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tros
opy

In fo
ussing on \Beyond the Standard Model", we often seem toloose sight of what we still do not know about\Within the Standard Model".

Sear
hing for the promised (?) land of Higgs, supersymmetri
s, andextra dimensions is �ne, but a whole lot remains to be done inunderstanding the third leg of the Standard Model, QCD, the theory ofstrong intera
tions. And the tool for understanding the strongintera
tion is hadron spe
tros
opy, just as for the ele
tromagneti
intera
tion it was atomi
 spe
tros
opy.

So, with no apologies, and some pride, in this talk I will 
on�ne myselfto the new and ex
iting developments in hadron spe
tros
opy.Northwestern University 2 K. K. Seth
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The Contrast Between Light & Heavy Quark Spe
tros
opy

Light Quarkonia (n�n, n = u; d; s) Heavy Quarkonia (
�
, b�b)� (v=
)2 & 0:7{ non{relativisti
 predi
tionsunreliable� �S � 0:6{ perturbative 
al
ulations unreliable� M(u; d; s) similar{ states are mixtures of three 
avors� Broad overlapping stateshlevel spa
ingi � 14 MeVhlevel widthsi � 150 MeV� Large � (mb, �b)

� (v=
)2 � 0:2 (
�
), 0.1 (b�b){ non{relativisti
 predi
tionsmanageable� �S � 0:3 (
�
), 0.2 (b�b){ pQCD useful with 
autiousoptimism� unmixed states of single 
avor� Narrow non-overlapping stateshlevel spa
ingi � 100 MeVhlevel widthsi < 10 MeV� Small � (nb, pb, fb)
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CHARMONIUM (
�
) BOTTOMONIUM (b�b)
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Heavy Quark (
, b) Spe
tros
opy

During the last three years there has been a renaissan
e in hadronspe
tros
opy. States whi
h have been missing for 30 years have beenidenti�ed, and a number of new and unexpe
ted states have appeared.This is all due to the huge e+e� luminosities whi
h have be
omeavailable at Belle (KEK), BaBar (SLAC), and CLEO (Cornell).To exploit the huge luminosities, state-of-the-art dete
tors have beendeployed, and not only are new, perhaps exoti
, states being dis
overed,great strides are being made in the pre
ision of measurements.Let me begin with a few examples of pre
ision measurements.

Northwestern University 5 K. K. Seth
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Pre
ision (and what it buys for you)At Novosibirsk (Pride!) M(J= ) = 3096:917� 0:012 MeV, � 1 part in 3 million [1℄.At CLEO (2005) in single measurements (symmetry tests) [2,3℄B(J= !e+e�)B(J= !�+��) B( 0!�+��J= )B( 0!�0�0J= ) B( 0!�0J= )B( 0!�J= )0:997� 0:013 2:03� 0:04 (0:40� 0:04)%Lepton Universiality Isospin Conservation Isospin ViolationAt CLEO (2006), major gains in pre
ision have been made in measuring leptoni
 andradiative de
ays in j
�
 > 
harmonium and jb�b > bottomonium. Numerous
ontroversies and 
on
i
ts in j
�
 > and jb�b > spe
tros
opy have been settled as aresult. An example from Charmonium: A new pre
ision measurement ofB(�
2 ! 
J= ) leads to [4℄Measurement �

(�
2) (eV) �

(�
2) (eV)(as published) (as 
orre
ted)CLEO (2005) 559� 81Belle (2002) 850� 127 570� 81E835 (2002) 270� 59 384� 83

