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D
s

J  S
pectroscopy

Tw
o new

 charm
-strange particles have been

observed by B
AB

AR, CLEO
 and Belle in 2003.

n
D

sJ S
pectroscopy

n
B

aB
ar’s D

iscovery of D
sJ  (2317) -> D

s p
0

n
CLEO

’s D
iscovery of D

sJ  (2463)
( left to D

r. Ecklund-CLEO
 talk )

n
Belle’s results on D

sJ  (2317) , D
sJ  (2457)

n
B

aB
ar R

esults on D
sJ  (2458)
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The N
ew

 States
n

The spectrum
 of D

s  (cs) states had gaps.

  (d) B
ard

een
E

ich
ten

H
ill M

o
d

el (H
Q

E
T

+
ch

iral sym
)

n
The states predicted could decay to

DK
 so w

ould be broad
(G~ 270-990 M

eV/c
2).

n
The states recently found lie below

DK
 or D

*K
 threshold and so are narrow

.
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G
IK M

odel

new

D
s2 (2573)

D
s2 (2536)

D
s

D
sJ (2317)

D
sJ (2460)

Mass (GeV)

J
P

D
s *

(2112)

D
*K

D
0K
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Cs D
O

U
BLET PICTU

R
E

W
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• D
s  p decays violate isospin conservation and are narrow

.
• R

adiative D
ecays D

s g,   D
s * g give clues to J

P  ( 0+
 -->

 0-).
• D

i-pion D
ecays  ( D

s  pp )   conserve isospin, O
ZI suppressed!

• Bew
are of Kinem

atical R
eflections.    D

s  p
o g ,  or    D

s  p
o +

 g  [ D
s * p

o ]

D
s2 (2573)

->D
s *K

D
s1 (2536)

->D
s *K j=

3/2
j=

1/2
j=

1/2

0-
1-

0+
1+

1+
2+

J
P

D
s1 (2463)
->

 D
s  p

og

D
s0 (2317)
->

D
s  p

o

D
s *(2112)
->

 D
s g ,

->
 D

s  p
o

D
s (1970)

->
 KK

p

L

S
Q

S
qj =

 L
 +

 S
q

D
s g

 D
s  pp

D
s *p

o

D
s  (2317)g

D
s g

?

~
350M

eV ~
140M

eV

2.1

2.2

2.3

2.4

2.0

2.5

2.6

1.9

Mass (GeV/c2)
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…
 the Fuss?

Each of the states:

n
Are ~

 42 M
eV/c

2 below
 DK

 (strong decay) threshold.
n

Are narrow
 (w

idth com
parable to resolution).

n
D

ecay in a DI =
 1 transition.

This seem
s to have everyone excited:

n
Either som

ething is w
rong w

ith the quark m
odels.

n
Perhaps there is a new

 quark phase for heavy hadrons.
n

Csqq M
olecules!
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D
ata Selection

n
Select good K K p track candidates +

 particle id.
n

All pairs of g’s, each g having energy >
 100 M

eV, are fitted to a p
0 w

ith
m

ass constraint.
n

Each p
0 is fitted tw

ice:
n

To the production vertex to investigate the D
s +p

0 m
ass.

n
To the K

+K
-p

+ vertex so that w
e can also use the D

s  ->  K
+K

-p
+p

0

m
ode.

- Continuum
-each event w

as required
to have p

D
* >

 2.5 G
eV/c.

- D
sJ from

 B
 decays are being studied

now
 in BaBar.
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The D
s + ->

 K
+ K

- p + D
alitz Plot

n
Events in the D

s + m
ass band:

n
K

* and f bands do not cross (no double counting).

n
cos

2J
 distributions evident in vector bands.

n
Cuts select  the f and K* peaks in the plot.
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Total K
+K

-p
+ M

ass Spectrum

n
Sum

 of fp
+ and K

*
0K

+ contributions
is » 80,000 D

s + above background.

n
W

e define

n
 signal region:

1
.9

5
4

 <
 m

(K
+K

-p
+) <

 1
.9

8
0

 G
eV

/c
2

n
and tw

o sideband regions:
1

.9
1

2
 <

 m
(K

+K
-p

+) <
 1

.9
3

4
 G

eV
/c

2

1
.9

9
8

 <
 m

(K
+K

-p
+) <

 2
.0

2
0

 G
eV

/c
2
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D
isco

very o
f D

sJ *(2
3

1
7

)
+

U
nexpected large signal found in D

s +p
0 m

ass
(by Antim

o Palano)
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Fit to the Signal

n
R
equire p

* >
 3.5 G

eV/c.

Fit to polynom
ial and a single

G
aussian.

1267+
-53 candidates  (91fb

-1)

m
 =

 2316.8 +- 0.4 G
eV/c

2

s  =
 8.6 +- 0.4 M

eV/c
2

(errors statistical only).

R
esolution from

 M
C:

 8.9 +- 0.2 M
eV/c

2

m
(D

s +p
0) G

eV/c
2

Events / 5 MeV/c2

400

300

200

100

   0
2.1    2.2     2.3    2.4    2.5
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D
s +p

0 M
ass Spectrum

A striking signal observed in the D
s +p

0 system
.

