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Spectroscopy results @ ICHEP2012 (1)

Precise measurement of n_, ., h, parameters Shan Jin
New decay modes of J/y, v, %y, N.

PWA J/wv — v pp

PWA J/y = v 0

PWA J/yv — ynn

Confirmation of X(1835) in J/yy — y t*nn/, +two new
First observation of isospin violating mode 1n(1405) — f,(980)nr°
First observation of " > n./y

Precise measurement of y(2S) and y(3770) parameters Todyshev

Study of yy = n(1S) n*r~

Update on Y(4260) using ete” — J/yr*n~
Confirmation of Y(4660) using e+e- — y(2S)n*n~
Confirmation of yy — X(3915) — J/y®

Search for charged Z* states in B >y, Knt
Precise measurement of D* width

Santoro



Spectroscopy results @ ICHEP2012 (2)

BELLE Evidence for resonant structures in yy = o, o, @ Nakazawa
Study of yy > n'n*n
First evidence for v, Yabsley

Search for X(3872)¢ in B — (J/yn) K decays

Study of e*e" — J/yn

Amplitude analysis of B — J/yKm

Measurement of BF[ Y(2S) = Y(1S)n ] Barrett
First observation of Y(1S,2S) — light hadrons

Search for Y(2S) — baryon pairs

Search for y,,— double charmonium

Search for E.~~ pentaquark and H dibaryon in Y(1S,2S) decays

R, scan Bondar
First evidence for n,(2S)

Observation of Z,(10610) — BB* and Z,(10650) — B*B*

Evidence for Z,°

Observation of Y(5S) —Y(1S,2S) n and Y(5S) »>Y(1D) n*n~



CDF

DO

ATLAS

CMS

LHCb

Spectroscopy results @ ICHEP2012 (3)

Observation of =,° Gorelov
Evidence for P-wave A, * resonance
Observation of X, — Y(1S)y Buszello
First observation of y,(3P) T
Masses and life-times of b-hadrons oms
First observation of Z_* baryon Kai Vi
Yo/ Xc1 Cross-section ratio, Y'(nS) cross-section
First observation of P-wave excited A * resonances Marki
b-baryons mass measurements
Study of D

My talk: Heavy quarkonium (-like) states

New baryons

Apologies: time is limited so | cannot cover all results



Introduction

Charmonium & bottomonium played important role in establishing QCD as theory
of strong interactions

Y(11020)
11.00—
' Y/(10860) Quark Model successfully describes
[ + spectrum
1073 Z, + annihilation widths
L= L(4s) —— oamp) + radiation widths
S105¢- o Xi2n)
& I my3s) X(3S) Breakdown for high excitations
2 o Ny(2P) %p(2P) — new dynamics ?
9 10.25— Y(1D Y -
2 : 1D — exotic states? (not qg or qqq)
- my2s) L(29)
10.0¢— b -
- hy(1P) %b(1P) hybrid tetraquark
9.75:—
9'503_ 1,(19) 1as) molecule
Pe=0" 17— 1*7 (0,1,2)**(0,1,2)]

P = (_1) L+1 C= (_1) L+S
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Events / 5 MeV/c’

Observation of h (1P,2P)

ete" > Y(5S) > h (nP)@reconstructed use M ;. (T*T)

“.‘;3 400 \/( Pe+e TH-TC )
& PRL108,032001(2012)
600 : : ; Y (2S) ; E
a0000f raw dlstrlbutlon 1
30000 | Y(l S) | i 00V (2P) "
J0000 | residuals hb(1P)

Y(38)—=Y(1S)

10000 |

l hnlhhh ﬂ“u Jmlh” Hl |IHI|i|h | |
R ng

9.4 9.6 8

Belle arxiv:1205.6351
AM,(1P) = +0.8 + 1.1 MeV

AM,(2P) = +0.5 + 1.2 MeV

Large h(1,2P) production rates
c.f. CLEO e*e — y(4170) > h_w*m

" 1
10.4
M, (GeV/c?)

