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Outline

Measurements of inclusive branching fractions

‘of D decays

1. Inclusive semileptonic decays for D—»e*X
2. Inclusive semileptonic decays for D—->u+X

3. Inclusive decays for D— KX

Measurements of branching fractions y(3770)
non-DDbar decays

1. Branching Fraction of y(3770)—>J/yn+n-

2. Measurements of branching frantions of
y(3770)—>non-DDbar decays

3. Search for charmless decays
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Measurements of inclusive branching
fractions of D decays
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Measurements of inclusive branching fractions of D —»|+X
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& WFNL YI' @ Provides some tests of the
D°(D*) C S,d contributions from different
e diagrams
u(d) # Provide information for

understanding the origin of
life time difference of D+

and DO mesons.

® As a check on the sum of
the measured branching
fractions for exclusive
decay modes

# Provide helpful information
for the studies of the B
meson decays.




Measurements of inclusive branching fractions of D —»|+X

The rate of (mis)identifying the particle i as j
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Pion samples, kaon samples, electron samples, muon samples are selected form
J/y—ont+n-, I/y—>pK+K-, radiative bhabha andcosmic rays, respectively.
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Using the unfolding matrix to subtract the bachground due to the misidentification.




Measurements of inclusive branching fractions of D »e*X

Signal of D—e*X: Data of 33pb
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Right-sign Wrong-sign

Electrons with the charge opposite to the charm of the single
tagged D-bar mesons are defined as right-sign electron,
on the contrary, they are defined wrong-sign ones, which are

accounting for the decays of charge symmetric backgrounds
such as nO—»ye+e- and yconvertions, etc.



Measurements of inclusive branching fractions of D —p*X
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Data of 33pb-?!

The contaminations from
the decay K*— u*v and
n*— u*v are estimated
by the Monte carlo
simulations.

BF(D%— p*X)=(6.8+0.5+0.8)%

BF(D*— u*X)=(17.6+2.7+1.8)%

Preliminary



Summary of inclusive branching fractions of D —I*X

T
—2=2.54+0.02(PDG2006)
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Measurements of inclusive branching fractions of D —KX
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Helpful for understanding the
weak decay mechanism.

Comparing the measured
inclusive branching fraction
with the sum of those for the
exclusive decays provides some
information about the decay
modes which have not been
observed yet .

Measurements of the branching
fractions for the inclusive
D—K*+(-)/K*0/K*0X help to
study the relative strength of
the Cabibbo-favored and
Cabibbo-suppressed decays .

The knowledge of the inclusive
D meson decay properties will
also help one to understand B

decays.




Branching fractions of D —K*/K*0X

: - Data of 33pb/?
50F Signal of D*~K"0X
& ! ‘ Decay mode N Np n
T —
> p"— k*x 18854373  92.6+235 959 +44.]
) DY — gy 30.8 +13.2 0.040.1 3B+ 132
= DY — K"x  2325+309 434+ 184 1891360
= Dt - k*x 437+£17.6 314=£152 12.3 +£23.3
=
5 |
=
Iz
Decay mode | BF(%)

0.7 0.8 0.9 1 1.1 1.2 1.3

Mass (GeV /) DO_sK*0X  [8.7+4.0+1.2
2o | signalofprkox  |DO—>K™OX  |2.8+1.2+0.4
/ D+ SK*0X | 23.244.5+3.0

:)+_)K*OX 1.5%29 , 0.2
(<6.6@90%)

Event/{0.01 GeV/c?)
o 0:5

07 0.8 09 1 1.1 1.2 1.3
Mass (GeV/c?)



Branching fractions of D —K°/K®X

Data of 33pb-1
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Branching fractions of D —K**/K*-X PLB 643(2006) 246

Data of 33pb-?!
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Shadows shows the normalized backgrounds estimated by Ks® sideband



Branching fractions of D —K*/K-X
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Summary of inclusive branching fractions of D —KX

With improved presicion compare to PDG0O6

N

B[20] //D'O—>KX D*—KX

K*X £ 3.5+0.7 £0.3 6.1 £t0.9 +t0.4
K-X 57.8 £1.6 £3.2 24.7 £1.3+1.2
KO/ KObary 47.6 +4.8 £3.0 60.5 +5.5 +3.3
K*0X 2.8+1.2+0.4 1.5%29 , +0.2(<6.6@90%)
K *0bary 8.7+4.0+1.2 23.2+4.5 +3.0
K*+X <3.6(@90%b) <20.3 (@90%)
K*-X 15.3+8.3+1.9 5.715.2 0.7
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First measurements




Measurements of branching fractions

of w(3770)—non-DD




Measurements of branching fractions of y(3770)—non-DD

@ It is believed to be a mixture of 13D, and 23S, states of ccbar
~——=system.- It is thought to decay almost entirely to pure DD-bar.

