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Summary (lecture 1)

*The charmonium spectrum is strong evidence that hadrons are
composed of spin=1/2 constituent particles

*All of the charmonium states below the M=2mg “open charm”
threshold have been found

*Most of the above-threshold 1-- states & the y_.,' have been
identified

*The masses of the assigned states match theory predictions
-variations are less than ~50 MeV

*Transitions between charmonium states are in reasonably good
agreement with theoretical expectations
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mass (GeV/c?)

vy Transitions

M1 transitions (I'(keV))
Th. Expt
Jy2yn, 24 16+04
v 2yn., 46 11+0.2

4 ..
E1 transitions ry
Transition : r, Th. {keV}EXpt
. 235—3p, 51k 24 27+ 4
' —3p, 3ok’ 29 27 + 3
—~3p, 1ok’ 26 27+ 3
p,—~ 138 Lok® 313 426 + 51
L 0 p,—~13%s Lok’ 239 291 + 48
114 110 +19

2.8 3p,—~13s Lok’



mass (GeV/c?)
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Hadronic transitions
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Predictions for the ”

Fexp(keV)

th. Expt
v 2>t Jy ~80 55+15
V' DY Yot 77 70x17
V' VYo 213 172 +£30
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Mass (MeV)

Can we find other above-
threshold states?
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2-+ & 2-- > DD not allowed

Ne2 Ve

Spln 0

J=2 ’C|D <D or D*

P=-1 9

e J=L ForJ =2
\|Ic2 (OI' T102) l‘_: q P=(-1)L P=(-1)=+1

q‘ D <D0 or D
‘ Spln 0

V., (M) >DD violates parity



Lowest possibility is DD* (or D*D)

_ Spin=0
e 0 +
%: D <D%orD

J=2
P=-1

Val

.' |/ J=L+S | ForJ=2,L=1is OK
We2 (or nea)\ g q P=(1) | P=(1)1=-1
E: D* «b* or b~

V., (N.,)>DD* doesn’t violate parity



V., & N, are expected to be below
my+mp- threshold
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Belle: search for vy, In
B % K\VCZ % K(TC+TC_J/\|/) Eria(lz_hggqsztogg(zooz)
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Events/5 MeV/c?
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Is the X(3872) the y_,?

Eichten et al: Bf(yeo2v %ci)

PRL 98, 162002 (2002)

>5
Bf(y 2t Jd/y)

“Look for X->v x4, you should
be flooded by events”

Eichten



Belle search for X(3872)>vy..

1

% 1 Belle PRL 91, 262001 (2003)
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The X(3872) is not the y_,!!



If not y_,, what???

Look for other decay modes:
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C(X3g70) =+

X3872971'Y J/\K ‘ C(X3372) must be (-)X(-) =+
C=- C=-=-

if C(Xs57,) iS +

n*n- system in X;5,,27* " J/y must come from p>n*ne

+
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JFE of Xag72

0-+ ?7 spin polarization
g / mtt vectors
. o (E X &g )o ﬁ*
3 /3872 . i ~

mutually perpendicular




Does the X(3872) JPC = 0+ ?7?

dI’
d cosyd cos 9

oc sin ysin® 9

No, the X(3872) cannot be 0-*



Does the X(3872) JFC = 1+ ??
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1++ fits well
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CDF angular correlation analysis

b {‘Pu*' ‘\/’
Only 1** or 2 fit data W
/ e 132002
ssof.  lcos(8,,)l <0.6 lcos(6,,)! > 0.6
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1+* fits well with no adjustable parameters

2-*looks like 1** for o =~ 0.6€i200, at least with current statistics
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My.,=3930 MeV/
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—— — _
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4500

4000

3500

3000

a 2 cc state for the X;5,,7

Ml//”~

set by,

X,
B (1°Pa) ——predicted
L Jf'l,b ,,,,,,,,,, measured
C N, TS
—
L (115,)
1 1 ] 1 1 | 1 1 | 1
15 35 IP 3P BP 3P 'ID ED BD BD

<3770 me, *Mass is too high?

