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Q.(B Experimental set-up & tools

The accelerator ...
KEKB

uest for CPV
kekb.jp ——

.. an asymmetric-energy
factory of B mesons

e+ e-
—> Y(4S) =
p(e*) = p(e”) =
3.5 GeVic 8.0 GeVic _ |, Centre-of-mass energy (mainly):
Y(4S): bound state of bb; C o Vs = M(Y(4S)) c2~ 10.58GeV |
(JP¢=1--, radially excited); st |1 —_
above the threshold for BB decays :*T" - ! . YG38)
B (bu, bd) ot . Y(4$)
Y(4S) — ’ ;e m—
— Bl
B (bu, bd) Mass (GeV/c?)
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Experimental set-up & tools
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The Belle detector

Long-life particles we detect: Decaying particles we reconstruct:
e, ut, mt, K4, p, y B, B?, D%, D°, %, A°, ...

Aerogel Cherenkov Counter
(n =1.015 — 1.030)

M and K| detection system
(14/15 layers RPC+Fe)

) +
éi 3.5GeVe
Silicon Vertex Detecta l '\\ b ; - ‘

‘\\»_4 ( ‘ %i/
(3/4 layers DSSD) -‘_i
l
=\ A
(=
@ . - \ NA~

omagnetic Calorimeter
(Csl crystals; 16X,)

Central Drift Chamber
mall cells, He/C,H;; o /p ~0.35%)

\ ToF Counter

Superconducting Solenoid
(B=15T)
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Charmed strange mesons (overview)

D.,’(2317) and D_,(2460) first PRL90, 242001 (2003 | [ T, HOET
9b_serveg:l by lBABA_R and CLEO C b 68, 032002 2003) | | T
in inclusive cc continuum events  Eazames
and by Belle also in B-decays e TR
Both masses unexpectedly low; === (0
below D'K and DK threshold, respectively _ 34
Only |sosp|n-v!olat|ng or | <, , I= =1
electromagnetic decays kinematically ol 3N ;
. ~ - 1 =1/
allowed = narrow widths 7 apAFlE 12 dn
= [ i i
o S28F)°=00 1 0F 17 17 2

Decay patterns and angular distributions "
now well established as: — “F i +"'

P-wave ¢S mesons BELLE-CONF-0461(2004) | 2 4 F T D,. cJ(2973)

; 0
with JP=0* and J"=1* respectively gszrrmwss 2F DZ D (2536)
More B-decay production modes: AT B D, | D60
B°—D_-K* (besides B*—»DD_)) [eete:ssemss E— == pes17)
hep-exIO507064 18||||||
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Belle : 87 fb™"

L=1 PRL 92, 012002 (2004)
g D_'(2317)* > D*m®  D_(2460) — D_*
sJ (3 Tt sJ( ) e S y
%350 ) 4 b 'y~
2300 0 MNy->
£250 W
—
@200 25 \
150 20 + ﬂ
100 LD *
10 +
50 5]
0 _
0.1 02 0.3 04 05 0.6 %.] 0.20.304050.60.7 0.8
well-known D, mesons M(Ds 1°) - M(Ds) (GeVi/c?) M(Ds 1) - M(Ds) (GeV/c?)
0
e+ DSJ —> D 1T

C

S A
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Belle : 124M BB
PRL 91, 262002 (2003)

Belle : 274M BB
BELLE-CONF-

update

0461 (2004)

Angular distribution is

D

S

t@: DsJ
"‘\_E

D

, TC°

S s . i spin-dependent:

$ of s A & it s ‘ Ky=3 —

' D_(2460) | *[ o O .
% —>Ds*+Tl'° I |

ﬁ 0 & : —'-ﬁ-- U i ==

4 40 D,,(2460)" -

Y

-0.1 0
AE (GeV)

Distributions are consistent with:

02 p_*(2317)* -D_*rt°

JP=0* (D_"(2317)*) and 1*(D_,(2460)")
e.g. Br(B°—D D_,(2317)*) = (10.1 £ 1.5 3.0 ) x 10+

cos(ens_)
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Belle : 152M BB

First time observed: B — D_,~ K* PRL 94, 061802 (2005)
107 Jg= 19

A AE - M (D_1r°) -M (D,)

5F ﬂhﬂ\m 2 6.70 signif.
0:_"_‘"_‘5'_‘ .i.. PR LR " o AN G PR Ol I O_Efﬁmi_ﬁﬂﬂ'-l ||—LLﬂ.ﬂ|ﬂ|i_|' —LH_I.H.H'.!_!.!—.!H

=1 T { f f
-0.10 0 0.10 (GeV)

6.2 0.3 0.4 0.5 016 (GeV)
Br(B°—D_,"(2317)K*)-Br(D_,(2317)—D, 1)

Br(B"—D_K") = 1.8 * 0.6 (same order of magnitude)

Br(B°—~DD,,(2317))-Br(D,,(2317)*—D,* ) _ 1 124 0 05

Br(B°—DD.")

