BR 2TV 501y 2 15 0)F x10" 5
+\q )= 2 2 ‘ Tp
1=q7 To extract V_, & V4 need form
2 2 5 factor from theory at one fixed
A‘ch =\/(AL) +[ATD} +(£) q2 point.
A\ 2B 27, f
1. Well measured life times of D mesons from PDG06 ™ AVcd/Vcd "1'87/"_
-
A0 4% D =% v7T
TD“
2. With 4 fb-1 ¥(3770) data at BESIII > AVes/Vcs ~1<.6°/|o_
%_% vV
(A;TB) ~0.7%, 1.8% D =K
3.Form factor from theory (Lattice QCD). _J BESIII: L=4 fb!
Assuming Af/f ~1.5%. v (3770) MC

Quark models, HQET, Lattice & other methods have all been invoked simulation

to calculate form factor absolute normalizations. These calculations
have been done mostly at q? =0 or q? =q2_,.- (i.e w=1, just like F in
V, inB 5D Iv)

Great contribution
to CKM Unitarity




Precise Measurements at BESIII

Measurements of B(D — /"X )(/ =e ,u)

l+

V|

D'(p',Dy) g

¢ |V jorV]

‘ W * "

S: hadrons

with the BES-III detector, we may have the

D" (Dy)

d(s)

opportunity to study these decays, to check:

? ?

L, (D" = Xl'v,))=T,, (D" = Xl*v,)=T, (D} > X(*v,)

B(D'—e*X)

B(D*—e*X)

1

(6.71 == 0.20)% PDEO6
(6.0 0.3 £ 0.5)%
ARGUS(1996)
(6.64 + 0.18 + 0.20)% -
CLEOIL{1996) —

—_— 15+ 5% o

HYBR({19587) -
(7.5 1.1 £ 0.4)% C
MARKITI(1955) -

(7.2 + 1.0)% PDGO06
i2o+2y
HYBR(19587)

(17.0=£ 1.9 0.7
MARKIII(1 985}

(16.8 & 649
MARKII(1951)

2o+s4y9
- —=t— 5.5 &+ 3.7)% DLCO(wso)
I\IARRIIU‘JSU o (15.2 £ 1.0 £0.T)%
- (6.3 £ 1.7 £ 0.4 BESII{Preliminary
E BESII(PF(‘] minary ) = (16.13 - 0.20 & 0.33)%
< (G.46 4 0.17 £+ 0.13)% CLEOc(2006)
L5 1 CLFOC(%OOG) I I 2501 1 1
5 10 15 25 30 10 20 30 40 S50

(6.5 +0.7)% PDGO6

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

(6.0 0.7 £ 1.2)%
ARGUS(I‘DDB}

(6.8 + 1.5 &+ 0.6)%
BESII{Prelio

minary )

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

“B(DSp*X)

I
30 10

S0

B %)

CLEOC's results are not used in PD606 average

AB/B[%]

Current Exp.

BESIII [4 fb']

D%—e*X

2.6%

~0.3%

D*—>e*X

1.3%

~0.3%

22%

~1.0%

15%

~1.0%




Precise Measurements at BESIII

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 ?

1) Form factors in D semi-leptonic decays & decay
constants f,, and f,_, can be used to calibrate Lattice
QCD calculations. [f,. =235+8+14 MeV LQCD]

Af,. ! f,. =7% LQCD

2) Precise measurements of inclusive semileptonic
branching fractions <=» lifetimes of D mesons =
to understand decay mechanism.

3) Engineering measurements
a) Determine production rate of charm in B decays.

b) Realism of MC generator & BCK subtraction
when looking for New Physics in general.

CELO-c
expects to
improve f,,
measurement
at 5% with
750 pb! of
y(3770) data

BES-Ill can
improve fp,
measurement at
~2% accuracy
level with 4 fb-1 of
y(3770) data;
and improve

fos measurement
at 1.3% accuracy
level with 4 fb-1 of
y(4170) data




DD’ Mixing at BESIII

The kinds of the box diagrams lead to the estimate: R . ~10~7

SM might allow for R ; ~10-3

[1. Bigi]

mixing: D" = D'

BES-Il Sensitivity for R_. : ~7.5x104 with 4 fb-!

