
M
ea

su
re

m
en

t 
  
  
  

of
 a

bs
ol

ut
e 

  
  
  
  
  

D
 h

ad
ro

ni
c

br
an

ch
in

g 
fr

ac
tio

ns
H

an
na

 M
ah

lk
e 

Co
rn

el
l U

ni
ve

rs
ity

fo
r 

th
e

CL
EO

 C
ol

la
bo

ra
tio

n
BE

AU
TY

 2
00

5,
 A

ss
is

i, 
It

al
y

la forchetta
il coltello

il
cu

cc
hi

ai
o



BE
AU

TY
05

, 0
6/

23
/0

5
H

. M
ah

lk
e:

 C
LE

O
 D

 h
ad

ro
ni

c 
BR

2

CL
EO

-c
: 

hi
gh

 p
re

ci
si

on
, l

ow
 e

ne
rg

y

Se
m

ile
pt

de
ca

ys
 

BR
’s

, f
or

m
 f

ac
to

rs
,  

  
  
 

V c
d,

 V
cs

H
ad

ro
ni

c
de

ca
ys

  
  

  
 

BR
’s

, m
ix

in
g 

co
ns

tr
ai

nt
s

W
ea

k 
de

ca
ys

, 
f D

M
. A

rt
us

o,
 t

hi
s 

co
nf

er
en

ce

S.
 S

to
ne

, t
hi

s 
co

nf
er

en
ce

TH
IS

 T
A

LK

Ra
re

/N
on

-S
M

J.
 R

os
ne

r,
 t

hi
s 

co
nf

er
en

ce

Sp
ec

tr
os

co
py

J.
 R

os
ne

r,
 t

hi
s 

co
nf

er
en

ce

Im
pr

ov
e 

up
on

 c
ur

re
nt

 p
re

ci
si

on
Va

lid
at

io
n 

of
 L

Q
CD

 t
oo

ls
  

  
  

  
  

  
  

  
  

  
  

  
  

  
Re

du
ce

d 
un

ce
rt

ai
nt

ie
s 

in
 o

th
er

 m
ea

su
re

m
en

ts



Cu
tt

in
g 

ou
t 

th
e 

go
od

 p
ar

ts

il coltello

il
cu

cc
hi

ai
o

la forchetta



BE
AU

TY
05

, 0
6/

23
/0

5
H

. M
ah

lk
e:

 C
LE

O
 D

 h
ad

ro
ni

c 
BR

4

H
ad

ro
ni

c
D

 D
ec

ay
s:

 W
hy

?
M

an
y 

cu
rr

en
t 

m
ea

su
re

m
en

ts
 d

et
er

m
in

ed
 w

ith
 r

es
pe

ct
 

to
 n

or
m

al
iz

in
g 

m
od

es
 D

0 →
K-
π+

, D
+
→

K-
π+
π+

In
pu

t 
to

 M
AN

Y 
m

ea
su

re
m

en
ts

 (e
.g

.V
cb

fr
om

 B
→

D
* lν

)

CL
EO

-c
 w

ill
 p

ro
vi

de
…

…
ab

so
lu

te
m

ea
su

re
m

en
ts

  
  

  
  

  
  

  
  

  
  

   
  

  
  

  
  

  
  

  
  

  
  

  
  

 
re

la
tiv

e 
m

ea
su

re
m

en
ts

 a
t 

gr
ea

t 
pr

ec
is

io
n 

av
ai

la
bl

e 
al

re
ad

y 
no

w
…

 m
os

t 
pr

ec
is

e 
m

ea
su

re
m

en
t 

of
 D

 h
ad

ro
ni

c
BR

s;
  

  
  

  
  

  
  

  
pi

ck
 h

=
π,

K 
(in

cl
ud

in
g 
π0

an
d 

K S
)

M
uc

h 
ea

si
er

 t
o 

do
 a

t 
th

re
sh

ol
d 

an
d 

in
 p

ai
rs

 t
ha

n 
at

 
10

G
eV

!
By

pr
od

uc
t:

 D
D

 p
ro

du
ct

io
n 

cr
os

s 
se

ct
io

ns
Fi

rs
t 

st
ep

 t
ow

ar
d 

im
pr

ov
ed

 c
on

st
ra

in
ts

 o
n 

D
 m

ix
in

g 
pa

ra
m

et
er

s
Th

es
e 

re
su

lts
: 

60
/p

b 
“p

ilo
t 

ru
n”

 (
0.

