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_ . CESR: symmetric in beam energies
B fClCTOf'lCS KEKB: 8 GeV (e”) x 3.5 GeV (e*)

In a nUTShell PEP-II: 9 GeV(e"-) x 3.1 GeV (e”+)

Belle
I detector

o3 33 3
44 GAT 1000 1005 1033 90.57 1083

different
event

‘ ete™ — qq, q=u,d,s,c topologies

g(EB)AAT TN } Beauty AND charm
o(cc) ~ 1.3 nb factory
o(s3) ~ 03 nb | o(dd) ~0.3 nb | o(u) ~ 1.4 nb
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actories in a nutshell

CESR (CLEO): ~ 16 fb! at the Y(4S) over 20 years
CESR-c (CLEO-c): work at the y(3770) peak since 2003

World Integrated Luminosity (KEKB+PEP-II)

Asofduly 24,2006 =TT KEKB (Belle)|
KEKB & PEP-I| ~, 3 [ Ldt ~ 630 fb~1

[ Ldt ~ 1000 fb~1 =1 ab~!
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Results presented below correspond to smaller data samples
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. B-factories in a nutshell

1.5T magnet

Drift Chamber (DCH)

Detector of Internally

Reflected Cherenkov Light
(DIRC)

Instrumented Flux

Return (IFR) Electrromagngtic
Calorimeter (EMC)
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First Belle measurement:

Current world average:

B(B— KX)x B(X - atn=J/¢) =(1.34+0.24+0.13) x 107>

T.Lesiak New charm resonances 6




PRL 93, 072001 (2004)
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(Rapid) confirmation of X(3872)

The existence of X(3872) - out of question However,
X parameters (M, I" and decay pattern) does not fit
with any standard, vacant charmonium state

4600
: 3Dy
L 458,
4 jm o iiERiiaE
1 kil ]
L alp.2°D.2°D
4200~ . 22’ == s
5 :.‘3 15 ::- ...... 3351 ISFE IE 1 F3 E
= 4000 | Ip e T
3 TS G ey ID D PD, | DD*
= ssoof D, e’ T
= o —I'Dy X _
7 7] 1 _ 235 DD
=1 . 2's. 1 .
< 3600F —= = T - Possible C=+1
L ______113P P, charmonium
L LI H
| — assignements
3200
- s,
sooof IS,
L 1 1 1 1 1 1

1 1 1 1 1 L L
0—+ 1— 1+— ﬂ++ 1++ 2++ 2—"- == g~ 31— 3H 4++

gkC

3'S, (n,) - mass far too high and width wrong: '~ 20MeV)

23P,, 23P,, - cannot be that narrow as T < 2.3MeV; 23P,=Z(3930)

23P, I'(y Jhy)~ 40 (0.14 for X)
1D, (n,,) B(r*mJhy) should be very small




Theoretical interpretation of X(3872) |
M, coincides with M(DC)+M(D") = 3871.2+-1.0 MeV

<Deuson - a DD* bound state (molecule) | 2°

predicted JP¢ = 1** (or 0*)

Wave function (S wave bound state): F.E.Close, P.R.Page PLB 578, 119 (2004)
N.A.Tornquist. PLB 590, 209 (2004)

3 N ] K ) E.S.Swanson, PLB 588, 189 (2004); ibid 598, 197 (2004)
isospin violation (a substantial admixture of I=1)

for C=+1 the decay to n*n- J/y would proceed via an isovector p°-J/y intermediate state
=> prediction: m(nn) peaked at high masses (as observed by Belle)

& L.Maiani et al., PRD 71, - —antidi qllc q
“Tetraquark open charm diquark-antidiquark states [c q][c q']
“Hybrid cc-gluon ~ try to find (other than n'n-J/v)

decay modes

o Glue_ba” W|'|'h _ C!eTe.r'mir.le 'I'he (JPC) = Clngl..llar'
a ¢ admixture KK.Seth, PLB 612, 1 (2005) distributions etc.

