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Overview

O Mesons:
= D ,°(2317) and D,,7(2460)
m D_;” (2860) and X™(2690)
O Baryons:
m A(2880) and A.(2940)
m Q7
m =.(2970) and E.(3077)
O Charmonium like states
m X(3872)
m Y(4260)
m A new structure observed in ISR wtny(2S)

Many new states, not all appear to be regular states

8th Feb. 2007 Prafulla Kumar Behera University of lowa




B-factories

The BaBar Detector

1.5 T solenoid

Calorimeter
6580 CITH crystals

e® (3,1 Gel)

Silicon Vertex
Tracker
5 double-sided

Drrift Cham ber
40 layers

Instrumented Flux Return
18-19 layers

Peak luminosity: 12.1 * [0** cm™ s™'
Integrated luminosity: 404.6 fbo™' (delivered)
Integrated luminosity: 389.2 fb™' (recorded)

Aerogel Cherenkov cnit.
. n=1.015~1.030

3.5GeV g+

wike detection
14115 lyr. RPC+Fe

Sivbodet.
3 lyr. DSSD

Peak luminosity: 17.1 * [0** cm™ 5™
Integrated luminosity: 710.3 fb™'
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Dy states: cs Mesons

“*” superscript denotes natural parityP = (-1)

~34
=2 === predicted
- 3.2
é ® observed
z 3 @® Newly discovered - J*ZBGU’
=
= 2.8 X* 2690;
2.6 .
D'K—> —
DOK 2.4 3_ 1 D:(2573)
N \ D..(2536)
2.2 Dﬁ
" D \ D_,(2460)
- - - D, (2317)
1.8 ...............................
J= 0 1 0 1* 1+ 2+ 27
< S
L=0 L=
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1. 4 states observed before
B-factories in agreement with
theory prediction.

| 2. Masses of D,*(2317) and

D.,(2460) below prediction
and DK thresholds.

3. Possible new state: X*(2690).

4. New state: D_,"(2860).

5. Possible interpretation: D state,

tetra-quarks, molecular states.

6. More detailed understanding

IS needed.
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Update on D" (2317)

First observed by BaBar, No indication of isopartners.
confirmed by Belle, CLEO. Isospin-violating — narrow

Phys.Rev. D74:032007(2006)
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: 400 D, sidebands .. ..
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[ S i, | Ds(2317) - A s
200 :
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% o o5 e o o ° | | "“’Wf’l&
D albsys e CETES 825 2.3 2.35 2.4 2.4 2.5 2.55 2.6
Df «  Ifariont Mass (GBeY/c”)

M = (2319.6+0.2+1.4) MeV/c? b.(2460) ddeay to D.n
I'<3.8 MeV/c? @ 90% CL Forbidden (Parity)

8t Feb. 2007 Prafulla Kumar Behera University of lowa 5




Update on D, (2460)

Phys.Rev. D74:032007(2006)

‘%"400 ;— DS*(2112)+ D51(2460)+ —> Ds+1'[oy ‘iz- 200 ;—25 " ‘ 7 ]
= reflection L 178 F 2o D51(2460) —> DS T T
@ 300 — o
: D.,(2317)* reflection 5 '°F ' 123+i5
8200 2 3 D,;(2536)*
% ool et
100 D, sideband 3 T
0006898962, 00 09,%5% :_ ++ ##@
2 ‘: 1 1 IE‘ZI J° IZFZ\’ 1 | Iz“‘i | \ \2|5\ | | \zlsl \ | Izl?l \ E ¢%+$+¢‘:$#
Tt ¥ Invariont Mass {Gev /ot E_ . " _.-:'-_—' "."..-".-" e
Ds,(2460)" — DS v Dz. Tz4 245 2.5 |2|55| T Ze
“;: 2o k Cf w0 Invariont Mass (Gev /<)
. l40 M(Dg,(2460)*) = (2460.1+0.2+0.8) MeV/c?
E EE.I....I....I....I.
TE g /:::Eﬁi&;i i B{Dwr (W60 ~Df ) _ (33741 036 4+ 0038
- g : P DLZEHE17) — Db v El:_ﬂ._r I:_?.-lﬂ'.l:l'l'—rﬂir':"ﬂ 5 . .
N BiDiae0t—=ntete™)
" ke OO, (BT DT 7] 0.077£0.013 £0.008