36
M

 D
D

 p
ai

rs
) 

  
  

  
  

 
CL

EO
 C

ol
la

b.
, Q

. H
e 

et
 a

l.,
 h

ep
-e

x/
05

04
00

3,
 s

ub
m

. t
o 

PR
L



BE
AU

TY
05

, 0
6/

23
/0

5
H

. M
ah

lk
e:

 C
LE

O
 D

 h
ad

ro
ni

c 
BR

5

π
−

K
+

π
−

π
+

π
+

K
−

D
 P

ro
du

ct
io

n 
at

…

(3
77

0)
,

D
D

K
D

D
K

ψ

π
π

π
π

+

+
−

+
+

−

−
+

−
−

→

→

→

…
3

.7
7

G
eV

…
10

.5
8G

eV



BE
AU

TY
05

, 0
6/

23
/0

5
H

. M
ah

lk
e:

 C
LE

O
 D

 h
ad

ro
ni

c 
BR

6

Si
ng

le
 ta

gs
 

ar
e 

cl
ea

n“D
 T

ag
gi

ng
” 

(A
KA

 “
Th

e 
M

ar
kI

II
M

et
ho

d”
)

Ba
si

c 
St

ra
te

gy
 (

fo
r 

m
os

t 
CL

EO
-c

 a
na

ly
se

s)
:

•
Fu

ll 
re

co
ns

tr
uc

tio
n 

of
 o

ne
 D

 
m

es
on

 (
“T

ag
 D

”)
•

Se
ar

ch
 r

em
ai

nd
er

 o
f 

ev
en

t 
fo

r 
si

gn
al

 D
 d

ec
ay

e.
g.

B(
D

+
 →

K-
π+
π+

) 
=

  
  

  
  

  
  

  
  

 
#

(K
- π

+
π+

) 
in

 t
ag

ge
d 

ev
en

ts
 

( 
ε(

K-
π+
π+

) 
* 

#
ta

gs
)

D

e−

De+

Co
m

pu
te

 m
(D

)r
ec

w
ith

 
E D

=
E b

ea
m

an
d 

 p
D

fr
om

 
re

co
ns

tr
uc

te
d 

de
ca

y 
pr

od
uc

ts

K+
K-
π+

m
(D

 c
an

d)
re

c
(G

eV
)

Co
nt

in
uu

m
, τ

pa
ir,

 
ra

di
at

iv
e

re
tu

rn
 

ev
en

ts
 s

up
pr

es
se

d 
si

gn
ifi

ca
nt

ly
.



BE
AU

TY
05

, 0
6/

23
/0

5
H

. M
ah

lk
e:

 C
LE

O
 D

 h
ad

ro
ni

c 
BR

7

Si
ng

le
 ta

gs
 

ar
e 

cl
ea

n“D
 T

ag
gi

ng
” 

(A
KA

 “
Th

e 
M

ar
kI

II
M

et
ho

d”
)

Ba
si

c 
St

ra
te

gy
 (

fo
r 

m
os

t 
CL

EO
-c

 a
na

ly
se

s)
:

•
Fu

ll 
re

co
ns

tr
uc

tio
n 

of
 o

ne
 D

 
m

es
on

 (
“T

ag
 D

”)
•

Se
ar

ch
 r

em
ai

nd
er

 o
f 

ev
en

t 
fo

r 
si

gn
al

 D
 d

ec
ay

e.
g.

B(
D

+
 →

K-
π+
π+

) 
=

  
  

  
  

  
  

  
  

 
#

(K
- π

+
π+

) 
in

 t
ag

ge
d 

ev
en

ts
 

( 
ε(

K-
π+
π+

) 
×

#
ta

gs
)

D

e−

De+

Co
m

pu
te

 m
(D

)r
ec

w
ith

 
E D

=
E b

ea
m

an
d 

 p
D

fr
om

 
re

co
ns

tr
uc

te
d 

de
ca

y 
pr

od
uc

ts

K+
K-
π+

m
(D

 c
an

d)
re

c
(G

eV
)

Co
nt

in
uu

m
, τ

pa
ir,

 
ra

di
at

iv
e

re
tu

rn
 

ev
en

ts
 s

up
pr

es
se

d 
si

gn
ifi

ca
nt

ly
.



