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In on

* Recent observations of (unexpected) new states performed.
+ Several resonances do not fit theoretical predictions.

+ Many subsequent interpretations of these new states and
methods were suggested to analyse their structure (HQT, chiral
symmetries, 4-quark models, bag model, Lattice...)

* We can classify these resonant structures in 2 main categories:

» Light Mesons: ’-family, K*°(1430), a°-family

- - subject of
> Heavy Hadrons (cs and cc mesons; baryons) this talk!
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* PBaBaris a B-factory: 1999-2007 = ~ 433fb™' @ Y(4S) (on-peak data)
y end of Dec07- end of Feb08 = 30fb P@ Y(3S)

end of Feb08-6" of April08 =15fb™ @ Y(2S)
scan around Y(4S) (25pb™ every 5 MeV)

+ The main goal of the BaBar Physics has been the measurement of the
sides and angles of the Unitarity Triangle, and rare decays.

Ax ol BIOHTEN A D200

» B-factories have been demonstrated to %suu. _,bakar 4

be also a huge source of cc production. e "Rl Rt e /-
Eanu:_ O Pash ooy B0 ::fr'IJ

* The spectrum of Heavy Quarkonium Pl —wme /
states is an ideal place to provide " a0l RS _;«/
precision tests of QCD. i j—/

200, f

* Very accurate calculations are :_ '
possible using Lattice techniques. 100
M.~1.5 GeVicis high enough to try to Al -||;||||;|:;;s;-.||::;|.-:||::|::|||;|:::||;|||;||...||..;.....|...|u'_E
describe QCD in term of NRPM. A A A A 4
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Heavy Spectroscopy in e’e”_interactions @ Y(4S)

* Production in continuum: se'e"— i/ X (C =+)

se'e”— y__ X (only JF°=1")

ISR

* Production B decays: * b—c (color suppressed decay)

* open-charm and charmonium
(cs and cc meson, cqq baryons; cc +...)

charm and charmonium spectroscopy

* Transition Y(4S)-Y(2S)x'n", Y(4S)-Y(1S)n'n", Y(4S)-Y(1S)
bottormoniurm spectroscopy

The main goal of the physics @Y(3S) and @Y(2S) will be the search

of bottomonium states and light Higgs.
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CHARMED MESONS

¥ CS mesons
@ D, (2536): high precision measurements
@ D,*(2317), D.,(2460), D_,*(2860): charm-strange mesons
@ X(2690) and D_,(2700): last surprise!
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D,.(2536)", D_,(2573)": well

known but JP onIy inferred (not
measured')

D.,*(2317)*and Ds1(2460)+:

unexpected observations of
narrow resonances in BaBar.
First two states observed at
B-factories in D_ ‘mand D *+Tl0

they do not fit theoretical
expectations .

Mass, width, absolute BF fixed .
Still unclear the interpretation, as
more options are opened yet.

D_,"(2860)": new state discovered
by BaBar
X(2690)*: broad enhancement
seen in BaBar
D_,(2700)*: new state discovered
by Belle (is it X(2690)?)
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,(2536)

S

ataT
Study in continuum: I I
'PDGO7 | s [

m(D_,) = (2535.35% 0.34%0.5)MeV/c’

1 “ly
D> K-m | %

m(D,,) — m(D’) =4&25,3+0.6+0,1TMeV/c

ro,) < 2.3 MeV

Entr. per 0,3 MeV/c

m(D, ) = (2535.85+£ 0
m(D, ) - m(D’) (525.85+0. 02+oo ev/c?

rd,,) =(1.03+ 0.05+0.12)MeV

0.025 0.03 0.035 0,04 0045

Am(D ) [GeV/cT

PRD97, 011102 SZy@isx

+ First observation of D, in B
decays
@ B> DOD (8 modes), D, > D*K

All D' K modes

m = (2534.78+0.31+0.40) MeV/c?