consistent with zero,

as expected

Y'(11020)
11.00__ —
Y(10860)
10.75:— TC+TE
Y(49) el
——————————
10. 50__ —
Np(3s) Y(39)
Sk hy(2P) %b(2P)
10.25__
- My,(295) Y(ZS)
1000 —_— (1P) Xb(lp)
- AM,(1P) T ...........
9.75__
- Y (15
9.50: T]b(ls) M
IPe=0" 1 1t (012"
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Events / 5 MeV/c’

Observation of h (1P,2P)

ete" > Y(5S) > h (nP)@reconstructed use M ;. (T*T)

EOZ raw dlstrlbutlon

L
9,5 9,75 10

Y(18)

40000 [

h
10.25 10.5
MM(t ), GeV/c
1

30000 |

residuals hb(1P)

20000 -

Y(38)—=Y(1S)
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T T A A T ng

V(Pere. = Prir)?
PRL108,032001(2012)
Y(2S) ¢ g
T
(2P)

9.4 9.6 8

Belle arxiv:1205.6351
AM,(1P) = +0.8 + 1.1 MeV

AM,(2P) = +0.5 + 1.2 MeV

Large h(1,2P) production rates
c.f. CLEO e*e — y(4170) > h_w*m

. 1
10.4

M, (GeV/c?)

consistent with zero,

as expected

Y(11020)
11.00~
Y(10860)
10.75:— T
Y(as) e
[ —=i_____ 4V
10.50
n,(3s) Y(39)
i hy(2P) %s(2P)
10.25[ ofo
N
- 1,(25) Y (2S)
10.00_ \° (1P) Xb(lP)
[ N -
9.75[~ Y v"\o/\o
= Y (1S
9.50: 1,(15) (15)
JPC=0" 1 1% (01,2

h, (nP) decays are a source of n,(mS)



Observation of h, (1P,2P)— n,(1S)y

e*e =Y (55)—>h,(nP)
> Np(1

D
-

econstruct

AM, (1S)

Belle : 57.9 + 2.3 MeV

BELLE

arxiv:1205.6351

-
o

hy(1P) — 7, (15)

N
o )

=]
N
3

I\ \ PDG’12:69.3 £ 2.8 MeV

N

[N

h,(2P) yield, 10°/ 10 MeV/c* h,(1P) yield, 10°/ 10 MeV/c?

O

.‘
JUPRVAY MI H

N

e+ |BaBar Y(3S)
—e—i BaBar Y(2S)
CLEO Y(3S)

8.8 9

I\/Iimlss 9('Tc T yE)

9.8

60 70
AM, (1S), MeV/c®

Kniehl et al, PRL92,242001(2004)
Meinel, PRD82,114502(2010)

Belle result decreases tension with theory

First measurement I' =10.8 *49*3-2 MeV

as expected
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Observation of h, (1P,2P)— r IO(15) Y

C

e*e =Y (55)—>h,(nP) €
7> J_)nb(l

N >

¢ el 10056351 w
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h,(2P) yield, 10°/ 10 MeV/c*  h(1

Al

onstruct

10000

PRL101, 071801 (2008)
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PDG’12:69.3£2.8MeV  fuw
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Meinel, PRD82,114502(2010)

Belle result decreases tension with theory

First measurement I' =10.8 *49*3-2 MeV

as expected
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First evidence for 1, (25)

e*e =Y (55)—>h,(2P) n*m"
> ny(29) y AM,£(2S) = 24.3 *49 MeV

Ng o[ JFEY  2rivi1205.6351 PR First measurement
< H

© pNRQCD LQCD

~ Np(29)
20T 4o ’ Belle

- L . . |

E [ w/ syst

gm- 2 03 04 05
I AM(2S) / AM(1S)

L In agreement with theory

1 1 1 1 1 1 1 1 1 1 1 1 1
9.7 9.8 9.9 10 10.1

@ , .,
Miss (1Y) I'(2S) = 4 + 8 MeV, < 24MeV @ 90% C.L.
expect ~4MeV
Branching fractions Expectations

