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Below the DD threshold:

» States are narrow

* All states observed
well measured
recently observed
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P = (—1)"" parity
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M,+M,.=3871.8 MeV/c?

2M,

Above the DD threshold:

« States expected to be wide

» Only five states measured
and identified

= Many candidates available
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Exotic Charmonium-like States

Multiquark states

» Molecular states O‘“ A
Loosely bound pair of charm mesons @
(g,9/pion exchange at short/long dlstances)

s Tetraquarks =y
Tightly bound diquark-diantiquark states *

Exotic states:

e Are not forbidden in SM;
* Have exotic JP°

(0*, 1+, 2+,... forbidden for qq);
» exotic decay modes

(not possible for qQ);

. .  strange properties (widths,...);
Charmonium hyb"d states ¢ * Multiquark states could also have

States with excited gluonic degrees of freedom non-zero charge [cucd],

strangeness [cdcg]
Hadro-Charmonium or both [cucs]
Compact charmonium states bound inside light hadronic matter

Threshold-effects
Virtual states at the threshold
Charmonium states with shifted masses due to nearby D®*D™ thresholds

Mixture of the above or something even more exotic?
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cc[-like] production at B-factories

» Colour-suppressed B decays:
e.g. B—X_ K%Y
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As of Autumn 2008
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Q_ Asymmetric-Energy e*e- Colliders =0

o As of Autumn 2008
World Integrated Luminosity (KEKB+PEP-II)
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World Integrated Luminosity (KEKB+PEP-II)
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Many new charmonium-like states (X, Y, Z)

EXP

M+ il (MeV)

JPC

Decay Modes
Observed

Production Modes
Observed

Belle,CDF, DO, ) ma I/, wra’I/,
X(3872) Cleo, BaBar 3871.2£0.5 + i(<2.3) 1+ o B decays, ppbar
Belle 3875.410.7* 22 0.0 B decays
BaBar 3875.640.7% 15 D°D°m
Z(3930) Belle 392945+2 + i(2941042) 2+t DD, D*D- YY
Belle 394311413 + i(87+22126) _
Y(3940) BaBar 3914.338 5, +1.6+ i(33%5 $0.60) | ! wJ/p B decays
X(3940) Belle 3942+7 416 + i(37+261518) JP+ DD* e*e” (recoil against J/)
Y(4008) Belle 400844072 53 + i(226244787 15) 1- mr-J/ P e*e (ISR)
X(4160) Belle 4156+ 53#154 (13911 ¢;+21) JP+ D*D* B decays
BaBar 4259182 ¢ + i(8B+23+5.,) e
Y(4260) Cleo 4284717, 4 4 (7337 _5545) 1—- e J{{?é_moww’ e*e (ISR), e*e”
Belle 4247127 5, + i(108£19+10)
BaBar 432424 + i(172+33) . — }
Y(4350) Belle 43612919 + i(74115410) L wrrp(23) ete” (ISR)
Z*(4430) Belle 443314214 (447130 y) J° mP(25) B decays
Y(4620) Belle 4664111+5 + i(4811513) 1—- mrP(25) e*e” (ISR)
E. Eichten QWG -- 5th International Workshop on Heavy Quarkonia  DESY October 17-20, 2007
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Many new charmonium-like states (X, Y, Z)

c Decay Modes Production Modes

State EXP M +i T (MeV Sk
( ) Observed Observed
Belle,CDF, DO, ) wr I/, I/,
X(3872) Cleo, BaBar 3871.2£0.5 + i(<2.3) 1+ o B decays, ppbar
Belle 3875.410.7* 22 0.0 B decays
BaBar 3875.6+0.714, 5 DODOm
Z(3930) YY
Y(3940) decays
X(3940) il against J/\)
Y(4008) e (ISR)
X(4160) decays
Y(4260) (ISR), e*e
Y(4350) e (ISR)
Z*(4430) Belle 443314214 (447130 y) J° mP(25) B decays
Y(4620) Belle 4664111+5 + i(4811513) 1—- mrP(25) e*e” (ISR)

E. Eichten QWG -- 5th International Workshop on Heavy Quarkonia  DESY October 17-20, 2007
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Charged charmonium-like states (Z£*)
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Z'(4430) observation by Belle

New state observed in B — Kmr*y/(2S) decays

« B— Krr*y'" (K=K*, K.°;

Y —€€ or J/y(—€€)mm with m___>0.44GeV)
« Clear signals in both AE and M,_seen
e m, . kinemat. constrained to m; — 0~2.5MeV for M(mr
 M(r*y ) fit: S-wave Breit-Wigner and PS-like function

K*(890)  K*(1430)

23
22 |

21 |-

M¥(rry’) (GeV?/c?)

—robust signal (subsamples;veto) 7 |
—too narrow state to be explained & "/ Uy I Ul
by interference of known 405 43

0.

_MA(Km) (GeVA/c!)