& However, there is a Long-standing puzzl/e of y(3770)
production and decays:

According to PDG04 parameters:

o = lf—”x BF(p(3770) > e'e ) =11.6+1.8nb

v (3770)

o (e*e” —>DD)=7.1+£0.7nb

o (e'e” > DD)=5.0£0.5 nb(MARK-III)

4 Rong Gang, Zhang Dahua & Chen Jiangchuan did a quantity
analyze in considering ISR correction and find that 38% of
v (3770) does not decay to DD. (hep-ex/0506051)



Branching fractions of y(3770)—>J/yn*n-
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Measurements of branching fractions of y(3770)—non-DD

A better way to uncover the puzzle is the
” Cross section scan experiments,

N

The data were collected at 49 energy points from 3.650 to
3.872 GeV, which begin from off-resonance, covering both
the y(2s) and y(3770) and stop at DD* production
threshold. (data taken in March, 2003)

The data were collected at 67 energy points from 3.660 to
3.872 GeV, which begin from off-resonance, mainly cover
yv(3770) and stop at DD* production threshold .(data
taken in Dec. 2003)

The data taken in April 2003 around y(3770) peak.



Measurements of branching fractions of y(3770)—non-DD

Observed hadronic cross sections:
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ori(s)= [ dx F(x,5) o°(s(1-))

—

1 F(X,s) Is sampling function

]
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Fitting the distribution of the
) 12T, T, (S)

event vertex gives the numbe - (s) =
of hadronic eventaqnhad. (s—=MH*+ M Zrtit ()
bs _ ad
Oﬁad(Ecm)_
L(Ecm) ghad(Ecm) gtrg For yw(3770), we use energy-
nnad:NObS_nb dependent total width I',(S)

The back grounds come from e*e~—»t*t, yete ,yu
and two-photon exchange processes.



DDbar production

Energy dependent cross sections
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Measurements of branching fractions of y(3770)—non-DD

Mar. 2003 data set

T:t T | [a}l |
2.5} b, B .
= 0 = $(3770) — B (%) W(3770) — B (%)
Fr piYpv (b) h pop° 467 + 4.7 23 Db 83.6 = 7.3 +4.2
. 2| - D*D- 369 +3.7+28 non-DD 164+ 73 +4.2
Eb 0t —
‘oD © R, =2.262+0.054£0.109
2 ﬁ{» } .
of — (3.660 ~ 3.872)

Eem [GEV]

My 3770 =3772.2£0.7 £0.3MeV My s, =3685.5+£0.0+£0.3MeV

0 tot
[ =269424403MeV  Typs) =331£58+2keV
% ) = 251426+ 116V e g =2.330£0.036+0.110keV

BF(y(3770)—non-DD)=(16.4+7.3+4.2)%



Measurements of R values at the 3.773,3.650,3.66486GeV

R is one of the most fundamental quantities in particle physics,
lavors and the colors

., which counts directly the charges, the f
rp|
: 3
of quarks involved . E10°F
-
. 210
B _13h g s
R=—5—= 32090 510
ptp i A
= 1
=
Numberof > gy .60 -40 -20 0 20 40 60 80
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aﬁbj — had luminosity  Fitting the distribution of the
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Measurements of branching fractions of y(3770)—non-DD

Summary of the radiative factors, the lowest order cross sections, and the R values:

_E

-

Energy (GeV) (1 +8(s)) e (s) (nh)

36500 1.29] 14.578 £0.067 £ 0.14] £0.588
36648 1.263 14128 0,158 £ 0. 139 £ 0.580
37730 1.210 22855 20046 £0.220 £ 1. 144

236 £ 0.010+£0.022 £ 0,084

Ny 3 (2173 o

R, 4.=2.218+0.019+0.089

3746 £ 0.008 £0.036 0,18
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68(3770)=(9.32320.253+0.801)nb