Initial and final q-content

are completely different s K
¢ Dt W- .
s D)
B° w- (::: _ {°
BO B :_.f :_: D;—
s K- i~ s )
PQCD fact. W exchange tree with FSI Tetraquark content?
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0 * +IK- 0 +1e- Belle : 386M BB
B* —D,,(2317)*K B — D,,(2460)*K hep-ex/0507064
(Update with 386M BB)
2571 n
;:155_ DX(2317)K- ,l__:m DX(2317)%K- > | D, (2460]'K- el é@ D. (2460K-
s | - N=35.3%6.4ev| = 6 E [ N=11.2%5.dey
S E'S;' 92¢ | =] = | 31c
% Z 10 S | % 5
E 5F Dq/ E E § 2L E
= [ l: = =
b3 01 0 01 02 0oz 03 04 05 06 07 D201 0 01 02 Dy S Ty —
AE (GeV) M(D1") - M(D,) (GeV/ch) AE (GeY) M(Dy) - M(D,) (GeV/c')
Decay mode Yield Yield Efficiency | Product B(B? — D 7T ) x| Signif.
AM(Dgy) AF (10%) B(D.; — D.’(~)) (10~2) a
D* (2317) 'ﬂ 35.3+64 | 341+66[21.9+0.6 44+08+06+1.1 0.2
41(2460 || 112454 [ 102454 | 59.5+1.4 0.53 + 0.20%01 3.1
< 0.86 (90'% C.L.
____Two states are not from 0.86(90% C.L.)

the same-spin doublet
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D_,’(2700)* observed in B*—D° D° K*

New cs state: B* — D°D_ (2700)*, D, ,(2700)* —~D'K’ ——

P 9 NU 40 -
,% =] 3 = | veto =
< :- - . ESO_ GELLE §
e i - B & | w(3770) | . (a0
o =20} . . s
) §E==y - P fit region | N\
= -_.# L -2 ‘_g 10 - 1 _ K
= 1 j—;’ - -
1° °f ) 1 spin assignment
—-1 3.8 3. s 4
eV? C M(D°D°) (GeV/c?)
“o WAk )(G Yo 1 * Dalitz plot illustrates the features, while
g | b,(2700+ | background-subtracted distributions fitted
= [ 18230 events |
S | (8.40) — .
@ | 1 < W(3770)—D° D° veto applied
= L [ ] «B*—K*" ¥(4160) contribution, phase-space
o ] 4N, | and threshold taken into account
| |

5355 3 3555 — * oignal yield is efficiency corrected

M(D°K") (GeV/c?)
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D_,’(2700)* in B*—D° D° K* cont'd

PRL 100, 092001(2008)
449 BB

L)
R D,;(2700)" $(3770) o Seol o1
Q ®© \J=
N, (significance) 182 = 30 (8.40) 68 el (5.50‘)% ;-’140
M [MeV/c?] 2708 = 9+ 3776 =5 4 No 5| [\J=0 - ' /
- \
I [MeV/c?] 108 + 23736 27 10+ 5 % o0\, =2
O
Product B [1074] 113 + 22714 22+05+032 =y
+ -1 05 0 05 1
| D, (2700) [ ]threshold Il ohase-space c0s6, .
Y(3770) W(4160) hel. & 1—00: J°’=1- favoured
&, [T e =1 % [ ==l Y = T
%60— | - %60— <K %60- {
= | | = = 1]
(=] i | (= (=] ]
i in Ty ] o
~ 40+ - ~. 40 + ~ 40 ‘* .';':
z || + | = J[ o RS
@ I ' 2 D Vi 1
EZO + + g 4 = g
D || L = =
0 0[ 0
38 4 42 44 46 24 26 28 3 32 34 24 26 28 3 32 34

M(D°D?% (GeV/c?) M(D°K*) (GeV/c?) M(D°K*) (GeV/c?)
Marko Bracko: Recent results on heavy quark spectroscopy at Belle FQC 2008, Bled, Slovenia 15




$ D_, meson spectroscopy update

D_ (2700)* — D°K":

* Preferred: J°=1-

-
W

L=0 L=1
* Possible interpretations:
=) Radially excited 2°S, (exc. Ds*) ©

J & 1/2 1/2
with mass ~2720 MeVIc2 E
{ Godfrey et al. PRD 32, 189 (1985); 25 | D ‘ﬂ”_’”o_
Close et al., PLB 647, 159 (2007) }
) Chiral doublet 1- state to 26 | —
1*D_,(2536)* with mass =

(2721 £ 10) MeVIc’ 4 Lp'K = o 2573
{ Nowak et al., ® R ! (2536)
Acta Phys. Pol. B 35, 2377(2004) }
 Confirmation needed 2.2 \ D.,(2460)

D, ,(2317)
2

ass (GeV/c?)