v I e b v by e b B e by
2.z 2.3 x4 2.6 2.8 T P
0O % Invadant Mass {Gaw e

Background-subtracted
Need to investigate isopartners of D_,(2460) [D. * n* n°, D * n-n0]
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J° for D,*(2317) and D,;'(2460)
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Events/(0.01 GeV)

D.,(2460)—D_ Yy

o i e v S Bary W

P s | oy g
2.2 2.3 2.4 2.5
(Dg,)icev/e®)

0
D,,(2317)=D,m D, ,(2460)—D, y

J=1: y2d.o.f=4/8

w"2||mj J=0: y2d.o.f=3/8
[ J( J=2: y2/d.o.f=89/8

J=1: y?d.o.f = 38/8

T s wa,m) a5 |:> o ' o . ‘ = ‘ |:> JP =1

cos(fp, )

Belle-Conf-0461-2004
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New state: DSJ*(2860}

PRL 97:222001 (2006)

D0 reconstruction

GO000

40000

entries/1 MevV/c?

entries/2 Mev/c?

-
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-t TITT

I 1 L1 111 L1l 1
82 1.84 1.86 1.88 1.9
mi{K~ ") Gev,c?

I'I,E- I I'I,ﬂ\I5I I 1.9:
k™ ) Gev,c”

(c)

1.84 1.86 1.84 1.9

MK 7)) Gev,/c*
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D.,(2536)*—>D"K* D_,*(2860) | | D,,(2573)*
D*0— D0, DO 10

x 10° x 10°
F. 15 F

—
L]

events/20 Mev/c?
[}

o

1 | 1 1
24 26 28 3

m(D* K%) GeV,/c*

D0 sideband

Inclusive search: ete-— D? K+ /D*Kg X
Center-of-mass momentum:
P*(DK) > 3.5 GeV/c to improve signal/background
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New state: DSJ*(2860)

PRL 97:222001 (2006)

1500

1000

S00

0

Combined 3 modes
Background subtracted

M=2856.6+1.5+5.0 MeV/c?
=48+ 7 + 10 MeV

2.3

Seen in DK — indicates
natural-spin parity

Many theoretical speculations...

Radial Excitation of D_,*(2317)? JP = 3-?

E.Van Beveren and G. Rupp, hep-ph/0606110
P. Colangelo et al., hep-ph/0607245

F.E. close et al., hep-ph/0608139
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Possible Structure at X (2690)

BABAR, 240 fb-1

PRL 97:222001(2006)

x 10°%

. 0.7 *_I+

o +

210 :

>

= | 3

Lo

v 0 ol PR 1 ] | I | I | I ju L || 1
24 2.6 2.8 3 24 26 2.8 %] 24 26 2.8 &)
m{D® K*) GeVv,/c* m{D°® K*} Gev /? m(D* K%) GeV,/c?
Mass (MeV/c?2) = 2688 +4 +3
Width (MeV) =112+7 + 36
Is it a new particle ?
Need confirmation from other experiment!
need to study the properties with more data
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BELLE

Hep-ex/0608031

D,,"(2700) in B*—>D'DK*

-1 -0.5 0

;E’s IR R Efficiency Ds4(2700)
3 I ; E‘*‘su- new state
=20 - s =
% ! 4 _gm- 3
= " - 3 3 2 - + _
AR T e - EN
vorry i Bl -
M) (Geviich “ M(D°K") (GeVie) “t % MK (Gevic?)
] p(4160) reflection Yield =182+30
3 Mass ( MeV/c2)::
o J=0 x2/ndf = 185/5 2715+11+11-14
B J=1 y2nat = 7/5 Width (MeV/c2)::
: | | =2 y2ndf = 250/5 1154204+36.32
=
j cosg'?DOK*; |:> JP =1