- Both points discussed below

“Cusp effect gwfor)e((%%n%%sive inferpretation
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253 o
the energy difference: the beam-energy constrained mass:

AFE = E%ms — e My, \/(Egg;s )2 (p cm3)2

beam

ca
Q

o
o

B
o

P Y N AN TN N N AT S M NN MO N SO B
Events / (2MeV / ¢?)
]
L)

—0.10 0.00 0.10 ‘ , 522 524 526 528 5.30
My, [GeV/CQ]

Inside of the signa/ box corresponding to the decay B> Ky J/y
look at the M(yJ/v)
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T T T T | T T T T T T T T | T T T T
| 0) 3744 MeV | b) 3808 Mev

Evidence for X(3872) > v J/v |

The yield of L | | | Vsl : %ﬂ M 1 ]
° Mesons N=136+44 i )N | & 393 Mev

obtained from the fit to il | (40)
My, in bins of M(y J/y): &8

Ll

T I I I T |
| ) 4064 Mev

B(B — KX) x B(X — ~vJ/v) I=

— —6 : I I 3928 I I 4120
=(1.8+0.6+0.1) x 10 M(vJ/0) [MeV/c2]

My, [GeV/c?)

N=102+57 T 4Rl hep-ex/0607050

(3.40) :
B(B — KX) x B(X — vJ/v) = |

ents / (10 MeV/c?)

C(X(3872)
established !

Signal Ev

T [ T T 1T 17 [ T 1T T T 1
—
B —_—
T e
IIIIIIIIIIII

e cc component in the X
3.8 3.9 : wave function

M (cc) [MeV /c?]
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. ' 0) 475500 MeV ' b) 500525 MeV 1 ¢) 525-550 Mev %

 SUSSURIO0S W |11 . 5 1 N
& ll |

N 1 = e 51 O -;4\.—1—,—.!—;11
c St S A virtual 0)(782? (sub-threshold) deca; X->0J/y?
S asf 1 N1 The kinematical limit for M(n*n =) is 7.5MeV below
o ! |’ I H IV 2 the ® mass (I'(®w) = 8MeV)

‘ M ISR | B 41 M I
, WL| #‘ HH JW [ i_lﬂ_ ﬁH‘H»NH\ L HH: ,--;_-—,‘ R LT,
i) 700-725 MeV k) 725=750 MeV [) 5750 MeV

: l .. " [ = [_\

QEJJIL ﬂLsNﬁ_HQsz-m—. " '5250’]_|H| szﬂﬂwﬂﬂwﬂgj 1 'J]\sa

- M, tGeV) - M, [GéV/cQ] M, -(GEV‘ , X(3872) -a miX'l'Llr‘e Of I = O Clnd I:]. state

12.4+-4.1 events (4.30) = The substantial I_=1 c_omponen’r N
for M(n*nn0)> 750 MeV = there must be uu/dd pairs in addition to cc

n*n-n0J /vy support the DEUSON hypothesis
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j | B -1
Spin-parity of X(3872) | <~ MEASLEEiEd | 253 fb
Studies of angular distributions | ERERY S M N TR TP R0 T tests of all relevant
of X-> n*n- J/wv according to D.V.Bugg, Phys. Rev D71 016006 (2005) JP assignments

clearly favoured:; - .
2 cannot be ruled out completely 1" expectation

10

Events/bin

0

aulul 0.50
Sibebands /

<IN Bl PRL 96, 102002 (2006) "o 250\~ X(3872) — Jiyr'w
— > — Jhy p (L=0)
Study of M(n*r): = 200 - - Jypyp (L=1)
. o
the p dominance expected for C=+1; ™ 150l Multipole Expansions for ct: A
cannot distinguish between 1** and 2°* 8 j 1 N
using high statistics (N(X)=3000 ev.); | EENEU BRI !
- > > 50 J P28 |
hypothesis || 3D x* / 11 d.o.f. E B 77 _'_'"_4,._-:;55,..@%': \ &\%
1+1 132 27 8% 2 0 R S Bt e NN
2 . >
5oL '

0.4 0.8

27 corr‘ésponds IER=1. 1 ., 11D3)

Additional check:
T.Lesiak look for the decay New charm resonances



| Evidence for X(3872) > DO DO 0 | 414 fb!

: . hep-ex/0606055
Observation of a near threshold enhancement in Accepted by PRL

—
(9]}

6

MDD "™ (GeVv /e

/10.0 MeV

M(D°DO7%) [GeV/c?]