PRL 100, 142001(2008)

800

ﬁemtsfbin

) 400

Z(4430)*
- 121+30 events

= (4433 £ 4 + 2) MeV/c?
M= (45 *&, =0_)MeV

S-, P- D-wave K resonances M(Trqj') (GeV/CZ)
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Z'(4430) observation by Belle

Z(4430)* — p(2S)1T*: S (12

« Charged state that decays like charmonium (= charged charmonium-like state)

Br( B—K-Z*(4430))*xBr( Z*(4430)>m*y') = (4.1+1.0 £ 1.4) x 10°

T I T T T [] l T T T T I T T T T

Z (4430)

* Not enough statistics to determine J° I
30
* (Some) possible interpretations:
=) [cu][cd] tetraquark with JP=1*
( Radial excitation of X(3872) family? )
- Neutral partner in decays: p’1r%/n, n/’p%w?
- Charged 1S state in decays: y1r%, n.p*?
{ Maiani et al., arXiv:hep-ph/0708.3997 }

20

10
=) D*D,(2420) threshold effect
{ Rosner, PRD 76, 114002 (2007) }
=) D*D,(2420) molecule with JP=0-, 1- 5 B =TT |
Decay to D*D*mr expected. 38 4 05 473 455 48
{ Meng et al., hep-ph/0708.4222 } ... and more ... 'M(mp’) '(GeV/c.z) |

mm) First serious tetraquark candidate s Confirmation needed

Marko Bracko : New states and charmonium spectroscopy at B-factories DISCRETE '08, Valencia 13
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Search for the Z(4430) by BaBar
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B'—y(2S)rK*

B-'—J/pmK°*

arxiv:0811.0564v1[hep-ex]
413 fb! (subm. to PRD

and B~'—y(2S)mTK°*

* Detailed study of K1r- system:

- mass & angular distribution structures
dominate the Dalitz plots

- correct for the efficiency over the DP

- include S, P and D wave
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Search for the Z(4430) by BaBar

arxiv:0811.0564v1[hep-ex]

B —J/yr K B —y(2S)m K’ 0 _WK0.+ 1
247 0. o) B S o B B- _)quj" Ko, 413 fb* (subm. to PRD

e

(GeViicH
[
T

5]
=
T T T

and B~'—y(2S)mTK°*

llo - Detailed study of K- system:
I - mass & angular distribution structures
1

2
Ty

m
=

dominate the Dalitz plots
- correct for the efficiency over the DP
- include S, P and D wave
- combine charged and neutral modes
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Search for the Z(4430) by BaBar
B"°—>J/l|J1T'K°’+ 413 fb! (subm. to PRD
and B~'—y(2S)mTK°*

* K1~ reflections into J/wtr/ @(2S)m-
mass distributions (c~4-7MeV)
describe the background

Events/10 MeV/

(I TT) (GeV)
(2S)1r) fits:
wave BW (free M & IN)

=) Observed ~ -2 ~ +20 quW 200
wrt. the bckg. in modes. _

" For fixed M=4430 MeV/c?& =45 MeV (Belle): -
BF(B*—>ZK*, Z——@(2S)1m")<3.1x10-5 @ 95% CL :
38 -*Ir — .4I2 — 4I4.' '. 4I6 48

BaBar and Belle values differ by 1.70 . | | Cd)
(without taking systematics into account) M(p(2S)m) (GeV)

Marko Bracko : New states and charmonium spectroscopy at B-factories DISCRETE '08, Valencia 16
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Search for the Z(4430) by BaBar

Events/10 MeV/

) (GeV)
(2S)™-) fits:

wave BW (free

Fyents /10 Me /7.

*Background +
=) Observed ~ -2

wrt. the bckg. in

BF(B°—2Z-K*, Z-—(2S)1-)<3.1x10" @ 95%

BaBar and Belle values differ by 1.70
(without taking systematics into account)

__'&

vents / 10 MeV/c*

arxiv:0811.0564v1[hep-ex]
413 fb! (subm. to PRD

=
O30
J
=
15
o\
o ~—0
i3 £ © G

38 4 42 44 46

M(p(2S)1T) (GeV)
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Z'(4430): Complete Dalitz analysis by Belle

The default Dalitz fit model used:

All known K* resonances with J=0,1,2
below 1780 MeV/c?

23
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S S

89

). .. K(1430]

P>
/DO
BELLE

0 0.5

1.5

2.5

3

Fit without a Z resonance:

Events¥ 0.18 Ge\V?/c*

2/04

Events / 0.18 Ge

Events / 0.18 GeV?/c*

B — Kir=y(2S)

Presented @ QWG '08
2"d - 5" December 2008
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O'W| T R b
- € O D (@

40 — {
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f +++
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so- E ()
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M(x*y'), GeVA/ct

16 18 20 22
Mi(x*y'), GeVArc?

‘\6

CL=0.1%

-

Include a Z reson.
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Z'(4430): Complete Dalitz analysis by Belle

Presented @ QWG '08
2"d - 5" December 2008

The default Dalitz fit model used:
All known K* resonances with J=0,1,2
below 1780 MeV/c?