Northwestern University 6 K. K. Seth
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Pre
ision (and what it buys for you)An example from jb�b > bottomonium leptoni
 de
ays: [5,6,7℄B�� (%) �tot (keV) B(�(nS)! 
�b2((n� 1)P ))PDG CLEO PDG CLEO PDG CLEO�(1S) 2.48(6) 2.49(2) 53.0(15) 54.4(18) | |�(2S) 1.31(21) 2.03(3) 43.0(60) 30.5(14) 6.8(7) 7.2(4)�(3S) 1.81(17) 2.39(7) 26.3(34) 18.6(10) 11.4(8) 15.8(7)What this pre
ision buys you is 
on�den
e in Latti
e QCD!For example, the latest unquen
hed latti
e results give:LATTICE(2005) �ee(�(2S))=�ee(�(1S)) = 1:28(1)=0:67(3) = 1:91(5)CLEO(2006) [6℄ �ee(�(2S))=�ee(�(1S)) = 1:35(2)=0:62(1) = 2:18(6)Latti
e is getting there! Today jb�b >, tomorrow j
�
 >?

Northwestern University 7 K. K. Seth
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harmonium below the D �D breakup threshold. These arespin triplets: J= (13S1),  0(23S1), and �0;1;2(13P0;1;2), lots is knownspin singlets: �
(11S0), �0
(21S0), and h
(11P1), very little is known� Why? Be
ause spin-singlets 
an not be dire
tlyprodu
ed in e+e� annihilation, and theirpopulation via radiative transitions from the ve
torstates is either very weak (M1 for �
, �0
) orC-forbidden (h
(1+�)).� It is important to identify the singlets in order todetermine the hyper�ne or spin{spin intera
tion,whi
h is responsible for singlet{triplet splitting ofq�q states.� It is important to know the possible variation ofspin{spin intera
tion from Coulombi
 (J= ; �
) toCon�nement ( 0; �0
) regions of the q�q intera
tion. -0.75

-0.5

-0.25

0

0.25

0.5

0.75

1

1.25

1.5

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
r (fm)

V
0(

r)
 (

G
eV

)

cc(1S)

cc(2S)

ηc, J/ψ

ηc
/, ψ/

Coulomb

LinearV=-1.02/r + 0.927r

Northwestern University 9 K. K. Seth



DESY (Hamburg/Zeuthen) April 18/19, 2006Dis
overy of �
(21S0) | The radial ex
itation of the singlet j
�
 >g:s:We begin with �0
, be
ause �
(2982) is well known.� The �
(21S0) or �0
 is known to be bound, somewhere below the triplet state (23S1) or  0 whi
h has a mass of 3686:11� 0:03 MeV.� In 1982 the Crystal Ball reported observation of a weak, 91� 5 MeV transition inthe in
lusive photon spe
trum from the de
ay of  (2S), and 
laimed [8℄M(�0
) = 3594� 5 MeV.� Several subsequent attempts, p�p (E760[9℄/E835[10℄), 

 fusion, (DELPHI[11℄,L3[12℄), in
lusive photon (CLEO[13℄), to �nd �0
 were unsu

essful.Prior to 2002 all editions of PDG dropped �0
 from their meson summary.� Most potential model 
al
ulations predi
ted M(�0
) = 3594� 3626 MeV.We do not need more theory. We need to �nd �0
 experimentally. So, where is �0
?� The breakthrough for �0
 
ame from the observation of �0
 in B de
ays by Belle [14℄.It was followed by its observation in 

 fusion at CLEO [15℄ and BaBar [16℄.Northwestern University 10 K. K. Seth
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The Dis
overy of �0
(21S0)(in MeV) M(�0
(2S)) �(�0
(2S)) events (rea
tion)Belle(2002) [14℄ 3654� 10 < 55 39� 11 (B ! K(KSK�))CLEO(2004) [15℄ 3642:9� 3:4 < 31 61� 15 (

!KSK�)BaBar(2004) [16℄ 3630:8� 3:5 17:0� 8:7 112� 24 (

 ! KSK�)BaBar(2005) [17℄ 3645:0� 5:5 22� 14 121� 27 (e+e� ! J= (
�
))Belle(2005)� [18℄ 3636� 9 311� 42 (e+e� ! J= (
�
))*I have in
reased M(�0
) of Belle by 10 MeV, to be 
onsistent M(�0
) and M(�
0) measured by them.� The weighted average is M(�0
) = 3638:7� 2:0 MeV.� This leads to the hyper�ne splitting�Mhf(2S) = 3686:1� 3638:7 = 47:4� 2:0 MeV.Re
all that, �Mhf(1S) = 3097� 2980 = 117� 1 MeV.� Explaining this large di�eren
e is a 
hallenge for the theorists.� Finding the width of �0
 is a 
hallenge to the experimentalists.� LOTS REMAINS TO BE DONE ABOUT �0
(21S0).