+ JP quantum number:

| D!,(2536)

@ Statistics too low to ConCIUde et
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| PRL 97, 202001 | i
PRL 97, 222001 Inclusive DK studi

hep-ex/0607245
hep-ex/0606139

+ Channels under study:

e'e~ 5DK'X: D'K° X D> Ko m?
’ S
*(DK) > 3. V
p*(DK) > 3.5 GeV/c DS K- 11 17
240 fb
0 — 1t
» Added the three modes D= L&
1500 kg Another new resonance at 2690 MeV/c??
|} Thew statepubtracted Or just a reflection? B
1000 - no signal in sidebands and cc-MC
D, ,*(2860) - also seen in other places...

c00 M(X(2690)) = 268843 MeV/c?
— [(X(2690)) = 112736 MeV
NI S m(D,(2860)) = 2856.6%1.5%5.0 MeV/c’
28 3 I'(D. '(2860)) = 47+7+10 MeV

m(DK) GeV/c?
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347 b

D_,(2700): another surprise?
+ New resonance decaying to D°K* discovered by Belle in B* — D°(D°K*)
s D_,(2700)

+ Same resonance as seen by BaBar in continuum, X(2690)?
@ Mass and width consistent, same decay mode
¢+ Study of B —~ D™D®K decays in BaBar

@ Looking at 8 DK + 8 D*K invariant masses

Summing all 8 DK modes Summing all 8 D*K modes
2" BABAR - 3 p_2536) { BABAR —
E + preliminary f C st # preliminary ]
éwo; % + E % 200 #% 4
% so} %# 11 2 15 18 : [T ﬁ ) p
sl L iy | Phase space =t A E

'y
o
I

f/ Background
(generic MC)

[
o
T

82 2a 26 28 3 3.2 34 82 24 26 28 3 32 . 34
M(DK) (GeVic?) M(D K) (GeV/c?)

*+ Enhancement observed around 2700 MeV/c? in DK and D*K
+ Complex structure, full Dalitz plot analysis is ongoing.
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+ charmed baryons

@ Observation of Q_° and discovery of Q™
@ Discovery of A (2940)

@ Observation of =_(2980)* and =_(3077)*
@ Discovery of = (3055)* and =_(3123)

Charmed baryon mass  (GeV)

3.1~

=.(3123)F —
=c(3077) " New
= .(3055)F results!
—c
Ae(2940)T T =c(2980 )+
Ae(2880) 1 | os
| Lz on |
! 2
v 12 =
™
0 [+ =2
L QO £
z* — é
B
¥ a
=
| new
= states
=c 2
(BaBar)
————————————————————————————————— — 0.0
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PRL 99(2007), 062001

PRL 97(2006), 232001 St! !QM Qf
232 fb-

+ Q7L css charm baryon ground state 8, o
. E = 17716
¥+ Observed in 4 modes S 2
® First observation of B > Q%X S
B(B > QX)*B(Q°> Q') = (52+0.9%0.5)x109£ %
52
R [ I‘IJPZQ—I— S2
2 T 2 .
%100? B, 8@ 7w ) ' 5+8
2 - S > 420
& “E E% 105 l l lz
© o [ 7]
o 84,40 5 ko 430 45412
20 S 330 e f {
; 2=20 il
0 o 10
2.'5""'"2'.'6"""'2.'?"""'2'fg"""'2.9
Theory range Am = 50 — 94 MeV/c? M9 (GeV/c?)

m(Q,*°) - m(Q_°) = (70.8+1.0+1.1)MeV/c?

oc(eTe —Q:0)
oleFe =00y — 1.01 £ 0.23+£0.11
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Discovery of A (2940)

PRL 98, 012001
287 b

+ Decay mode: D%
+ Known state: A.(2880) 7
New decay mode;

More precise measurement

of the mass and IT
+ New state: A.(2940)T

+ First observation of charmed
baryon decay to D and light
baryon

- (=70o)
= 1 1800 | + +
o -
= Ne(2040)
i; 2000 i l : \
: . PO
5 2.9 2.95
BABAR it
10300 ™ ¥
wrong-sign D% K
N et s g
| Pu Irnm sidebﬂl'lds e
{_:]2.8 _ 2.4 ) 5 31
M MeV /e [ MeV
BaBar A 2940)Jr 20398 £1.3+£10 17.5£52+5.9
Belle A.(2040)" 29380413720 1378+
2882+ 142 4+2+2

el

el

CLEO A.(2880)"