1.8

F=0 17 0° 1" 1t 2*
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$ D_, meson spectroscopy update

D, (2700)* — D°K*: )
« Preferred: JP=1- > 3.2
O 1L=0 L=1
* Possible interpretations: - 3 =
=) Radially excited 2°S, (exc. Ds*) 3 J q 1/2 1/2 3/2

{ Godfrey et al. PRD 32, 189 (1985);

with mass ~2720 MeVIc2 E 78 b, (2700) 7 O D,,(2860) ??ﬁ
Close et al., PLB 647, 159 (2007) } - g

=) Chiral doublet 1- state to 26 | —_— -._
1*D_ (2536)* with mass [ D K — o -."
(2721 £ 10) MeV/c? 2.4 EJIEE?S}
{ Nowak et al., ® R ! (2536)
Acta Phys. Pol. B 35, 2377(2004) } \ ;
« Confirmation needed 2.2 D.,(2460)

D.,(2317)

D_ (2860)* — D°K": 2

* New state from BaBar:

- 1.8 T IS SETORITEL: T NETY| ORI (NTCNTNL
=) Seems to be different than D_(2700) JP= 0O 1 O+ l"' 1+ 2+
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$ D_(2536)*— D'wK*, D"*K_°

PRD 77, 032001 (2008)
* Another result of the renewed interest 462 fb-

in measurements of charm mesons after D_,(2317) & D_,(2460) ...
- First observation of: D_ (2536)*— D*rK*(in e*e-— D_,(2536)*X)

- no D**{ M(D*®) < M(D*)+M(1T) } % 5o D*mK* mode '
1281166 signal evts
- only 2™ three-body decay mode 2 J
+ ot e £ 100 S wrong sign
of D_(2536) after D_*1r* 1 z DK i
50 DA M 3
1 | SR
RAPIIRE L bl NGl
4 %4t 0 0 . ._x__tmdﬁb&%hm\&\\\u\\
e Also: D_,(2536)*— D**K, 2500 2510 2520 2530 2540 2550  256(
M({D'TK"
very clean and large sample “:; DK mode
E a00t 5673181 signal evts
e |
improves PID efficiency for K*&Tr* 2 900l fast D_,(2536)":
and removes D_(2536)" from B's - x.=p*/p*__>0.8

0 11 A 5 1111
2500 2510 2520 2530 2540 . 2550  256(
MD'KS) - M(D"T") + M(Dphg) MeV/ic
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$ D_(2536)'— D*wK*, D"K_°

PRD 77, 032001 (2008)
* Another result of the renewed interest 462 fb-

in measurements of charm mesons after D_,(2317) & D_,(2460) ...
- First observation of: D_ (2536)*— D*rK*(in e*e-— D_,(2536)*X)

- no D**{ M(D*®) < M(D*)+M(1T) } % 5o D*mK* mode '
1281+66 signal evts
- only 2™ three-body decay mode 2 N ey
£ 100 i
of D_ (2536)*after D_*1r 1 = R B "
" S 50 { Wttt
e Also: D_,(2536)*— D**K, 2500 2510 2520 2530 2540 2550  256(
M({D'TK"
very clean and large sample i D*K 'mode  §
) ] > . D*K.’* mode
= partial wave analysis (PWA) = .1 5673181 signal evts
o _
> |
200?

0 11 A 5 1111
2500 2510 2520 2530 2540 . 2550  256(
MD'KS) - M(D"T") + M(Dphg) MeV/ic
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$ D_(2536)*— D'wK*, D"*K_°

PRD 77, 032001 (2008)
* Another result of the renewed interest 462 fb-

in measurements of charm mesons after D_,(2317) & D_,(2460) ...
- First observation of: D_ (2536)*— D*rK*(in e*e-— D_,(2536)*X)

- no D**{ M(D*®) < M(D*)+M(1T) } % 5o D*mK* mode '
1281+66 signal evts
- only 2™ three-body decay mode 2 J
£ 100 i
of D_,(2536)*after D_*1r*1r = e i
50 R i _"'*'lﬂlu'.@lf'ilr' 3} &
et NS
e Also: D_,(2536)*— D**K, 2500 2510 2520 2530 2540 2550  256(
M({D'TK"
very clea_n and large sam.ple “:; DI mode
= partial wave analysis (PWA) = .1 5673181 signal evts
Motivation: s |
HQET exact: D(S)-wave for j =3/2 (1/2) 7 s
HQET not exact: -
D,,(2536)* contains small admixture of j =1/2

0 11 A 5 1111
2500 2510 2520 2530 2540 . 2550  256(
MD'KS) - M(D"T") + M(Dphg) MeV/ic
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(D *
D_.(2536)"— DK.° : PWA
<[> P253%0F

PRD 77, 032001 (2008)
« D_,(2536)* is produced in e*e- — D_,(2536)*X with small polarization 462 fb

= 3D angular fit performed (tx,B,y)

(e*e" CMS =) Boost

D.,(2536)* D D rest frame

rest frame D, decay plnna

r./r. . =1/(1+]|D/S|* )=

bckg subtracted, eff. corrected

0.08 T3 nd normalized distributions
0.72 £ 0.05 = 0.01
0.06 i + ++
= S-wave dominates in it
D,,(2536)* — D* K_® decay L
(unlike HQET expectation for pure j =3/2; ;|
Ds1(2536)+ _ Ds1(2460)+ mlxmg’7) —_ proje{«):tion?dgf theESD fit _
However : Small energy release — D-wave suppressed 0 1 | 1 0 1
— even small S-wave component increases I’ ) cOsQL 3 ) cOsY
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2: cc[-like] production at B-factories