Northwestern University 12 K. K. Seth
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overy of h
(11P1)If the 
on�nement potential is Lorentz s
alar, there is no long{range spin{spinintera
tion in q�q. It follows that the hyper�ne splitting is zero for l 6= 0, or�Mhf(1P ) =M(
3PJ�)�M(1P1)To test this predi
tion it is ne
essary to identify h
(11P1) and measure M(h
) withpre
ision.� In 1982 Crystal Ball [19℄ failed in the sear
h for h
 in the rea
tion (2S)! �0h
; h
 ! 
�
.� In 1992 Fermilab E760 [20℄ studied the rea
tion p�p! h
 ! �0J= and 
laimedthe observation of a signal for h
. However, higher luminosity runs in 1996 and2000 have failed to 
on�rm this observation.� Fermilab E835 [21℄ has sear
hed for h
 in their 1996/2000 data in the rea
tionp�p! h
 ! 
�
:They report, �Mhf(1P ) = �0:4� 0:2� 0:2 MeV with a signi�
an
e of the h
signal at � 3� level.� Now CLEO [22℄ has �rmly identi�ed h
, at a signi�
an
e level > 6�.Northwestern University 13 K. K. Seth
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CLEO Observation of h
(11P1)At CLEO-
 data were taken at  (2S), with 3.08 million  (2S). These data have beenanalyzed for [22℄  (2S)! �0h
 ; h
 ! 
�
Both in
lusive and ex
lusive analyses were done, and an a

urate determination of h
mass was made in re
oils against �0's whose energy 
ould be measured with pre
ision.In
lusive Analyses: Two independent analyses, di�er-ent in details of event sele
tion and resonan
e analysis,were made. One 
onstrained the photon energy, andthe other 
onstrained the �
 mass. Completely 
onsis-tent results were obtained.Ex
lusive Analysis: In this analysis, instead of 
on-straining E
 or M(�
), seven known de
ay 
hannelswith a total bran
hing fra
tion of � 10% were mea-sured. On
e again, 
onsistent results were obtained. 2.8
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INCLUSIVE EXCLUSIVEsigni�
an
e = 3:8� signi�
an
e = 6:1�The overall result is M(h
) = 3524:4� 0:6� 0:4 MeV; or�Mhf(1P ) = hM(�
J)i �M(h
) = +1:0� 0:6� 0:4 MeVTwo 
on
lusions follow:� Simple pQCD expe
tation, �Mhf(1P ) = 0, is not strongly violated.� The magnitude and sign of �Mhf is not yet well determined.Northwestern University 15 K. K. Seth
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The Unanti
ipated Dis
overiesLet me now move on to the dis
overies of ex
iting new states whi
h motivated the titleof my talk. These were largely unanti
ipated, and seem to have properties whi
h arediÆ
ult to understand, at least at present.Chronologi
ally, these 
onsist of� Pentaquark | (Jan. 2003)� DsJ | BaBar (Mar. 2003)� X(3872) | Belle (Mar. 2003)� X, Y, Z(3940) | Belle (May 2005)� Y or V(4260) | BaBar (May 2005)Let me des
ribe these in the same order

Northwestern University 16 K. K. Seth
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� As is probably well known to most of the audien
e, when the Pentaquark was bornin 2003, it 
aused great{great interest.Google tells me that there are 123,000 entries for it. (Mar
h 28, 2006)�� There were many reported sightings of pentaquarks of all kinds, and even a greaternumber of reported failures to �nd the expe
ted signals.� Finally, there is the re
ent JLab report of the absen
e of the pentaquark signal in alarge statisti
s repeat of their earlier measurement.� My personal, perhaps biased, 
on
lusion is thatthe pentaquark is now on life{support.May it rest in pea
e!