BaBar A.(2880)"
Belle A.(2880)"

28190105 58x15%11
28812£02+04 58+£0.7£1.1

m(A(2880)") =2881.9+0.1%0.5 MeV/c?
58+15+1.1 MeV
m(A(2940)") =2939.8+1.3+1.0 MeV/c?
ITA (2940)") = 17.5£5.2+5.9 MeV

ITA (2880)") =
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Excit harm-stran

New state:

= m +

b=

hJC
m(Z_") = 3054.2+1.2+0.5 MeV/c’
[(E") = 17611 MeV

Yields =218+53%79
significance: 6.4

Evidence for:

30(31 295)
M(E ") = 3122.9+1.3£0.3 MeV/c?
[(E') = 44%3.421.7 MeV

Yields =101x34+9
significance: 3.6

Smaller values of m and I"due to treatment of proximity to threshold

Mags (MaV/e)  Width (MeV)  Vield (Events) Siguificance

> BABAR Z,(2080)7 20671410410 236428413 284445446 TO0
Belle Z,(2080)7 20785421420 435475470 405451 b.ad
BABRAR Z.03077)7 30764 £07+03 62416405 204435412 Rée
Belle Z,(3077)7 S0767+£00405 62+£124£08 36440 0.7

hep-ex/ 0607042

n hep-ex/ 0710.5763
316 fb
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CHARMONIUM SPECTROSCOPY

d‘EDD _I | | | | | | | | | | I_

[ —3D, ]
4400 L @4°S, 1 Update on:
4200 | 2-.-513 PE 1'EPFgE] ¢ Y(3940)
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PRL96 052002

Inclusive searches @ BaBar: B—-XK

T Ton Tok e T e T e e e e T B Tt ¥

Events/10 MeV/c

E X(3872)
300 T

200

]. I-J thl f
21 1ifb-1 L | | | 1 | E
1 L5 12 125 13 135 14 145 15

Kaon momentum (GeV/c)

From BaBar-Belle average:
BR(B* - X(3872)K*, X(3872) - J/yrr'TT)=
=(13.3£2.5)-10°

SB+_>X&3872)K+)<3 210 at 90% CL
X(3872) — JWTETT)>4.2% at 90% CL

@ Fully reconstruct B____ in hadronic

modes

@ The X mass distribution can be
obtained from the momentum
distribution of K*

@ Huge background due to secondary
K* tracks

@ Observation of X states independent
from the decay mode

@ Absolute measurement of

BR(B - XK)

reco

e
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Exclusive searches @ BaBar: B-XK

+ Update on the study: g::_"" 11 .
B—-XK, X—Jmrt B sk
EEI]_— _l_
R(BY/B*) = 0.41+0.24+0.05 & «f #H;{’
kil ry
AM =(2.74+1.6£0.4) MeV/c? = }QIL{:JF#JL& JE} TITFM :
tof- ']‘B'—)XK' 1
F < 33 MeV @QO%CL E.- H.E 382 L4 LBS LB 30 392 I 31%E 1 -l
m, e NEW m, (e ic’)
i BT JpyKe o C=+ for the X(3872)
8 Nt X2y s 1=1 for the (1) in J/QTTTT ;
_me_ %X(+3 o )lK_ | 260 fb" @ forbidden J/yrere, JAWTe, J/iyn
e s » 1=0 favored for X(3872);
% S L the J/Ytrtt decay is
20§ + l-violating (small width)
o H ‘ # Invariant 2n-mass: @ Decay X(3872) - J/Wyp against
g . L + + S-wave J/yp favoured charmonium hypothesis:
B - L J** favoured over J™* no charged partner found!
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PRD77, 011102

