Two new charm-strange particles have been
observed by BABAR, CLEO and Belle in 2003.

= DsJ Spectroscopy
= BaBar’s Discovery of D, (2317) -> D®

s CLEO's Discovery of D, (2463)

( left to Dr. Ecklund-CLEO talk )

= Belle's results on D, (2317) , D, (2457)
= BaBar Results on D, (2458)
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The New States

= The spectrum of D, (cs) states had gaps.
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= The states predicted could decay to b * D *(2112)
DK so would be broad g
(T~ 270-990 MeV/c2). T
= The states recently found lie below JP

DK or D*K threshold and so are narrow.
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Cs DOUBLET PICTURE
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e D_  decays violate isospin conservation and are narrow.

e Radiative Decays Dy, D.*y give clues to J? ( 0+ #~> 0-).

e Di-pion Decays (D,nx) conserve isospin, OZI suppressed!

e Beware of Kinematical Reflections. D, nef, Or D o +y [D* n°]




... the Fuss?

Each of the states:

= Are ~ 42 MeV/c? below DK (strong decay) threshold.

= Are narrow (width comparable to resolution).
= Decay in a Al = 1 transition.

This seems to have everyone excited:

» Either something is wrong with the quark models.
= Perhaps there is a new quark phase for heavy hadrons.
= Csqq Molecules!
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= Select good K K xt track candidates + particle id.

= All pairs of y’s, each y having energy > 100 MeV, are fitted to a =° with
mass constraint.

= Each =0 is fitted twice:
« To the production vertex to investigate the D ,*x® mass.

» To the K*Knt* vertex so that we can also use the D, -> K*Kwtn®
mode.

- Continuum-each event was required
to have py" > 2.5 GeV/c.

- Ds] from B decays are being studied
now in BaBar.
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The D.* -> K* K* x * Dalitz P

= Events in the Dyt mass band:

= K" and ¢ bands do not cross (no double counting).
= C0s29 distributions evident in vector bands.
= Cuts select the ¢ and K* peaks in the plot.
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Total K*K 't Mass Spectrum

= Sum of ¢n* and K¥OK+ contributions
is » 80,000 D,* above background.

= We define 00

= signal region:
1.954 < m(K*Kn*) < 1.980 GeV/c2 100

= and two sideband regions:
1.912 < m(K+*Kn*) < 1.934 GeV/c2

4000

1.998 < m(K+K-+) < 2.020 GeV/c2
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Unexpected large signal found in D,*n® mass
(by Antimo Palano)
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= Require p* > 3.5 GeV/c.

3 Fit to polynomial and a single
400 E Gaussian.
zk | 1267+-53 candidates (91fb 1)
> =
9 300 F m = 2316.8 +- 0.4 GeV/c?
LN ml = - 2
2 500 2 o =8.6 +- 0.4 MeV/c
m 3 (errors statistical only).
v 100 F
1L 2 Resolution from MC:
om__...._...._...._.... 8.9 +- 0.2 MeV/c?
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A striking signal observed in the D +x® system.

e Signal clearly associated with both D+ and =°®
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= Separate ¢nx* and K'°K* subsamples:
= D/*+(2112) and signal at 2.32 GeV/c? present in both channels with roughly
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s Study D.*n® mass spectrum
behavior in p* intervals.

s Present in all intervals.

= Better signal to background at
higher p* values.

= Insures continuum production.
= Study dependence in Monte Carlo.

p*(GeV/c)
A p* > 3.5 GeV/c cut Selected
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Helicity angle distribution provides spin information.
The D *rn® mass spectrum is fitted in 10 slices of cos(0) .
The corrected distribution in cos(0) is consistent with being flat - allowing

for O* -barring polarizing effects.
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= No evidence D,;(2317) in any of these decays.
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e No downfeed BUT .

A\Y

Although we rule out the decay of a state of
mass 2.46 GeV/c2 as the sole source of the
D.*n® mass peak corfesponding to the
D,(2317)*, such a state may be produced in
addition to the D_,(2317)*. However, the
complexity of the overlapping kinematics of
the D/(2112)*! D_*y and D(2317)*! D *xd
decays requires more detailed study,
currently underway, in order to arrive at a 50
definitive conclusion.”

... from our PRL 90 (2003) 242001. ) | |

D.(2317)

~

Events / 7 MeV/c2
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= Over 1500 events in the signal. "Dy(2317)"

: D,,(2112) |
= The resonance has width comparable a0 E ﬁ *“ %
with the mass resolution in these L0 Ey p* > 3.5GeV/c
> =
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N= 231

+31
—29

They use 13.5 fb-1 CLEO II
e Signal seen in D

e Not seen in Dge*m,
Dy, D*4(2112)y
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D, -> ¢m, p* > 3.5 GeV/c

M = 2317 +- 0.5 MeV/c?
o = 8.1 +- 0.5 MeV/c?
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They also observe it in
B ->D D, decays !