BF[h,(1P) =& M, (1S) y] =49.245.7:3%%  41%
BF[hy(2P) — N, (1S) y] = 22.3+3.8*3 % 13%
BF[h,(2P) = n,(2S) y] = 47.5+10.5'¢8% 19% Godfrey Rosner PRD66,014012(2002)

c.f. BESIII BF[h(1P) - (1S)y] =54.3+8.5%  39% 0
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“Signal” of exclusively reconstructed 1, (25)
Dobbs, Metreveli, Seth, Tomaradze, Xiao, arxiv:1204.4205 CLEO data

ete” > Y(2S) = n,(2S) v, n,(2S) — 4,6,8,10 7+, K+, p/p 11.005_ Y(11020)
3 ] (26 channels) : 1(10860)
:'3 g: Y(ZS) 10.75__
g o 6w
Wil 10.50[ —
21 U 3s) Y(3S)
;— 1 1] L1 > 063 hp(2P) %u(2P)
0 50 100 150 200 250 300 8 10.25[ - —
Issues A M en) g |
| - o 2 1ooq- 1128 L2
Bg from final state radiation can mimic signal t ,/ Y hp(IP) A1)
e.g. Y(2S) = KK n(r*1) Yesg not discussed 3 T
power law tail instead of exponential 275 hadrons
. ) 9.501 Y(15)
Large production rate: N 1,(2S) ~0.2 N Xbl)factor 30 F Mp(19)
c.f. I'(y'—>n(2S)y) = 0.007 I'(yv'—>%1Y) PC=0*t 1 1t (0,1,2)*

BESIII arxiv:1205.5103 —PRL

Large AM,(2S) CLEO 48.7+2.7 MeV & strong disagreement with theory

50
Belle 24.3 *3-2 MeV & agrees with theory

Reported excess is unlikely to be the 1, (2S) signal 11



Observed by ATLAS

uuy Candidates / (25 MeV)

Observation of x,(3P)

Yp(3P) = Y(1,2S) y = ptuy

Y conversion to e*e

confirmed by DO

[Buszello]
C r@o)
Y(10860)
- Tt
L __ 18 v
—/

10.00 ——

11.00
[ATLAS PRL108,152001(2012)]
220__| T T ™7 T T [ T T T [ T T T [ T T T [ T T |__ NU45T I
>00E- ATLAS e Data:T(1S)y —— Fitto Y(1S)y 3 BaL ™
1805—_|.Ld1=4.4 fo! [} & Datax@sy —— Fox@sy EN TTode |0
Y Background to Y(1S)y 4 & g
160 - E30f --- New state
= - Background to T(2S)y o > E
140 1P - "ask
120F- Converted Photons 3 ,,F 10.50
100 1 1sE ]
80 1 o AW
60 4\ o =5 s 10.25
40 %'z T 705 1 41.5
20 N M,y - My, + My g [GeVic?]
bagala® | TR i R R
0 9.6 98 10.0 10.2 104 10.6 10.8
mupy) -mep) +m, o [GeV]

Spin-averaged M[y,(3P)]

ATLAS 10530+ 9+ 5 MeV

DO 10551 + 14 £17 MeV
theory 10525

In agreement with theoretical expectations

9.75

9.50

- Y(19)
FNu(1S) T
JPc=0* 1

T+ (0,1,2)™
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Charged
bottomonium-like states
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BELLE
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10.50

Mass, GeV/c?

10.00 —
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partia

9.50

10.25

Anomalies in Y(5S) — (bb) n*n~ transitions

Y'(11020)

Y'(10860)

/
| I'(keV)
- 15
(15) (1S)
pPe=0" g

[Bondar]

Belle PRL100,112001(2008
( ) ~100

I'[Y(5S) »>Y(1,2,3S) n*n"] >>17[Y(4,3,2S) > Y(1S) n*n]

< Rescattering of on-shell B(*)B(*) ?
T(25)

Belle PRL108,032001(2012)
Y(5S) = h,(1,2P) n*n~ are not suppressed

bb i\\\Q bb expect SuppreSSion ~AQCD/mb

&
@é?\ @ HWy
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BELLE

11.00

10.75

10.50

Mass, GeV/c?
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9.75
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9.50

10.25

Anomalies in Y(5S) — (bb) n*n~ transitions

Y'(11020)

Y'(10860)

/
| I'(keV)
(1) X(1S)
pPe=0" g

[Bondar]
Belle PRL100,112001(2008) .