ill som rises: B—~(DD) K

+ BaBar studied the channels: > 15:: _ . w(@d770) _
E‘-‘ - ] B" — DDK ]
- - = 20 : “ r
+* 3 D'DOK* 00+ . 5 ¥
S BREIRRE ovovamns Fu L) )1
» Measurements: Z_ _ M| (3775.522.410.5) Me Jc?
) 3.75 3833539395 4 405 4.1 4.15 4.2
¢ AM = (0211 .G)MEV/CZ DD Invariant Mass (GeV/c )
@ R(B/B*) = (1.33+£0.69+0.43 ) MeV/c? ~o g T T T T T
— = X(3872)
00,0 = 1 "0_q
. g X(3872) =D OD_(ﬂ ~1.3740.56 =l AlID"D® mades
X(3872) -D°Dy i
=
experiment Mass (MeV/c?) =h \ "l
BABAR 3875.2*07 £0.5 4 | ] R ”‘ :
BELLE 3875.2+0.7+3 | +0.8 3 i :

U388 3.0 302 304 306 308 4

M is ~4.5¢ away from the world average in J/ &

R Expected: 1.3 for a state proceeding only via D°D*
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Even more: B-YK, Y- Jya

M(Y) = (3014.673 % (stat) T2 (syst)) MeV )/
DY) = (3313 (stat)t2(syst)) MeV
B-YK
B(BT) = (497 0(stat) g2 (syst)) = 1077
B(B") = (1.5%3(stat) T 2(syst)) = 107°
B(BY,) = (35102 (stat) 04 (syst)) x 1074
B(Bye) = (3.0%y5(stat) Ty 5(syst)) x 107
. |
R (B%/B*) = (.30 2 (stat) T}y Elgsysr)fé%ffn
R,(BY/B") = 0.04F53 (stat 1503 (sust) 5l
contribution

hep-ex/0711.2047 LI

B Bveniad 10 e 5

E® Byverdad 10 e®e)

- wrn

@ The measured values are

corrected for efficiency
and resolution effects

—
Lol v ol

]HHM

<D
P
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+ What are these new structures?

First observed at BaBar
232 fb™

PRD74,091103

- e'e—y_ K'Km'n’

2]
=]

ISR

{H |
ol ¥ wﬁ# + 1

1
t b
L1 {PL++#*+.++.++ dﬁ'i# o bt
2 2.5 3 3.5 4
m(K' K 'w) (GeVic?)

f*e'—»yl o K+K_1t01tQE

Events/0.025 GeVic:

Fvents/0.04 CeV/ct

2 2.5 3 3.5 4
m(K K 7’1" (GeVvic?)

?Qtudz in ISR production

233 b PRL95, 142001
é e‘e Yisr Jl\lﬂl:*jliﬂ s
JPC=1 -- & o } ., ..... (v ;»m;:‘"
E 20 l

M = 4259+8%° MeV/c’

[ =88+23" MeV | it
Y -4 L A 42 44 46 48 5
mim 1y (GeVie)

picl Rl PRL98,212001
+ - —

e e—»YISR\IfQ 3)7_‘+7t3 ----- "
. v |

g8 F [ BKG (non-w(28))

M = (4324+24) MeV/c?

[ = (172+33) MeV

i ﬁ

ﬁﬁ'--le"‘r'l b e
N ———1

M= (2175+£10£15) MeV/c?

[ =(58+16+20) MeV

<D

See the

A. Denig's
talk!

" L - L - o —
4 45 5 55

m(2(z"x )ly) (GeVic')

+ Incompatible with Y(4260)
¥+ Incompatible with y(4415)

@ Compatible with Y(4295) Belle

$1 7 Frascati, 10.04.2008
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2 h,and 3 D wave

states are narrow but
not observed

M,
completely
missing

ngl1P) |

Unconfirmed J
assignments| of

all the x, s

O_+ 1-- 1+_ O++ 1++ 2++
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Events/0.010 GeVic?