� Looks like they will not let the pentaquark rest in pea
e. Google tells me thatthe number of entries has in
reased to 135,000 in two weeks. (April 10, 2006)Northwestern University 17 K. K. Seth



DESY (Hamburg/Zeuthen) April 18/19, 2006

The New D�s (
�s) Mesons

Properly speaking, these are not \unanti
ipated". They wereanti
ipated, but not where they showed up. As is well known, forheavy{heavy Q �Q mesons we use ~J = ~L+ ~S 
lassi�
ation.For heavy{light Q�q mesons we use ~J = ~jq + ~sQ, with ~q = ~L+ ~sq.Thus, the P{wave D mesons fall in two 
lasses, jq = 12 and jq = 32.The jq = 12 DsJ(J� = 0+; 1+), and jq = 32 DsJ(J� = 1+; 2+), were allexpe
ted to be above DK thresholds, and therefore de
ay intoisospin{allowed DK and D�K. Indeed the jq = 32 Ds1(2536) andDs2(2573) do so. The surprise 
ame with the jq = 12 mesons.

Northwestern University 18 K. K. Seth
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The New D�s (
�s) Mesons

� BaBar [23℄ announ
ed the dis
overy ofD�+s0 (JP = 0+) with a mass of 2317MeV, well below the DK threshold at2367 MeV, and with � < 5 MeV, inthe isospin{forbidden de
ay modeD�+s0 ! D+s + �0.� CLEO [24℄ followed with �nding the1+ partner D�s1(JP = 1+) with amass of 2463 MeV, with narrow width,� < 7 MeV, and still de
ay intoisospin{forbidden D�+s1 ! D�+s + �0� Of 
ourse, ea
h dis
overy poses newquestions. The systemati
s obvious inthe �gure raises the question: Whereare the jq = 12 partners of D(
 �d)?
�������
�������
�������
�������

�������
�������
�������
�������

+ +

J

J

+

+

+

+

+

++

+

+

+

+

+

j =1/2 ?

CLEO

BaBar

j =3/2
q

q

0

1

1

1
2

0

+

+

+

+

−

−

+

+

+

+

−

−0

1

1

1
2

0

D (2427)
D (2460)

2.4

2.2

2.0

2.8

2.6

1.8

s1

s2

s1

s

s

s D (cd)

[GeV]
M

DK

D K*

*

D  (2573)
D  (2536)

D  (2112)

*

*

*

s0

D (2010)

D (2217)

*

D  (1969)

D (1869)
D (cs)

*

D  (2317)

D  (2463)

D (2363)

Northwestern University 19 K. K. Seth



DESY (Hamburg/Zeuthen) April 18/19, 2006

0.9(1)

2.0(2)

3940∼
3880

(3524)
1(3510)

P1
1

∼

D3
2
33800∼ 3800∼

D3

(3730)

(2,3)

Mass

M1

10

78(20)

52(10)

E1

E1

0.30(5)

DD

~3820
~3810

0.11(2)

<1.1

MeV

−−,
,

(<30)

610MeV

ψ(3097)

C  F
O

RBID
DEN

24(3)

~25

χ

0(3415)

η (2980)c

χ

3
2

P3
0

η

P
3

1

0,1,2++

(3686)

c’ (3639)

ψ’

P

2900

4300

4100

3900

3700

3500

3300

3100

1
D3

1
( )3

1

1+−

S1

χ

(4160)’’’’

ψ (3770)’’

ψ

2(3556)

ψ (4040)’’’

PPJ
3

D2

0

−−0−+

S1

1

−+

D1
2

1
2

D3
1

D2,3
3

Terra Incognita

Northwestern University 20 K. K. Seth



DESY (Hamburg/Zeuthen) April 18/19, 2006What We Know About Terra In
ognita1. This is the region in whi
h all the radial ex
itations of the bound 
harmonium states, �(3S; 4S), (3S; 4S), �(2P; 3P ), should exist.2. Until three years ago, the only experimental measurements whi
h existed in this mass region werethe measurements of R � �(e+e� ! h+h�)=�(e+e� ! �+��).In a reanalysis of the two most 
onsistent measurements of R, it is found [25℄ that the threeprominent enhan
ements have larger widths than a

epted before.