I'[Y(5S) »>Y(1,2,3S) n*n"] >>17[Y(4,3,2S) > Y(1S) n*n]

| < Rescattering of on-shell B(*)B(*) ?

T(25)

Belle PRL108,032001(2012)
Y(5S) = h,(1,2P) n*n~ are not suppressed

bb i\\\Q bb expect SuppreSSion ~AQCD/mb

&
@é?\ @ HWy

h, production mechanism? = Study resonant structure in h, (mP) n*rn~

15
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Z,(10610) =7, Z,(10650) =7/

Fit results

1S)n'n —— u | - N heEm
Average over 5 channels Yasmr | | | |
Y(2S)\n'n —E—o— i—o— —oi— —E—o—
M, =10607.2 £2.0 MeV T | | | |
') =18.4%24 MeV Y(3S)n'n . . + -
M, — (Mg+Mg.) =+ 2.6 £ 2.1 MeV
h,(1P)n' 1 e —— | —e— | ——
M, =10652.2 +£ 1.5 MeV h 2Py i : 4
I'=115 £+ 2.2 MeV | | | |
M, —2M;p« =+ 1.8 £ 1.7 MeV Average [ B o] I
B T N T R T B N B T R B T R o R N T
AM, MeV AT, MeV AM, MeV AT, MeV

Angular analysis = both states are JP = 1* Decays = 1°=1* (C=-)

% Bondar et al, PRD84,054010(2011)
Proximity to thresholds ~|B B*) =] @

favors molecule S-wave hy(mP)7 ;
over tetraquark ~|B*B* ) =| @ - W not suppresse

Phase btw Z, and Z, amplitudes is ~0° for Y (nS)nm and ~180° for h, (mP)nn
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Z,(10610) =7, Z,(10650) =7/

Fit results

Average over 5 channels

Y(1S)n' —.— — A ———

M, = 10607.2 + 2.0 MeV g 180° | ¥ ||
I, =18.4+2.4 MeV % 9.12222'hb(1P)7m
= = i
M, = (Mg+Mg:) = + 2.6 £ 2.1 MeV f D o} L
a > 4000} _
M, =106522+15MeV | & ol ljflw[ ﬁ ; .
T,=115 + 2.2 MeV g o 1] F o-‘Hl Lﬁ i
My —2Mg. =+ 1.8 £ 1.7 MeV Y0410 068 107 1075 '200100:1 all T e+ W
M(Y(28) ) o (Gev/c ) ' M(hbn), GeV/c KL
p\/

Angular analysis = both states are JP = 1* Decays = 1°=1* (C=-)

Bondar et al, PRD84,054010(2011)

Proximity to thresholds ~|B B*) =] @
favors molecule S-wave hy(mP)7

over tetraquark ~|B*B* ) =| @ - W not suppressed

Phase btw Z, and Z, amplitudes is ~0° for Y (nS)nm and ~180° for h, (mP)nn
Resonant behavior of Z, amplitudes (intensity & phase).

Properties of Z, states are consistent with molecular structure. 18



Fit results

Average over 5 channels

M, = 10607.2 + 2.0 MeV
T, =18.4 +2.4 MeV

M, = (Mg+Mg:) = + 2.6 £ 2.1 MeV

M, = 10652.2 + 1.5 MeV

I,=115 + 2.2 MeV
My, — 2Mg. = + 1.8 + 1.7 MeV

Angular analysis = both staj

Proximity to thresholds
favors molecule
over tetraquark

=7 Z,(10650) =7¢

| | |
| | |

M(Y (29)T) poys

(GeV/c?)

%12000-_ 180° v
=
S hy(1P)nm

— 8000

5 6000} .
> 4000F
~

%mz i l'hl{tlﬂfr'} F-
-2000 mll [

104 1056 106 107 jheless

M(hyr), GeV/c 10

NI

Mass above threshold ?

If Z, can decay to B*)B* its lineshape is asymmetric
this can shift the mass to slightly below threshold

2011)

Cleven et al, EPJA47,120(2011)

7 ~|B*B* ) =| @ _ W not suppressed

Phase btw Z, and Z, amplitudes is ~0° for Y (nS)nm and ~180° for h, (mP)nn
Resonant behavior of Z, amplitudes (intensity & phase).