G
et

 r
ea

dy
 t

o 
ea

t

il coltello

il
cu

cc
hi

ai
o

la forchetta



BE
AU

TY
05

, 0
6/

23
/0

5
H

. M
ah

lk
e:

 C
LE

O
 D

 h
ad

ro
ni

c 
BR

9

w
an

t
Th

e 
BR

 F
it

ε
ε
ε j

i
ij

ij
j

i
D

D
N

N
N

N
=

εε ij
j

j
ij

i
NN

B
=

Sy
st
un
c
ca
nc
el

Si
ng

le
 ta

gs
:  

   
   

 N
i=

   
 N

D
D
B i

   
   
ε i

D
ou

bl
e 

ta
gs

:  
   

  N
ij=

  N
D

D
 B

iB
j  

 ε i
j

“h
av

e”
kn

ow

1.
 D

et
er

m
in

e 
yi

el
ds

 N
i, 

N
ij

2.
 S

im
ul

ta
ne

ou
sl

y 
fit

 f
or

 N
D

+
D

-, 
N

D
0D

0b
ar

( 
→

cr
os

s 
se

ct
io

ns
) 

  

an
d 

al
l B

i
(A

ll 
co

rr
el

at
io

ns
 a

nd
 e

rr
or

s 
ta

ke
n 

in
to

 a
cc

ou
nt

!)

Th
e 

Pl
an

:
∫L

W
. S

un
, a

rX
iv

:p
hy

si
cs

/0
50

30
50

, 
su

bm
. t

o 
N

IM
 A

D
 a

nd
 a

nt
i-D

 y
ie

ld
s 

m
ea

su
re

d 
se

pa
ra

te
ly

B i
  
~

in
de

pe
nd

en
t 

of
 t

ag
 m

od
es

 a
nd

 ε
’s



BE
AU

TY
05

, 0
6/

23
/0

5
H

. M
ah

lk
e:

 C
LE

O
 D

 h
ad

ro
ni

c 
BR

10

BR
 F

it
In

pu
t 

I:
Si

ng
le

 T
ag

 E
ve

nt
 Y

ie
ld

s
D

0
D

+

Si
gn

al
 s

ha
pe

:
ψ

(3
77

0)
 li

ne
 s

ha
pe

, 
IS

R
, b

ea
m

 e
ne

rg
y 

sp
re

ad
 

&
 m

om
en

tu
m

 r
es

ol
ut

io
n 

  
  
  
 

Ba
ck

gr
ou

nd
: 

AR
G

U
S

Th
is

 f
it 

re
m

ov
es

 s
m

oo
th

 b
ac

kg
ro

un
d

Ef
fic

ie
nc

ie
s 

in
cl

ud
e 

FS
R
 c

or
re

ct
io

n 
(e

ff
ec

t 
on

 B
R

: 
0.

2-
2.

2%
 d

ow
nw

ar
d)

 

Yi
el

ds
 v

ar
y 

be
tw

ee
n 

0.
6k

 
an

d 
~

10
k 

ev
en

ts

D
et

er
m

in
ed

 s
ep

ar
at

el
y 

fo
r 

D
, D

Ef
fic

ie
nc

ie
s 

23
-6

7%

m
(D

 c
an

d.
)r

ec
(G

eV
)

(l
og

 s
ca

le
)



BE
AU

TY
05

, 0
6/

23
/0

5
H

. M
ah

lk
e:

 C
LE

O
 D

 h
ad

ro
ni

c 
BR

11

24
84

±5
1

(c
om

bi
ne

d)

D
0

D
0

16
50

±4
2

(c
om

bi
ne

d)

D
+

D
+

BR
 F

it

In
pu

t 
II

:

D
ou

bl
e 

Ta
g 

Ev
en

t 
Yi

el
ds

da
ta

# events m
(D

 c
an

d.
)r

ec
(G

eV
)