M (MeV) � (MeV) PDG04 � (MeV) [25℄33S1 4039(1) 52(10) 88(5)23D1 4153(3) 78(20) 107(8)43S1 4426(5) 43(15) 119(15)
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Noti
e the absen
e of any �ne stru
ture in the R. Noti
e, in parti
ular, the deep minimum aroundps = 4250 MeV.It is just this region of ps = 3800� 4500 whi
h has be
ome the hotbed of dis
overy!Northwestern University 21 K. K. Seth
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The Veteran, X(3872)In 2003 Belle [26℄ announ
ed the dis
overy of an unexpe
ted state, X(3872). It wasqui
kly 
on�rmed by CDF [27℄, D� [28℄ and BaBar [29℄.152M B �B de
aysM = 3872:0� 0:8 MeV(Belle [26℄, left)226M B �B de
ays (BaBar)M = 3871:3� 0:6 MeV(BaBar [29℄, right)M = 3871:3� 0:8 MeV(CDF [27℄, left)
M = 3873:4� 1:4 MeV(D� [28℄, right)
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What is X(3872)?Unusual Properties1. M(X) = 3871:1� 0:4 MeV (latest average)Noti
e: M(D) +M(D�) = (3870:3� 2:0) MeVM(�) +M(J= ) = (3872:7� 0:5) MeV2. �(X) � 2:3 MeV � 90% C.L.3. Prominent de
ay: X(3872)! �+��J= 4. Absent de
ays: X! �0�0J= , X! �J= , X! 
�
No 
harged partner found, I = 0Field Day for Theorists1. X as a Charmonium State: C = (+): 13D2;3, 21P1; C = (+): 11D2, 23P12. DD� Mole
ule: C = (+): 0�+, 1++3. Charmonium Hybrid: C = (+)4. Ve
tor Charmonium + Glueball: JPC = 1��Obviously, what is needed to 
on�rm one or the other interpretation is JPC(X(3872)).This only experiments 
an do.Northwestern University 23 K. K. Seth



DESY (Hamburg/Zeuthen) April 18/19, 2006

X(3872) | New Observations� From CLEO [30℄:

 fusion, (C = +): (2J + 1)�(X! 

) < 0:65 keV, (90% CL)� From CLEO, BaBar [30,31℄:ISR produ
tion, (JPC = 1��): B(X! �+��J= ) � �(X! e+e�) < 6:2 eV, (90% CL)� From Belle [32℄ and BaBar [33℄: From B�de
ay, X ! 
J= , (C = +), but noti
eN(events)=13:6� 4:4, sig = 4:0� (Belle: 275 M B �B)N(events)=19:4� 5:7, sig = 3:4� (BaBar: 287 M B �B)
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DESY (Hamburg/Zeuthen) April 18/19, 2006X(3872) | New ObservationsFrom Belle [32℄, from B�de
ay: X! �+���0J= , or ! virtual ! + J= ,(m! +mJ= = 3879:5 MeV)
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N(events)=12:4� 4:1B(X!�+���0J= )=B(X!�+��J= ) = 1:0� 0:5C(X(3872))=(+)

From Belle [34℄ and CDF [35℄: L between (�+��) and J= .Belle: s{wave, strongly disfavors 2�+ CDF: s{wave, p{wave, allows 1++ and 2�+