D.;7(2700) helicity angle distribution ( efficiency corrected)
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Charm Baryons

1. A(2940) is a new state seen along
=.(3077) with A (2880) decaying to D%%;
first observation of charm
A(2940) Z.(2970) -~ baryon — charm meson transitions

25-1A,(2880)*

— 0.6

2. Q" is a newly discovered state
- that corresponds to the last
theoretically predicted charm
baryon ground state (L =0)

(GeV)

— 0.4

Mass above baseline

2.5

..~ 3. TWo new excited =_ states are
observed

2.3 +
L= 17rF Eeeeeeee - oneroooEn- —0.0
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Observation of A_(2880)" and A_(2940)* ?

. 0
decaymg to D P BaBar PRL 98:012001(2007)
A (2940)

New Decay mode: A_(2880)* —
DO First observation of charm
baryon —» charm meson

A(2880)

Belle confirms in X«

B zZaao [—

Condidates / (2.5 M8/<)

Belle Hep-ex/0608043 i
A.(2880) raco [

o :
/ A.(2940) i

2.8 e = A1

D% invariant mass GeV/c?

A(2765)

b B
200 "‘N’}N{luwu
M

Wrong sign DOP

‘=)

150

1005_ WI Resonance Yield M[MeV/g] [MMeV]

: Ac(2880) 2800£190  2881.9+0L+£0.5 5.8+1.5%1.1
F Ap(2940) 2280£310  2939.8£1.3+1.0 17.5£5.2+5.9
ob v v L v vy a1

28 29 3 Ac(2880 880+50+40 28812:0.2%)5 55707404
M(A, 7+ ) GeV/c? ' '
1+70+100 1.8
= Ac(2940) 2107400 2037.951.0)F  10£4+5

Excellent agreement in mass and width
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Observation of A_(2880)" and A_(2940)* ?
decaying to D%

PRL 98:012001(2007)

O Are these states A, or X_ ?

] . D+p invariant mass
600 D"‘f—) K-ntnt
Ly

400

Signals provided same rate
and efficiency as D°p mode

Candidates / (2.5 MeV/c?)

200 H
I Three different JP A, states
predicted at masses ~2940

D+‘ p Invariant Mass (Ge;f;’czj MeV/C2
(Sascha Migura et al,.
Eur.Phys.J. A28 (2006) 41)

0 1
2.8
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Discovery of the €0’

All 9 charm baryon ground states are observed
Q (JP = 1/2 assigned)

P = 3/2%

5 out of 6 charm baryon excited states
are observed; Q. was missing

8th Feb. 2007 Prafulla Kumar Behera University of lowa
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Discovery of the €0’

BaBar 231 fb! PRL 97:232001(2006)
QL is reconstructed in four

decay modes using 231 fb! data iy
e NV — 7w, 27 — AK~ /

e NV - Q7+t 07 — AK—

C

156+15

dates / 5§ MeV/c*
5283

Cand

c2

—
| o =
S o =l

T TTTTTTHH

;

e 2V -~ ) whta 7wt 2 — AK—

g g B & 3
TITTTTT TTT

Candidat’s / S MeV/c®  Candidates / 10 MeV/,

o NV - E-K—ntrt, - — An—

Scaled momentum x, for Q ° is \
" = s0F
required to be above 0.5 to reduce 2w

"
oo
r

)

—

£ Sogthy
combinatoric background g
%f’: 2.(%2 2_t|’>4 2.;56 2_;58 2j? 2_%2 2_%-‘4 Z.IT(: 2.11'8 28
‘ M(Q.°) of £2.50 used for Q_* search ‘ i - MES 1)
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PRL 231 fbt
97:232001(2006)

? Discovery of the Q_*

nd kates £ 5 MaVic®
—_ —_ [Ea] [t

n5

C

28 — 29 (29 — 2~ 71)

is most significant channel
at4.2o

.|L,

1 y |:.“ |
-!;.':,\u; S,

Measurements

Mass difference with Q2°, yields and |
Significances measured in each decay.