Events

0.0255 0.051

(2o higher than M(X)ppg)

. 10 x B(B — KX) x B(X — ntn—J/v)

(dominant decay mode)

2> 0 0 0 requires at least one pair of final state particles to be in a D-wave
The near threshold production of D°D%° would be suppressed by an I=2 centrifugal barrier
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|  Observation of Y(3940)
B [2o3/0) [Gev?/c

> decays studied: B> Krn*anl J/y _
» Observation of B> Jy o K, ®> nt*nn°

> M(0K) > 1.6 GeV 3
(removal of strange resonances like K2 0K, ERL 7

Kx = K1(1270), K1(1400), K2 (1430)...) <
16.5 —

52725 <M, < 5.2875 GeV/c?
|A E| < 0.03 GeV
0.760 < M(n*nn) < 0.805 GeV/c?

»SIGNAL REGIONS:

M%K) [Ge\/Q/c;']

-

Next slide =
100

oo
=
I

50

.
=
I

Events/bin

E.EDD 5.250 5.31]{]-!'?.2[} 0.00 0.20 %.EU N 0.80 1.00
M, (GeV) AE (GeV) M(r'n ) (GeV)
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Observation of Y(3940) M(K) > 1.6 GeV

| 6 3937 Mev ] ] Fit the (A Elec) distribution in bins of M(J/\V (D)

[ Y Euhﬂ 1 _ eshold 0 AP S wave Breit-Wigner |
T 4017 v __5)405?Me\|i' ] ' | [ X2/d°0°.f- =115/11 ] x2/d.o.f. = 15.6/8

+—+—H—+— -l Ho—-h
| g) 4137 Mev LY 4177 Mev L1 4217 Mev

Events/bin

Events/bin

L j}4257uev' 1 kIJ +=291,r uimlf o 1 |)=4$5:'m'ev' |
1 - . 0
T 1 3880 4080 4280 3880 4080 4280

M(wJ/9) [GeV/c?] M(wJ/9) [GeV/c?]

Events/40 MeV

Events/bin

L=
L
&
7
a
c
©
>
(15}

tath |
III"!J-!III'II'II— T |1
5.200 5.250

My, [GeV/c?]
Conventional charmonium ' ; _ cc-g hybrid
(thcss above DD threshild

X'p1,2 ObSEIVEd in ©Y(1S) but no decay to DD®
then B(y oK) B(1sK)~ 4x 104, > (+) Large B(Y> Jiy X)
Belle result implies:B(Y> J/yw)~20% (+) partial width consistent with X Liao, T.Manke, hep-lat/0210030, (2002)

- very unusual for a conventional (cc) Lattice QCD predictions for ccg
above the open charm threshold (-) expected mass: (4.3-4.5) GeV/c? C.Banner et al., PRD56, 7039, (1997)

5.300

M, (GeV)

Should predominantly decay
to D*D* - not observed yet Interpretation: a cc-gluon hy
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‘new charmonium state observed by Belle hep-ex/0507019, subm. to PRL
X

In the process:

» The signal seen in the J/y recoil mass

N(X(3940)) = 266 £ 63 |

-
4)
o

-
o
o

o~

0
>

QO
=
o
o
<

> M(X)>DD® >

Does X(3940)

decay into DD()?
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Select the D (D°, D*) and
ok at the M, ...;(J/y) after the kinematical constraint:

9 Improves resolution on M___.;(J/y) by a factor of 2.5 (c(M,,.,,(J/v)) =~ 10 MeV/c?)

(3940 — DD |

B < 41% (90% C.L.)
"X (3940) — D'D |

mmm 0% C.L. upper limit

N/10 MeV/c?

D sidebands

— (96+45 +22)% .

» No evidence for

X(3940)=Y(3940) unlikely Possible interpretation X(3940) = n.(3S) =n.”
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Observation of %'.,=Z(3930) | <&

> zero-tag two-photon processes
> DO K", Kntn®,Kntnrnt; D*=>Kn*n*
> P,(DD) < 0.05 GeV/c

Z(3930) matches predictions for the
unobserved yet radially excited states

%co(2P) (o) and xo(2P) (x'c2):

Events/10 MeV/c2

Masses in the range 3.9-4 GeV
(above DD and around DD” thresholds)

%7 -> DD should be dominant

(S.Godfrey, N.Isqur, PRD 32, 189, (1985) I Lﬁﬁﬂ“
E.J.Eichten, K.Lane, C.Quigg, PRD 69 094019 (2004)) 7 88/ 38 4 T2 43