«3872 vs 3837 MeV
T.J. Burns et al arXiv:1008.0018

‘TN 2 v V) ~0.4 keV

‘I'(Neo 2 v ) ~9 keV
Y. Jia etal arXiv:1007.4541

TMe2? ¥ V)T (e v JIy)<<1
=(3.4112) [, ~30 keV

* huge for Ispin-violating decay
c.f.. T'(y'>nJ/y)=0.4 keV

.rn+n— Jy

* B>Kn,, violates factorization
*B->Kh, not seen
*B>Ky, barely seen

‘N, 2 DD* expected to be tiny
Y. Kalasnakova et al arXiv:1008.2895

Belle & BaBair:
I'(X->DD*)/T (X>nrndly)=9.5%3.1



If not charmonium, what is it?



CDF X(3872)>rn*n~ JIy Mass

recent results

Candidates per 1.25 MeVic®

Candidates per 2.5 MeV/c®

arXiv:0906.5218 = = w o= o
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M y(3872) = Mpo +Mp.o

<M, >= 3871.46 + 0.19 MeV

Belle

3871.46 + 0.37 + 0.07 MeV/c?
BaBar (B")

3871.30+ 0.60 + 0.10 MeV/c?

X(3872) Mass Measurements in J/ynw Mode

—e— new Belle meas.

3868.60 + 1.20 + 0.20 MeV/c?
DO

BaBar (B%) &

3871.80 + 3.10 + 3.00 MeV/c?
CDF old

3871.30 £ 0.70 + 0.40 MeV/c?
CDF new (preliminary)
3871.61+0.16 + 0.19 MeV/c*
average w/o new CDF result
3871.24 + 0.29 MeV/c?
average with new CDF result
3871.46 + 0.19 MeV/c?
m(D°%)+m(D*°) [PDG]
3871.81+ 0.36 MeV/c?

® new CDF meas.

- My + My
3871.8%0.4 MeV

I I
3866 3867 3868

3869 3870 3871 72
X(3872) Mass ( MeV/c?)

3873

sm = -0.35 + 0.41 MeV




X(3872) looks like a D°D*®
‘molecule”

DY)
€

- [
N. Torngvist
Composite Jre Deuson Z. Phys C 61, 525 (1994)
DD* 0~ * n. (=~ 3870)
— DD* 17t ¥ (& 3870) —
D*D* ottt X.0(® 4015)
D*D* 0t n, (= 4015)
D*D* 17~ b (=~ 4015)
D*D* 2T X.,(~ 4015)

predicted by Tornqvist in 1994, requires: JP¢ = 1** or 0-*



States near 3940 MeV



Search for other

states In

B>K n*tnn® J/y decays
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M(w J/y)

unexpected peak at 3940 MeV
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S.-K. Choi et al (Belle)
PRL94, 182002 (2005)
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M=3940 + 11 MeV
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Y(3940) confirmed by BaBar

a) I ! _
;] R
200 — P‘L . o . 3
. h?}ﬁ+wﬁﬂ; B+>K*aJly
[ b) T — i
400 — . /l' | ‘L _ ' E
2'[:“:_ H\\\ ﬁi "T L .—: BoéKsa)le
°C 'ﬂﬂf' s
B c) _ E
JE 1 [ |3 -
z:k;l]{';gl}}J'!}?{*}'*: ratio
" M(wJ/y)
Mass (MeV) ' (MeV)
Belle 3943 +11(stat)£13(syst) |87 22(stat)+ 26(svst)
253 b
BaBar . . +
350 fb 3914.3135 (star )7y g (spst) | 3335 (star) 5 (svst) _

Some discrepancy in M & T'; general features agree



Belle-BaBar direct comparison

} Events / 10 iﬁ.‘u-'le‘u"fc}ﬁ

3915
S { BaBar
10 { } } } } —
n % | } ¥ -
=T Same binnin
i x Be”'ﬁ (Belle published J
& ata disquee 492fb result : 253 fb1)
Cl .— In this region
.- +++++ Yhe o
o 1 | 1 1 H =
s s isen e o :‘n;;n-n

Belle will update with the complete Y(4S) date set later this Fall



Does Y(3940) > DD* ?

