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New Results in Charm Meson New Results in Charm Meson 
Spectroscopy from FOCUS and SELEXSpectroscopy from FOCUS and SELEX

Peter S. Cooper
Fermi National Accelerator Laboratory

Batavia, IL

OutlineOutline
FOCUS    FOCUS    (thanks to Rob (thanks to Rob KutschkeKutschke and Eric and Eric VaanderingVaandering))

Masses and Widths of DMasses and Widths of D22**++ DD22**00 mesonsmesons
Evidence for DEvidence for D00**++ and Dand D00**00 broad statesbroad states
Confirmation of DConfirmation of Dss

++(2317) and others(2317) and others
SELEX SELEX 

Evidence for DEvidence for DsJsJ
++(2632) in (2632) in DDss

++ηη andand DD00KK++
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• Charm Photo-production• ~200 GeV Photon Beam
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SelexSelex Experiment at FermilabExperiment at Fermilab
Charmed Charmed HadroproductionHadroproduction with with ππ-- ,p and ,p and ΣΣ-- beamsbeams

SELEX Experiment
• Forward charm hadro-production 
xF>0.1
• π- ,p and Σ- beams @ 600 GeV/c
•Typical boost ~100
• RICH PID above 22 GeV/c
• 20 plane – 4 view SVX  σ>4 µm
• data taken in 1996-7
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3 Hydrogenic (heavy-light) systems: D0(cu) D+(cd) Ds
+(cs)

_          _           _
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FOCUS DFOCUS DJJ* Fit Results* Fit Results
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Summary Of FOCUS ResultsSummary Of FOCUS Results
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HeavyHeavy--lightlight spectroscopyspectroscopy
M.Di Pierro and E. Eichten, PRD64(2001) 

•Model predicts mass and widths – works well for D(cd), but not 
for all Ds(cs)

•2003 – e+e- found  Ds(2317), Ds(2463) – below DK threshold, 
inconsistent with model

•Higher states – expected above D(*)K threshold – therefore 
broad  and hard to observe

Ds
+D0
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SELEX search for  SELEX search for  DDsJsJ
++ → DDss

++ ηη00, D, D00 KK++

Mass [GeV/c2]

d) Dsc) D+

SELEX single 
charm samples  
(few %  FOCUS)

This analysis 
uses D0 and Ds 
data

Mass [GeV/c2]
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ηη00 signal in CHARM triggersignal in CHARM trigger

Eγ >2 GeV, 
Eγγ > 10GeV, 
Nγ < 10
Fit to: exp + Gaussian + constant
good fit

Fit M(ηη00)           544.8 ± 2.9
PDG M(ηη00)      547.3 ± 0.12
Fit resolution 27.8  ± 4.3
MC resolution 30.2  ± 1.2

ηη00 mass agrees with PDG value. 

MC represents resolution well.
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ηη and Dand Dss selectionselection

DDss
++ηη00

M(KKπ) GeV/c2

Eγ >2 GeV, Eγγ > 15GeV
η0 mass region: MPDG(η0) ± 60 MeV

5M ηη00 in 150M candidates
S/N ~ 1/30

0.15 ηη00 candidates /event

L/σ > 8, pvtx <8
|M(KKπ) – 1968.5|< 25 MeV
~1.2 ηη00 candidate/ Ds candidate
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New charmNew charm--strange mesonstrange meson

Combined clean sample of 
Ds with η0 candidates
η mass constrained   pη =[ MPDG(η), p]

615 η0 cand in 554 Ds cand

103 ± 27 η0 signal events
Clear peak near 2635 MeV/c2

Event mixed background technique
η0s from previous 25 events + 
Ds candidates

Background consistent with just 
combinatorics – all sidebands flat.  

→→
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HeavyHeavy--lightlight spectroscopy nowspectroscopy now

DDsJsJ (2632)(2632)

New state lies above D(0) K threshold

Look for Ds(2632) ⇒ D0K+
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Fitting DFitting Dss (2632) (2632) →→ DD00 KK++

DDsJsJ
++(257(25733))

Strong selection criteria on D0 & K+

D0→ K− π+ only (S/N 4/1)

L/σ>6, svtx χ2<3, pointback χ2<5

Prob(K+) >10 Prob(any other)

Wrong sign background constant

Fit with 2 [ BW convolved with 
Gaussian ] + constant background 

Fix resolution from MC (4.9 MeV) 

New state is narrow (resolution only)

Count  S =  21, B = 7.0 ± 0.6,   (S-BB)/√BB = 5.3 σ

3 bin Poisson excess probability = 2.5 x 10-5

Fit events: 13.2±4.9, Mass 2631.5 ± 2.0 MeV/c2

A 90% CL upper limit Γ<17MeV/c2

Ds(2632)

WS

DsJ(2573) 
PDG

2573.5  ± 1.7 
MeV/c2

15+5
-4 

MeV/c2

DsJ(2573) 
SELEX

2569.9  ± 4.3 
MeV/c2

14+9
-6 

MeV/c2
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DDsJsJ(2632) Branching Ratios(2632) Branching Ratios

Most models say that D0K+ coupling should be much bigger 
than Ds

+ η0

Phase space favors D0K+ mode by 2.3x
Acceptances given a detected D(s) meson are comparable
We see 3x as many Ds

+ η0 decays as D0K+

SURPRISE:  Γ(D0 K+)/ Γ(Ds
+η0) = 0.14 +/- 0.06
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DDss (2632) summary(2632) summary

State Ds (2632) →
Dsη

Ds(2632) →
D0K

mass 2635.4 ± 3.3 2631.5 ± 2.0
Sign. 6.2 σ 5.3 σ

Events 43.4 ± 9.1 13.2 ± 4.9

χ2 / nd 1.10 0.77

Average DDsJsJ
++(2632) (2632) mass 

2632.5 ± 1.7 MeV/c2

Γ<17 MeV/c2 @ 90% CL(D0K+)

Γ(D0K+)/ Γ(Ds
+η0) = 0.14 +/- 0.06
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Not seen in Not seen in ee++ee-- or or photoproductionphotoproduction

CLEO: shown at PIC2004 (6/28/2004)
Thanks to Rich Galik (Cornell) Babar hep-ex/04080087

FOCUS (unpub) Thanks to Rob Kutschke (FNAL)

• Not Made?
• Not there?

• Babar only sees ~ 0.4% Dsη / Ds
Are any of the higher mass Ds

states being produced in e+e- ?
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Summary of Summary of SelexSelex ResultResult
Ds

+ η0 Observed a clear peak of 43.4 ± 9.1 events with a significance of 6.2 σ at a 
mass difference 666.9 ± 3.3 MeV/c2 above ground state

D0 K+ Observed a clear peak of 13.2 ± 4.9 events with a significance of 5.3 σ at a 
mass difference 767.0 ± 2.0 MeV/c2 above ground state

Clear evidence for a new state DsJ
+(2632) at 2632.5±1.7 MeV/c2 with Γ<17 MeV/c2!

Result accepted for publication in PRL (after much hand-wringing on both sides)
This state is definitely NOT seen in e+e- (CLEO, Babar) or in photo-production 

(FOCUS) ? 

CONCLUSIONS
Heavy-Light systems still require exploration and explanation

Can DsJ
+(2632) be confirmed?

Are there other  states to be found; wide or narrow?
Who are these guys  (IGJπ, etc.)?  
Exotica? (21 cites for the Ds

+ (2632) preprint include some eclectic explanations)
Will we have a descriptive “post-diction” of this spectroscopy to build on the   

relatively successful predictions?
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