B — Kir=y(2S)

23 — (a)—
" A b A i
o | W |
i o i i
M e
L g _\ ‘i‘*\ \f\\‘\l\_lllllllllllllll
- - - d
20 ' : C (C): D (d)
B Coo * 8 4 —> __
19 B 26”—_0' * -
_ % sighificancey fli e
wb P50 a8 o4 E 0l N
- o 2 o % %Bg , §a0ceho o . w B ty + +++ - t
&6 q%ago DQ}O-Q 4] L) _\\\l\\\‘\\\‘\\\l\_!!! !t!h!!!'!!!*!
i &, 2°% ° o o ° < gd 8 5 16 18 20 22
17 & s o® ,° k3 Bi e ® . 0 E C)
| 0 © X oogo Eb% 9,99, 6 2 i M2(r*y"), GeVZ/c
i %o 0 0%50%% 3 0@800 o E - i i
16 o8 Bad o8 Bes ¢ o o 0T CL of the fit with
I @O o cgrﬁ o GO c ; i -
i % g am & °f0 p— 2 2l Z2*(4430) is 36%
ST Wl <o i
B BELLE I +M&
14 I Lo | *|(|8|9 )I [ R | |*(1|4.|3|Ol I I TR B ° 16 18 20 22

0 0.5 1.5 w_' 2.5 3 M), GeV2ic*
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Z'(4430): Complete Dalitz analysis by Belle

Presented @ QWG '08
2"d - 5" December 2008

Different fit models
and the significance of Z(4430)+:

TAELE L: Different fit modals thet are ussd to study systematic uncartsintics and the zignificances of the Z{1130)+.

hlodel
dafault*
oo K§(1430)
oo K *(1680)
relesss eonstraints on & mess B width
new E* (7 =1
new E* (] =2
aAd non-rescpent +(25) 5 term
aAd non-resnnent +(25) 5 tarm. ralsass eonstrednks on o mess §owidth
add non-resonent t'(25) A tarm. new B [J =1]
add non-resonent t'(25) A tarm. new B [0 = 2]
sdd non-resonent +(29) 57 tarm. no A& 7(1110]
sdd non-resonent +(29) 85~ barm. oo & [LE30]
LASS parameatarization of S-wasre componant

w0 =] Son -  fa

e e el
(I X

Significance of Z(4430)* in different fit models
is always larger than 50
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Z'(4430): Updated parameters

Sum of A, C, D slices (K*’s veto) :

Events / 0.18 GeV?/c*

60

50

40

30

20

10

0

D

o

BELLE

- Fit with Z#(4430)
- without Z%(4430)

I R

111
[l S

14 15 16 17 18 19 20 21 22

M*(z*y), GeVAic?

Presented @ QWG '08
2"d - 5™ December 2008

Belle confirms the original
result on Z*(4430) :

M = (4443157 MeV /¢,

T = (10988+57) eV,

Width larger than original (45MeV),
but uncertainties are also large

Marko Bracko : New states and charmonium spectroscopy at B-factories

DISCRETE '08, Valencia 21



Observation of Z2*(4050) & Z*(4250) by Belle

Another B—K 7r*(cc) mode :

New states observed in B°— K'r*X_, decays ——

« B'— K- r*Xx_, (X —Jlgy ; JIw—IT)
. Clear signals in AE, M, _, M(J/yy)

Dalitz plot analysis: K*(1430) k*(1680)
K*(892) K,*(1430) K*(1780)

‘ {.— '-.: . .. 2 _.: i - L BELLE
i R

22

21

20

??77?

M3(x.,m), GeV/ic*

’]6 .
4

14

B | | I 1 |. .| B .I: .| I 11 | | .| | L1 11 | L1 11 | |
13=55 i G 3 55 3

MA(K"), GeV2/c?

300F
. F
@250 |
o - '
(=] - H
S 200F |
= E ;
B0 |
=] r H

g o ;
w100 E

50 figghn}

3 300

& 250
=]
S 200
i

5 150 B oo
jj H

10f |
S0E |
G*

6+

PRD 78, 072004 (2008)
657 BB

| 2126£5

Py
Lol

o bl

ATRINEEHIET LI '
32 33 34 35 36 37

M{Jiyry), GeV

M(J/ypy)
S B * Fit model: Include all K* resonances below
1900 MeV/c?

Wb s == |+ Integrated Xe, J/y angular distributions
S e e IR (no sensitivity)

« Correction for Lorentz non-invariance
T ¥ e ot Fh « Binned (400x400) maximum likelihood fit
SRR A PR R « Fit results depicted in M,2 for M,2bands
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Observation of Z*(4050) & Z*(4250) by Belle

PRD 78, 072004 (2008)
657 BB

M(xc:T*) for 1<M2(K-1r*)<1.75GeV

40

 Data favour fit with 2 resonant structures:
one Z (10.70) ; Z and Z,(13.20 ; 5.70 wrt. one Z)

« Spin of Z,,is not determined:

J=0 and J=1 hypotheses give comparable results i

« Z,,parameters:
large syst. errors due to model uncertainties

30
25
20
15

Events/ 0.024 GeV/c®

3248 5 || & o

+54+316 | 5
177750 "6, ' . N

+2.3+10.7 %6 38 4 42 44 46 48
—0.9-05 M (x., ), GeV/c?

9>} II\I‘IIII|IIII|IIII|IIII‘\I\I|IIII|IIII|II
—

W 10_5 null hypothesis (CL=3x10-?)
Z.+Z, model (CL = 42%)
Z1 contribution

BF product comparable to Z+*(4430), X(3872)... Zo contribution

« 7+(4050), Z*(4250) join Z*(4430) as charged charmonium-like exotics:
Tetraquark candidates
— Experimental confirmation is needed

Marko Bracko : New states and charmonium spectroscopy at B-factories DISCRETE '08, Valencia 23




Many Y states with Initial State Radiation
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Study of 1-- states with ISR

- Initial state radiation(ISR) gives access to JP° = 1--states €

« Two main characteristics of
ISR physics at B-factories:

- Continuous ISR spectrum gives access to the wide Vs range e*
- High luminosity “compensates” for the emission of hard photons

mm) Sensitivity comparable to direct energy scan (e.g. CLEO-c, BES lIl)

* Y(4260) — J/wytr*mr observed via ISR by BaBar (confirmed first by CLEO)

PRL 95 ,142001(2005)

Y(4260) Cues) ]

2
[ =]

(%)
Q

Events / 20 MeV/c?