* B-meson decays: « Two-photon production:
e.g. B—>X_ K e‘e—e'ey 'y —eeX

_ VZb e+\‘{ e+
b P —— X *
N cc
7S G Y X 4
Vcs * (T
Y -

g K(*) /’,L
u,d
u,a e e

0-+,1--,1++ 0-+,O++,2++
* Double cc production:  ¢*e” radiative return (ISR):
ed.ee—Jly X e.g. e'e—y . X _—y W
e- g Jy e Yisr ,n_
& (x
S x N
e* cc et Wy
states with C=+ 1- - only
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Q(B cc[-like] production at B-factories

* B-meson decays: « Two-photon production:
e.g. B—>X_ K e‘e—e'ey 'y —eeX
v, e’ e’

—— P ——
’ ~ c Xee \‘;:(/'
B
u,
* Double cc :
e.g. e'e s WTITT
e’ .
/n
< Eox e
g X \
e* cc et Wy
states with C=+ 1- - only
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Charmonium spectroscopy status

4600 =
[ 3Dy —
C 4°S, CC
4200f
S‘ 4000 L
& : M,+M,.=3871.3 MeV/c?
- oS00 ' - ]-EDI (l/ n
% - _ r’c _________________ c_2 _______________________ 2MD
éﬁ [ 2lg,—— 28 ¥ .
3600 rrrrees 1 TP
i h, 1P: P, —
B ]E:' Xc1
3400 i - Xco
el well measured
: s, Jly black: measurements
sooof IS0 1. blue: predictions recent
[ 1 1 1 1 1 1 1 1 1 1 1 1 1
ﬂ_+ 1~ 1+— u++ 1++ 2++ 2—+ 2= g 3+— 3++ 4++
J PC
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And also many new states (X, Y, Z)

Decay Modes

Production Modes

EXP M+ i T (MeV Jhes
( ) Observed Observed
Belle,CDF, DO, . oI/, wanI/ P,
X(3872) Cleo, BaBar 3871.240.5 + i(<2.3) 1+ Y3/w B decays, ppbar
Belle 3875.4+0.7" % 20 0.0 B decays
BaBar 3875.620.7% 5 DD
Z(3930) Belle 39294542 + i(29£10+2) D+ DODO, D*D- YY
Belle 3943+11+13 + i(87+22+126) .
¥(3940) BaBar 3914.338 5, +1.6+ (332 +0.60) | 1 W/ B decays
X(3940) Belle 3942+7 .46 + i(37+26_1548) Jr+ DD* e*e” (recoil against J/ )
Y(4008) Belle 4008240772 55 + (226144787 75) 1 mJ/Y e*e (ISR)
X(4160) Belle 4156+25 _55#15+ i(139+11 ¢, +21) Jr+ D*D* B decays
BaBar 4259488 ¢ + i(88+23+0.,) -
Y(4260) Cleo 428417 4 44 4 i(73+3% 5545) 1—- e J‘lf('fé_g;fpoww’ e*e (ISR), e*e”
Belle 4247 +12*7 5, + i(108+19+10)
BaBar 4324424 + i(172133) . — _
Y(4350) Belle 43611919 + i(74415110) 1 i g(25) e‘e” (ISR)
Z*(4430) Belle 44332441+ i(44713%0 ) JP mP(25) B decays
Y(4620) Belle 466411145 + i(48+15+3) 1—- mrP(25) e*e (ISR)
E. Eichten QWG -- 5th International Workshop on Heavy Quarkonia DESY October 17-20, 2007

Marko Bracko: Recent results on heavy quark spectroscopy at Belle

FQC 2008, Bled, Slovenia
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@ Meson classification

Conventional mesons (q.q.)

Exotic mesons:

e not forbidden in SM;

 exotic JP¢ (e.g. 0*, 1+, 2+,... forbidden for qq);
» exotic decay modes (not possible from qq);

» strange properties (widths,...);

» Hybrid states (qqg+g)

» Multiquark states (qq qq or qq qq)

> “Molecules” (loosely bound mesons: M M)
* Glueballs (gg, ggq)

» Mixtures of states above

> More exotic states?

Marko Bracko: Recent results on heavy quark spectroscopy at Belle FQC 2008, Bled, Slovenia 27
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@ Meson classification

Conventional mesons (q.q.)
Exotic mesons:

Important characteristic of multiquark states
(and not hybrids or charmonia):
It is possible to have charmonium-like mesons
with non-zero charge (e.g. [cucd] ) ...

» Hybrid states (qqg+g)

» Multiquark states (qq qq or qq qq)

> “Molecules” (loosely bound mesons: M M)
* Glueballs (g9, ggq)

» Mixtures of states above

> More exotic states?
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L Recent hot topic: Z(4430)* state

KM EEEEA

::-:I'-c.:p =PressRelease =this page last update: 07/11/13

Press Release
Belle Discovers a New Type of Meson
MNovember 13, 2007

High Energy Accelerator Resa@rch Organization (KEK)

An international team of researchers at the High Energy Accelerator Research Organization

*
(KEK) in Tsukuba, Japan, the "Belle collaboration” 1, recently annou&ced the discovery of an
exotic new sub-atomic particle with non-zero electric charge. This particle, which the

researchers have named the 2(443034‘{ does not fit into the usual scheme of "mesons",

combinations of a quarlcmdand an antiquark that are held together by the force of the strong
interaction.