Kt vs K'n*

SZZ background events
“Lare observed

0.4

0.2}

Pszz
20 fb!
sooo K11+ vs K*mt-
13000 right sign tags

6000~

1.83 184 1.86 " 187 1.88

MBC

4000

2000

a2

183 184 185 187

M BC
BESIII Monte Carlo Simulation

1.86 1.88

Change of identity due to

KK
|p)— @ —[D")
z'n

T e CPeven

R . =

mix

2 2
Xp+Vp ar
) I 2T

Standard model predicts
very small D’-D’bar mixing:
xp & yp< 1072

R

N(K*n",K*zn ™)
N(K*z*,K"n?%)

2 2
_ Xp T Vp _

= ~

mix 2

New physics not contained in SM such as

 ———u c
: — 7, 1Y u_
Du_ P, H D D"_> .......... } 7'

— . c

can enhance the mixing.

and ...

36




DD’ Mixing at BESIII

Monte Carlo simulation
BES-IIl Sensitivity with 20 fb-!

Mode Right sign events R ..
F—u3770) > (Kn')(K*n) 13000 1.5x10% —
v(3770)>(Ke*v,)(K*e v,) ~32000
y(3770)— (Ke*v,)(K*pv,) ~29000
y(3770)— (Kw v, )(K'pv,) ~ 6500

For the other modes, the numbers of right sign events are estimated with
DD-bar cross section, branching fractions and detection efficiencies

Detail Monte Carlo study of D°D? mixing with tagging the semileptonic
decay modes are still in progress !

Monte Carlo study of measuring the DODO mixing with charm data
collected at 4.14 (or 4.17) GeV will begin soon.
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CP Violation at BESIII

CP violating

asymmetries can be CP+(-) EigenState TagS
measured by searching — 0:,7’2_+ CP+ ™

for events with two CP :
- CP+ wn, KK, nn% pnf ...

odd or two CP even
CP- Ksn% Ksp?, Ksd,Ksw ...

final states, such as

for the decay of y(3770) — f, f,

CP(f,f,)=CP(f,)-CP(f,)- (-1)" =—
CP[y (3770 )] = +

s CP violating

(D“E0 are in a p wave)

from 4 fb' ¥ (3770) data, we can select about 1x105 CP+ tags and
about 1x10° CP- tags. With the large CP tagged samples we can probe
the direct CP violation,

If we observed two CP odd or two CP even final states simultaneously = we need
to analyze many channels to elucidate the sources of CP violation ! 38



MC simulation for CP violation at BESIII

20 fb!
=00l K"K vs KK 440 events e ki
100 05
O3 83 1,84 T1.85 1.86 1.87 1.88 i
rool KK vs 270 340 events alnciibadiine I il
sol 2'K'K vs '
0;-83 1T.84 1.85 1.86 1.87 1.88 1__
3“1_7[“7[‘ VS T 66 events - N H N
of O a3 e TS TEs TlEr 18
oY an v.aa 1.8 T.86 ey 1.48 L ———
M 5 0.5
Remove the events of K'K vs KK, PR, D 1_.367 :.87 -
K'K vs 'z and z'z” vs 'z~ away M

BC

from the MC sample to study the
ability of background rejection with
the BES-Ill detector by looking for
these modes from the MC samples

Acp <2.5x102 @ 90% C.L. for 4 fb-!

Experiment sensitivity Acp < ~10° @90% C.L. for 20 fb™ |




Using the CP tag samples (CP+
vs K7t double tags & CP-
vs K7t ), we can measure the
strong phase difference O
between the direct and DCS
amplitudes, which appears in
the time dependent mixing
measurements.

Flavor mode
"“‘ + ..".