O
ne

 D
 is

 
rig

ht
, t

he
 

ot
he

r 
is

 
no

t

ISR
 &

 b
ea

m
 e

ne
rg

y

D
et

ec
to

r
re

so
lu

ti
on

m
(D

 c
an

d.
)re

c
(G

eV
)

m(anti-D cand.)rec(GeV) Kπ
ππ

0
vs

K S
ππ
π:

BR
 F

it
 O

ut
pu

t:
 b

ra
nc

hi
ng

 
fr

ac
tio

ns
, N

D
+

D
-, 

N
D

0D
0b

ar



BE
AU

TY
05

, 0
6/

23
/0

5
H

. M
ah

lk
e:

 C
LE

O
 D

 h
ad

ro
ni

c 
BR

12

Tr
ac

ki
ng

 s
ys

te
m

at
ic

s:
  

hi
gh

/lo
w

 m
om

.:
 F

or
 d

at
a 

&
 M

C,
 

re
co

ns
tr

uc
t 

J/
ψ

+
π

fr
om

 ψ
’→

J/
ψ
π+
π-

,
Pl

ot
 r

ec
oi

lin
g 

m
as

s.
 P

ea
k 

at
 m

(π
).

 
In

te
rm

ed
ia

te
 m

om
.:

 D
→

Kπ
, K

ππ
Sa

m
e 

pr
oc

ed
ur

e 
fo

r 
π0

K S
fr

om
 D
→

K S
ππ

“d
ou

bl
e 

ta
g”

ev
en

ts

Sy
st

em
at

ic
s

0.
2-

1.
3

M
ul

tip
lic

ity
, d

et
. n

oi
se

0.
4

O
nl

in
e/

of
fli

ne
 f

ilt
er

in
g

0.
5

Fi
t 

fu
nc

tio
ns

0.
8

D
CS

D
 I

nt
er

fe
re

nc
e

0.
4-

1.
5

Re
so

na
nt

 S
ub

st
r.

0.
5 

ST
 /

 1
.0

 D
T

Fi
na

l S
ta

te
 R

ad
ia

tio
n

0.
6

Γψ
(3

77
0)

1.
0-

2.
5

∆E

0.
3/
π+

,-
, 1

.3
/K

+
,-

Pa
rt

ic
le

 I
D

0.
7/

3.
0/

2.
0

Tr
ac

ki
ng

/K
s/
π0

Va
lu

e 
(%

)
So

ur
ce

D
at

a

M
CPi

on
fo

un
d

Pi
on

no
t f

ou
nd



BE
AU

TY
05

, 0
6/

23
/0

5
H

. M
ah

lk
e:

 C
LE

O
 D

 h
ad

ro
ni

c 
BR

13

Co
m

pa
ris

on
 w

ith
 P

D
G

 2
00

4 
(I

)
•

M
ea

su
re

m
en

ts
 a

nd
 e

rr
or

s 
no

rm
al

iz
ed

 t
o 

PD
G

 v
al

ue
.

•
PD

G
 g

lo
ba

l f
it 

in
cl

ud
es

 r
at

io
s 

to
 K

- π
+

or
 K

- π
+
π+

:
–

Co
rr

el
at

io
ns

 a
m

on
g 

ch
ar

ge
d 

m
od

es
 a

nd
 a

m
on

g 
ne

ut
ra

l m
od

es
.

•
O

ur
 m

ea
su

re
m

en
ts

 a
ls

o 
co

rr
el

at
ed

 (
st

at
s 

an
d 

ef
fic

ie
nc

y 
sy

st
s)

.
•

O
ur

 e
ff

ic
ie

nc
ie

s 
in

cl
ud

e 
FS

R
; 

th
os

e 
us

ed
 b

y 
PD

G
 d

o 
no

t.
•

Al
re

ad
y 

sy
st

em
at

ic
s

lim
ite

d 
in

 s
om

e 
ch

an
ne

ls

O
ve

ra
ll 

C.
L 

23
.7

%



BE
AU

TY
05

, 0
6/

23
/0

5
H

. M
ah

lk
e:

 C
LE

O
 D

 h
ad

ro
ni

c 
BR

14

Co
m

pa
ris

on
 w

ith
 P

D
G

 2
00

4 
(I

I)
•

Co
m

pa
re

 w
ith

 o
th

er
 d

ire
ct

m
ea

su
re

m
en

ts
 in

 P
D

G
.