No signal:

~ 25

I

o 20

0

B(Y (3940) — w J/1b)

B>KDD*

M,.>5.27 GeV
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m = 3872.66 +/- 0.48
width = 4.2 +/- 2.0

------
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Study e*e- =2 J/y + anything
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Recoil Mass: M, = \/(Ecm - EJ/I,,)2 — (- ﬁJ/W)Z



oc(e*e- =2J/y+cC) unexpectedly big

Unexpected peak at 3940 MeV
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Use “partial reconstruction”

CJhy

reconstruct

\ —

thes‘?\\ \ “Recoil,, D(*)
e D (or D¥) undetected
D (or D*) (inferred from

kinematics)

Mooy = (Een = Eyyp = Egen)? = (Bysy, + Poo)?

(J/yD) GeV/c?

recoil



N/25 MeV/c?

X(3940)> DD* is large

3940 MeV

ete- 2> Jly + D_D*

M = 3942 *7, + 6 MeV
Ty = 37 *26 £12 MeV
Nsig =52 24 +

B-»(X(3940) — D*D) = (9618 * 22)%
(>45% at 90% C.L.)



Use “partial reconstruction” to
search for X(3940)-2> od/vy

~Jhy

\

00—

T 1Ll
reconstruct Recoil” Jiy
undetected
these \\ (inferred from
B kinematics)
"Tonon Jhy
0231
3940 MeV
Q cila) e ] i b)
= 2E AR E v g
I S R [ no signal:
—_ 4 o “..-_'I.vo— I _
R R IS S A H . B(X(3940) — J /o) < 26%
Ses o e
25 3 35°% a8 4 4z

M, .. (Jve) GeVic?

M(J/yo) GeV/c?

at 90% C.L.



X3940 & Y3940 are not the same

from: B from:
e*e' >JlyDD* s Jly olly B K wJhy & KDD*

B(X(3940) — w J /1)
B(X (3940) — D*0DV)

B(Y (3940) — w J/v)

B(Y (3940) — DDy ~ O

< 0.6




N/50 MeV/c?

M(D*D*) has a peak too

e*e- 2> Jy D* D*

M = 4156 "5y = 15 MeV
[, = 139 i} £
Nsig =24 32 + 1llevts

It has to have C=+; most likely O-*



cc assignments for X(3940), Y(3915) & X(4160)?

3940MeV

3500

3000

4160MeV

R {'n,). _'!I_‘!!ﬂ_—__ﬁl_’D;J__El_jPi}_é 3915MeV
_‘: (2351] h ¥ xc.? 7

215, ammiae Yy o S0 —
_—( Sl (11p1} xcl] (13Pl] (ppz]

3
L (FPo) _— predicted
u J I,D ,,,,,,,,,, measured E
S, T :
L (115, -
] 1 1 | 1 | | 1 | 1
1 3 1 3 3 3 | 3 3 3
5 0 5 | Pl PD Pl P?. Dz DI Dz D 3

Y(3915) = .. ? €I'(0J/vy) too large?
X(3940) = n."? € mass too low?
X(4160) = n."? € mass too high?
X(4160) = n.,"? € mass much too low?



1-- states seen via “radiative
return”

“initial-state-radiation” photon: y,5r

fk =3.8~4.5 GeV, E’ = 3~5GeV
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e‘e” 2 7. Y(4260) at BaBar

97!: - Jhy

BaBar PRL95 142001 (2005) fitted values:
| M=4259 + 8 *2 MeV

=

233 fb-

T'=88+23 MeV

Events / 20 MeV/c?
=

b
=
IIIIIIIII|
_’—
n—a.—l.

10

I 1 1 1 1 1 1 1 1 1 L | | | |
9.8 4 4.2 4.4 4.6 48 5
m(rrrAy) (GeV/e?)