Properties of Z, states are consistent with molecular structure. 19



Origin of structure at threshold

1. Threshold effect Chen Liu PRD84,094003(2011)  pronoynced structures and
I yI
(%) fast change of phase
Y(5S) Y(2S) Z, Z,' are not typical ?
S-wave B M [Y(2S)n]

Danilkin Orlovsky Simonov PRD85,034012(2012)
2. Coupled-channel resonance multiple re-scatterings = pole N

T/ B it T/ B T B n 3
+ + ...

B Y(25) B Y(25)  B™ Y(25)

0 1 | |
10.5 10.55 10.6 10.65 10.7

3. Deuteron-like molecule
T,p,®,c exchange  Y(5S)

Ohkoda et al arxiv:1111.2921

B(*) Y(2S)

Fit data to various predictions 20



5 Study e*e” — Y(5S) — B*)B(*)x [Bondar]

€®\ Search for Z, — BB* and B*B* preliminary
N Full reconstruction of one B
2000 120
. 17505— M(B) 100
L1500 F 2
> C P>
31250 g %
L1000 [ Y 60
- b
750
o - § 40
% 500 | o B
“ s % 20 B
= SR
o b v e e PRt s e e e T St tetat el
5 5.1 3.2 5.3 , 5.4 5.5 5 5. 5.2 5.3 54 5.5
M(B), GeV/c rM(BT) , GeV/c’
~ liminar PRDS81,112003(2010)
(*)B(*) pre y . '
BF[Y(5S5) > B™B™n] pgelle121.4fb1  significance Belle 23.6 fb™?
BB <0.60 % at 90% C.L. (0+1.2) %
BB* + BB* (4.25+£0.44+£0.69) % 9.30 (7.3£2.3)%
B*B* (2.12+0.29+0.36)%  5.7¢ (1.0+1.4) %

BFs are consistent with previous measurement 21



Nevents/5 MeV/c2

Nevents/5 MeV/c2

40
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10 |

50
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otetoteleteleteleteteetetete% e
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D
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255
; KSR T
£ R IR s "\
- LSRRI RN ™
/ SN I,
AH O RS VD, e S Vatub N VS N Vi = -

_cIIII|IIIIIIIII|IIII|IIII

10.6 10.65 10.7 10.75
rM(m), GeV/c2
I M (B*B*)
1 | Y I 1 L= e | f "”l:' 1 |_
10.6 10.65 10.7 10.75

rM(m) , GeV/c2

oservation of Z,—BB* and Z,/—>B*B* (Bondar]

preliminary

Z,' — BB* is suppressed w.r.t. B*B*

Challenging for tetraquark
Molecule = admixture of BB* in Z,’ is small

Channel

despite larger PHSP

Fraction, %

Z,(10610)

Z,,(10650)

T(19) 7+
T(25) 7
T(35)r
hy(1P)mt
hy(2P)m™

BB 4+ BOp*t

BB

0.32 = 0.09
4.38 £ 1.21
2.15 & 0.56
2.81 = 1.10
4.34 = 2.07

0.24 £ 0.07
2.40 £ 0.63
1.64 £ 0.40
7.43 £2.70
14.8 £6.22

Crucial input for the models
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\. °
W& Evidence for a neutral Z, partner

(Events/10 Mev/cz)

60

50

Events/ 10 MeV/

40

30

20

10

0 _nn

Y(2S)

|

92 94 96 98 10 10.2 104 106

M - (no no) GeVic

ete — Y(5S) = Y(nS)n?xn°

Dalitz plot analysis of Y(1S,2S)nrn® =

SU_IIIIIIIIIIII

25 |
20 |-
15

10

T T
w/ Z;

S

']_ =
104 1045 105 1055 10.6 10.65 10.7 10.75

M [Y'(2S)r0] (cev/<)