:
Bottomonium @ Y(4S) [zowves]

BABAR

™and  Nlvana, i ighis Fesarnd

+ Non BB decays
* Transitions: Y(4S) - Y(2S)®x ®t~

Buants | 0,004 Ce¥ie

Y(4S) - Y(1S)n'x"
B TR R T i Sy ——
ﬁf' TN g M u E 45525
,- x{!\ Lg I =(2.7+0.8) keV
1L R B
| #ﬁr Mg ° '343 - =(0.90£0.15)x 10"
06 109 0,0 Lob 2 a3 L 1S njpﬂ-fﬁﬂﬂﬂﬁﬂﬁnﬂnjﬂﬂw- 4S 1S (1 8 04) keV

AM [GaViehT) AR [GaVienT)
a0 | BABAR E r L&TT% || BaBar |
: | g | | Unexpected result:
10~ — L |
[ Y(4 _’YﬁS) fl | ] F
o+ J‘; ﬁl. o ' .J M ] 4S-1Sn 2 41+0.40£0.12 E1M2/
r - - = 2.41+£0.40%0. E1E1
Lo Robod ! Sl T
U045 05 055 06 065 07 ]45 05 0. 55 ne 065 07
AM, (GeV/ic’) AM,, (GeV/c')
— -4
B4SH1SH— (1.96+0.060.09)x10
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Summar 4

What is in the 8§ zoo?

DECAY | PRODUCTION
EXP STATE ‘ m-':}? r J* ‘ MODE MECHANISM
TN =2V |
Belle 3
T T
CDF, DO ‘ 3871.2+0.5 <23 1+ . ':P B decays, pp
BaBar | (3872 N
Belle 3875.4+0.7712 (2 2)| DDA B decays
BaBar | 3875.127+0.5 | 3.0$:0.9 DD* .
Belle Y(3940) 3943+1.1+1.3 | g7:20:26| 22 wJhy B decavs
BaBar ( 3914.62%41.9 | 337245 ' J
confirmed Y(4160) 156 55+15 :
fpgr\rl]v SE’?» BaBar | Y(4175) | 2175:10£15 | 581620 1- K*K-m ISR
Babar 425948 88133? T T
CLEO Y(4260) | 42847lx4 | 733545 g a1 ISR
4247+127;;  108+£19+10 K KM
Babar 4 4324224 172233 - oo
Belle | Y(*3°9) | igiioss |7asiseio | DRI ISR

Theory still not clear.
Significant contribution from BaBar in these 9 years.
Important analyses are ongoing...
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BaBar: Who? Where? Wh

@ Asymmetric e'e” beam @ PEPII
@ Peak luminosity: 1.2x10%cm™2s™!

» >500M BB produced (2007)

Hi Enermr Ring.
(upgrade of existing ring)

Both Rings Housed in Current PEP Tunnel

+ Atthe PEP-I| B-factory at SLAC

1.5T ElectroMagnetic Calorimeter
solenoid 6580 Csl(Tl) crystals
................... .
y 3.1 GeV)
DIRC (PlD) S & e - ;s = % " RRLLLLLLLL L L
144 quartz bars S
11000 PMs

Silicon Vertex Tracker
5 layers, double sided strips

Drift Chamber Instrumented Flux Return

40 layers iron/ RPCs [— LSTs ]

+  BaBar collaboration consists 11 countries and 630 physicists!

I*- H =.|i(/ : e

/s =10.58 GeV

- et
e *




Production = K"

in B decays
(color suppressed)

e’ JY
MMA/

e~ Double charmonium —
production

Two photons
production

y O
VAVAVAVAN

Confinuum
production



D_.,*(2317) and D_,(2460)

Discovered 4 years ago in e‘ec - cc events; subsequently
observed in B decays

D, *(2317) and D.(2460) very well established and known
experimentally
@ Masses and tight upper limits on widths

o JP: 0*for D,*(2317) and 1* for D_,(2460)
» decay modes and absolute branching fractions

Interpretation of these new states still unclear!