BF(y(3770) — DD) =

T '
(1 +8) p 5Ty 3770y

BF(y(3770)—>D*D")=(49.9+1.3+3.8)%

BF(y(3770)—D0D%)=(35.7+1.1+3.4)%

BF(y(3770)—non-DD)=(14.5+1.7+5.8)%




Measurements of branching fractions of y(3770)—non-DD

By tagging the largest energy of assumed kaon , we directly measured the
Branching fractions of y(3770)—>non-DD.
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Measurements of branching fractions of y(3770)—non-DD

The data used in this
analysis is taken in
mar. 2003, in Apr. 2003
and during Dec. 2003
to Jan. 2003.

[nb]

had—nen 21}

f‘}'"hﬂ

Fitting these 153 energy
points, we get the direct
v(3770)—>non-DD

branching fractions:

BF(y(3770)—non-DD) = (15.1+ 5.6 + 1.8) %




Measurements of branching fractions of y(3770)—non-DD

Eim [GeV] L [nb™"] N DD Ry g Mot it1-&etah Rpp Enad—non-pi %]
" 3.650 353707 7622 £ 88 235 27 ] 11 £ 006

3.6648 098.2 1418 *+ 39 45 6 0 7.19 + 0.06
3.773 17300 30787 £ 177 043 77 865 £ 72 )

o, = 14.48+0.22+0.55 @ 3.650GeV 'Pscélf‘i',f%% ;{géu; to

o, = 15.08+0.45+0.57 @ 3.6648GeV ,w(3770) production,
And light hadron
Production

Rugss = 2.200+0.034+0.084 @ 3.650G6V gy,
R 4 = 2.272+0.070+£0.088 @ 3.6648GeV

After considering the ISR and VP correction, and summing the other

two components, oy pax ssss /e — (20.61 £ 0.24 = 0.67 = 0.25) nb.

BF(y(3770)—>non-DD) = (13.445.0+3.6)%




Search for Charmless decays of y(3770)

Mode o3773[pb] 03:650[pb] BuP[x10-3]
¢mO <3.5 <8.9 <0.5
| on <12.6 <18.0 1.9
Y 2(n*m) 173.7+8.4+18.4 177.7+13.3+18.8 4.8
KK m+m 131.7+10.1+14.1 161.7+17.9+17.1 4.8
ot <11.1 <22.9 1.6
2(K*K) 19.9+3.6+2.1 24.116.51+2.6 1.7
dK+K 15.8+5.1+1.8 17.4+9.242.0 2.4
ppParmt 33.2143.413.8 42.146.114.8 1.6
ppParK+K 7.1+2.0+0.8 6.1+3.1+0.7 1.1
dppPar <5.8 <9.1 0.9
3(ntm) 236.7+14.7+33.4 234.9+23.8+33.1 9.1
2(nt )N 153.7+40.1+18.4 86.6+40.3+10.4 24.3
2(ntm)n° 80.9+13.9+10.0 124.3+21.7+14.9 6.2
K+K-m+m© 171.6+26.0+20.9 222.8+37.7+27.2 11.1
2(K+K)7° 18.1+7.7+2.1 <23.0 4.6
ppParm® 10.1+2.2+1.0 9.243.4+1.0 1.2
ppPat O 53.1+9.2+6.8 29.0+11.1+3.7 7.3
3(ntm)n° 105.8+34.4+16.9 126.6+47.1+19.2 13.7




Search for Charmless decays of y(3770)

Mode 63 773[pb] 53-650[pb] BUP[x10-3]
7_IL+K:Z(niJr_)_ 168.0+18.2+23.7 164.9+30.3+23.2 <10.3
2(K*K)ntn 11.945.8+1.7 <49.1 <3.2
ppPar2(n*m) 23.5+5.0+3.5 22.8+8.4+3.4 <2.6
A(n*r) 131.8+19.54£23.6 76.2124.4+13.9 <16.7
K*K-2(n*n")nO 231.5+63.6+37.5 <375.2 <52.0
A(m+ ) O <206.9 <119.4 <30.6
POt 111.9413.1+13.1 113.6+21.3+13.1 <6.9
pOK*K- 34.2+11.5+4 .4 57.6£17.916.3 <5.0
pPppbar 13.1+3.2+1.8 17.7+6.2+2.8 <1l.7
K*OK-t+ 94.7+15.5+£10.4 85.51+26.3+t14.4 <9.7
AAP <25 <6.1 <0.4
AAP <26.7 <42.9 <4.4