• Signal clearly associated w
ith both D

s +   and p
0

• Is not a reflection of any other know
n state (M

C)
• K- p m

isid reflections investigated, etc.

D
s +

D
+

p
0
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D
s +p

0 M
ass Spectra

n
Separate fp

+ and K
*0K

+ subsam
ples:

n
D

s *
+(2112) and signal at 2.32 G

eV/c
2 present in both channels w

ith roughly
equal strength.

Events / 5 MeV/c2

2
0

0

1
5

0

1
0

0

  5
0

    0

f
K

*

m
(D

s +p
0) G

eV
/c

2
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         D
s p

0 CM
S M

om
entum

 (p
*) D

ependence

n
Study D

s +p
0 m

ass spectrum
behavior in p

* intervals.
n

Present in all intervals.
n

Better signal to background at
higher p

* values.
n

Insures continuum
 production.

n
Study dependence in M

onte Carlo.

A p
* >

 3.5 G
eV/c cut  Selected

W
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D
sJ +(2317) D

ecay Angular D
istribution

n
H

elicity angle distribution  provides spin inform
ation.

n
The D

s +p
0 m

ass spectrum
 is fitted in 10 slices of cos(q) .

n
The corrected distribution in cos(q) is consistent w

ith being flat - allow
ing

for 0
+

  - barring  polarizing effects.

U
n

co
rrected

A
ccep

tan
ce

cos J
cos J

cos J

10 x Efficiency

J
D*sJ (2

3
1

7
)

D
s

p
0

C
o

rrected
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D
s +g, D

s +gg, D
s *(2112)g , D

s +p
op

o

n
N

o evidence D
sJ (2317) in any of these decays.
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M
issing G

am
m

as from
 H

igher M
ass States

 - D
s +

 p
o g , D

s *(2112) p
o

• N
o dow

nfeed       BU
T …

D
sJ (2317)

D
s *(2112)p

0

m
(D

s +p
0g)

Events / 7 MeV/c2

“Although w
e rule out the decay of a state of

m
ass 2.46 G

eV/c2 as the sole source of the
D

s +p
0 m

ass peak corresponding to the
D

sJ (2317) +, such a state m
ay be produced in

addition to the D
sJ (2317) +. H

ow
ever, the

com
plexity of the overlapping kinem

atics of
the D

s (2112) +! D
s +g  and D

sJ (2317) +! D
s +p

0

decays requires m
ore detailed study,

currently underw
ay, in order to arrive at a

definitive conclusion.”

…
 from

 our PR
L 90 (2003) 242001.
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BaBaR
 D

iscovers N
ew

 N
arrow

 R
esonance

“D
sJ (2317)”

n
O

ver 1500 events in the signal.

n
The resonance has w

idth com
parable

w
ith the m

ass resolution in these
system

s.

n
It is evident in tw

o different topologies

a) D
+s -> K

+K
¨ p

+  (tw
o

 m
o

d
es)

b
) D

+s -> K
+K

¨ p
+ p

0

n
M

asses consistent in all channels – w
idth

~ resolution.

“D
s (2317)”

D
s1 (2112)

D
s1 (2112)

p
* >

 3
.5

 G
eV

/c

p
* >

 3
.5

 G
eV

/c

W
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CLEO
 Confirm

s the D
s (2317)

N
ot in D

s p
+p

-

They use 13.5 fb
-1 CLEO

 II

• Signal seen in D
s p

0

• N
ot seen in D

s p
+p

-,
  D

s g, D*s1 (2112)g

m
(D

s p
0) – m

(D
s )

350.0 +- 1.2 (stat) +- 1.0 (syst)
(M

eV/c
2)

W
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So D
oes Belle (in continuum

)

78 fb
-1 sam

ple
D

s  -> fp, p
* >

 3.5 G
eV/c

M
 =

 2317 +- 0.5 M
eV/c

2

s  =
 8.1 +- 0.5 M

eV/c
2

N
  =

 770 +- 43 events

They also observe it in
B

 -> D D
sJ  decays !

T. Brow
der, CIPAN

P 2003
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CLEO
’s D

iscovery of D
s (2463) Signal

D
sJ (2463)->

D
s *(2112) p

o

Surprise for Babar!

They used M
C to estim

ate:

• “feed up” contribution from
D

s (2317) w
ith random

 g to be

9%
 of signal.

• “feed dow
n” contribution of

D
s (2463) to the D

s (2317) to be

84%
.