[Bondar]

preliminary

BF[Y(5S)—>Y(1S)n°%] = (2.25+0.11+0.20) 103
BF[Y(5S)—>Y(2S)n°n%] = (3.7940.24+0.49) 103

in agreement with isospin relations

Y(2S) n%: Z,(10610)° 5.3G (4.90 w/ syst.)
Z,(10650)° ~ 26

Y(1S) nr%: Z, signals not significant

Yields agree with isospin expectations

—> Confirmation that Z, is an isotriplet
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Charmonium (-like) states
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4,75
4,50
4,25
4,00
3,75
3,50
3,25

3,00

Charmonium table

lS0 3SI IPl 3P2 1])2 3Dl 3D2 3D3
[ [ [ [ [ ‘\r‘(466(5)
- 1 Z(4430)*
AT Y(4360) A
(4160) - A 732300
X(3872) 940)V(4 Z(4050)*
o — ﬁ o &% (2008) .A (4050)
| X(3940) e ——— b5
—oT% = 0 VG0 y,(3820)
[.(2S) W )lil ———81
hC :':l Xcl Ke2
——=
—e= /!
N
| | | I | | I |
0" 1= 17~ 17+ 27+ 27+ 17— 2— 3 -JPC

® ® (Recently observed) Charmonia with conventional properties
all states below DD threshold are observed

® XYZstates with anomalous properties

25



Evidence for new charmonium state [Yabsley]
lSo 381 1P1 lP() 3P1 3P2 ng 3D1 3D2 3D3 pre||m|nary
4,75 I I I I I I @ V(4660)
‘s V@a1s) iﬁjﬁgg; S s V,(1D)
25 1X(4160 e
X(3872) 940) V(4 © N 4.26 w/ syst.
4,00 %Imom)'— ﬁ .) 3@(409/ N .
375 LK 3940) %cz(ZP)I:I?Iil: -
CEeTeT T T T T T T T T T T yy(380)| o % % %
150 s ele e 5 H
he CH3 %y K L Zs ]
Ao I #f'
325 b s o
37 .
3,00 == IV
e l l l | l l l | l M =3823.5+ 2.8 MeV

0-* 1= 1t~ 0ot ¥+ 2t+ 2=t |- 2-- 3~ JPC I'=4+6 MeV

Expectations Radiative decay is seen = ['~O(10keV)

DD is forbidden (unnatural spin-parity) = small I’
— %Y IS prominent (E1)

"> DD is allowed = I'~O(10MeV) Evidence for y,(1D) candidate
— %Y IS suppressed (E2) =2 S=1
— %Y is allowed (E1), but small — not found 26



4,75
4,50
4,25
4,00
3,75
3,50
3,25

3,00

1S, 3S; 'y 'y Py P, Dy 3Dy

| | | | | | | .\l(Z
B 1
:m z(:
(4160 \ |I|(

X(3872) 940)V4gY)

(4040) —— ﬁ Py
| X(3940) xcz(ZP):I?E
oT% = e
. (2 )W( )Iil |=.=Ii|

0-F 1= 1+ 0*F 1T+ 2t 27F [T ]

Isospin Violation in X(3872) decay:

(1] 0
., B ., B
Xsar2 H D . Xsa7s H D *
H H = H K
-."q. 0 - 7 "'1- .- .';
-..Q.-‘ J/ -..,Q,.- J/

~on mass shell =8 mev off mass shell

X(3872) Discovery by Belle 2003
Studied also by CDF,DO, BaBar,LHCb,CMS

PDG’12
MX(3872) -(MDO + MB!O) = ‘0.16 i 0.32 MeV

/ Relative BF
/yp 1 *— isospin violation
JJyo 0.8%£0.3

Jyy 021+£006 =T isO(10keV)
DD*®  ~10

Most likely interpretation:
DD* molecule with admixture of y_,(2P)

l

. o production at
isospin violation

high energy

Urgent issues : JPC = 1** or 22
absolute BF, lineshape, ...