&' Condidstes! 5 WMe¥ie®  Condidates! SWeVWie' Candidates/! 5 MeVi®
— o oo o

Cross sections are compared for X,> 0.5 %jg %‘"'wff-’“*---'
g
R oleTe” — 22X, x,(25) > 0.5) “
- olete — 29X, x,(29) > 0.5) M Qo +

C
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. ; *
Discovery of the €2
BaBar 231 fb!, PRL97:232001(2006)

Decay mode AM (MeV/c?) Y (Events) S (o) €0r /€00 R
2V = 2 7t 69.9£14210 30750 +6 4.2 0.35 0.715918 £0.11
20— O ntr? 718+13+11 55T+ 6 3.4 0.34 1767908 = 0.21
QU — Q- atrwt 69.9 (fixed) —-5+5=+1 - 0.33 —0.6670%5 £0.13
2V - E-K-rtat 694750 £1.0 20943 2.0 0.35 1707152 +£0.34
Combined 70.8+1.0£1.1 105+21£6 5.2 0.34

Data from all four QY decay modes are combined

and fit yields: 105 +21 + 6
Combined data give a 5.2¢ signal significance.

Am (mg* - my )= (70.8 + 1.0 + 1.1) MeV/c?
Theory range Am = 50 — 94 MeV/c?
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D
O

BELLE

Observation of =_(2970)" and =_(3077)"

New charm strange baryons

200 = ' ' ' H(3077)

175
Nu%wo g E‘cx(2970)+ l | jil

il
s Ja7 s QR
% = | u","ﬁr‘ ) I" \\
> 2
S O\ \\\
AN \\\ N

BaBar confirms these states

LI Y DL L I LN B NI B R A

Fit curve

2.9 2.95 3 3.05 31, 3.15
M(A: K't") (GeV/c?)

munm BaCkgl’OUﬂd
mem Resonant Signal
v« x Non-resonant Signal

e
...___{H+++++++{++++++T &l

Fit results and comparison to BELLE results:

Mass ( MeV/c?)

Width (MeV)  Yield (Events) Significance
BABAR Z.(2980)" ]2967.1 1.9+ 1.00123.6 2.8+ 1.3| 284 4 45 + 46 700
Belle =:(2980)T |2978.5 4+ 2.1 +2.00143.5+ 7.5+ 7.0 405 + 51 6.3
BABAR Z.(3077)T 3076.4+0.7+03 62+1.6+05 204435+ 12 8.60
Belle Z.(3077)" 3076.7+09+0.5 62+1.2+0.8 326 + 40 9.7

PRL97:162001(2006)
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(hep-ex/70607042)
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Observation of E_(2970)" and =_(3077)"

(hep-ex/70607042)

The phase-space factor included in the Sub-resonance y]elds

fit by BaBar has significant effect on
E£.(2970)+ parameters but not on those
of (3077)* (far enough from threshold)

[E2540)¢) =(3077y

Yield (Events) Significance

Z0080)7 = 5,455 77K 132+31+5 400
Z,(2080)* = A*K -7 524£37+45 4o
0077 = (255K 81£0+4 8o
2.(3077)* Z(H -*h 80+B+6 460
2,(3077)F = ATK- BLU+L16  ldo

) 55|

25F

2.65_""""'|'r_::;,l|':llllllllllll
- BABAR #
| preliminary

2{(2520)"" op fit: =t states fit with
BW convolved with
> (2455)*++ Resolution function, epr|C|t
phase-space factor for =

-
1 Looa by toa s by s by b v b by
98 3 3.02 3.04 306 3.08 31 3.12 7'14

M(AC+ K+

DK th){

Large contributions via intermediate X_**!