"(4260) confirmed

M=4247 +

12 +17 MeV

'=108 £ 19 +10 MeV

M=4008 + 40 *11* MeV

by Belle

BaBar values:

M=4259 + 8 *2 MeV
T=88+23 MeV

I'=226 + 44 =87 MeV

Solution |

Solution |l

M(m*mJhy) (GeV/c?)

1 €.Z Yuan et al (Belle)
PRL 99, 182004




Not seen in e*e- = hadrons

J.Z.Bai et a/ (BES), PRL 88, 101802 (2006)

c(e+e- 2>hadrons) : j
ofere- > whp) 1 * | No sign of Y(4260)—>D*)D®
: . “} T
© e { M ]
; |w “ |” } Cpea(Y (4260)—>m*1-J/y)~50 pb
3+ ’ -
P ‘|||}.. L ("3"'3 Cl |

4 d 2 4.4 4.6 48
_ (GeV) BES data

F(Y426097C+TC_ J/\V) > 1.6 eV @ 90% CL

X.H. Mo et a/, PL B640, 182 (2006)



cc assignment for the
Y (4260)77?

ed
oV ““‘;“\e“
T I T 1 T T T T T f - s\,a‘\‘
L0 1 1F 0% AR 2% 2v 2 3
- (3D, -
4500  w(4415) ~ ] 7 —
e i
-—J.
B L w(4130)........ 5
.......................................................... e

4000 = L i
| ” _-
o (ip,)_seg==_ (D, ') 3
— (2's,) h Ao X i
3500-@%) T ey i
- (Pl — predicted -
u J I,D ,,,,,,,,,, measured -
3000 i r]c u‘.('l-?s-;.}-- _-
L (11s,) J

ISD 35I1 IP] 3P0 BPI 3P2 'III:IJE 3D| 3&)2 BIDJ
Y(4260) = 33D,? <4 mass too low & I'(n*n-J/vy) too large



another peak in e*e” 2 ygrn'n '

e*e Dyt Y

N T T T T

s f ]

= I BaBar © Dam

S Ay T e Y(4260) + BKG

— 10— New resonance + BKG M=4324 + 24 Mev

% - [ BKG (non-y(2S))

D [ I'=172 + 33 MeV
5_

l5 55
m(2( ) I y) (GeVIc?)

IN B

Peak is 4324 MeV, distinct from 4260 MeV



4325 MeV 't vy’ peak in Belle

Two peaks! (both relatively narrow)
(& neither consistent with 4260)

M=4361 £+ 9 £9 MeV
'=74 £15 £10 MeV

M=4664 + 11 =5 MeV

/|T=48+15 +3 Mev

I BaBar values
NQ»]S : ' - M=4324 + 24 MeV
= | I'= 172 + 33 MeV
=
10 I
N

) !
QL X.L. Wang et al (Belle)
E 5 _ PRL 99, 142002 (2007)
L g F I
0 > ._Tm_!!!_!m!!i
4 4.5 5 55

M(r* w(2S)) (GeV/c?)



At least three peaks for only one

y level

4664MeV

4260MeV

4361MeV

— pred icted
,,,,,,,,,, measured




exclusive e*e >y,sgD"D™
channels
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contributions

PRELIMINARY

Belle(2009)
BES(2002)

ﬁﬁmﬁ ik

E

4 4.2 4.4 46

4 8 5
\’s GeV

Only small room for unaccounted contributions’

« Charm strange final states

Limited inclusive data above 4.5 GeV
Galina Pakhlova

« Charm baryons final states



Experiment for BES I117:
Search for other Y(4260) modes

Scan the 4260 * 100 MeV region & measure dominant channels to £ 1%

=1

0 3.8 4 42 44 46 4\?GV5 38 4 42 4.4 46 45(}\75
4
j dtlum = Nem- ~ %O =50pb™/ pt
sxeffic 2x10°pbx0.1

20 points = ~1 year of BES lll data taking



The Z(4430)* > 1y’

"smoking gun” for a four quark meson?
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The Z(4430)* >n*y' peak

B K nty’

M = 4433 +£4 +2 MeV/c?
e +181430
Lt =45 5 13 MeV

Nsig =121 £ 30 evts
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Shows up in all data subsamples

[ T T T T | T T T T ]
[ (a) e*e” mode ] 25

(o) n*n /Y mode
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LA B T ] M(T[\.II(ES)) (GEV)
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Could the Z*(4430) be due to a
reflection from the Kn channel?