(among charmonia, radial excitation states ' M(DD) [GeV/c?]
known only for the v (33S,) and . (*S,) ) D sidebands
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155

12 f

Events/0.1

flat|

10 |

‘%a 1+ asin?6*

AP TP PP I TP TP TP TR P I
1 02 03 04 05 06 0.7 08 09 1

|c059*”

Consistent with expectations for y .,

rties of Z(3930): mass, angular distributions and I, (Z)x Br(Z->DD) are
consistent with expectations for y'., (2** 23P, ) charmonium state
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)

_. In ISR events
e'e 2y srn Iy

» detection of y,sy is not required (most of
them are produced along the beam pipe)

2
I
o

»>Signhatures:
- small mass recoiling against the n*n"J/y
- low missing transverse momentum

e*e >y (2S)y provides a reference

o
~—
>
>
=
S\
~—
2

5

>
53|

EYETY: .
M(rTn—J/y) [GeV/c?]

> confirmed bv CLEO and Belle BUT ISl BaBar CLEO-III Belle (Preliminary)
Yield 125+ 23 (>80) | 14123(4.90) | 165 +24 (>70)
Measurements of mass and width of Mass(MeV/c2) | 4259 +87; 428355 £ 4 4295107}
Y(4260) are marginally consistent [ migttaetat BB EREM 5 1332677
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PRL 96, 162003 (2006) CLEO

E— . Observation of Y(4260) |

. First ’
observation : ~

| oo T -

Events/(8 or 4 MeV)

evidence

9015201 -005 0 005 0. 0.5 :>‘

Missing Momentum (GeV)

> Y (4260) located at a dip in e*e">hadrons)
» Why has not been observed before? wus)
> BaBar: o(e*e>nnl/v)~ 50pb at 4.26 GeV M+ LW

> = R-0.05 << dc(e*e- > hadrons) PLUTO

DASP

=3 hep-ex/0608018 |IRALINIE G el

Similar dip around 4.26 GeV/c? in M(D*D™)

Conventional interpretation:Y(4260)=y(4S)

pa v I del g v by Ly

the dip in R is due to the interference with y(3S);
the latter must have a large coupling to = J/y

V]

Possible exotic interpretations > Hybrid meson can be tested by studying Y decays
» tetraquark

to open charm (difficult task!)
T.Lesiak New charm resonances




BaBar-CONF-06/33
SLAC-PUB-11983 289 fb

A bump @ 3.9GeV/c? not seen in
hadronic cross-section but in
gualitative agreement with coupled
channels model predictions

e e ST than the vallie b (4260)

. i+].+i .f! LA o R .+i i+.T
. 4 4.2 4.4 4.6 4.8
dy of ete . M(DD) [GeV/c?]

O =
. Bl > The ISR photo D D (reo oNn Of background
o |
o 230 fb 1 provement of signal/background ratio
B |
=
9
= 4 B
= @ sighal o 4200 0 o pDrevio
E: T [ ) ~ P ) - ajIFayaa s
< 1 BaBa 0 ponding to una 0 A
o
E 2 .
S |
> NO sign o 4260 0
. | > WO digdates o 4260

5 5.5 &)

E M(rtn=J/¥) [GeV/c?] o eSO o



S m—
Y. %(1P)
Xea(1P) 2

SN |IFNeIN=N Tl PRL 95, 102003 (2005) JR<Fa (o LB L))

Observation of an enhancement
in the 70 recoil mass
JPC=0—+ 1 1+ - ot++

1. EXCLUSIVE reconstruction of the ., 2. INCLUSIVE n, P I
(10% of n. decays): 3960505-
ncng(L)Kiﬂ':F, KtK—atns ataata—

Consistent with 1+ cos20
distr., (E1 transition from
a spin 1 state)

| Ne — K+K_’JTO, 1r+7r_n(—> ¥, 11""71'_71'0)

>
O}
=
1QV
~—
n
—
c
®
>
LLI

DGenerlc
F HMC

- ; ] ST T T
| |Data : 350 3.50 3.54

M (79 recoil ) [GeV]

Theory: 3518 MeV

e 1
O Il HTH T e
3.40 3.46 3.52 Xcog = 5(xe0 + 3xe1 + 5xe2) = 3525.36 £ 0.06 MeV

M (7© recoil ) [GeV]