8t Feb. 2007
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=.(2970)* and

= (3077)*

Mass(A_ * K¢ 117)
( (5 S
wr —
wu ag -."‘J‘_-‘:
3 =
= 25 -
= @
¢=t 5§ Oc =
.% 15 ____’m
o o T~
s =
o’ =
o : @
29 295 3 3.05 31 3.15 3.2 325 é
M(AL K2m) (GeWic?)
5 E
“ b)
E 20
2+l WS
o
-E 10
@
]
g
o nn
29 2.95 3 3.05 3.1 3.15 3.2 3.25

M(AL KEx') (GeVic®)

Isopartner of £.(2970) and &

Summary of fit £.(2970)

hep-ex/0608012
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Another channel for =_, (2970)*

n = 5=
w | Zc(2815)* = Ec({zmsr

o (20702 E7 2,,(2970)*2
z II::: 4G 25') st 1] 2‘ ' 3 31 3z ' 3"

=_(2645)°tr*

=_(2645)*Tr-

=.(3077) seen ?

E. decay mode  # of events

mass [MeV/c?]  width [MeV]

EF —E-rtst  TT.0+109 2967.6 +2.3(stat) 15+ 2
=Y =gt 544493 20640 +2.3(stat) 1243
E' - AK~xt 1002+ 152 2973.0 £4.0(stat) 2545
=0~ pK-K-nt 356+7.6 29700 +20(stat)  9+2

Prafulla Kumar Behera University of lowa
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New Charmonium like states

1. Charmonium states
below DD threshold are
iIn good agreement with
theory.

2. New states observed In

B-factories ( and CDF, CLEO-c)

do not match theoretical
Explanations very well

3. My focus will be on the
X(3872) and Y(4260)
states

8t Feb. 2007

Mass
MeV
4300—
W4 160)
TEC2O0Y
4100 — W4040)
N 520109
sp, ~3940_
3200 P, 2E0 'p,~3820
. : 3 o
_ sp W(3770) P, =3800_ 1D, 3800 3p,=3810_.
____|DD(3730) A
3700— Y(3686) [ 3qs,
1
e
L0290 X2(3556) 1v oenc
=B Y ; - Lﬁﬂolz.mzm P, (35 2:1-}{1 .
) ) . 0.9 1) .
3300 Voo 2(3415) ,«_/
L §—25
R Y Sﬁf‘?
3z00—"MY A S
! L
A
3100 — ;oA
NLQ080y
— —_ ++ —4 ~ e
2000 L O 1 0.1.2 1.2 (2.3)
1g 3g,Cpyp 3Py Ip,.'D, 3Das
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X(3872): B—>X(3872) (—=]/yrnn)K

Events (| 0,008 Ge¥ |
B & &

8t Feb. 2007

First observed by Belle |BELLE-PRL91,262001 (2003)

Confirmed by CDF, DO and BaBar

1. World average mass

M, =3871.9+0.5 MeV/c2
2. Width: T'< 2.3 MeV/c2 at 9029 CL

3. Mass is close to D°D™° threshold

(M0 + M,*° = 3871.8 = 0.4 MeV/c2)

(new Cleo-c D° mass measurement) hep-ex/0701016

Prafulla Kumar Behera University of lowa 23



X((3872) = J/yy

N=13.614.4

Signal Events / (10 MeV/c?)