Cos 0_vs M?(ny’)
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M (ny') & cosO_are tightly correlated:
a peak in cosO_, = peak in M(ry")



S- P- & D-waves cannot make a peak (+
nothing else) at cos6_~0.25

(@)

0 -0.5 0.0 0.5 1.
cosH
7

not without introducing other, even more dramatic
features at other cosO,_ (i.e., other M ) values.




Compute the relation between cos6_and M2(ny’)






BaBar doesn't see a significant Z(4430)*

ook ' —— ' BaBar, arXiv:0811.0564
- () Submitted to PRD
I K veto H T + .
100 & ++ #«# %)%. f" [ Jf . % L" %_'
: +}) | _-:.’ - - _:."', ..I.":..'L- : ":,. . .i“u.‘l_.. ,,..I :
g ﬁ G s Al ? v LY obdb -
B il ® 7Y : | e TS
i : I
| . L | . . . 1 L . . LB, . | : . |
3.8 4 4.2 4.4 4.6 4.8

m,, 5, (GeV/c)

“For the fit ... equivalent to the Belle analysis...we obtain mass
& width values that are consistent with theirs,... but only ~1.9C
from zero; fixing mass and width increases this to only ~3.1G.”

BF(B'—Z*K)xBF(Z*—y(2S)1*) <3.1 x10°8
Belle PRL: (4.1%1.0%£1.4)x10-5



Reanalysis of Belle's B>Kny' data
using Dalitz Plot techniques



2-body isobar model for >Kny’

Our default model
Ky’
K*(890)y’

@)
)

- (FEFHABRTE)

- . : K*(l 41 O)W'
\@D K,*(1430)y'

AN
K,*(1430)y'

K*(1680)y’
KZ*
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Results with no KZ* term
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Results with a KZ* term

Events / 0.18 GeV?/c*

III|III|III|

Events / 0.18 GeV?/c*
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Compare with PRL results

K* veto applied

60 M = 4443 +.115?+}1 MeV/c?
o — 109 +86+57 7
© With Z(4430) ['=109 85 MeV
“F S Signif:  6.4c
30 - H| | Published results
] P (I M = 4433 +4 +2 MeV/c?
20__ B I T — 45 718430\ 1oy
L v tot -13 -13
B l 1233+ : * —Li . Nsig =121 = 30 evts
. i + ;| ¥¥dof=280.2/94.0 656
10 1 | Without | + |
S | | Z(4430) IR Mass & significance similar,
N A Tl width & errors are larger
14 16 18 20 22

BaBar: BF(B'—Z'K)xBF(Z*—y(28)r*) <3.1 x10°*
o Belle: = (32*103912 )x10-5
No big contradiction

M%(ry'), GeVZ/c!



Variations of the model

Model Z(4430)* significance

1 default 6.40
2 no K (1430) 6.60
3 no K*(1680) 6.6
4 release constraints on x mass & width 6.30
5 new K* (J=1) 6.00
6 new K* (J =2) 5.50
7 add non-resonant ¢/ K~ term 6.30
8 add non-resonant ¢/ K~ term, release constraints on » mass & width 58¢c
9 add non-resonant ¢ K~ term, new K* (J =1) 550
10 add non-resonant ¢/ K~ term, new K* (J = 2) 540
11 add non-resonant ¢ K~ term, no K*(1410) 6.30
12 add non-resonant ¢ K~ term, no K*(1680) 6.60
13 LASS parameterization of S-wave component 6.5

Others: Blatt f-f term 0€r=1.6fm>4fm; Z* spin J=0->J=1. incl K* in the bkg fcn



HW

Devise strategies to determine JP of the Z(4430)*

© r=0

JP=0-

(5 3 ©

Spin=0

0

Are any JP values immediately ruled out?
Can we use parity conservation? For which decays?