N
(=)

|||||||||||
s
ﬂd
2 2
Ly
e
%
=,
o
iy
—
=,
=F
—'_',.‘
=
=
=
= A

8 36 3.8 42 44 46 48 5

'y
Q

m(mTJ/y) (GeV/c?)
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Study of 1-- statesin e*e—y  J/pmm

=) Using BaBar's approach

« Study of e*e—y g J/P1r*1T also by Belle
 Reconstruction: ' & J/y(—e*e,u )
(no extra tracks allowed; y . not detected )

« Missing(recoil) mass identifies ISR:

Mrec:\/( Ecms_ Ejikl/t//n+ n')z

* 2

_pJ/y/n+1T'

* Fit to M(J/p1r*1r) with two coherent BW curves
* Y(4260) is confirmed also by Belle
 New Y(4008) resonance? Not seen by BaBar .

8OF ™ T T T.T N |
o - Dt BELLE 1
‘; 60 - s Solution | -
% Y(4260) ------- Solution |
%;N w? M PRL 99, 182004 (2007) |
'E( : 08?! ) 548 fb-1 '
w 20 [ .'_,-' :.' '.‘.

On—'—' )*1 -. i '

2, Update  prelminary

> 80 ]
State | M, MeV/c2 | Do, MeV 2 Y(4260) BaBar -
-} - -
Y (4008)|4008 + 401 114|226 + 44 + 87 < soF | + E
2 sof 344139 events -
) 7 J =
4259 + 872 | 88+2318 2 (@008) : } E
300 + \, } H 454 fb'
4252 +672 | 105+ 18" | ‘ -
— — 20] : ]
:_; oL #}% __________ ' + i , N + [T ] %
4284717 14 | 73139 15 I I A
D 9.8‘ | I4I | I4.2I | I4.4I | ‘4.6I | I4.8‘ | I5 B I5.2I | I5.4I
‘ Y (4260)| 4247 + 12213’; 108 £+19+ 10 m(T I P)(GeV/icd)
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Study of 1~ states in e'e—y  W'm'm

==) Similar approach also for:

o Study of e*e—y g Y(2S)1T*1T
 Reconstruction: 1 & Y(2S)(—1r" M d/Y(—e*e,uy))
(no extra tracks allowed; y . not detected )

* Missing(recoil) mass identifies ISR:
Mrec:\/(Ecms_Ez*ﬂ(ZS)n+n')2_p* 2

w(2S)m

Entries/25 MeV/c

* Fit to M(wp(2S)m*1mr) with two coherent BW curves
 Belle's Y(4360) resonance:
close to BaBar's Y(4325), but narrower

* New Y(4660) resonance by Belle? (Seen also

PRL 99, 142002 (2007)

15 -New’? | oy -
: New? D
Y(4360) . -

10| ( ’" ) % (4660) :

5f | -
0,: EERPESERsaenmEbLs

« I

by BaBar?) pgp 98, 212001 (2007)

3 Y(4325)y(2S)m % ]

State | M, MeV/c2 | Ty, MeV g Sy -

& gL iyl 1 ]1Y(4660) ? ]

o7 Y(4325)| 4324+24 | 172433 1 \(ER 298 fby
Y (4325)| 43619+ 9 (74415 + 10 i } \ ‘
—= i "'.‘:.'4-"--.-‘.-'.... T

Y (4660)|4664 + 11 = 5| 48 =15 + 3 4 - ; —-

mQ@INY) (GeVic?)

Marko Bracko : New states and charmonium spectroscopy at B-factories
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Study of e'e—y, A" A

PRL 101, 172001 (2008)

2 40
= .
& C
z 30r-
20 -
10 -
U5 46 47 48 49 5 51 52 53 54
M(AT A GeV/c
* Could be also: X(4630) = Y(4660)?
State | M, MeV/c? | I'ior, MeV
X (4630)| 4634155 | 92759729
Y (4660)|4664 + 11 +5(48 +15+ 3

« Can not exclude 53S, charmonium :
in some models M (53S,) ~4670MeV

Interpretations for the new X(4630)

* Dibaryonic peak near the threshold
seen e.g. in B—pAmn, J/U—ypp

S 10}

Events/(0.

323436 3.8“I4”42 44 46H48I 5
M(Ap) (GeV/c?)