Events/bin

;.65 37 375 38 385 39 395 4 405 4.1
3736 3928 4120 m(I/y y) (GeV/c)

e B(B >X(872K.X>y1)=(4£10£03)x10°

B(B" —X(3872)K', X - yy)=(1.8+0.6+0.1)x10" _
Implications:

o C=+ for the X(3872)

¢ I=1 for the (=) in J/y n*

o forbidden J/yn°n?, J/yn® and J/y ny decays ; I=0 favored for
X(3872), so the J/y n* n- decay is isospin violating (small width)
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Search for X(3872) charged partners

1. Exclusive reconstruction technique

‘ B> J/yrnrK* ‘
%5&53 | \ | F}
= 40 | |
%3{)]}“{ | | M M
220 3872
“ 10} 1 |

035385 390 305

2. Inclusive search using recoil technique

No signal is observed for charged partners

m{JAymn) (GeVic’)

) B-—>JlynntK,

i}:zn b 2
1ty H

=

Sop 1 1
ol 38721
038385 39 395

m{J/ymn") (GeV/ch

Inclusive Kf momentum on B? recoil

BR(B’—X (3872)*K-)<5-10* at 90% CL

8t Feb. 2007
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No charged partner observed

BR(B—>X(3872)K*, X(3872) —Jlynn?)
<5.4-10"6 at 90% CL

BR(B-—>X(3872) K, X(3872)—Jhynn?)
<22-10¢ at 90% CL

BY_>X(3872)*K-

Evenes/10 MeV

0

I I
1 11 12 13 14 15
Kaon Momentum (GeV)

25



Is X(3872) a charmonium state?

4600

33_Dl (]]
48, 3 M too low and I" too small

4400

: o o9 X(3872
4200 2D, 2'p,2D, 2D, X ) @ Angular dist. Rule out 1*
: N i ; 11&13_% 13

4000
- @0@0@ ........... }c< ['(yJ/'¥) too small
~— Mp+Mp

3600: 1 5 2M, @ I'(yx.q) too small
C P, LS

3400} nnn, Should dominate nnJd/¥

Mass (GeV)
¢2
&
=
S

EOT g JIW I'(yy,) too small

B 1!
soool IS, T
[ 1 1 1 1 1 1 1 1 1 1 1 1 1
0—+ 1 1+— ﬂ++ 1++ 2++ 2—+ 9== g== 3+— 3++ 4++

JPC No good cc candidate for X(3872)
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X(3872) as a bound stater

o JPC = 1++ is favored
oMy, — My + My~
N.A Tornqgvist, phys letter B590, 209(2004)
OI'(X—oyy) < I'(X—>J/ynn)
Swanson PLB 598, 197 (2004)
o I'(X >D%D%0) too large ?
Swanson PLB 598, 197 (2004)

8th Feb. 2007 Prafulla Kumar Behera University of lowa
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Y (4260) observation

BaBar 233 fb!

14

PRL 95, 142001 (2005)

Peak cross section:

o(e'e Y, Y>> - J/w)=(51£12) pb

Assuming single resonance

Y

Tae x B(Y(4260) > 777~ I/w)
=(5.5£1.07)5)ev

Observed in ISR =9

Events / 20 MeV/c?

JPC = 1~

8

[ 1Jhy sideband

W
=)

]
=]

10

—

wo
T

103; g W(ZS)

v KT IR T
T R TR TN I
i t i I

T8 58 4 47 94 76 48 3

- P

B
o
=1
L =
=]

L IR
4.4 4.6
m(t I/ ) (GeV/c?)

Confirmations from CLEO-c, CLEO-III and Belle

ISR m'n-Jiy BaBar CLEO-III Belle (Preliminary)
Yield 125 + 23 (>80) 14127 4906) | 165 +24 (7o)

Mass(MeV/c?) 4259+ 8" 4283417 + 4 4295+10"!
Width (MeV) 88 +23" 70750 £5 133+£26")
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Y (4260) other modes

ete—— (/Y yv)y two

mta— I/ control sample
e i PRELIMINARY i =
= . < 0
= | o 2
g?JI “ Il B EU -+~
- c
U_ 4 [ —‘4”[[3[["”;” ””;5“”:[]; g 2 \LJ’ K+K—Jh+f -
decay mode B/B(mwtn ) w *
nJ /) < 1.4 @ 90% 05,15 04 0.05 0 005 0. 0.15
07 0.6 @ 90% Missing Momentum (GeV)
I L ° ta=J/p o= (58112 1L 4)pE
YXe1 < 3.6 @ 90% ntnJ/y o= (58T £4)p
YXe2 < 2.6 @ 90% 79r0J/¢ 1 o = (23132 + 1) pb
J < 1.2 @ 90% — . 9
Heg?’e;}boesosom ’ KTK=J/p: o= (975 £1)pb
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Y (4260) interpretation