We can measure 5 at y(3770)

1 _
ID_.>=—[|D">%+|D >

cpx \/5

CP Eigenstate \/EA(Dcp , > K 7n)=AD" > K 7))+ A(E0 —> K 77")
CcP “K _, CFdecay DCS decay
0 AD,. > K'x” AD' > K z* .
. @ g V2 ( = — )=1i ( - _ﬂ+)=1i1/RDe’5
""" AD" > K 7n7) AD" > K 7n7)
Br(D.. > K z")-Br(D, — K z*) | 4
€os & = - . N~1800 CP+ vs K
2R, Br(D"— K 7°) N~1800 CP-_vs Kﬂ:}ags
[R, =(3.7£0.09)x107°] <L L

A(c0s0) =

1 1
\/N 5 \/Ri We have to neglect CP A(coso) ~0.19 4 fb-
D violation in mixing A(cosd) ~+0.08 20 fb-1




Rare decays of D mesons at BESIII

In the SM (Standard Model), the short distance charm
FCNC (flavor changing neutral currents) are much highly
suppressed by the GIM mechanism than down type quarks
due to the large mass difference between up type quarks.

Observation of D*
FCNC and lepton
number violating
decays could
indicate new
physics.

The dilepton decay proceeds by penguim annihilation or box diagram.

B(DO + —)~10—23
SM B(D' :; Z‘) 3x107" >W<

W
—— VT

WUL+ I

New Physics (Beyond the Standard Model ) may enhance these aecay processes

For example, R-parity violating SUSY:gives
B(D’ —>e'e”) upto 107

B(D® - p'p”) up to 10°

0 4 = . Best limits are from BABAR
B(D®—>e"u") upto 10°  Burdman et al., Phys. Rev. D66, 014009).

The decay D° — e is strictly forbidden in the SM.

Search for these kinds of rare decays can probe New Physics




MC simulation for rare decays at BESIII
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D" Decays

MC Sample for 4 fb-1

42
Full MC simulation for rare decays of D , mesons



D.* Decay |BES-II(10¢)
DI > K*efu” 12.2
D. > Ke'u' 7.14
D > z'e*u’ 7.14
D >z ey’ 7.14
D — K" p 7.71
D > K u"u” 4.53
D > 7z'p"p 13.2
D >z u u’ 7.71
D > K'e'e” 6.58
D, > Ke'e” 3.89
D > 77e’e” 3.89
D >z e’e” 3.89

D* Decay D? Decay
D* Decay Mocel UL <1005 57) D0 Decay Mode|U.L.x1075(0.5 7))
+ ot to

3 . ;}Z_ ;’;{’* D' Seter 158
Dt — ntefyt 340 D= ”+ﬂ_ 1587
Dt o retet 5 52 D'~ eﬂti 1.58
Dt —rptut 3.53* DY = gete 7.8%
Dt = aetyt 3.03° L ¢ﬂ+#_ 7TRR*
Dt = Ktete™ 6.62 = (ﬁE:FﬁLi 788
Dt = K+utu 6.62 * .
Dt f{i?:i 6.62 DE - I_{EE+8_ >0
Dt o Ketet 3.73 D= Koty 0.57*
Dt K_,u'l',u-l_ 273 DU — K%*ﬂi 5.57
Dt = K etut 3.73* DV — K¥eter 5.52
D" = K*tete 24.87 * DY — KXty 5.5 *
DE — I‘L:*ip"'p; 24877 o K*DBﬂLi 552
3” - i::_ej’i 2487 : DY — plete 3.45%

= K7 ete 2487 o 45
DY K ptyt 2187 PR :
D' Koyt | Rt D — Tyt 3.45*

With 4 fb-! of ¥(4030) data, the sensitivity
can go down to about 10> ~ 106,

Sensitivity can go down to 10-7 with I
4 fb-1 of y(3770) data,.
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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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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 45
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Measurements of y(3770) Parameters

The inclusive hadron & DD-bar production line shapes along
with the continuum hadron production shape with vacuum
polarization corrections

i_

BES-IIl Physics Book
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F[w(3770) ©> non-DD]

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 measured the non-DDbar branching fraction gf v
(3770) decays at an absolute precision level of ~3% (from cross section scans).



Lineshape analysis for light hadrons

Measurements of branching fractions for 4+ - + - 72_0
w(3770)> light hadrons with the BES-II at BEPC | € € —>DDIT 7T

ILLUSTRATION ONLY I

Assuming that we will

400 #
200 | measure the cross section
line-shape for e*e” = light

200 | hadrons lik is at BES-III,
O— we can measure its

4/
ﬂ' branching fraction by fitting

BES-Ill MC

500

2228

DI 0F 0F 0 04

The way to measure the branching

1§§ - + the cross sections. fractions for y(3770)-> light hadrons is
70 | + to analyze the energy dependent cross
ol + } sections, since there are interferences
a0 | + . ottty $ : 1 between the amplitudes of the exclusive
H o final states from resonance and from the
365 3.7 375 3.8 3.85 3-2  continuum. But needing large cross
E m [GeV | section scan data samples!