Northwestern University 25 K. K. Seth



DESY (Hamburg/Zeuthen) April 18/19, 2006

X(3872) | New ObservationsFrom Belle [33℄: X! D0D0�0 (or D0D0�)2M(D0) +M(�0) = 3864 MeVN(events)= 12:5� 3:9, sig.> 5�B(X! D0D0�0)=B(X! �+��J= ) =13:8� 4:9Allows only JPC = 1++
Angular Distributions from CDF [33℄3000 X(3872) events from 780 pb�1 of CDFIIdata. Simultaneous analysis of 3 angulardistributions ex
ludes 1��.Allows 1++ (prob = 28%), 2�+ (prob = 26%)Angular Distributions from Belle [34℄58 events of X(3872) with 275M B �BEx
ludes JPC = 0�+, 0++Allows JPC = 1++, 2++
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X(3872) | Con
lusion

� There are 
ontradi
tory experimental observations whi
h ex
lude andallow di�erent JPC assignments.� JPC = 1++ is the only assignment allowed by all.� Little 
onsolation, be
ause 1++ 
harmonium, hybrid, and mole
ule allremain alive.
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The Unexpe
ted States From Belle and BaBar

� During the last four years Belle and BaBar at the KEK and SLAC B{fa
tories haveprodu
ed surprise after surprise, with announ
ements of dis
overies of unexpe
tedresonan
es.� These observations owe their origin to unpre
edented integrated luminosities fore+e� 
ollisions at �(4S), whi
h have be
ome available at Belle (563 fb�1) andBaBar (331 fb�1).� The new resonan
es reported are:X(3943) | BelleY(3943) | BelleZ(3931) | BelleY(4260) | BaBar, CLEO� Although the experimental data is still sparse, and not 
ompletely `shaken down',the ex
itement 
aused by these is unavoidable.� On the theoreti
al side, these dis
overies have 
aused mostly 
onfusion!Northwestern University 28 K. K. Seth



DESY (Hamburg/Zeuthen) April 18/19, 2006X(3940) in Charmonium Pair Produ
tion)In 2002, Belle [14℄ presented their �rst report on double 
harmonium produ
tion with42 fb�1 of e+e� data at �(4S) e+e� ! J= + (
�
):The results showed the ex
itation of three spin zero states of 
harmonium, �
(1S),�0(1P ), and �0
(2S). Now Belle [36℄ has analyzed data for 357 fb�1. The in
lusivespe
trum shows 
lear ex
itation of a fourth state for whi
h they �tN=266� 63, M(X)=3936� 14 MeV, �(X)=39� 36 MeV, sig.=5:0�
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DESY (Hamburg/Zeuthen) April 18/19, 2006X(3940) in Charmonium Pair Produ
tion)A �t to the re
oil spe
trum for ex
lusive J= D�D yields:N=24:5� 6:9, M(X)=3943� 6 MeV, �(X)=15:4� 10:1 MeV, sig.=5:0�

They establish upper limits (90% CL)B(X! D�D) > 45%B(X! DD) < 41%B(X! !J= ) < 26% 0
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3.8 4 4.2� The observation of D�D de
ay and the non-observation of DD de
ay suggestsunnatural parity, and make its most plausible assignment as �00
 (31S0), parti
ularlybe
ause all other states (�
, �
0, �0
) in the in
lusive spe
trum have J = 0.� Problem: With  (4040) being generally a