O Not a charmonium (1)
T.Barnes, S.Godfrey and E.S. Swanson, phys.Rev.D72:054026,2005

O Tetra quark? Predicts D.*D.,~ >>DD
L.Maiani etal. Phys.Rev.D72:031502(2005)

0 An hybrid meson? o

= Hybrids favored 2-body decay to (P=+,P=-) DD,D” D”
,DD™ suppressed

= Y decays to DD,(2420) should dominate!!
O Y(4260) on the (quenched) Lattice QCD: 1-—:

m =4.38+.15 GeV/c?
Xiang-Qian Luo, Yan Liu, Phys.Rev.D74:034502,2006
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- + e
CC =T TT \|f<28> Hep-ex/0610057

d ad(xs,X) =W (s,Xx)o (s(l - X))

g :I O | | | —0.14 g
= 80— ] k2]
&V\')/ B —:0.12 =
? 60_— T —o.1
The maximum N .08
- . %__ | 298 fb- —:oos
Cross sectch)Jn/ly 5 | 1 B4Bar "
about 60 p 20 Ell
AT
around 4.35 0 L 'll'l. 'll} IIIll|lllul1*11*114»11*111*1*1“$“$““““A:Ao
GeV 4 5 6 7 \l?(GeV;g

Possible new state ?
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Hep-ex/0610057

Is it Y (4260) ?

S 3-body phase-space + BKG

: _-‘.ﬂ 52_/::: . L ) 1 I l | E : || BKG (non-y(29))
- : %5 SERCN L4 -
k LA T || Total Nevt = 78
/Ry A

1 L L " L 1
4.5 5

NQ I I | | | | B Data
3 298 b1 N Y(4260) + BKG
= B : C 1
7 B BABAR 10~ ‘ =4 New resonance + BKG
E 10— preliminary
=
D]
>
4]

Events / 50MeV/c?

+1T- 2 ]
| mETIY (Gewc)_‘_,: Nbkg = 3.8 +1.1
| Wbk
YL ITITS A e e e . | Mass resolution
4'1""5/""6'""7'/"'8~7MeV
/ m}}éﬂ')ﬂ\u) (GeV/c?)

Incompatible with Y(4{2/6/0), v (4415), or S-wave 3-body phase-space production

Assuming a single reSonance = mass=(4324+24) MeV/c?, T'=(172+33) MeV (statistical errors only)
good for low mass region, but insufficient to fully describe the full spectrum.

y2-prob Y (4260) w(4415) Y (4350)
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Conclusion-I

O Better understanding of D_,(2317) and Dg,(2460).

O Observation of new state D_;"(2860).

0o Enhancement at 2690 MeV/c?; is it a new state ,
same as the D.;"(2700)?

O Observation of A (2940)—D%p; improved mass of
A(2880)*; 1st measurement of width; first observation
charm baryon — charm meson transitions; confirmed by
Belle in At~ mode

O Q. discovered; now all ground states (L=0) singly
charmed baryons have been seen.
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Conclusion-I1

O

O

Observation of £.,(2970)* and =,(3077)* states by
Belle and confirmed by BaBar; observation of
significant quasi-two-body decays with X by
BaBar

Better understanding of X(3872)

= No signal observed for charged partner
= JPC = 1+* favored

Y(4260)
m JP¢ = 1— (ISR /e*e- production)

= Two new decay modes (J/yn°n°, J/y K*K-) observed by
CLEO, need confirmation

Y(4350) is a new state?

More surprise could come with more data at
B-factories!
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