1st measurement of the hyperfine splitting in the P wave: Expectation: max a few MeV

" Test of spin dependence and spatial behaviour of the QQ force
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Theoretical expectations

> rk: HQS based potential models jq =S, + L, i jq 4 So

S.Godfrey, N.Isgur, PRD 32, 189 (1985)
Ds2(2573)

- e 1+ R ~ Ds1(2536)
=312 T#%2 ‘ - D*K

» All four states above M(D)+M(K) D K
» I[(=3/2) << T'(j;=1/2) tensor s-0
» Experimental observation of the Jq:3/2 doublet: spin-spin

D,,(2536) (1
D,(2573) (2

> j=1/2 doublet wide - not seen until 2003? «—— [Golden year of cs spectroscopy

M=2459.3 + 1.3 MeV/c?
D,,,(2460)

wo £ M=2317.4 + 0,9 MeV/c?
DSJ(2317) > D 70 o 400 '

- 350 ! ﬁ \
PRL 90, 242001 (2003) 2 50 \

*ﬁl
» CLeo  D_,(2460)> D, n° s J‘

Coan b b Th
610 F it Tl Ly,
PRD 68, 032002 (2003) a100 * T
HLE !
> ) N T (O T I B R R

> (i confirms bOth, alsoin B decays : 71 77 3% 14 78 100 200 300 400 500 600

PRL 92, 012002 (2004) M(Dsn%) [GeV/c?] M(Dsyn®) — M(Dsy) [MeV /c?]

T.Lesiak New charm resonances
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[

cs spectroscopy:

< 4.6 MeV

Mass (GeV/c?)
R
oo
T | T T T
|

T . 2.6~ T e ]
: S e Tow
PDG 2006 24l N
= . 4 DK
*) - ]
> Mas;es pelovy D' K thresholds S Very narrow L .
» Isospin-violation in the decay - o [ codrrey/iegu (1985) | ]
Rules out spin zero I Di Pierra/Eichten (2001)
> Other decay modes: P 2 * Observed :

DsJ(ZAféo)9 Ds v, DsJ(2460)9Dsn+n_ F= 0 | 1 | 0* | 1* | 2t | 3t
T 931 40.06

NCRED)
> Are they the, eagerly and long awaited, 0* and 1* (cs) states or something exotic ?

% DK | | T.Barnes, F.Close, H.Lipkin, PRD 68, 054006 (2003)
) T A.Szczepaniak, PLB 567, 23 (2003)

+ Chiral doublers M.Nowak, M.Rho, |.Zahed, PRD 48, 4370 (1993)
W.Bardeen, C.Hill PRD 49, 409 (1994)

SESTUNECI I RACHEIR(ICSIN £ . J.Jackson, PRD 68, 037502 (2003)

< qg + gggq mixing T.Browder, S.Pakvasa, A.Petrov, PLB 578, 365 (2004)

3 g mixing with DKO

T.Lesiak New charm resonances
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B> DSJD(*) decays b->ccs tree-level transitions

c 5 {a) ]
<& First observation

PRL 91, 262002 (2003)

Belle-CONF-0461 (2004)

PRL 93, 181801 (2004)

Entrics/2.5 MeVic?
Entrics/10 MeV/c?

Surprise:

) vy

Op = Op,, — angles between the Dy; momentum in the B
rest frame and the D, momentum in the D, rest frame

B(BaDDg?) _ 1074

~ ~ 102
B(B—DD{Y) 1072

Spin-parity of D,

| W [$%/dor =38/8 |

JP(Dy;(2317)) = 0

L Bl Official name: D*,,(2317)*
g 0[] . ﬁL L
i I
- P a1+ | | \
- 2B /| B=m . e
0 i --- | - | _T_ OffiCiaI name: DSl(246O)+ - ‘ 1 le/dl(}flz |89|/8I ‘ 1 _ -I- 1 1 1 1 | 1 1 1
-1 0.5 0 0.5 1 -0.5 0 0.5

cos §
T.Lesiak New charm resonances .
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S

=1
=]

hep-ex/0608031 WSV 705

B(Bt — DODOK*) = (13.1+1.371) x 1074

Number of events / 7 MeV_
(=] 3

=]
=]

=]

EEE R R ERTERr  Dalitz plot M(D°D9) vs M(DOK) differs from 3-body phase space

«©
2

efficiency

=1}
=
o
o

9
L=
oy
[=]

q'._'
U b
T~
o
>
3]
2
=%
g
S
]
~—
N
=

N
=
T
[
o

Y(3770)

5

o = M W B WO = @
umber of events / 50 MeV/c

1

| M2(D01€:F) [Ge\/?/r:“]

1=
[=]

Number of events / 50 MeV/c?