epted as (33S1), this would give theimplausible hyper�ne splitting �Mhf(3S) � 100 MeV.Re
all that �Mhf(2S) � 46 MeV.Northwestern University 30 K. K. Seth
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ayBelle [37℄ has reported what they 
all \a near threshold" enhan
ement in ex
lusive B ! K(!J= )de
ays from their 253 fb�1 data sample. They obtainN(events)=58� 11, M(Y)=3943� 17 MeV, �(Y)=87� 26 MeV, sig. > 8�B(B ! KY )� B(Y ! !J= ) = (7:1� 1:3� 3:1)� 10�5.Not seen: Y! DD, Y! D�DBeing above the DD threshold, the absen
e of these de
ays suggests a non-
harmonium nature. Theauthors therefore suggest that it 
ould be a j
�
g > hybrid, but note that su
h hybrids are expe
ted atmu
h higher masses, � 4300� 4500 MeV.A more sensitive sear
h for D�D de
ay is needed to ensure that Y(3940) is not identi
al to X(3940).
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DESY (Hamburg/Zeuthen) April 18/19, 2006Z(3931) in Two Photon FusionBelle [38℄ 
ontinues to present surprises. We already had X(3940) and Y(3943).Now 
omes Z(3931) observed in two photon fusionwith 395 fb�1e+e� ! e+e�(

); 

 ! D �DM(Z)=3929� 5� 2 MeV, N(events)= 64� 18�(Z)=20� 8� 3 MeV, sig.=5:3��

 � B(! D �D) = 0:18� 0:05� 0:03 keV� Heli
ity angular distribution agrees with J = 2,and ex
ludes J = 0.� The logi
al assignment is �0
2(23P2). M(DD) (GeV/c2)
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To summarize, the X, Y, Z are 
laimed to be distin
t, but 
an they be?M(MeV) �(MeV) Formed in De
ays in not in suggestsX 3943� 6� 6 15� 10 e+e� ! J= (
�
) D�D DD, !J= �
(31S0)Y 3943� 11� 13 87� 22 B ! K(!J= ) !J= D�D(?) 
�
 hybrid?Z 3931� 4� 2 20� 8� 3 

 fusion DD �0
2(23P2)Northwestern University 32 K. K. Seth



DESY (Hamburg/Zeuthen) April 18/19, 2006One More Surprise, V(4260) From BaBarBelle has been running away with too many new resonan
es. Now 
omes BaBar.BaBar [39℄ has analyzed ISR events from 233 fb�1 of data, and reported a 
onvin
ing(signi�
an
e 8�), broad enhan
ement in the invariant mass M(�+��J= ) spe
trum.M(V)=4259� 8+2�6 MeV, �(V)=88� 23+6�4 MeV, N = 125� 23 events�(e+e� ! V )� B(V ! �+��J= ) = (5:5� 1:0+0:8�0:7) eV.They suggest that it might be a previously unobserved 1�� resonan
e. This is quitesurprising be
ause no ve
tor around this mass is predi
ted, and the R measurementsa
tually show a dip in this mass region [25℄.
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DESY (Hamburg/Zeuthen) April 18/19, 2006V(4260) Con�rmation by CLEO� Sin
e V(4260) of BaBar is so unexpe
ted, it is ne
essary to have independent 
on�rmation.� Like BaBar, we at CLEO, studied the rea
tione+e� ! 
ISR(�+��J= )Although we have mu
h smaller luminosity, we �nd a 
lear signal for V(4260) in the �+��J= invariant mass, and obtainM(4260) = 4283� 17� 17 MeV; and �(4260) = 70+40�25 � 11 MeV:� So the ve
tor V(4260) de�nitely exists! But what is it?

� The 
harmonium ve
tors through (4S) are all a

ounted for. Some-what relu
tantly, we have to look foran exoti
 explanation for it. It has beensuggested that V(4260) is a j
�
g >hybrid. But remember that the lightestj
�
g > hybrid is expe
ted at about4400 MeV! M(π+π-J/ψ)  (GeV)
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Posts
ript

It is undeniable that the new states X(3872), X, Y, Z(3940), andV(4260) have thrown a big monkey{wren
h in our 
lean understandingof spe
tros
opy in the 
harmonium region, based on bound j
�
 > states.The theorists are running in all di�erent dire
tions. But this is notunusual.I remind you that the J= dis
overy was followed by 8 theoreti
al papersin just one issue of Phys. Rev. Letters proposing some of the mostbizarre explanations for it (and the authors in
luded �ve Nobellaureates). It took a while to settle down to j
�
 >!
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