“D
s (2463)”

Events in
Ds

*(2112)

Events in
Ds

*(2112)
sidebands

A signal of 41+- 12 events (>
5s

)

W
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Belle’s O
bservation of the D

sJ (2457)
 in the c c continuum

W
IN

03, O
ct 8, 2003

Signal:
D
m

 =
 344.1+-1.3 M

eV/c
2

 s
    =

   5.8+-1.3 M
eV/c

2

Side-band subtracted
 M

(D
s*po) - M

(D
s

+* po)
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BELLE’s First O
bservation of the

B->
D

D
sJ (2317) and  B->

D
D

sJ (2457) in B decays

hep-ex/0308019
Aug. 2003

D
sJ (2

3
1

7
)-> D

s p
0

D
sJ (2

4
5

7
)->D

s *p
0

D
sJ (2

4
5

7
)->D

s g !!!
   ( =

>
 .n

o
t. o

+
 )

B
ased

 o
n

 1
2

3
.7

 x 1
0

6 B
 p

airs:
D

s + -> fp
+, K

*
0K

+, K
0K

+

D
0 > K

-p
+, K

-p
+p

0, K
-p

+p
-p

+, D
+-> K

-p
+p

+

•B->
D

D
sj favored.

•Q
uantum

 #
’s w

ell
    know

n.
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Production Branching Fractions for
B->

D
D

sJ (2317) and  B->
D

D
sJ (2457)

BELLE CO
LLABO

R
ATIO

N

4 M
odes of 

 B->
 D

D
sJ (2317)

6 M
odes of 

 B->
 D

D
sJ (2457)
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BELLE’s Analysis of Cos(q
D

sg )

D
sJ (2460):

J
P =

 1
+  (c

2/N
D

F =
 5/6)

J
P =

 2
-   (c

2/N
D

F =
 44/6)

W
IN
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D
S (2460)D

S (1970)

g

q
Dsg

J=
1

J=
2
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m
(D

s +p
+p

-)

D
ecays to di-Pions

C
D

F R
u

n
 II

 P
relim

in
ary ~

8
0

 p
b

-1

C
LE

O
 II

~
1

3
.5

 fb
-1

m
(D

s +p
+p

-) – m
(D

s +)

m
(D

s +p
0p

0)

B
AB

A
R

~
8

1
 fb

-1

M
odes conserve I-spin

But are O
ZI suppressed

N
o obvious signals (yet)

W
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Kinem
atic R

eflections

Enhancem
ent at 2460 M

eV/c
2

partly due to kinem
atic overlap

betw
een D

sJ (2317)->D
s p

0 and
D

*(2112)->D
s g bands.

It is im
portant to separate

such overlap from
 a possible

signal from
 D

s (2460)-> D
s p

0g.

D
s (2317)-> D

s p
0 is seen as

an alm
ost vertical band.

W
IN

03, O
ct 8, 2003

D
s (2317) ->

D
s p

o +
 g

bak

D
s (2112)

->
D

s +
g + p

obak



SLAC, July 10 2003.
Brian M

eadow
s, U

. Cincinnati

Extract the D
sJ +(2458) Signal

Subtract the D
s*(2112)

sidebands and fit

Peaking background:
D
m

 =
 353.1+-2.2 M

eV/c
2

Signal:
D
m

 =
 344.6+-1.2 M

eV/c
2

W
IN

03, O
ct 8, 2003

About 5 M
eV/c

2 below
 CLEO

N
eed N

ew
 figures!!!
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• Channel Likelihood Fit  *
•Signal-
 D

sJ(2460) -->
D

s p
0 g

   -D
s*(2112) p

0

   -D
sj(2317) g

•Background-
 -D

s p
0 g

ran
 -D

s* p
0ran

 -D
sj(2317)g

ran
 -D

*s(2112) p
0ran

          -->
 D

s
 g

ran

M
ulti-D

im
ensional D

sJ +(2458) Fit

• R
efit of  D

sJ(2317)

Condon and Cow
l, PR

 D
9

 2558 (1974)

BABAR
 D

ATA

(interference ignored)
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D
sJ *(2317) +

  D
sJ *(2458) +

 M
ass

Com
parison w

ith CLEO
 and Belle

n
D

sJ *(2317) + m
ass:    Seen D

s +
 p

0  O
nly  :   Consistent w

ith J
P=

 0
+

n
BABAR

2317.3 ± 0.4 ± 0.8
M

eV/c
2

(prelim
.)

n
Belle

2317.2 ± 0.5 ± 0.9
M

eV/c
2

(cc, prelim
.)

n
Belle

2319.8 ± 2.1 ± 2.0
M

eV/c
2

(B decay)
n

CLEO
2318.5 ± 1.2 ± 1.1

M
eV/c

2

n
D

sJ (2458) + m
ass:  Seen D

s +
 p

0  &
  D

s +g  :   Consistent w
ith J

P=
 1

+

n
BABAR

2458.0 ± 1.0 ± 1.0
M

eV/c
2

(prelim
.)

n
Belle

2456.5 ± 1.3 ± 1.1
M

eV/c
2

(cc, prelim
.)

n
Belle

2459.2 ± 1.6 ± 2.0
M

eV/c
2

(B decay)
n

CLEO
2463.1 ± 1.7 ± 1.2

M
eV/c

2
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SU
M

M
AR

Y
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• D
sJ(2317)and D

sj(2458) w
ell established in B events and

continuum
.

•J
P =

 O
+ 1 + assignm

ents are com
pelling.

•Som
e m

ass refinem
ents w

ill com
e w

ith the higher statistics

sam
ples of BaBar and BeLLe.

•BR
 m

easurem
ents being published.       

•Searches for new
 and rarer decays continue.