2-dim. fit
to the plane
(AE, M)
in 50 MeV bins
of M(DK*) ==
y(4160) reflection
Phase space

[=7]
(=]

M = (2715 + 111]7) Mev/c?

((DRELIE]
excitation 23S,
of D, (2112)
or
chiral doubler to
- - . the 1* state

| - 0 0.5 1
4 26 28 2 ) ] Y cos 9(D0K+) Dsl(2536)
M(D°Kt) [GeVv/c?)

/ 50 MeV/c?

=9
o

= (115+2073%) Mev

Threshold comp.

Signg\! yield

o

—— Sum of three comp.

angle between the K momentum in the DK rest

T Lesiak New charm resonances frame and the DK momentum in the B rest frame 27




Reflection from
D,,(2536)*> D" K

2 I
l—l
o
w

/c
o

2.86 GeV/c?
region D-mass
; sideband

MC with all
previously |
known D

=
1))
=
O
o™
e
)
-t
=
1))
>
m

1 | 1 | 1 | 1 | 1 | 1
24 26 28 3 24 286 28 3

| M(DOK+) [Gev/c?)] | M(DK?) [Gev/c?] |

Background subtracted 1500
sum of all three channe

N =~ 2400
1000 M = (2856.6 + 1.5 + 5.0) MeV/c2

TS r= 1
M = (2688 + 4 + 3) MeV/c2 (4747

A radial excitati
coincides with the Belle state 50 D of D 50(2317)?

(from the previous slide) ???

Needs more study™ [ 0

T.Lesiak M(DK) [GeV/c?] \ 2.5




£.2(2800), =.+(2800), =.**(2800) 281 fb-!
Deenec M AT A pED

S i A INEEVENNS A

o ‘ 200 - E 200

= i

= : L i ty 4 iR

2 0 0 f 0 ¥

E i % I |+|_ H ‘HJ“ M \+|+_ +++ = I R
P 04 06 oy 04 0.6 T 04 06

Feed-down from
A(2880) -> A nn

1000

500 ‘\
I Sidebands of A, ->p K= |

0.4 0.6 0.8 0.4 0.6 0.8 0.4 0.6\ 0.8

Feed-down from
A(2880) -> A nn

ol =.°(2800)

>.*(2800) I g (2800

State Yield /10° AM, MeV /c?

S0 2207yl 5I5ATI0s

rpretation:

$.(2800)"  1.54T105H140  gg5 4te8+124 +37+ as the =,

—0.57—-0.88 —4.6— 2.0

2.(2800)tF 2817050 0k 514.5037755

- members of the
JP=3/2- isospin triplet

T.Lesiak New charm resonances



Observation
of A.(2940)"

L
o]
]
0

Em—

hep-ex/0603052 287 fb-1

> BaBar: a new baryon seen in the D° p final
state (also the A.(2880)-> p DC is being
observed for the first time)

» CLEO:

PRL 86 4479, (2001)

First observation of A*.(2880) > A/ nn?

I hep-ex/0608043 |IEEENLE

> Belle: confirmation (X x final state)

Yield

Mass, MeV /¢

Candidates / (2.5 MeV /<)
M
a
a
]

2800 £ 190

2881.9 0.1+ 05

5.8t 15+11

2280 £ 310

Yield

2939.8+1.3+1.0

Mass, MeV /¢

175+52+5.9

N /2.5 MeV /c?