« But no peaking structure in:

. PRL 99,142002(2007)
'E o ) « BABAR 1
= . ¢ ég? + DM2 1
2 L _
jﬁ: 200 _—* —
s + ee—AA via ISR ]
100 }++ |

0 | | |_+_| Y

2 4 2.6 2.8 3
M,z (GeV/cY)

Marko Bracko : New states and charmonium spectroscopy at B-factories

DISCRETE '08, Valencia
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Exclusive D*)D(*) cross sections w. ISR

e*e— DD, DD*, D*D* cross sections
measured with ISR

DD*, D*D*: using partial
reconstruction; y .. detected

DD: fully reconstructed; y, . used if
detected

Recoil mass is again used

to identify ISR events

Method is well established

Difficult interpretation
in terms of resonances

%‘ BELLE PRD77,011103(2008)
AR i
+ ,ﬁ . DD
b
0 ++!'+ *HHM“ *""-r"r.hl_'gfs'_-f.u.&
4F Hi" 2 3 DD
= il i 5
2 + +++|
0 Ll "“MMJF.H']
4 85 : PRL98 092901 (2007)
[ gil*ﬂf 8 s ipDy
2 Ty 5 00
0 ._ | L E j_gié [ ﬁ%ﬂ
] PRL100,062001(2008) I g
- + %?
0.55 DD H+

4 +m .ﬂ*ﬁ Hﬂ*a“+ﬂ

0 C
(there are many maxima/minima, osl Al ++
model dependent coupled-channels AW ++ *
and threshold effects...) ; | “'H”W’*
0 1 L1 1 1
3.8 4 4 2 4 4 4 6 4.8
\fs, Gerc
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1-- Y states: What are they"

mm) Difficult interpretation
Charmonium options:

Y states above DD threshold

am==-=-= Solution |

Entries/20 MeV/c’

5
IVl(:rt ) (GeV/c =)

but don’t match well the peaks
in DODC cross-sections
+ Large widths for gt

Y(4660) e Y

Enties25 MVl

0 ol 0 a
TTTT

transition: not likely for
conventional cc

* No cc assignments available in

this mass region
(there are too many 1- states)

! ]
5.5 (<]

Entries/50 MeVic’
1 N b~ O O

v
IVI(I’( K J/ ) (GeV/c )

Other options: ‘%— Y(4:.”2T)_—’ll’(23)"" %—
 Charm-meson threshold -+ .' 'gY( | ? J | lt
effects i R AL

* DD, or D'D, molecules T e G
- cqcq tetraquarks 2 «f B P
* ccg hybrids predicted@4.2- S ol Y(4260 E
5GeV DD, mode shoul E Y(4 -
dominate o E

* Coupled-channel effects ol PR i
9;3 éll— I I412I I I4I_4I I ‘4I_6I I I4I_8‘ I 5‘5I2 I ISI_4I

m@trae I/ YPp)IGeV/c?)

Marko Bracko : New states and charmonium spectroscopy at B-factories DISCRETE '08, Valencia 30




Summary and conclusions

Charmonium(-like) states :
Following the exciting X(3872) discovery ...
... New exotic state observed in B-y(2S)m*K decays:
Z(4430)* (charged charmonium-like state)
..alsoZ "and Z*in B~ K't*X_, decays
New charmonium([-like] spectroscopy established at 4-5GeV?

Good candidates for molecular states; multiquarks; hybrids; ...
X(3872); Z(4430)*, Z*and Z,*; Y's; ...

Same type of XYZ spectroscopy in b(s)-quark sector?

Many interesting results/new states still coming from B-factories
... stay tuned for more news!

Marko Bracko : New states and charmonium spectroscopy at B-factories DISCRETE '08, Valencia 31
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Analysis tools: B-meson selection

Reconstructing B meson

AE (GeV
7 I decays at Y(4S):
o o R .
S . use two variables,
..... et | beam-constrained mass M, _
+"as s " . g
: : e __'% (energy-substituted mass m_)
.- . 2 ” ‘J . . * and
. . _..: - smooth and knclawn buct:ground1 energy difference AE
My (GeV) | I AE (Gev)
AE=) E-E,.
Gaussian ] beam

=M, =(Eg 2] -(Y 5

] ARGUS function

M'.,: (G eﬁ




X(3872): observation in 2003

(IJ(ZS) BELLE

X(3872)

Observed first by Belle in:

(3872) 40

£+ 2_ 200

Belle : 152M BB
PRL 91, 262001 (2003)

,1
<.

W N~

@

Events/0.010 GeY

100

II|IIII|II—_

34 £ 7 events(~100)

S -
_ _ K
M=(3872.0 + 0.6 * 0.5) MeV/c? B Z i
0.40 0.80 1.20
M(mtt @t 8)- M(8+ @)
Confirmed soon by:
PRL 93,072001 (2004) PRL 93,162002 (2004) PRD71 071103R(2005) PRD73, 011101 R(2006)
77| GDF Il 1400 "o 8soo| D@ X(3872) | e T 40;
2500 1200 f t % i 102 3872) § i
] 1200/ = i e i
o +  1100] + y W © oo b - )j % 30
%2000* 1000 : - - . v L
R I sl g I 2 ] . =20,
§ ] 3.80 3.85+ 3.90 3.95 (3] 400+ E E 1) r
§ + "’: +++”+++++++M+"++++++: g i é - g 1067
€ 10001 et = i g i
° I ¢ +¢-*“*‘MM4¢M © 200,_ = 1 i NI T R A B! = i‘ s L -j
|00y o - S 3 IR i 375 s 38 385 39 395
o ol i i SN T m(Aymm) (GeV/c)
205370 375 520 3.8 220,585 00 o, (Svie?)