Search for Charmless decays of y(3770)

Mode o3773[pb] 03:650[pb] BUP[x10-3]
ont T <37.1 <50.8 2.9
& oK K- <44.4 <53.2 6.6
®ppbar <20.3 <30.9 3.0
om0 <255 <66.7 3.8
K*OK -1 20 116.3+32.7420.0 128.1+59.5+17.9 16.3
K* K-t - 173.9+73.3+26.1 189.0+116.3+28.2 32.4
K K-pOn0 <5.6 47.6+33.4+10.7 0.8
K+K-p™n- 94.2+31.6+11.7 141.9+53.3+19.7 14.6
AAbary0 <7.9 <21.4 1.2

We searched for y(3770)-2>light hadrons over 40 channels, no significan t signals were found. This
does not mean that y(3770) does not decay into light hadrons. To extract the branching fractions for

y(3770)=>light hadrons from the observed cross sections, one need to make finer cross section scan

Up limit are set at 9096 CL

covering both y(3686) and y(3770) with larger data samples (BES-111 can do this well).




SUMMARY

@ BES measured the branching fractions of the
——1inelusive semileptonic decays of D mesons. Among
them, the branching fraction of D*—ut X is a first
measurement. The ratio between the D* —»[|*X and
DO —I+X is consistent with the ratio of the lifetimes

of D*and Db.

#® BES measured the branching frachions of the
inclusive K decays of D* and D°. The branchin
fractions of D9—>K™/-X, D*—K™/-X , D? — K0/K*0X
and D*—> K*0/K*0X are first measurements. Compare
to the PDGO6, the measurements of branching
fractions of DO—>K-~*X and D*—>K-*X are with
Improved precision.




SUMMARY

# BES found the first w(3770) —J/yr*m non-DD decay
mode, and first measured the branching frachtions of

y(3770) non-DDbar decays y(3770) —»J/yn*n to be
BF(y(3770)—J/yn+n-) =(0.34+0.14+0.09)% .

@ Using defferent methords, BES measured the
branching fraction of (3770)—non-DD decays.

BF(y(3770)—>non-DD) = (16.3+7.3+4.2)% |PRENO7ZI2006)I121801
BF(w(3770)—non-DD) = (14.5+1.7+5.8)% [IPEBIG41N(2006)i1450
BF(w(3770)—snon-DD) = (15.1+5.6+1.8)% [IIPEBIGS9N2007)i74M
BF(y/(3770)—>non-DD) = (13.4+5.0+3.6)% |PRDIZ6/(2007) 122002

@ BES searched for y(3770)—>light hadrons over 40
channels.




THANK YOU!
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Fit to the observed cross sections

Fitting the observed inclusive hadron and DD-bar cross sections to the

N

L/
B

12 ﬂ-reoe rtOt ( S)

y(3770) total width

FD+D—(S) = 1—‘()Hécm - 2M D+)

O =
Ve (s = M)+ M T2 (5)
The total energy dependent width has three components:

Lou(9=T , ()+T,.o (9+T, ()

T, 0(5)=T0(E. -2M_,)

threshold
function

o)

theoretical cross sections, we obtain the branching fractions

12 2T, T 5(s)

B
DD (S—

M *)+ M T ()

momentum of D at peak

1+(rp_o)” (Pyo)’

1+ (rp,0)° (Ppo)’

p/ momentum of D
1+ (rp,..)* (0,.)°

Blatt-Weisskopf penetration factor

1+(rp )" (py.)’

r (s)=T,(1-BW (3770 ) > D'D - B(w (3770 ) > D'D")

exp

ad

Zz :Z[Gﬁ:csi(i)_o'h

A g (1)

(i)]z+z(

obs : ex :
O-DOBO ( J) - O-DOPBO (J)

ADOBO(j)

B(w(3770 ) —> D°D ")

B(w(3770) > D*D")

] +Z(°_OD+SD(D_°'EXPD(J-)

Apep ()