•
PD

G
 b

an
d 

=
 a

ve
ra

ge
 o

f 
di

re
ct

 m
ea

s.
, n

ot
 g

lo
ba

l f
it.

B(
D

0
K-
π+

)
B(

D
+

K-
π+
π+

)



D
es

se
rt

il coltello

il
cu

cc
hi

ai
o

la forchetta



BE
AU

TY
05

, 0
6/

23
/0

5
H

. M
ah

lk
e:

 C
LE

O
 D

 h
ad

ro
ni

c 
BR

16

Cr
os

s 
Se

ct
io

ns
Co

nv
er

t 
N

D
D
’s

to
 c

ro
ss

 s
ec

tio
ns

:

m
os

t 
pr

ec
is

e 
to

 d
at

e
ch

ar
ge

d 
to

 n
eu

tr
al

 r
at

io
no

n-
D

D
?

(S
ee

 J
. R

os
ne

r’s
ta

lk
)

BE
S 

P
LB

60
3,

13
0(

20
04

) 

(6
.1

4±
0.

12
±0

.5
0)

nb
 

(3
.5

8±
0.

09
±0

.3
1)

nb
 

(2
.5

6±
0.

08
±0

.2
6)

nb

(1
7/

pb
, s

in
gl

e 
ta

g 
on

ly
)



BE
AU

TY
05

, 0
6/

23
/0

5
H

. M
ah

lk
e:

 C
LE

O
 D

 h
ad

ro
ni

c 
BR

17

Ch
ar

ge
d 

to
 N

eu
tr

al
 R

at
io

(
)

(
)

0.
02

0.
02

0.
78

D
D

e
e 

σ
D

D
e

e 
σ

R
0

0
C

/N
±

±
=

→→
=

+
+

−
+

+
+

Pr
ed

ic
tio

n:
  
  
  
  
  
  
  
  
 

M
. V

ol
os

hi
n,

  
  
  
  
  
  

he
p-

ph
/0

40
21

70

P
re

di
ct

ed

Th
is

 
an

al
ys

is

D
B

RC/N

E C
M

 (G
eV

)
E C

M
 (G

eV
)

CL
EO

 P
RD

66
,0

52
00

3(
20

02
) 

  
  
  
  
  
  
  

Ba
Ba

r
PR

D
69

m
07

11
01

(2
00

4)
  

   
  

  
  

  
  

  
 

Be
lle

 P
RD

67
,0

52
00

4(
20

03
)

Th
es

e 
(a

nd
 o

th
er

) d
at

a-
th

eo
ry

 d
is

cr
ep

an
ci

es
 h

av
e 

pr
om

pt
ed

 
sp

ec
ul

at
io

n 
of

 4
-q

ua
rk

 c
om

po
ne

nt
 o

fψ
(3

77
0)

.  
   

   
   

   
   

   
 M

.V
., 

he
p-

ph
/0

50
41

97



BE
AU

TY
05

, 0
6/

23
/0

5
H

. M
ah

lk
e:

 C
LE

O
 D

 h
ad

ro
ni

c 
BR

18

Su
m

m
ar

y:
  

  
  

  
  

  
  

  
  

 
CL

EO
-c

 a
bs

ol
ut

e 
ha

dr
on

ic
D

 B
R
’s

•
Fi

rs
t 

re
su

lts
, b

as
ed

 o
n 

60
/p

b 
•

9 
de

ca
y 

m
od

es
 (

in
cl

D
0 →

K-
π+

, D
+
→

K-
π+
π+

)
do

ub
le

 
ta

gg
in

g 
m

et
ho

d 
⇒

ab
so

lu
te

  
BR

s
•

Ag
re

em
en

t 
w

ith
 P

D
G

 g
lo

ba
l f

it;
  
  
  
  

  
  

  
  