We believe that this would be the best method to carefully study the

charmless decays of y(3770) with the BES-IIl at the BEPC-II, since it can
separate the contributions from both the QED and the resonance decays,
and it can extract out the phase differences between the amplitudes.



Search for New 1~ ~ states

Search for hybrid charmonium, DD molecular or other
exotic states

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

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

Analysis of the fine cross section scan
data may probe new structures associated
with hybrid charmonium, DD-bar molecular or
other exotic states in this energy region...

L Fine cross sections scan

R Value”




Search for New 1~ ~ states

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

_ —0 _ B
ete” > DD ,D*D ,D!D; Y\ We will try to
ete” o> on .. | measure all
e‘e” > Jlyr “x,J lyn,J lyn ,J /yX . possible
¥, b - - access
ee > ok K ,om 7 .. components
.
€ € > XYegu=01,0)PsXcri=0,1,2)@ - py

and comparing these line-shapes with the one for the

inclusive hadron production, one may find something new.
BES-II made finer cross section scan from 3.65 to 3.88 GeV, and studied the
line-shapes of the inclusive hadron production, DD production and some
exclusive charmless final states production. But data sample is too small. At

BES-III, we are going to make the finer cross section scans covering the
resonances with large samples to carefully study the structures.

Analyzing the finer cross section line-shapes would give us some useful
information about whether new resonances exist in the energy region.



Summary for BESII

Measured f, significantly for the first time

Measured CKM matrix elements and form factors

(D' —>Ke' i
Measured F§D+—> I—(OZ+‘f;=l-00i0~05i0~04 ,  Which supports that

isospin conservation holds in the exclusive D
semileptonic decays, solving the “Long-standing
puzzle”

Observed the first non-DDbar decay mode of
v(3770)-> Jlyrn*n for the first time

Measured branching fraction for y(3770)-> non-DD
for the first time

Precisely measured R ., parameters of y(3770)
and \|I(3686) etc...... 51



Summary for BESIII

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 : Agp < 2.5x10-2 @ 90% C.L.
- Rare Decays Sensitivity : 10-7 for D mesons @ 90% C.L.

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

- Uncover the puzzle of y(3770) production & decays
. Search for new particles in the range from 3.7 to 4.8 GeV

. something more ...... 52



Thank You!



Exclusive Semllepfomc Decays-MC simulation BOSS6.1.0

+5000|- F D > Kz~ . - D > Kz x°
M S 2 BOSS6.1.0 ~500pb-1
Niag 203541+451
Mode D> Ke'v D> retv
€ 48% 49%
N 3631+60 407+20
| B(%) 3.17+0.06 0.35+0.02
N [Jﬁ. oo| \r'h Lum AB/B[stat.] AB/B[stat.]
f | "\ 0.5fb" | ~1.9[2.5]% | ~5.0[6.0]%
.f "'. 4 fb' | ~0.7[0.9]% | ~1.8[2.1]%
10| N A - 0 - 0
TS ) A + 1
Uiss = B igs = Pruis Uiss = E g — Pruiss
20{D0 5 K~ utv 30 = =y Mode D°—>K‘p+v D°—>;c'u+v
f‘ 7 HD"»M K e 21% 31%
ol ID 5K p' K2 K" Kize [ Pk g K=K
[ ||n.||.|| VA Niq 1588+40 272+16
B(%) 3.16+0.08 0.35+0.02
e Precision Measuremets

miss miss miss



Exclusive Semileptonic Decays-VPSL decay rates

_*O
D" > K (892)etv,

1
I‘A\Zdﬂ!:ng

+O(A?)

Ho(q?), H.(q?)., H_(q?) are helicity-basis form factors which

2000 [-
1600

1000

Focus FPCP 2006

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

S-wave
interfere
Lasymmetry

-1.0

(L+cosg)sing, )’ H, (q?