880 £ 50 £ 40

+70+100
210—40—60

9881.2 + 0.2

5.5 4+ 04 |

_)
2937941075 | 10+£4+5 |

Mass and width measurements

consistent:

> Belle favours JP=5/2*

T.Lesiak

BaBar vs Belle

IIII|IIII|IIII‘F¢|—_%EI‘I_II|III

=

# Wrong sign D p

Jﬁmm@

I~ | D sidebands

2000

=200

1&00

1400

o L R
- s

-
-

[
jAn}
[\J_
w
Ln

MWWW@N

——

——

—_—
—_—
——

—_—
—_—

2.9

M(D%) [Gev/c?] |

Ac(2765)F

0( | Ac(2880)1 |

0,++ —
New charm resonances IMIOX: m~) [GeV/c?] ‘ 30



Observation of ECX(2980)+ and Ecx(3077)

First observation
| 462 fb-! | hep -ex/0606051, accepted by PRL REECRN BABAR-CONF-06/01, subm. to PRL

AND evidence for =, > X (2455)* (= A j'n*) K

BqBauz

preliminary

.'—é—-
— 1
el L H

Wrong-sign
combinations

N\
/\ér Ktr
NANN NVNNNN
3 3.05 31 315 3.2

M(AFTE—nt) [GeV/c2] | (A K7t — M(AY) 4 2.286 [Gev/c?] |

Mass ( MeV/c?) Width (MeV) Yield (Events) Significance
20671 +1.94+1.0 236+28+1.3 284445446 700
29785 +2.14+20 435475+ 7.0 405 4+ 51 6.3c0
3076.4+0.74+03 624+£16+£05 204435412 860
3076.7+09+05 62+£1.2+08 326 £+ 40 970

Events / ( 0.003 GeV/c?)

III|III|IIIIII|III|III‘I—

——
(1]
et
c
Q
>
L

-1

MandI': good (E(3077)) and marginal (£.,(2980)) consistency Belle vs BaBar
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Observation of =, (3077)°

D
(i

BELLE

hep-ex/0606051,
Accepted by PRL

462 fb-!

o
L
b
O
=
0
3
-
n
e
c
Q
>
w

Width ( " s ) Significance (g)
43 5 2.0
5.1

Observation of isospin partner(s) makes even more plausible:

Interpretation of the =, (2980) and =, (3077)
as excited charmed strange baryons &,

E.(csu) > AKn =>» c and s quarks are carried away by different final state particles

T.Lesiak New charm resonances




Looking for doubly charmed baryons Z_* and =,

Evidence for the Z.." A Ko+ PRL 89, 112001 (2002)
in the decay modes: pD*K PLB 628, 18 (2005)

Evidence forthe Z..™ 2> A, K n'n*:  ICHEPO2

='cc

Both states NOT confirmed by FOCUS, in spite of much more abundant sample of A ‘s

D "
gl epP-€x/0606051, accepted by PRL > | BABAR-CONF-06/31, SLAC-PUB-11866 316 fb-!

- + -t
B 2 AMKT .
& 0 & Va8

C
T+ + - 4+
= 2> Ac Knnt

More extensive search:

6 3.625 3.65

- el
—
-~
ax
-
=
o s
£
b
—
T
P
b=
-
=1
ool
r
"\ _.ll
+ 8

—_—
-
="

. | AM(Z. — AT) [Gev/c2]
BaBar & Belle: no evidence for —

BaBar: no evidence for
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20

15

10

Candidates / 5 MeV/c

| BABAR-CONF-06/31 =
SLAC-PUB-11866 231 fb
Q0 (css) JP =3+

the last single-charm baryon with zero orbital
angular momentum, not observed so far

Candidates / 5 MeV/c?
P

| N(2) =105+2146 | 220

Candidates / 5 MeV/c?
=

Theoretical expectations span the range 50-100 MeV/c?
o 35F

(ete~—QX) (%) g s

__o(eTe —82, * 3

R = o(ete —QcX)' zp(2¢7) > 0.5 _E ;{5)5_
R=1.01+023+0.11 5 st

E 10

* : “ sk

Q.Y observed in agreement o d

BT

|.I g . '
bR T SO e [o®
"’ e iR }-== !

re

" )y Ll_lll“‘u‘n‘lq'a." li¢

2.75

28

285

29 295 3

with expectations
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M(Qey) — M(Q2c) + Mppa(S2c) [GeV/CQ]
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Summary

renaissance of charm spectroscopy at B-factories

Several new states observed (both mesons and baryons): X(3872),
X(3940), Y(3940), Z (3930), Y(4260) ...
-> a by-product provided important results

Theoretical studies reinvigorated (231 answers to the query ,new
charm particle” in the CERN document server for the period 2003-2006)

Still much work to be done:
Experiment: more detailed and extensive studies of new particles

Theory: more precise estimates & new ideas

| hope that B-factories will deliver
new charming discoveries soon
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