The Z(4430) particle was found in the decay products of B-mesons (mesons containing a
"bottom" quark) that are produced in large numbers at the KEKE "B-factory". an
electron-positron collider at the KEK laboratory, While investigating various decays of the B
meson in a data sample containing about 660 million pairs of B and anti-B mesons, the Belle
team observed 120 B mesons that decay into a Z(4430) and a K-meson, The Z{4430) then
instantly decays into a "Psi-prime" () particle and a pi-meson {see Figure-1). The Belle team
found that this particle has the same electric charge as the electron and a mass about 4.7
times that of the proton.
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2: Recent hot topic: Z(4430)* state

PRL 100, 142001(2008)

657 BB

wesk ending

PHYSICAL REVIEW LETTERS 11 ATRIL 30E

PRL I(d, 142001 (2005)

Observation of a Resonancelike Structure in the 7 o Mass Distribution
In Exclusive B — K& o' Decays

S-K. Choi,” 5.1, Olsen,™'" 1 Adachi,” 1. Aihara,™ V. Aulchenko, T, Aushev,™" T, Axiz,™ AN Bakich,™
V. Ii:ll:lglll':l.' L. I!--:-'.In]..I U, Ritene," A, Pondar,' A, Borek,™ B Bradko, ™" 1. Brodricka.” T, E. Browder,” P. |:'|1;|.1J_:_1“

Y. Chae,™ A, Chen,™ K -F. Chen.™ W.T. Chen,” B.G. Cheon,” R, Chistov,"” . Choi,” 1. Dalsenco,”" M. Daniloy, ™

M. Drash, ™ 8. Fidelman.! M. Gabyshey,' B, Golob,'™"™ 1. Haba.” T. Hare.™ K. Hayasaka,™ H. Hayashii.™ M. Hazomi.”
1. Heffernan,™ Y. Hoshi.t' W.-8, Hon,™ H. 1. Ilj.'un." T. Ii_ii|11'.|.:! K. Inami.™ A Ishikawa,™ H. Ishino,” R. Ioh,”
M. Twasaki. ™ V. Twasaki,” 10, HL Kah,'" I H. Kang, " M. Katayama,” H. Kawai,” T, Kawasaki,” H. Kichimi,” H. 0. Kim,"
5. K. Kim, © Y. 1 Kim. K. Kineshita,” B Krizan,'""" P Krokovay," R, Komar,™ ©.0, Koo,™ A Kwemin,' ¥-1 Kwon, Y
L8 Langet L& Lee,” ML Lee, " 8 E, Lee™ T, Lesiok™ AL Limosani.?! S.-W, Lin®™ ¥ Lin 1. Liventsey, '

F MandL ' AL Matyja " 8. MeOnie,™ T, Medvedeva,' W, Mitaroff."! K. Miyabayashi,™ H. Miyake,™ . Mivata.™
Y. Mivazaki,™ R Mizuk, " G2 Moloney! E. Makano,™ M. Nakao.” 5. Nishida.” O, Mitoh T. Mozalki,” 8. Ogawa,®
T. Ohshima,™ 8. Okuney™ H. Ozaki,” P Pakhlov," G, Pakhlova,™ COW, Park,™ HL Park.” LS. Peak,™ R, Pestotnik, '™

L. E. Piilonen, ™ H. Sahoo,” Y. Sakai,” O, Schoeider,™ AL L Schwanz,” K. Senyo,™ M. Shapkin,'” C. P. Shen,™”
H. Shibuya, "™ B, Shwarte,' 1B, Singh.” AL Somov,” 5. Stanic, ™ M. Staé, " T, Sumivoshi, ™ 5.7, Sueuki,” F Takasaki,”
K. Tamai.” M. Tanaka, Y. Teramoto, 1 Tikhomiroy," 5. Ushara.” T Uglo,”™ ¥, Unne,” 5. Una,” P Urquijo.”
G, Vamer,” K. Vervink,"™ 5. Villa," O HL Wang,™ M.-7Z, Wang. ™ P Wang,"™ 3. L. Wane,"" ¥, Watanabe,” B, Wedk],”!
E. Won,'™ B. 1T, Yahsley, v, yamashita,™ C.7. Yuan,'" 2P Lhang, Ty Fhulanoy,' A, }".upunt-.” and O, '.-".j.ukn'.':ll

i Belle Collaboration
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23

22

M2(rty’) (_GeVZ/C“)

14_||||

Observation of Z(4430)* state

K*(890

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

« B— Ky’ (K=K*, K%
- Clear signals is both AE and M, _seen
 Breit-Wigner and PS-like function in M(r*y ") fit

K*(1430)

¢ =l or J/gTr*r)

PRL 100, 142001(2008)
657 BB

</ >

Events/bin

400 —

21 :
.20 :
o
o
17 I
o |

15

1

D.5I —
M*(

) (GeVc)

rl* _,_ 1000 QBELD I —
*I ' |H|
Y i
't - sooF P s
[ - [
o I
R an e W [ SO S W
5.250 5300 -0.20 0.00 0.20
AE (GaV)

- |

M = (4433 t 4 * 2) MeV/c?
r — (45 +18_13 +30_13) Mev

—robust signal (subsamples;veto) £,

—too narrow state to be explained
by interference of known

S-, P- D-wave K resonances

|
30 | { <A
- BELLE

i 121130 events

Z(4430)*

‘ﬁ(nqj";a (Ge
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Z: Z(4430)* state cont'd

Z(4430)* — p(2S)mr*: By (18

« 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°

* Not enough statistics to determine J°

T I T T T [] I T L] T ] I T T T T

Z (4430)

* Possible interpretations:
=) [cu][cd] tetraquark with JP=1*
( Radial excitation of X(3872) family? )
- Neutral partner in decays: ¢’mr%n, n.’p%w?
- Charged 1S state in decays: p1r%, n.p*?
{ Maiani et al., arXiv:hep-ph/0708.3997 }

20

=) D*D,(2420) threshold effect 10
{ Rosner, PRD 76, 114002 (2007) }
=) D*D,(2420) molecule with JP=0-, 1-
Decay to D*D*1r expected.

