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Observations
Signal observed:

● Belle: PRL 91, 262001 (Dec 2003)

● CDF: PRL 93, 072001 (Aug 2004)

● D0: PRL 93, 162002 (Oct 2004)

● BaBar: PRD 71, 071103 (Apr 2005)

Hints:

● E705: PRD 50,7 4258 (Oct 1994) at 3836MeV

● E672/E706: PRD 53,9 4723 (May 1996) 

Mass(MeV) Width(Mev) Events
Belle 3871.5+/-0.6 2.5+/-0.5 35.7+/-6.8
CDF 3871.3+/-0.7 4.9+/-0.7 730+/-90
D0 3871.8+/-0.6 17+/-3 522+/-100
BaBar 3873.4+/-1.4 3.1+/-0.2 25.4+/-8.7

http://scitation.aip.org/getabs/servlet/GetabsServlet?prog=normal&id=PRLTAO000091000026262001000001&idtype=cvips&gifs=yes
http://scitation.aip.org/getpdf/servlet/GetPDFServlet?filetype=pdf&id=PRLTAO000093000007072001000001&idtype=cvips&prog=normal
http://scitation.aip.org/getpdf/servlet/GetPDFServlet?filetype=pdf&id=PRLTAO000093000016162002000001&idtype=cvips&prog=normal
http://scitation.aip.org/getpdf/servlet/GetPDFServlet?filetype=pdf&id=PRVDAQ000071000007071103000001&idtype=cvips&prog=normal
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Observations: Plots

Belle: 1) Signal and bkg. for 
range of di-pion invariant 
mass

   2) Mass plots for data 
and MC

Main window: 
Mass 
distribution – 
(points) dipion 
mass>0.5GeV, 
(circles )
<0.5GeV.
Inset: high-
dipion mass fit 
to data. 
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Interpretations: mundane and exotic 
● 'Hidden' Charmonium... but mass not quite right

● 'Molecular' state ( loosely bound DD* -- threshold 3871.5MeV)

● Hybrid charmonium (ccg) – still mass not right and missing 
predicted decay modes (J-psi eta)

● Vector glueball?

Further experimental input needed – quantum numbers have not 
been determined and other decay modes and branching ratios 
need to be found and measured.   
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The D0 Observation
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Id and selection
● In contrast to Belle ( and BaBar ) we see direct production of the X

● Selection and trigger stategy: select dimuons with mass 
consistent with a jpsi – muon-id certified muons with central 
tracks. Two oppositely charged particles ( tracks ) and two of four 
tracks with atleast one SMT hit.

– Less than 100 tracks

– Jpsi invariant mass window in GeV ( 2.80 < M(mu mu) <3.35 )

– Jpsi P
T
 > 5GeV

– Each pi: 
 
P

T
 > 0.7GeV

– DelR btw X(jpsi + pipi ) and each pi < 0.4

– M(pi pi) < 0.52

– Four track vertex chi-square less than 16
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Mass distributions
Sample: 230pb-1

Gaussian signal + 
3rd-degree 
polynomial 
background
●Yeild: 522±100
●Width: 17±3MeV
●Δ(M

X
-M

J/ψ
) = 

771.9 ±3.1(stat)

∆M corrected by the PDG value of  M
ψ'
- 

M
J/ψ

 

∆∆MM
X-J/ψX-J/ψ

 =  = 

774.9774.9±3.1(stat)±3.1(stat)±3.0(syst) MeV±3.0(syst) MeV
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Comparison with psi prime

Variables
c,f) Helicity: (cosine of) angle between 

pion(muon) and X in the dipion(muon) rest 
frame.

d) effective (proper) decay length – 
distance * X(M/p

T
)

e) isolation ΔR=0.5
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Comments and conclusions
● We did not show a plot in ranges of di-pion incariant mass – (CDF 

 has it), although we mention a requirement for Mπ
+

π- < 0.52. CDF 
shows that within this (kinematically allowed) range of dipion 
mass the psi prime is found but the X signal does not appear.

● We show the effective proper decay length but dont do a fit to 
isolate the long lived vs. short lived components of the signal 
( CDF has a study with this comparison ).
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Further comments and conclusions
● No significant differences in the 

variables we considered between the X 
and the psi prime

● In the last sentence we imply our data 
leans towards an interpretation in terms 
of a ccbar or charmonium hybrid.

● Our range in muon eta is larger than 
CDF -- but our signal is smaller.
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Newsflashes: more charmonium like states
● A few days ago (from BaBar):

● ...and this morning (from Belle): 
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More on interpretation
● Phenomenological prperties of the X (mainly from hep-ex/0407033):

a) Decays observed to jpsi pi pi and jpsi + three pions ( hep-
ex/0408116)

b) Very close to DD* mass threshold

c) Narrow

d) DDbar decays not seen – although kinematically favored for a 
charmonium state ( hep-ex/0307061)

e) Dipion mass spectrum favors higher masses near the rho(770). To test 
whether the dipions come from the rho need to look at the two neutral 
pions + Jpsi mode.

● Most charmonia states ( from phenomenology ) dont fit.

● Needs a full angular analysis of the two pions + Jpsi state to detrmine 
quantum numbers and test the “molecular” hypothesis.
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