  
  

  
co

m
pa

ra
bl

e 
or

 s
up

er
io

r 
ac

cu
ra

cy
•

Al
re

ad
y 

sy
st

em
at

ic
s

lim
ite

d 
in

 s
om

e 
m

od
es

, w
ill

 b
e 

ab
le

 t
o 

re
du

ce
 s

om
e 

w
ith

 m
or

e 
da

ta
•

Fi
na

l s
ta

te
 r

ad
ia

tiv
e

co
rr

ec
tio

ns
 s

up
pl

ie
d

•
σ(
ψ

’’→
D

D
),

 σ
(ψ

’’→
D

0 D
0 )

, σ
(ψ

’’→
D

+
D

- )
, a

nd
  

σ(
ψ

’’→
D

+
D

- )
/σ

(ψ
’’→

D
0 D

0 )



BE
AU

TY
05

, 0
6/

23
/0

5
H

. M
ah

lk
e:

 C
LE

O
 D

 h
ad

ro
ni

c 
BR

19

O
ut

lo
ok

: 
H

ad
ro

ni
c

D
 D

ec
ay

s
•

W
ill

 a
dd

 m
or

e 
da

ta
 t

o 
th

is
 a

na
ly

si
s

–
28

1p
b-

1
as

 o
f 

th
is

 s
um

m
er

–
St

at
 e

rr
or

 ⇒
×0

.5
, s

ys
t

er
ro

r 
⇒

no
t 

as
 m

uc
h

•
Ca

bi
bb

o
su

pp
re

ss
ed

 h
ad

ro
ni

c
D

 d
ec

ay
s,

 
es

p.
 in

cl
ud

in
g 
π0

•
D

 m
ix

in
g 

co
ns

tr
ai

nt
s

•
M

ov
e 

on
 t

o 
D

s 
(e

sp
. D

s+
→
φπ

+
)



Lu
nc

h!

il coltello

il
cu

cc
hi

ai
o

la forchetta



D
O

N
E



BE
AU

TY
05

, 0
6/

23
/0

5
H

. M
ah

lk
e:

 C
LE

O
 D

 h
ad

ro
ni

c 
BR

22

N
on

-D
D

 ψ
’’

de
ca

ys

σ(
ψ

’’→
D

D
) 

=
 (

6.
39

 ±
0.

09
±0

.2
1)

 n
b

O
ZI

 p
re

fe
rr

ed
σ(
ψ

’’→
ha

dr
on

s)
 ~

 8
 n

b
(s

ee
 h

ep
-p

h/
04

11
19

6 
fo

r 
an

  
 

av
er

ag
e 

of
 o

ld
er

 m
ea

su
re

m
en

ts
)

Is
 t

he
re

 a
 d

ef
ic

it?
 C

an
 t

hi
s 

de
fic

it 
be

 c
on

fir
m

ed
? 

Tw
o 

ap
pr

oa
ch

es
:

CL
EO

 p
re

ci
si

on
 m

ea
su

re
m

en
t 

of
 

σ(
ψ

’’→
ha

dr
on

s)
 u

nd
er

w
ay

 IS
R
 c

or
re

ct
io

n
Se

ar
ch

 f
or

 e
xc

lu
si

ve
 d

ec
ay

 m
od

es
 li

ke
 f

or
 a

ny
 

ot
he

r 
ch

ar
m

on
iu

m
st

at
e:

  
  
  
  
  
  
  
  
  
  
  
  
  
  
 

ψ
’’→

XJ
/ψ

, t
w

o-
bo

dy
 (

VP
),

 m
ul

tib
od

y,
 γ
χ C

J



BE
AU

TY
05

, 0
6/

23
/0

5
H

. M
ah

lk
e:

 C
LE

O
 D

 h
ad

ro
ni

c 
BR

23

St
at

us
 o

f 
Ab

so
lu

te
 C

ha
rm

 B
ra

nc
hi

ng
 R

at
io

s
Br τ

=
Γ

M
ea

su
re

d 
ve

ry
 p

re
ci

se
ly

 

Po
or

ly
 k

no
w

n

45
D

0

10
0

µν
D

+

24
0.

60
 ±

0.
14

µν
D

s+

1.
7

26256.
5

2.
4

Er
ro

r 
(%

)

5.
88

 ±
0.