S S, 'y Py PPy PP, 'Dy Dy Dy D
4,75 I I I I I I @ V(4560)
450 | —1
L Y(4360
425 1X(4160 \ II\IK(4260)
400 %I:.)j X(3872) 940)\11(43@(4008)/
= (4040) —— ) |
175 [X(3940) e ———
s 5 b T T T T T T T NET0) y,(3820)]
3,50 fn.(2 )W( e e
hC :':l Xcl Ke2
3’25 B Xco
——=
3,00 == V¥
e ] ] ] ] ] ] ] ] ]

0-F 1= 1t ot 1Tt 27t 2=t == 27 3]
ete™ — visrN Y [Yabsley]
- A R preliminary

- I'~0(1MeV)

Entries/20 MeV/c?

| Large for convenrional
charmonium state!

M(nJ/y) (GeV/c?)

States with anomalous decay rates
to lower quarkonia :

Y(4008)\, . O

v(4260) ~ Y™™ | fromIsR

Y(4360) < St
2S)

v(ae60) - V2™

Y(3940) — J/y o
typical I' >~ 1MeV

c.f. (¢ — J/ynn) = 50keV

recall Y(5S) — Y(nS) n*r
¢(2170) > ¢ *m
BaBar PRD74,091103R(2006)

1=~ supernumerary states
hybrids ?
hadrocharmonia ?
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States with anomalous I'(J/y=r, v nw, J/yo)

L eeT o ygl/y e

~ 120

= - —_

= [k 8 arxiv:1204.2158
pl0E2S 2

& [ES S Y(4260)

g spge ¢ BABAR

T b8 PRELIMINARY
o f / 420 fb!

© 40

H

l|'.'|I|III|III|III|III|III

No evidence for Y(4008)
(reported by Belle)

N —  maaaaman
I< OB
"z -

o, OOF ;Y 2-BW fit with interference
> | - - two solutions: different
= - peak cross sections

& 40 -

2 Y (4260) ]

0

20

M(r /) (GeV/c?)

11 | 1 11 III 11 |
38 4 42 44 46 438 5 2

550 fb? |

PRL 99, 182004 (2007)

Events /50 MeV/c?

. , _.__ [Santoro]
&€ ZHkRY v
L v(a3 0) | g
3 | Y(4660) 5
125_ 1 BABAR  :
10E- PRELIMINARY-
sE fb* -
6 —
4;— i
E)il SO P F— SS Ui otk AL B TR
4 44 46 4.8 5 52 34 56 358

\ m(y(2S)7 T ) (Ge V/c?)

Confirmations of Y(4660) & X(3915)
(observed by Belle)

Yy = /v © — =y(3940)

f; 251
3 xeerp | XB91S) e 7%
20~
5 ] PRELIMINARY
T 15 520 fb*
2 Y(nS) sample, n = 2,3,4
> 10- B s o R
“ E [ Bac-k?:ound from s;debands
L |
5_— *
: o
3.8 405 41 415 42

m(Jlve) (GeVic) 29



4,75
4,50
4,25
4,00
3,75
3,50
3,25

3,00

lS0 3SI IPl IPO 3P1 3P2 1])2 3Dl 3D2 3D3

| | | | | | | .\](466(5)
n 1 Z(4430)*
:q% Y(4360) A
(4160) - A 732300

X(3872) 940) V(4 Z(4050)*
%IMO)';O),— ﬁ o &% (2008) .A (4050)
| X(3940) e ——— b5
'—.—:%" T T T T T TET0) ¢, (3820)
[.(25) |:ht| =.=I%|
C :': Ll ¢

B Xc0

——=
—o= /U

e ] ] ] ] ] ] ] ] ]

0-* 1= 1+ 0+t 1+ 27+ 27+ |- 2 3—-JPC

Charged charmonium like states — multiquark candidates

, . Z(4050) R N .
Belle: Z(4430) — y(2S) n* and 2(4250) — % © but no signal in J/y

produced in B— Z K decays

BaBar: no significant signals
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Events / 0.01 GeV/c?

Study of B — y’n*K™ at Belle & BaBar

: M (') M(ry') ——
so}Be”e M 30{8&88! ( \II)

ol Z(4430)*|| Belle Dalitz plot fit
: | resul

Events

10F

M(x*y'), GeV/c?