X(3872): properties

« PDG2008 mass: M, =(3872.2 £ 0.8) MeV/c? 12 ——————— hep-ex/0505038 -

(close to D°D* threshold:M, — M(D°D*®) <1MeV/c?) 2
« Narrow: ' < 2.3 MeV (@ 90% CL) g
 From M(1r*m): clustering on high end | M ey |
X(3872) — J/y p (S or P wave) (J = 1 or 2) corn 00 MOV SYEO0C)
“§ 250~ X(3872) — Jiyrn'w
2 200- TR (D) ']'
oDecay mOdeS: § | Multipole Expansions for cg: ; ‘
- X(3872)— J/wy (establishes C=+1) ]
< é{? PRD74,071101(2006) 20— hep-ex/0505037 — 3
= 10t c + 04 — %C
= B L +135 4.4 (40) M(Trr) [GeV]
£ H g | L 256fb-"
z o -0
E DT v small
3 H } s i # BriXowly) _g 140.05
o 260fb- - T —=0.140,
R N S ] 3736 3928 4120 Br(X—-m n Jly)
| ) ) m (GeV/e? M(vJy) (MeV)

- comparable rate J/yw and J/yp (large isospin breaking — unlike charmonium)
- DD1r (but no DD)

favoured JF¢ = 1** or 2+




X(3872): interpretation

= No standard charmonium assignment ...

* Other possible (popular) interpretations:
m [cu][cu]or][cd][cd]tetraquark:
- Requires different X mass in B*and B° decays.

- Charged X[ cu ][ ©d ] is expected.
{ Maiani et al., PRD 71, 014028 (2005) ;

Ebert et al. } Bl S

£'8,

hep-ex/0407033

‘ D*°[)0 molecule: M too low and I' too small

-M_~ m(D°) + m(D*)

- Isospin breaking expected

- Favours DD1r over J/yTrmr

- JP¢ = 1** (D°D*? in S-wave)

- Production in B®
suppressed wrt. B*

{ Braaten et al.,
hep-ph/0710.5482 }

e
Tfn o infhi

- h,' angular dist rules out 1"

11X, T'(yJ/w)way too small

— @, I(yX.) too small
M(n ") wrong

M In, mmn, should dominate

| ¢, I'(yX_,&&DD) too small

|
ﬂl‘*l"l*‘ﬂ“]l_” s P "l ol




Events / { 0.005 GeV/c?)

2 B 8 &8 g 8 3 B

Events / ( 0.005 GeVic?)
2 m

X(3872): charged & neutral partners?

- - ., PRD71,031501,2005
No evidence for X-(3872) - J/ytr171° > 50 { l * > B ‘ H
: : . =40} 1 = | |
This excludes isovector hypothesis g*MHM {VM s | H m, HH
a2V ;1 Z10
:““’ :““.— ‘ s\"’ :““.a‘ §20_— * *—_ ('_: AH | \ *}
i c, U : €.V =101 X(3872)- . &? ‘ X(3872)- |
X,=% u C X,=% d C ol -, . . ..,
u 38 385 39 3 95 38 385 39 395
M(J/PTT-110) GeV/c') M(J/prr-Tr0)  3eV/e)
X(3872)—J/yTr*TT- diquark-antidiquark models
ROl PELEEANEV® X, and X, from B and B* decays
{0 BoXK* D
i AM, = 813 MeV

12.80

o

M(J/vy 7w} (GeVic?)

Events / ( 0.00.

Ol b b Lo Do b b b b b
3.82 3.83 384 3.85 3.86 3.87 3.88 389 39 39N

L L o M
-Illllllllllltlllltll-l | l||1|1|—||
.83 3.84 385 3.86 3.87 3.88 3.89 39 3.9

M(J/y mn) (GeVic?)

{Maiani et al PRD71, 014028}
%ﬁ AM, = (2.7 £+1.6 +£0.4) MeV/c?

AM, = (0.18+0.89+0.26 ) MeV/c?
AM~O0 : Not really supported

Br(B—XK?) /b5 I ARG Rests

@ 041+024 £0.05
0.82+0.22 +0.05

R~1: Not really supported by
the molecular interpretation




X(3872): D°Dnt°® decay mode

_B*-K*D°Dr®/B°~K°D°Dore®

g | .
= = 30 -
O =

m o~ = o

m o e 20 =
=) = =

~ © i -~

I - m 10 =

S - B

[ F)

2| & -

o X 0 d

m o GF

o 20

L] D

s 188

= 16 (ng

N 14

= 125

I

> 8

w ﬁ;—
ac
5

. I]:' | g | !‘

10—

= =

[+ ] ,B__

26

5 -

& 4 -
2 —
— : i i | 1 i T 1 1
0357 38 3860 3000 3910 3020

M(D*D) (MeV/c?)
Flatte vs BW similar result: 8.8o

3.
D 'D° Invariant Mass (GeV/cH

Ng Lep PRD77,011102,2008

14r * N

Lt AllD 0D0 modes .

= 12 .