10
µ+
µ−

J/
ψ

5.
0±

1.
3

pK
- π

+
Λ

c

3.
6±

0.
9

φπ
+

D
s+

9.
2±

0.
6

K
- π

+
 π

+
D

+

3.
80

±0
.0

9
K

- π
+

D
o

PD
G

04
 (

%
)

M
od

e

K
ey

 h
ad

ro
ni

c
ch

ar
m

 d
ec

ay
 

m
od

es
 u

se
d 

to
 n

or
m

al
iz

e
B

 p
hy

si
cs

#X
 O

bs
er

ve
d

(
)

ef
fic

ie
nc

y 
x 

#D
's 

pr
od

uc
ed

 
Br

D
X

→
=

0.
17

0.
05

0.
08

+ −

e
π

ν
−

+
0.

23
0.

11
0.

39
.0

4
+ −

±

C
ha

rm
 p

ro
du

ce
d 

at
 B

 F
ac

to
rie

s/
Te

va
tro

n
or

 a
t d

ed
ic

at
ed

 F
T 

ex
pe

rim
en

ts
 a

llo
w

s r
el

at
iv

e 
ra

te
 

m
ea

su
re

m
en

ts
 b

ut
 a

bs
ol

ut
e 

ra
te

 m
ea

su
re

m
en

ts
 a

re
 h

ar
d 

be
ca

us
e 

ba
ck

gr
ou

nd
s a

re
 si

ze
ab

le
  &

  
be

ca
us

e 
# 

D
’s

 p
ro

du
ce

d 
is

 n
ot

 w
el

l k
no

w
n.

 
B

ac
kg

ro
un

ds
 a

re
 la

rg
e.

|f D
|2

νl
|V

C
K

M
|2 |f(

q2 )
|2

|V
C

K
M

|2

#D
’s

 p
ro

du
ce

d
is

 n
ot

 w
el

l k
no

w
n.



BE
AU

TY
05

, 0
6/

23
/0

5
H

. M
ah

lk
e:

 C
LE

O
 D

 h
ad

ro
ni

c 
BR

24

Br
an

ch
in

g 
Fr

ac
tio

n 
Re

su
lts



BE
AU

TY
05

, 0
6/

23
/0

5
H

. M
ah

lk
e:

 C
LE

O
 D

 h
ad

ro
ni

c 
BR

25

U
ni

ta
rit

y
C

on
st

ra
in

ts
To

da
y

W
ith

 1
00

0/
pb

 fr
om

 B
 fa

ct
or

ie
s 

an
d 

C
LE

O
-c

 la
tti

ce
 c

al
ib

ra
tio

n

C
LE

O
-c

 w
ill 

al
lo

w
 B

 fa
ct

or
y 

m
ea

su
re

m
en

ts
 to

 re
ac

h 
fu

ll 
po

te
nt

ia
l

by
 c

al
ib

ra
tin

g 
la

tti
ce

 Q
C

D
.  

fo
rm

 fa
ct

or
 m

ea
su

re
m

en
ts

D
 m

es
on

 d
ec

ay
 c

on
st

an
t (

f D
)

C
LE

O
 II

/II
V

 a
na

ly
se

s 
at

  Y
(4

S
) e

ne
rg

ie
s

co
nt

in
ue

 to
 im

pr
ov

e 
ou

r k
no

w
le

dg
e

of
 C

K
M

 c
on

st
ra

in
ts

…



BE
AU

TY
05

, 0
6/

23
/0

5
H

. M
ah

lk
e:

 C
LE

O
 D

 h
ad

ro
ni

c 
BR

26

D
ou

bl
e 

ta
gs

 s
ub

se
ts

 o
f 

si
ng

le
 t

ag
s,

 s
o 

th
ey

 a
re

 
co

rr
el

at
ed

.

Ba
ck

gr
ou

nd
 s

ou
rc

es
:

–
D

m
od

es
 n

ot
 in

 f
it 

(d
ep

en
ds

 o
n 

fr
ee

 
pa

ra
m

et
er

s 
N

D
D
).

–
e+

e−
co

nt
in

uu
m

, ψ
’γ
, 

τ+
τ−

(c
or

re
la

te
d 

b/
c 

of
 

lu
m

in
os

ity
).