+((1-cosg)sing, )2 ‘Hf(qz)‘2 IBW \2
+(2sing cosq, )’ ‘Ho(qz)‘2 BW[
+8(sin” 6, cos 4, )H,(a*)h, (qz)Re{Ae‘i5BW}

are computable by LQCD A new factor h,(q?) is needed
to describe s-wave interference piece.

More MC simulations are needed
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Search for DODO0O-bar Mixing

Coherence simplifies

- study no DCSD
T+
e+
mixing mixing X
T+ n 1? T+ m 1?
K K K K\
DCSD ‘ w(3770) > D"D’ are coherent DCSD ‘

w(3770)— D'D — K 7K 7"
Can not measure the time evolution L to b
of D meson decays, DCS decay requiring L. 1o be even, | pesp

can not be separated from the final w (3770 ) L =1

states. The level of the DCSD So DCSD can not happen
background is higher than the level
of the mixing.

5 X, +y; N N(K*z",K*z™)

mix 2 ~N(Kiﬂ_¢,K$7[i)




Other topics-Cabibbo-suppressed Decays

€ Cabibbo-suppressed decays are valuable for the understanding
of the final state interactions, some D* hadronic decays provide
a test of the interference in charm decays

€ Many experiments, such as MARKII, MARKIII, E691, E689, E791,
FOCUS, CLEO, BESII, BABAR, BELLE, CLEOc have reported their
measurements of branching fractions for the Cabibbo-suppressed D

hadronic decays.

Relative Branching Fraction
BSUP  NSUP « 8ref

Ratio = £ = ;

Bre NTef o esup

Refrence Modes: DK, DKo, D*—> K-, D*->K%m,etc.
More MC simulations are needed

Now, only few modes have <1.5% statistical error, and most have
(3~16)% statistical error. We will be able to systematically study
these Cabibbo-suppressed decays with greatly improved precisions
(0.4-6)% at BESIII with 4 fb-! data taken at 3.773 GeV



Other topics-Dalitz Plot Analysis

® Access to study the
interference between
infermediate state resonances
and the final state interactions

€ Opportunity to measure both
the amplitudes and phases of
the intermediate decay channels,
which in turn to deduce their
relative branching fraction

€It also probes for New Physics
Beyond Stand Model

Decays Experiments
DO K 1T MARKIT, MARKIII, E691,
> E687,ARGUS,CLEO

DO_sK-Tr*1r0 ?LAEROKIII, E687, E691,

DO—K* -0 BABAR

DO—KOK-1r* BABAR

DO—KOK*1r- BABAR

DO -1 MmO CLEO

DO—>K° KK BABAR

D K-TrTr MARKIITI, E687,E691,
E791,BABAR

DKo m? MARKIII

D> mm

E687,E791,FOCUS,
CLEOc

D*—K-K*mr* E687,FOCUS
D*—>K-K*m° CLEO
D*—>K-nmo CLEO 58
DK FOCUsS




Other topics-Inclusive hadronic measurements

v'Serve to check the sum of the
measured branching fractions on PDG for
the exclusive D decays

vProvide some information about the
relative strength of the Cabibbo-
suppressed and Cabibbo-favored inclusive
decays, which will purse theoretical
calculation to understand them

v'They are limited by the data sample in
history, which can be systematically
study at BESIII

DT K Oyt From BESII

]

507—

D;qq Signal region

25/
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Event/(0.01 GeV/c?)

10

oO.7 o.8 0.9 - - 1.2 1.3

Mass(K GeV/e?)
ame )
BF — ——tee

Decays Experiments

DO.+—KOoX MARKI,MARKII, MARKIII,BESII

DO.*sK-X MARKI,MARKII, MARKIII, HYBR,

ACCM,BESII

DO.*—sK*X ABI\EASI?EI:(EI MARKII,MARKIII,HYBR,
DO.+—»K"0-bX BESII

DO.+—K™X BESII

DO.+—»K*-X BESII

DO.+—K™X BESII

DO.+—¢pX BES,CLEOc

DO-*5nX CLEOc

DO*—>n'X CLEOc

DO+ wX -

BESIII provide nice opportunity to more
precisely measure the branching fractions of
these inclusive decays. The statistical error
in most measurements will reach <1% level