(| C 7

7 105 4 B*'&B°

5 s )

a o |1 90 _
4 T
o [ 1 347fb" 1
C i S U s N RO SN A s S
0383 392 394 396 398 4

New Belle vs New BaBar only ~2¢ difference

State M. MeV/c? e, MeV Decay Modes
X(3875)|3875.2+0.7702|1.22 +0.3173:23 Doﬁ%o
X (3872) 38726i83 i0¢ 3.9773705 Do [a:
X(3875)|3875.1 9T +0.5| 3.0t19+0.9
X (3872)f 38714 i06 <23

2 states X(3875) & X(3872)? Tetraquark interpretation {Maiani et al.,
hep-ph/0707.3354}: X — D°D°m’(X(3875)) ; X — JIgmr (X(3872))




X(3872): D°D’nt°® decay mode

+,K+Depe RCH ~. 16
-B K*D°D°rt’/B°-K°D°D°r® éﬁ - PRD77,011102,2008
—_ 14 —*0 ]
§ W 50 - g - AllD D’ modes ]
8| = = o E
gl § 520 = @ 10 4 B*& B° )0
=8| ¥ = 5 8-
3 = | zwo E S 90 _
55| 5 :
= I':"I"E 47 |
& & ©oN\Ao.0255 0.051 0.076¢ - ]
MID D "1 —2MID"-M(r") GeV/ic 2 ‘ 347fb" H
o 20 PR i OO P ers et SO Moy ot
3B 0 392 394 396 398 4
= 165 :
Lur t Mass (GeV/c?)
£ 0= :
e difference
6E-
A=
25 |~ Decay Modes
e
w126
310 —DOrr0
o af
8 ef-
e C A || | R ——————————
a4 ! l >
oF T — %;:r_—H_ X(3875)|3875.1 9T +0.5| 3.0t19+0.9
Ogry—dmet 380 3%00 — IO om0 .. b o
el X(3872)} 3871.4=0.6 i <23

Flatte vs BW similar result: 8.80 T -
2 states X(3875) & X(3872)? Tetraquark interpretation {Maiani et al.,

hep-ph/0707.3354}: X_— DD°TO(X(3875)) ; X, — JIWTrTr (X(3872))




Z(3930): conventional cc (X _)

Belle : 395 fb™!

et e’ PRL 96, 082003 (2006)
\‘;fz/vg acceptance 193*. D beam axis in YY frame
* —p corrected(s, |
y gt M(DD): 3.91 - 3.95 GeV/c?
J=2 expectation (21}
e e’ w

e un-tagged events (e*,e-undetected) X?*/nof=1.9/9
o DK, Kmm?, K mrm

10

D*—K- mm J=0 expectation | 2
o pt(DD) < 0.05 GeV/c X2Inof=23.4/9 ) )
2 | 64 + 18 events , —I__I_L—'-r_Fi%EF
[ - D side band
l = (392915%2) MeV/c? X T R Y Y
- = (29210%2) MeV joos o'
> ¢ e _
H B I, (2(3930)) Br(£(3930)~ D D)=
2 : ‘ BELLE
I | l \ } 5.30 0.18+0.05(stat.)£0.03(syst.) keV
. * D side nf 7 Godfrey,N.Isgur,PRD32,189 (1985)
band \ * % E Xc2 ’ .Godrrey,N.isgur, ,
0,5 "'*' +“Hi+ﬂ£ ' 2°P, cc .R.Miinz,Nucl.Phys.A609,364 (1996)

M(DD) [GeV/cZ]




Z*(4430)
S-, P-, D-wave interference:

Z'(4430) state:

resonance

Longitudinal ¢

Transverse 1)’

K constant ——
K*(890) cos O % sin 6
K;(1430) 2cosf? — 2 2 sin 0 cos 0,
< .
incoherent

()

-0.5

/

1cannot produce
1a single narow peak

lat cos 8_~ 0.25

more info

PRL 100, 142001(2008)

657 BB

>

interference

<

(4.43)
5eV2/ct

<

N

E)
-Eu

22 GeV?/c* +1.0
4 A

- 0.25

9 S09

3

16 GeVa/ct -1.0




Z(4430) search: more info

arxiv:0811.0564v1[hep-ex]
413 fbt

TABLE VI: The Z(4430)" signal size, the branching fraction value, and its 95% c.l. upper limit for each decay mode; the
errors quoted are statistical, and the upper limits were obtained using these values; the Z(4430)” mass and width have been
fixed to the central values obtained by Belle [5].

Decay mode Z(4430)” signal Branching fraction Upper limit
(%1077) (x 107" at 95% c.L)

B~ — Z(4430)” K", Z(4430)" — J /b7~ —17 + 140 —0.1 +0.8 1.5

B° — Z(4430)" K, Z(4430)" — J /i~ —670 + 203 ~1.2+04 0.4

B~ — Z(4430)" K", Z(4430)” — ¢(25)m~ 148 + 117 2.0+ 1.7 4.7

D —
Br( B°K-Z*(4430) )xBr( Z*(4430)>m*y') = (4.1 £ 1.0 £ 1.4 ) x 10
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FIG. 28: a) The ¢/(2S)7~ mass distribution after K* veto

from Ref. [5]: the data points represei
(we have assigned N errors at preser

b
oo

M5y (Ger’cz)

it the signal region
1t). and the shaded

histogram represents the background contribution estimated
from the AE sideband regions; b) shows the corresponding

distribution from the BABAR analvsis.
line indicates mogy—= 4.433 GeV/c?,

The dashed vertical

arxiv:0811.0564v1[hep-ex]

A19D fl.-1

(a)

——
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e
—-
——
—
—
——
-
-
[

Events/10 MeV/¢?

