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Charmonium in standard quark model _
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n radial quantum number

S total spin of quark

antiquark

L relative orbitalang mom.
L=0,1, 2 ... corresponds

to S, P, D..

J=S+L

P= (1) parity

C = (i 1)~*S charge con;.

1974-1980 Discovery ofl0 standard charmonium states
1980-2002 e nothing
20022013 Discovery of6 standard charmonium states



Charmoniumlike states
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Charmonium hybrids

Multiquark state<

Tetraquark States with excitedluonic
~etfaguar ‘ . degrees of freedo i - O
tightly bound fOU{quark stat\ “ﬁ 9 "‘% Hadro-charmonium

Specificcharmoniuns t at e i
by excited lighthadronmatter

Molecular state 3
two loosely bound charm mesons




Charm factories g ...... b factories

BELLE N i sl BESYL /A FEHE

B'ES]]I " Belle:
/7'_J “JJ‘JRI\'— = ’(’pi/‘ )
= e W 8GeV (&) 3 3.5GeV (e
SR e achieveduminosity:
BESIII 21.2 1033%cmi2s'L
/3?15172?5/731'%@9— '

Symmetric e*€ collider
etd Y Iy, y(2S),y (3770, etC
scan2.0- 4.6 GeV
L ~ 10%3/cn¥/s

Tevatron

K\’_ NU-\) llid '/
EXPERIMENT  pp collider k%

E~ 7TeV: L~ 5fb'!

pp collider E~ 1.8TeV: E~8TeV. L~ 20fb"'__1
L ~ 4fb'1 per experiment E ~13TeV. L~ 30fb'
Charmonium Charmonium
Prompt production LHCDb ) Prompt production
ptp E ~78TeV: L~ 3 o'l

) Beauty hadrons decays
B meson decays E~13TeV: L~ 5 ph? Yy y



Charmonium (+like) production at B factories

B decays 0 dusion
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Any quantum numbers are possildan be
measured in angular analysida{itz plot) JFC= 0% 2N

ete annihilation with ISR doublecharmoniunproduction

Fe=1'" in association with §/only = 0¥ seen



Events / { 0.005 GeV )

PRLO1, 262001(2003
M, close toD°D™ threshold X(3872)
M =3871.68N0.17 Mev ~ JPC = 1+* = m—
not clear below or above: finally € eltzoopoilte '
1} surprisingly narrow:
ii#;#’ i< 1.2 MeVat 90% CL
M@ly” )™ Known | BR relative| Comments
decays to
First observed bfellein Jiy rmode
BY K yJ i JN 1 1 Isospinviolation
Confirmed: Jy w | 0.8° 0.3 |isospinviolation
BaBay LHCb, CMS, ATLAS, CDF Ji g | 0.21° 0.06 | Belle&Babargood
agreement
y (2S)y | 0.50° 0.15| Belle&Babar
Hadroniccollisions produced mostly disagreement
promptly: only0.2630.02380.016 EHgb confinms
from B-decays (CMS) anal
DYDY ~10 dominant mode




Conventional charmoniumc_, (2P) (JP¢=1*")
Problems

A Gy ( 2 P)yWii(E.(2P)y Ji p p~ 30,
measured< 0.2

A~ 100MeVheavier then expected

Tetraquark (cq)(cq):
+ 3 states (cu)(cu),dqd)(cu), (cd)(cd) with a
few MeV mass splitting

Problems
no evidene of neitheneutral doublet nocharged partneret
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X(3872) interpretations

omers Spi votes 6
Hybrid

4-quark

Molecule

DD’ molecular state: (the most popular)
A My ~ Mpo + Mp+ IS Not accidental

A =1 (DD in Swave)

A DD® decay

A Small rate for decay intdy as expected
Problems

A toolargeX ( 38 7Y(3Sp Y

A too small binding energy: TandD™ too far in space to
be produced in high energy pp collisions

Possible solution:
Mixture of P-wavecharmonium level
c..(2P)and Swave DD molecule




Search

for Comments
X(3872)

partners

decays

C., 9 | Forbiddenby C-parity
C.»J | conservation

C-odd partnerstetragquark
molecule
UL : < 1/4 fromJl p*p'

Ji h | C-odd partnerstetraquark
UL : < 1/2 fromJl p*p'
h.h | SearcHor other Xlike
h.p® | molecular states
h.p'p' |UL: ~Jk p*p
h.w

X(3872):to be done

0 Detailed pattern ok(3872)to charmonium
transitions (adiativeandhadronig with
significantly improved accuracy

0 Search for partners o§(3872)

molecules with JF= 0, 1+ | 2+é

0 Measurements of absolute BR of

B Y KX ()a#lvimproved accuracy
(Low limitonBr ( X ( 3 9 27" > #2%)

0 Measurements of line shapeX({3872)
decaying tdDD" at threshold antb Ji p*p’
to clarify nature ofX(3872) virtual or bound
State

0 Measurements of the total width x{3872)






Events/10 MeV

PRL 94, 182002 (2005) Y ( 3 9 4 O ) [

Y- yJly
BY Y K
Y Yy w o the same decay mode
Y(3940) 0 similar masses and widths
o different production mechanisms
8.10 o found by Belle & confirmed baBar
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