The Z,(4050)* & Z,(4250)* > 1%y .4 peaks

R. Mizuk et al (Belle), PRD 78,072004 (2008)
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B->Kny.; Dalitz-plot analyses

Default Model

KXc1

K*(890)y.

N K*(1410)y,,
\ :? o Ko*(1430)
' K*(1430)x.,

K*(1680)y,,
Ks*(l 780)Xc1
KZ*




Fit model: all low-lying K*'s (no Z* state)
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Events / 0.2 GeV?

Events / 0.2 GeV?

Fit model: all K¥'s + one Z* state
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Events / 0.2 GeV*
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Fit model: all K¥'s + two Z* states

Events / 0.2 GeV?

Events / 0.2 GeV?
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Events / 0.024 GeV/c?

Two Z-states give best fit

Projection with K* veto

o) ITIIIIIITITITIIIIII]I]IIIIIIIIIII[ITITIlI

38 4 42 44 46 48

M(y. ) GeV/c?

14+ 14120 MeV /2,
T37T35) MeV,
] 441—180 MeV/c

1771557%0) MeV,

M, = (405
Iy = (82F
M = (424

(177

I's

Significance: 5.70
(difference of -2InL for
double and single Z models)
Fit CL: 40%

(from Toy MC study)

B(B® - K=Z) x B(Z} = ) =
(3:0153176) x 107,

B(BY - K~Z))x B(Z) — 7" xa1) =
(4,0F 23191y s 105,



Systematics of B — K- 1r* Yo fit

Model Significance One Z* vs. Significance

of one Z* two ZT of two ZT
default (see text) 10.7¢ 5.7 g 13.20
no K 1560 500 16.6 o
no K™ (1410) 1340 540 1480
no K;(1430) 1040 520 1440
no K™ (1680) 1330 560 148 ¢
no K3 (1780) 1290 560 1440
add non-resonant y.1 K~ term 9.00 530 1030
add non-resonant x.1 K~ term, no K*(1410) 1130 b.lo 1350
add non-resonant x.1 K~ term, no K™ (1680) 1140 530 13.70
add non-resonant x.1 K~ term, no K3 (1780) 10.8 0 54c 13.20
add non-resonant y.1 K~ term, release constraints on x mass & width 950 530 10.70
add non-resonant x.1 K~ term, new K™ (J = 1) 770 540 920
add non-resonant y.1 K~ term, new ™ (J = 2) 560
LASS parameterization Wﬁponent 1240 530 13.8¢0

M=1.04 GeV: 6=0.26 GeV
Significance of Z,(4050)* and Z,(4250)* is high.

Fit assumes J,,=0, J,,=0; no signif. improvement for J,,=1 &/or J,=1.



Z states cannot be
charmonium

Need confirmation from other experiments (CDF? ... D0?)



Are there XYZ counterparts in the
b- and s-quark sectors?

1 What about here?

R

Events / 20 MeV/c?
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b-quark threshold region
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Belle: T'(Y(4S)=2>n 't Y(1S))
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Entries / 0.010 GeV/c?

Belle: T'(Yog2mn Y45)

T_éi
23.6 fb1 Q
o
N

. . : +H
E (@) upnn candidates in Y(1S)—uu” region : KN)

E L [ L Il

0.4 0.6 0.8 1 1.2 1.4

AM = M(uurr)-M(uu) (Gev/c?)

1/20th the data &
1/10th the cross-section
>6 times as many eventsl!