Different conclusions are due to different approaches

Belle and BaBar data
look very similar
Conclusions are different:

Belle : observation of Z(4430)
—resonance in (y’'nt) channel

BaBar : structure is due to
contributions of (Kit) waves

Belle : Dalitz analysis using isobar model (Breit-Wigner amplitudes, helicity formalizm)
description of amplitudes is model-dependent

BaBar : fit Kit helicity angle distribution in M(Km) bins (no 2D fit)
unphysical behaviour of amplitude is possible

High statistics data from LHC can help to clarify
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New results on baryons
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Beauty baryons [Marki, Gorelov]

!—* r—

|i> i JIpE"
pKn I_) i
arxiv:1205.3452 1/2+ AT
;_\,‘: _%0:_ T L N I B _:
s ] o4 PRL108,252002(2012)
2 2sg LHCb LHCb ] ' - cus oppositsign
vy — ] r ,\/‘E: o . pposite-sign data
E. ;_ ‘ 3/2+ - b E Ep= 5.3 sz Tev Signal+background fit
"_‘; - 3/2_ — < § 2 | Background
O — — | L
= s o - (b)
a3 /2- 2 CMS
= - 1)
5 3 3/2+ T é
- 0.2 £
T /A/2+ uf
M(A ') (MeV/c2) v } { \
i haddbndNi
P V| = e L L B L B ) QL1 1/2+ — 0 o e
N EW | > 20 CDF Run Il Preliminary T 0 10 20 30 40 50
©= - CDF L - 10.0 5" 1 MYETY) - MJ/YE) - M() [MeV]
- 18
2 o l __________________ Loo  spin-excitation
3 12= - =
E 10 = Ab 2b —b Qb
8] 8F =

oOMN P~ O
AL

R R E
- - e e G-round states <= CDF, DO

-Wave excitation First P-wave excitation and E, spin-excitation
Masses are in agreement w/ expectations




Summary

Many new results from hadronic machines and B- and c-factories

Exotics: two charged Z,"bottomonium-like states in 5 decay modes:
Y(1S)r*, Y(2S)w*, Y(3S)n*, h, (1P)x*, h (2P)r*
NEW:Z, — BB*, Z,” — B*B*, neutral member of isotriplet

Quarkonia: v, , n,(2S), h,(1P), h,(2P), %, (3P)

Baryons: spin excitation =, P-wave A, baryons, NEW: two N*

Ground states & low excitations — no surprises

High excitations — progress in clarifying experimental situation, pattern :

1. States close to thresholds w/ molecular structure: X(3872), 7,(10610), Z,(10650)
2. States w/ anomalous partial I' to lower quarkonia:

©(2170), Y(4260), Y(4360), Y(4660), Y(5S), charged Z ?
3. States w/ “wrong” masses: X(3940), X(4160)

Similar phenomena in ss, cc and bb sectors. Some/many of these states cannot be
conventional quarkonia. However, the exact interpretation is still unclear.

Input from high-statistics measurements is important: LHC, Super B-factories. 34



Back-up
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Search for X(4140) in LHCb

Expected from the CDF results

10 : ———
-/ }x Bkq shapaid b -
::. - + + = ]
2 8 B = JvaK™ 1acoR
T o6k —
W
a L i
g 1
c
: il
LHCDb (90% CL):
1 M 1 . ) BB — X(4140)K ") X B(X(4140) — J /) < 0.07
B(B* — J/ydpK™) '
Fit to LHCb data
vs CDF: 0.149+0.039 +0.024.

2.4 disagreement

— The most sensitive measurement to date
— Don't find evidence for this state in 2.4c disagreement with the CDF
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& Observation of two new N*

preliminary

BESIII  PWA of y(2S) — pp nt°
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First PWA for baryon spectroscopy from BESIII data
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Look at Y(5S)2Y(nS) nt*r

Dalitz distributions for events in Y(nS) signal regions.

A(Z7) + A(Z),) + A(fo(980)) + A(£2(1270)) + A(NR)

9.43 GeV <MM(rt*r) < 9.48 GeV 10.05 GeV <MM(r*7r) < 10.10 GeV 10.33 GeV <MM(mt*7r) < 10.38 GeV
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To exclude contamination from gamma conversions we require:
M?(ttar) > 0.20 GeV? M?(ttor) > 0.16 GeV? M?(ttar) > 0.10 GeV?

Belle PRL 108, 122001 38