% ++++++ ++*+H|+H'H'H* +| HH! i mﬁ :Tﬂ ++
E %*/NDF = 54.7/58 + \ { H *
e

FIG. 29: a) The distribution of Fig. 28(a) after combining
rale fore -y VN 2

mass intervals for my o)~ < 4.18 GeV/e™ and ma6)~ >

4.55 GeV/e?, and carrying out sideband subtraction. b) The

distribution of Fig. 28(b) after following the same procedure,

and in addition scaling by 1.18, as described in the text. c)
The difference, (a)-(b), where the errors have been combined
in quadrature; x* /N DF = 54.7/58 (Probability=59.9%) ex-
cluding the low-efficiency regions (cross-hatched).




D

BELLE

Results of Dalitz Plot fit with two Z’s in B - KTt'Q

0]
o

[T T 1
1
=
| ——
- Se—
~
T

Events / 0.18 GeV?/c*

Events / 0.18 GeV?/c*

Events / 0.18 GeV?/c*

</ > Z'(4430) update: Fit with two Z states?

Presented @ QWG '08
2"d - 5" December 2008

\

|||||#Mlu

|
16 ¥ AL 0 T

Mz(n+wl)’GeV2/c O_III-'l_llllllllllll||||||||||II|IIII|IIII|II_I
16 17 18 19 20 21

M3(x"y"), GeV/c?

Significance of two Z's overone Z is 3.90

16 18 20
M%(x*y"), GeV?/c?

22



D _ . . D0 s . £
</[HZ'& Z 'inB°” K " X_, decays: fit

BELLE
data

. . . . --- background

Fit results: M?(x.,11*) projections in 4 M?(K-11*) bands — fit function

..... fit function without Z

Low M*(K-1r+) Mid_L M3(K-r*) Mid_H M?*(K-tr*) High M3(K-r*)

50 £ 50 g 50 ¢ 50 ¢
Null hypothesis: | %E \(a) 45 E- Bl a5 (©) 45 & (@)
< H0E H0E 40 40 E
all known K*s; |8 3°° oE e DE
: N 25E * 25 - H\ }H 2 E > E
poor fit : ) 20E | 20 E S0 H
C.L.s3*0% |§ 1 15 ¢ AR 15 £
2 10§ 10 E 1 10 &= 10 =
D] sEf L 5 E 5 F-
0 |||||||||||||T|||-| o H I N L OE| 1= OE||| '|'|"T1'T+}(T Y
Add Z -y 14 16 18 20 22 14 16 18 20 22 14 16 18 20 22 14 16 18 20 22
. . 45F a)| 45F b)| 45 E ()| 45 E (d)
signif. 10.7c o 40 §—| @ 4oE ) 40 & 40 E
> 35F 35 E- 35 £ 35 E
(V(-2InL/L,) ), 8 0F 30 £ 0E 30E
N 25 25 - 25 - } 25 E-
C.L.=0.5% S 204 20 £ 20 20
£ 15 ) 15 £ 155 15 £
/=(4150"", ) MeV/c?| & 10 10 Ell e 10 | e
- R AL bl D E W = L
[ I T I |||||||||—||||{‘|||1| El L arkrrebrir-l SN [
r=(352*°,,) MeV 0794 16 18 20 22 ° 12 16 18 20 22 ° 14 16 18 20 22 ° 14 16 18 20 22
50 g 50 50 g 50
o 45 E—} ‘(a) 45 £- ()l 45 £ (©)] 45 = (d)
+a L= 40 & 40 & 40 E- 40 £
Two Z o). E 35 £ 35 E- 35 & 35 E
. . . 30 E 30 E- 30 E 30 E
signif. wrt 1 Z: o 25 i 25 55 E > E
- i = 20 E 20 &
s>.70, 2 18 18 15 & 15 £
| = 10 E 10 E-
C.L. =42% TS e S A R TS
0 A NS T A R 0 A e ke UEI L1 rek el OE|| il
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Z*'& Z,: fit fractions

One Z* Two Z°
Contribution Fit fraction  Signif. Fit fraction  Signif.
Z} (33.17%0)% 10.70 (8.073%)%  5.70
Z - - (10.4%55)% 570
K (1.94+1.8)% 2.10 (3.6 =2.6)% 350
K*(892) (28.5+2.1)% 10.60 (30.1 £2.3)% 080
K*(1410) (3.6 +4.4)% 1.30 (4.4 4+ 4.3)% 200
Ky (1430) (22.4 +5.8)% 340 (18.6 +5.0)% 450
K5 (1430) (8.4 +2.7)% b.20 (6.1 +2.9)% 540
K*(1680) (5.2 +3.7)% 2.20 (4.4+3.1)% 240
K5 (1780) (7.4 + 3. 0) 3.60 (7.2 +2.9)% 380

92.8%
ere is small net interference effect




e‘e—y . Wwmw: BaBar & Belle combined fit

Combined fit to BaBar and Belle data on e™e™ — 7t r™(25)
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TIG. 4: The results of the fit to e7e™ — #7725 data from Belle and BaBar. The =0lid curve
show the best fit with three coherent Breit-Wigners: the ¥(4280), ¥7(4360), and ¥ (4660), and the
dashed curve iz the signal shape of the Y7(4250).