–
M

os
t 

Ca
bi

bb
o-

su
pp

re
ss

ed
 m

od
es

 
ne

gl
ig

ib
le

 (
th

an
ks

 t
o 

PI
D

).

Ef
fic

ie
nc

y 
m

at
ric

es
 

ac
co

un
t 

fo
r 

cr
os

sf
ee

d.

Ba
ck

gr
ou

nd
 

ef
fic

ie
nc

y

Si
gn

al
 

ef
fic

ie
nc

y

Ba
ck

gr
ou

nd

Yi
el

d

V
F

(n
b

x 
nb

)
F

(n
x 

b)

V
E

(n
2

x 
n2 )

 
E

(n
x 

n)

V
b

(b
x 

b)
b

(b
)

V
n

(n
x 

n)
n

 (
n)

Fi
t 

In
pu

ts

Er
ro

rs
 o

n 
el

em
en

ts
 o

f 
E,

 F
:

–
Tr

ac
ki

ng
, π

0 ,
 K

S0
sy

st
em

at
ic

s
(c

or
re

la
te

ds
al

l e
le

m
en

ts
).

–
R
es

on
an

t 
su

bs
tr

uc
tu

re
.

–
In

tr
od

uc
es

 c
or

re
la

tio
ns

 
be

tw
ee

n 
D
0

an
d 

D
+

re
su

lts
.



BE
AU

TY
05

, 0
6/

23
/0

5
H

. M
ah

lk
e:

 C
LE

O
 D

 h
ad

ro
ni

c 
BR

27

Th
e 

Al
go

rit
hm

•
Co

rr
ec

t 
m

ea
su

re
d 

yi
el

ds
: 

•
Eq

ua
te

 w
ith

 f
un

ct
io

ns
 (

N
* )

 o
f 

m
:

–
N

i*
=

 N
D

D
B i

, N
ij*

=
 N

D
D
B i
B j

, m
od

ul
o 

fa
ct

or
s 

of
 2

.

•
Pr

op
ag

at
e 

st
at

. a
nd

 s
ys

t.
 e

rr
or

s 
on

 n
,b

,E
, F

to
 VV

NN
:

w
he

re
 p

=
 n

–
Fb

an
d 

C
EF

gi
ve

s 
th

e 
E/

F
co

rr
el

at
io

ns
.

•
M

in
im

iz
e 

•
In

pu
t 

b
de

pe
nd

s 
on

 m
:

–
U

pd
at

e 
in

pu
ts

 b
et

w
ee

n 
ite

ra
tio

ns
.

–
In

cl
ud

e 
db

/d
m

in
 d

er
iv

at
iv

es
 d
χ2 /

dm
.

(
)

sy
m

T
T

T
T

T
 

 

∂∂
∂∂

−
∂∂

∂∂
+

 
 

∂∂
∂∂

+
+

=
−

−
−

FN
C

Ep
E

FN
V

FN
E

Ep
V

Ep
F

FV
V

E
V

E
F

F
E

b
n

N
1

1
1

2

NN
=

 
=

 EE
−− 11

(( nn
––
F
b
F
b

))

χχ22
=

 (
 

=
 (

 NN
––
NN

**
) ) 
TT
VV
NN

( ( 
NN

––
NN

**
))


	Measurement       of absolute           D hadronic branching fractions
	CLEO-c: high precision, low energy
	Cutting out the good parts
	Hadronic D Decays: Why?
	D Production at…
	“D Tagging” (AKA “The MarkIII Method”)
	“D Tagging” (AKA “The MarkIII Method”)
	Get ready to eat
	The BR Fit
	BR Fit Input I: Single Tag Event Yields
	BR Fit Input II: Double Tag Event Yields
	Systematics
	Comparison with PDG 2004 (I)
	Comparison with PDG 2004 (II)
	Dessert
	Cross Sections
	Charged to Neutral Ratio
	Summary:                            CLEO-c absolute hadronic D BR’s
	Outlook: Hadronic D Decays
	Lunch!
	DONE
	Non-DD ?’’ decays
	Status of Absolute Charm Branching Ratios
	Branching Fraction Results
	Fit Inputs
	The Algorithm