{ Meng et al., hep-ph/0708.4222 } s -
—> : : : 3.8 4.05 4.3 4.65 4.8
Further studies & confirmation needed M(rw’) (GeV/c?)
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Hot topic #2: Z * and Z°

New states observed in B’ — Kr*X _, decays

arXiv:O806.40£§[hep-ex]
657 BB

“F 02126456442
« B K m*X_, (X _—Jdlpy ; Jy—-I'l) i gaok ||
. Clear signals in AE, M, _, M(J/yy)
Dalitz plot analysis: K,*(1430) k*(1680) Tk il “22 ]
L, K(892) K,"(1430) K*(1780) 0Byt P GJ,—;"35"'a;i'i;;i;i_e“a;
22 f— { M(J/py)
21 ?" e Isobar model: superposition of formfactors,
nf gt Breit-Wigner amplitudes, I'(E)
:‘; e T ] * Integrated x.1, J/@ angular distributions
= 1off 295 (nO sensitivity)
. 20 [ » Correction for Lorentz non-invariance
- L of helicity
* Binned (400x400) maximum likelihood fit
« Fit results depicted in M,? for M,2bands
13 Mg g

MA(K™), GeV2/c?
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Hot topic #2: Z * and Z," continued

arXiv:O806.40£§[hep-ex]
. Data favour fit with 2 resonant structures: Z and Z, 65/ BB

o Spln of Z1,2 is not determined: M(xc1r*) for 1<M2(K-r*)<1.75GeV
J=0 and J=1 hypotheses give comparable results

40
« Z,, parameters: 35 - |
large syst. errors due to model uncertainties = zo0:-
S o505 +
o~ -
o 20 ;— ' +
2 {51 |
- —
w10 + +
+54 +316 B
17775 6, SE m + J(
— [ | ] | 1 | L1
+2.3 +19.7
0905 ) %5 38 4 42 44 46 48

M (x_,n*), GeV/c?

x 107>

null hypothesis
Z.+Z, model

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

Zo contribution

«Z*, Z," join Z*(4430) as charged charmonium-like exotics — confirmation needed
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Q(BX(3872): Discovery by Belle(reminder)

12 T

(3872) 300

£+ 2_ é 200

M,.in 5 MeV wide intervals of 2 .,
M /)

a) 3845 MeV 1 &) 3865 Mev 1 i} 3885 Mev I

IININ

. ]
| —
L ) 3850 Meav

”mﬂrﬁm'
TP I T

| j) 3890 Mev

a8+

4_
L

L d) 3860 MeV

[HI‘IHI‘H“II‘ !-|“II "I!:HH\H:.:...'}..

L e LA

Lﬂuwaﬂqﬂllqﬁ\

Il
E.ZZD

5.250 5.200

5.280 5.300

Mbc

Belle : 152M BB

= =y(28S) : PRL 91, 262001 (2003)

:_ ] _ '
: X(3872) 1 ° ~ v

B / 1B" w ~<

- - A,
Sl kil u a K
.40 .20 1.20

Extracted #

of. B decays

in each
interval of

M (1tt T 8+ €°)

Events/5 MeV/

[F]
o

1

]
o

—
o

0

M(mt* e €)- M &) — 77—

48.6 + 7.8 events(>100)
M=(3872.4 (£ 0.7) MeV/c?]

|
s
—

3820

| | | | |
3860 3880 3900

M(n T Jhy) (MeVic?)

3840
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$ X(3872) continued (reminder)

- Confirmed by BaBar, CDF, DO Bt > Kty Jiy ::_hlesongoig
World average: M, = (3871.2 £ 0.5) MeV/c? *[713.6%4.4 evts.(40) '

< 2.3 MeV at 90% CL
- Near threshold: M, — m(D°) — m(D*) < 1MeV

Events/bin

o
T

| | | |
3736 3928 4120

» From M(1r*1): clustering on high end oy M“’;/’“’) ey
X(3872) — Jiy p (S or P wave) (J =1 or 2) ! __ly _"’) =0.14%0.05
Br(X—-rn =« Jly)

CDF Il 360pb”" PRLI6, 102002 (2006)

L X(3872) — Jiyn'n %

- Jyp p (L=0)
2001 — - Jyy p (L=1)

Decay modes: J/yy (C=+1),
J/pw and J/yp (isospin breaking)
DDt (but no DD)

(o]
n
(=]

150

| Multipole Expansions for ct:

100

&n
[ ]

X(3872) yield per 20 MeV/c’

=

th
=]

 From angular analysis, M(1r*1°), | LN -
0.4 06 0.8
observed decay modes: M(Tr+1r)
favoured J°¢ = 1** or 2*; no c¢ candidate
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Q(B X(3872): What is it?