= One possibility: identify these 2 states as the 0* and 1* cs
states

@ Strong difficulties within the potential model
@ Other possible interpretations under examination



PRD 74,032007 PXYAik Some additional plots

. _ + +-—0
D, (2317)*> D m® | N=3180+80 D, ,(2460)*> D%
2 MeV/c? Bins o -
@ 1400 | L o C
= B - 400
~ 1200 i = r
&2 D, (2112 B - —_
,'_% 1000 — S( ) 200 I : N_560i40
3 ' e s g 300 Light shad
= P N £ ight shade:
Bao s > = [ Dark shade: D,'(2112)"
= - D, (2317) flecti
eoe Dark shade: < 200 N reflection retecton
o0 D, (2460) reflection -
200 ey o 100 |-
Dz, 2.2 2.3 I 2 4 — 2.5I — I2.|Esl I E o“oooo°°°°°°°°° outrye8e® o0, n°uoaonﬂa=anooa
D; TTG Inwariant Mass {GEV/CEJ - \I’_I | | ‘ | |U¢\°°|n\ | 1 | | I | | | | I | |
m =<(2319.6 0.2 =+ .4) MeV/c* 21 22z 23 24 25 26 27
0F 7% Invariont Maszs {Ga¥ o}
decay processes
o~ - C + +
S s : D. (2460)*>D_*y
= o17s |
3 150 EN=123+15 u N=920160
I N=193+22 ;
S 100%— n
= ! H_ ‘ gggctlons
75 = _
s0 - ¥ ‘# ﬁﬁ#ﬁ C %%%comqwhu
252_ '-'-' $+¢ Doy by b b by v T89S
= o

2.2 2.3 2.4 2.5 2.8 2.7 2.8
D ¥ Invariant Mass {GeV/c*)

m =<(2460.2 0.2 =+0.8) MeV/c?>
T<3.5MeV @ 95% CL

2.3 2.35 2.4 2.45 2.8 2.55 2.6

DF #* w Invariant Mass (GeVY,/c?)
m =(2460.2 0.2 +=0.8) MeV/c> m =(2534.6 +0.3 +0.7) MeV/c’
M <3.5MeV @ 95% CL Mr<2.5MeV @ 95% CL

B(D,,(2460)" D 77'77)

2 =0.077 #0.013 +0.008
B(D,_, (2460)" D7y




Inclusive DK studies :  [Hssss

» hep-ex/0607245
more details S ————
240 fb!
D> K-t m 3 D> K

- D (
++?Sém

events/20 MeV/c?

o

(?)

(2860)

24 26 28 3 24 26 28 3 24 26 2.8

3

m(D° K*) GeV/c? m(D° K*) GeV/c? m(D* K%) GeV/c?

m(X(2690)) = 2688+4+3 MeV/c?
[(X(2690)) = 112+7+36 MeV

m(D_,'(2573)) = 2572.2+0.3+1.0 MeV/c?
[(D_'(2573)) = 27.1+0.6+5.6 MeV

m(D_,'(2860)) = 2856.6+1.5+5.0 MeV/c?
I(D. (2860)) = 47710 MeV

e'e” >D°K'X/D'K° SX
p*(DK) > 3.5 GeV/c



X(3872): Discovery

Belle: PRL 91 (2003) 262003
BaBar: PRD71 (2005) 071103
BaBar: PRD73 (2006) 011101

BaBar: PRD74 (2006) 071101

CDF PRL93 (2004) 072001
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h for X(3872) ch rtner.

+ Decay X(3872) - J/Wp against charmonium hypothesis
+ If X(3872) is not charmonium it could be isospin multiplet
~ 2 BR(B - X°K)

PRD 71, 031501 (2005)

212 fo' | Bo_, JjyrrreK: B JIYTTTOK, No charged
r%ﬁn-ii} 1 * t‘;:iﬂ-'iﬁr T partner observed
54{}] H \ \ mm 1 2 | { ! m No evidence found!
2307y ' b EH}H H } H | = 0 favored for X(3872)
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Additional info on X—DD analysi
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Comparison for X(3872) @ Babar

AM (MeV/c?) | R(RYB")

BoXK  (27+1.6£0.4) 0.41+0.24+0.05

B -DDK (0.2+1.6) | 1.33+0.68+0.24

Is it a molecular state?

PRD71 (2005) 074005

J= 1++ or J= 2++7? : i o
The molecular hypothesis is favored!!! Is ita 4-quark state?

..what else?