T




ISR corrections

oort(s)=[ " dx F(x,5) o®(s(1-x)) [1-TI(s(1 - X))|”

o °(s) is Born order cross sections . / ET:-Cgr\lleefgy
F(Xx,s) Is sampling function siniin ?\ Moninal c.m.
& Fadin F(x,5)= Ax" 6V s e T
R e P e
§V+S =1+§'B+ﬁ(”_2_l]+ﬂ2(i_”_2)
47 o\ 3 2 32 12
st =6"+6,

SH = - (1—5]
2

2
5, = l:82|:4(2— X)lnl— 1+30 - x)
8 X X

In(1-X)—6-— x}



Vacuum polarization

1
=1+ TI(S)+I1%(S) +... rrecti
1_T1(s) (S) (S) correction
i Vacuum polarization change
71:[.1:[—?14'! 11 I iy the photon propagator
I, = 52 [PVI d (S,)ds' + izo °(5)] —ig,, —ig,,
7" S—S S = T )
. ¢ T o’ll-TI(@)
I, =1+=6." i
| g vac results in i
2 B
51 (s)= 2% f(x),  (x =2t T
a % S |[1-T1(s)|
f(x)=—§—§+ 1—x(2+x)lo 1++v1-X (x<1)
9 3 6 1-vV1-X
fxye X M= X@HX) o b s
9 3 3 X—1
O_expect
1+0)= c“;“'B




¥(3770) and DD Production

Independent hadron and DD-bar data sample

q net - nh q
o™ (i) = N had O o (1) = 120 _
had - Ehad Branching
L € had fraction for
net __ pnobs obs net __ ~exp _ ~exp the singly
N had — N had ~ N DD nhad _ nhad nDD tagged D
channel

exp exp
Nhag = O had L& had /

N =g P (1+8,6:)L[B,(Bié, + Bye,) + B, B,é, ]

B, = B(w(3770) > D'D )
B, =B (3770) > D*D")
These relations remove those hadronic events which also

appear in the DD-bar samples, so that the inclusive hadronic
and DD-bar samples are independent.



Measurements of B[\P(3770)—>nonDD]

R Value

S‘Alé”‘z """"""" 75 T ] 6000;‘ mm
s _: 5l hadrm 2 5000] From DD-bar . « }
PLUTO 251 | } 3 . 4 = E ]
1E B e pamih 12 o ===t} 4000 1.7 i"
3.5F * BES-I (this work) — E o DODO (b) | E 3000 ] E 1072 :
3'_ _' 'é 0 | | O- 2000 : '§: 0:’16
o % % b ab . \ \ — ] © 5 E Y
2.5 DD 4 P
2* 4 ! } }ﬁﬁ% ﬁ ol ¢+ (c) 1 1000 | | “é: i,
; 0 w 0 | R
i T 37 375 38 385 05 1 15 2 365 37
(m GEV ECIH [GGV] \ EKmaXYGeV]

‘ PLB641, 145 | PRL97,12180 | PRD76,12200 PLB 659,74
B(y" ' >DODO)[%6] | 49.9+1.3+3.8 | 46. 7#4 7+ £ -
B(\|!"—>D+D‘) [20] | 35.7+1.1+3.4 36. 9 +3 7 -- -

B(W"—>DD)[%] | 85.5t1.7+5.8 | 83 6 +7 3 | 86.6+5.0+3.6 | 84.9+5.6+1.8
B(y"'—non- 145:1.7¢58 | 164473 13.445.043.6 | 15.1+5.6+1.8
DR)¢] 2.218:0.0190.08 | 2.26220.084£0.10 | 2.21410.031%0.094 | 2.199£0.047£0.11 9

0% ,(a770) [ND]

7.18+0.20+0.63

6.94+0.48+0.28

7.0710.361+0.45

G nonDD [n b]

0.95+0.35+0.29

1.08+0.40+0.15

o pp [ND]

6.12+0.37+0.23




branching fractions of D K 0/K™0X

o
D T

e

/ Signal of DO-K*0X

P
U1

D T

U.- 1 (T’ _'/ Sideband of D0_>K*OX
— E&L‘H}E__ Lﬂq‘?}\ Ay
0.7 D:E 0.9 'II 1:1 12 1.m3
Mass (GeV/e?)

N
Q

“%3\

Event/(0.01 GeV/¢?)

|_—Signal of D°>K™0X

|_— Sideband of D%~K*0X

Event/(0.01 GeV/cé?)

1.1 1.2 1.3
Mass (GeV/c?)




	   