* No obvious charmonium assignment ...

 Other possible interpretations:
m[cul][cu]or[cd][cd] tetraquark:
- Would require different mass of X produced in Bfiand B° decays.
- Charged X is predicted. .

{ Maiani et al., ¢ hep-ex/0407033
PRD 71, 014028 (2005) } [ in2Dan, | n.'' M too low and I' too small

— So far no evidence (?) wf @ P

w = -~ h,' angular dist rules out 1"~
- - TPED
*0M\O0 . L L AWDoY |
= D*°D mgolecule. *0 3872F ‘“""‘—“:fnzm“" 1T-1X.," T'(yJ/y) way too small
'MX"' m(D°) + m(D*’) R ey e
- Isospin breaking = | ¥ T(yXa) too small

- Favours J/gr1r over DD/ M(m"n") wrong

- Production in B° N mmn,should dominate

d wrt. B* o
S{uglr')araetsesneetv;l ] [ ¢, I'(yX_,&&DD) too small
hep-ph/0710.5482 } S [ et et i

JPC
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i = X(3872): D°D°rr° decay mode

Belle : 447M BB
PRL 97, 162002 (2006)

B+->K+D°B°Tl°/B°->K°D°E°Tl°
— 0[)0470) =~

M(D°D°r®)and AE in M(D°D"rr) = M(X) N=24.1 +

B signal region

B T R e P
il%:liﬁiil n;%l;d-ag-i. “.iaﬁ' Tgaziiig

oy
A e e
o e peifisdezgasBin- or” sotle ="1sRETRf Teild
:’.-'“n ERLT I!l :hi.'i_ o {_:ni E E -_E':[ “Hgug= . ='
E :;?!::E=:PHE;, _il_:iE'E= l-:.E g . !' =
e . 1 _________
7 : o o 0.0255 0.051 0. D?BS

= 0
Ly : M(D"D"x")—2M(D")—M[x") GV /e

Br(B_KDDeT®)=(1.27+0.31+-22 _ )x10-4

-0.39

Br (X - KD°D°re/Br (B* - K*X) BR(X-1e1ed /) =9.4+36

«M = (3875.4*"2  )MeVIc? (Is it another X: X(3875)7?)

. Supported by BaBar: M = (3875.1*°8 __)MeV/c? (in B~KD*°D°; 383M BB)
{ hep-ex/0708.1565 }

» Tetraquark interpretation {Maiani et al., hep-ph/0707.3354}:
[ cu J[cua ] — DDere (X(3875)) ; [ ed J[cd ] — J/wmr (X(3872))
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i = X(3872): recent news

Now X(3872)—J/ym 1 is studied

657 BB
in B*—XK* and also in B?— XK°,

- Applying AE and M, _selection: First observation
in this mode!

= E
g so B+ XK*
= F 12514 events Bo—XK?,
g % (120) 30x7events
& 30b
20—
*m;
03 85 383 384 3.85 3.66 367 360 3.89°39 301 7% 34 38Y 386 387 388 389 39 3.
+3.096916 (GeVic?) +3.096916 (GeVicT)

M()/pmrtmr) M()/pmrm)

AM~O0 : Not really supported
by the 4-q hypothesis

SMx = M(X from BT) — M (X from B%) = 0.22 4+ 0.90 & 0.27 Me

0/+ _ B(B°—X(3872)K°%) R~1: Not really supported by the
[t = B(BT—X(3872)K+) 0.94+0.24+0.10 molecular interpretation
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e un-tagged events (e*,e-undetected) X?*nof=1.9/9
o D\SK T, Kmm), K

D*—K- 1 m
o pt(DD) <0.05 GeV/c

25 -

[>]
Q

.

64 + 18 events

)

Events/10 MeV/c?
o

-
[=]

|

D

|

| panay

D

<o

BELLE

‘ } 5.30
e St

3.7

T

“ M(DD) [GeV/c?]

l = (3929+5+2) MeV/c? 0 bt it

Belle : 395 fb™!
PRL 96, 082003 (2006)

acceptance 193* D, beam axis in yy frame
correctedig

M(DD): 3.91 - 3.95 GeVi/c?

J=2 expectation

J=0 expectation
X2Inof=23.4/9 °

D side band

3 0 01 02 03 04 05 06 0.7 08 09 1

= (29110+2) MeV 6o

I (2(3930)) Br(2(3930)+ D D)=
0.18+0.05(stat.)£0.03( syst.) keV

Z — X r | S.Godfrey,N.Isgur,PRD32,189 (1985)
= c2
' 2°P, cc | C.RMiinz,Nucl.Phys.A609,364 (1996)
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® — ]
- =+
@Double cc production:J/yp & C=+1 state

Belle : 357 fb"
PRL 98, 082001 (2007)

Inclusive production: charmonia X(3940)—D™D ?
X factory  reconstruct J/¥ + only one D
) (to increase reconstruction efficiency)
e e*
e [ qu— - constrain M ____ (J/¥ D)=M(D®™)
Reconstruct J/'W —€*t- (to improve resolution: a(M ..,(J/w))~10 MeV/c?)
Jiy (mass & vertex constrained fit) ~,
* Recoil mass (mass of X): 3;3 ° Mrecon (/WD) =M(D)
\/ ¥ vy 42 c 4
Mrecoil: (EC}’I’IS_EJ/I//) _let// = 2
"w150 —266163 events 0
[ M~3936 MeV/c? .
= - n,
S 6
100 - :
= : o.(Mrecoil) ~ 4;_
. 30 MeVic? 2—
°r 03
M=(3943+6+6) MeV/c?