T. Browder, CIPANP 2003




D.,(2463)->D_*(2112) n° "D4(2463)"
Surprise for Babar! H

- Events in
mow Ds*(2112)

They used MC to estimate:

e “feed up” contribution from 5

o
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D OFEL_%;
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A signal of 41+- 12 events (>50)

WINO3, Oct 8, 2003



Belle's Observation of the Ds] (2457)
in the ¢ ¢ continuum
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Signal:
Am = 344.1+-1.3 MeV/c?
o = b5.8+1.3 MeV/c?
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BELLE’s First Observation of the
B->DD,(2317) and B->DD(2457) in B decays

hep-ex/0308019
Aug. 2003

D.,(2317)-> D n°

~D *r0
*B->DDs;j favored. D,,(2457)->D, n

eQuantum #'s well
known.
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Based on 123.7 x 106 B pairs:
D .* -> ¢n*, K*0K*+, KOK*
DO > K-n+, Kn*tn0, Kntnnt, Dt-> Kntr*t
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Production Branching Fractions for
B->DD(2317) and B->DD,(2457)

BELLE COLLABORATION

TABLE I: Product branching fractions for B — DDss decays.

Decay channel AFE yield M{Dar) vield Efficiency, 1074 B, 1074 Significance
Bt — DD}, (2317) [D} =Y, 13,7152 13.4752 1.36 81730 +2.4 5.0a

BY — D~ D1, (2317) [DF =" Ho.,w.._um.; 10.8+52 0.97 8.6732 +26 6.1o
BT — DD} (2317) [DiT ] 34125 2175 1.08 2.5 L(< 7.6)

Bl DTG D] 23 e L6 e 069 - 2. .ﬁ.+.m.m_hu..._qmﬁ----------.ﬁ ............

BT — DD} (2457) DT 7" T2t 8.975% 0.49 11.9758 £3.6 290
B — D~ Ga.___um.\“m.ﬂ_ (D37 11.8753 14.9754 0.42 22.7 r+qw + 6.8 6.5
Bt — DD} (2457) [DF~] 191725 202112 2.75 m.m.._“fm +1.7 5.0

BY — D™ DT, (2457) [DF 4] 185755 19.6755 1.83 82131 +25 6.5a
Bt — DD} (2457) [D%T 4] 14135 m,www”p 1.15 3120 (< 0.8)

BY — D™ DT (245 .m”_ (D3] 11773 0.27715 0.71 1372 %<600 0 —

Bt — DD} (2457) [Dfnta] < 4.0 22128 1.80 < 2.2

B — D~ CJET ) [DFatr] < 2.5 Iﬂ.wwwm 1.35 <20 -

Bt — DDT, (2457 w Tﬂ_+mn__ < 2.4 1.0T270 0.64 <27 —

B — D~ ﬁ,f:m“ ) [Di= < 2.4 0.373 0.68 <36 -
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4 Modes of
6 Modes of

B-> DD,(2317)
B-> DD(2457)
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Modes conserve I-spin
But are OZI suppressed

No obvious signals (yet)

CDF Run 1I

. Preliminary ~80 pb-?
L
5 v ;
AR
2 7 g }f*

20 4 t++
@wm?i%ﬁ@ﬁ!ﬁ\i

23 24 25 26 2.7 28 29 3
r*n Cand. [GeV/e )]

P

Tl and @ Laurent do Brunhalt

m(D*n*w)




Enhancement at 2460 MeV/c? D%@_\wwv "> DS 7 +

partly due to kinematic overlap
between Dg,;(2317)->Dgn’ m:n_ oz

D*(2112)->D.y bands.

0.3

D.(211h2(2112)

IVUm +< + udO_Um_A

It is important to separate
such overlap from a possible
signal from D¢(2460)-> D n’.

MK 7%y —m (KKt y)

D.(2317)-> D? is seen as
an almost vertical band.
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Need New figures!!!
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0.25

m(K*K " m°y)—m(KWKn'y) Gev/c®

Subtract the Ds*(2112)
sidebands and fit

Peaking background:

Am = 353.1+-2.2 MeV/c?
Signal:

Am = 344.6+-1.2 MeV/c?

About 5 MeV/c2 below CLEO
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D."(2317)* D."(2458)* Mass
Comparison with CLEO and Belle

= D,"(2317)* mass: Seen D_.* i Only : Consistent with JP= 0+

= BABAR 2317.3:0.4+0.8 MeV/c2 (prelim.)

= Belle 2317.2 + 0.5+ 0.9 MeV/c2  (cc, prelim.)
= Belle 2319.8 £+ 2.1 + 2.0 MeV/c? (B decay)

= CLEO 23185+x1.2+1.1 MeV/c?

» D,4(2458)* mass: Seen Dt 7% & D_*y : Consistent with JP= 1+

= BABAR 2458.0+1.0+1.0 MeV/c2 (prelim.)

= Belle 2456.5 £ 1.3+ 1.1 MeV/c2 (cc, prelim.)
= Belle 2459.2 + 1.6 = 2.0 MeV/c? (B decay)

= CLEO 2463.1 + 1.7 + 1.2 MeV/c2

SLAC, July 10 2003. Brian Meadows, U. Cincinnati



e DsJ(2317)and Dsj(2458) well established in B events and
continuum.

oJP = O* 1 * assignments are compelling.

eSome mass refinements will come with the higher statistics
samples of BaBar and BelLe.

*BR measurements being published.

eSearches for new and rarer decays continue.
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