K.F. Chen et al (Belle)
PRL 100, 112001 (2008)



Partial Widths

Assuming the source is the Y(5S)

PDG value taken for Y(nS) properties

Process N, ¥ Eff(%) a(pb) B(%) ['(MeV)

T(1S)r*r~ 32577 200 374  161+£010+0.12 0.53+003+£005 0.590.04 £0.09
T 186415 140 189 2354019+032 07840064011 0.85+0.0740.16
TES)r™r~ 105755 320 15 14700 4019 04870 +007 052770 £0.10

3

N.B. Resonance cross section 0.302 + 0.015 nb at 10.87 GeV /
PRD 98, 052001 (2007) [Belle]

>300 times bigger than that for the Y,/

c.f.
Y(2S) »> Y(1S)n'n- ~6 keV
Y(3S) 0.9 keV

Y(4S) 1.8 keV



Are these events from the Y 47

c(ete- 2> nw'n Y, g ) from a cm energy scan

- Fit with common L and T, 3’/n.d.f. = 39.4/16
- & Y(1S)nn § +
¥ Y(2S)tn : 'I
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Y(nS)nn cross section (pb)
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K.F. Chen et al (Belle)
arXiv: 0810.3829



Peak & width in t*n-Y(nS) different from Y(5S) &Y(6S)

Simplest interpretation:
b-quark-sector equivalent to
the c-quark-sector’s Y(4260)
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Y(4260) equivalent with s-quarks?

2

10 E
10° 3
10" Z E
;E 10" : 3
10" I
10" A\\“\ E
107 -
10 10
_ v _eve- > y£,(980)
S Y(2175)£,(980)
o(e*e” > mtm,$(1020)) -‘

S

f,(980)>n*r-

0.2+

M(fo(980)¢) BaBar, PRD 74, 091103



Me\ic)

g
(5

EVENTS/(2

Confirmed by BES & Belle

confirmed by BESII
in J/y > 1 ¢ f,(980) c(e*e- = £,(980)¢$(1020))

] L ] L
1.E0 2.00 2.10 2.20 2.30 2.40 =50

M(f,(980)) GeV
T/ — 1o f(980)

X. Wan X.Y. Shen F. Liu

M_Ablikim et al (BES)
PRL 100, 102003 (2008)



The “XYZ” mesons

State
Y, (2175)

X(3872)

X(3915)
Z(3930)

X (3940)
Y (3940)
Y (4008)
X (4160)

Y (4260)
Y (4350)
X (4630)

Y (4660)
Z(4050)

Z(4250)
7(4430)

Y}, (10890)

M (MeV)
2175+ 8

3871.4 + 0.6

3014 + 4
3920 + 5

3942 =9

3943 + 17
+82

4008152

4156 + 29

4264 + 12
4361 + 13
19
463419
4664 + 12
424
4051112335
4248118
4433 + 5
10, 890 + 3

r (MeV)
58 + 26

< 2.3

23 £ 9
29 + 10

37 £ 17

87 + 34

+97
22697

+113
1391k

83 + 22

74 + 18
141

02+4L

48 + 15

+51
827 59
]_TT+32U'

+35
457 g

55+ 9

Decay Modes

Production Modes

e"e™ (ISR)
J/Y — nYs(2175)

B — KX(3872), pp

vy — X(3915)
vy — £(3940)

eTe™ — J/X(3940)
B — KY(3940)

e e~ (ISR)

ete™ — J/1X(4160)
et e~ (ISR)

ete  (ISR)

e e~ (ISR)

e e (ISR)

B — KZ=(4050)

B — KZ=*(4250)

B — KZ=(4430)

ete” — Yy




Concluding remarks

Charmonium mesons are strong evidence for quarks

— All the lowest-lying charmonium states have been found
— Good agreement between their measured properties & theory
— Charmonium is the "best understood” hadronic system

Higher-mass charmonium meson searches have

produced surprizes

— A number of non-charmonium meson candidates have been found.
— They have strong transitions to ordinary charmonium states
— Corresponding states sem to exist in the b-qyark & s-quark sectors

Most of the new states are in the BEPC-II E_ range

— We have to figure out how to access them (& find new ones)
— So far only final states with a J/y or y' have been studied
— e.g., final states with an n_ or a h_. may be interesting

Lots of opportunities for BES III

— Need creativity and new ideas



Thank You
S

& ArerLIC
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