M () ' I <52 MeV @90% C.L.
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Double cc production: recent update

» Used the established method to look for the 693 Th_

D®D™ resonances in e‘e—Jly D®D™® with larger statistics ...
« Reconstruct J/¥+D™: Accompanying D™ peaks seenin M___(J/% D™) dist.

. Processes tagged this way: J/¥DD, J/¥DD*, J/'WYD*D*, J/IWD*D,J/¥YD*D*
(all > 50)

§ J 0 Drec J/UOD,,

= NN, N \,
162£25 | 7.6
159428 | 65 || 19009 | 5.3
173432 | 56 || 472755 | 84

« Constrain Mreco"(JI‘P D*)=M (D™) and look at

D®D™) distributions ...

nominal

(JIY) =
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@ Double cc prod.: X(3940) and X(4160)

PRL 100, 202001(2008)

N/20 MeV/c?

8 L1 | L1 1 1 .
1.2 1.4 1.6 2 I 2.2 2.4 2.6 2.8 q|.2 1.4 1.6

Mrec(Jl:!'D.). GeV/e? Mrec!Jl:I:D*). Gevic?

% e‘e — Jiy D D* E e*e’ — Jiy D* D*
£ X(3940) X(4160)
: J( 5 By New!
M(D*D) N R M(D*D*) O sevel
M=(3942 *7 . +6)MeV M=(4156 ** , 15)MeV C,=+1:
r=(37"_ 12)MeV r=(139+111_ +21)MeV X(4160/#u(4160)

 Possible assignments:n (35),n (4S),x_,(3P) (but masses 100-150 MeV too large)
* Needed to be done: angular analysis; search in yy—DD*, D*D*
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Q(B Study of 1-- states with ISR

* ISR gives access to JP¢ = 1-- states y
. . - ISR
« Information on 1-- charmonia above € -
the open-charm threshold .
X X B 1 g
. Exclusive hadronic cross sections at Vs <E___ °\
can be successfully performed at B-factories: o \ W

ISR enables wide energy range,
high luminosity “compensates” for the emission of hard photons

 Y(4260) observed via ISR by BaBar,
later confirmed by CLEO

Using BaBar's approach and large collected statistics Belle reports
new results for these 1-mesons
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ol =< Study of 1-- statesin

o Study of e*e—y s JIPTT* T
 Reconstruction: " m & J/y(—e*e , u y)
(no extra tracks allowed; y .. not detected )=

 Missina( rec.) mass identifies ISR process:
Mrec: \/< Ecms - EwJ/t//Tr+ 1'r')2 - pJ/z/Z/Tr+1T'

* Fit to M(J/gp1r*1r) with two coherent BW curves

* Y(4260) confirmed (discovered by BaBar)

e‘e —y J/PYmm

PRL 99, 182004 (2007)
548 fb-1

=+

os-::r:

[

meoj

Entries/0.08

-1 05 0 DS 1
cosBof m T Jhy

Géaclggrou nd-subtracted
distributions (MC check)

 New Y(4008) resonance? { Might be: re-scattering from DD*; coupled-

channel effect?é}O

Parameters Solution I Solution II - I T |
— /o]
4008 + 40f2,;: N =TT -
) S60F i e Solution | —
220 + 44 4+ 87 cu I i
= D Solution 1l
B-Teso (R1) 50414750 124+ 24+145 S New?
M (R2) 4247 + 12+17 ¥(40
-
Lot (R2) 108 + 19 + 10 w20F A
B.-T. 4+ (R2) 6.0+12%7L 206+2.3+)1 o et T MR
. aHa+T 11- 28 4 4.5 O, 5.5
¢ 122979y  —111 4+ 775 M(r* e Jiy) (GeVic?)
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Study of 1~ states in e*e—y  W'mm

PRL 99, 142002 (2007)
673 fb-1

Study of e*e—ysg Y(2S)TT" 1T

Reconstruction: ' & @(2S)(—T1r' mJd/g(—e'g, | ), w—
(no extra tracks allowed; y .. not detected )% | ] 80
®20}F 1 5.
 Missing( rec.) mass identifies ISR process: %iz
%‘10— 1w
. & 2 * 2 = [
Mrec_\/<EcmS_El//(2S)1T+7T'_> _pW(ZS)W+Tr- Lﬁ D_'_Z Ifljlll 5 4 -
* Fit to M(yp(2S)1r*1r) with two coherent BW curves; ...

Y(4360) resonance:
close to BaBar's (4324+24)MeV/c?), but narrower

New Y(4660) resonance?

1

R RN IR
+ data
_MC ]

N

-05 0 05 1
cosO of T T w(2S)

Background-subtracted
distributions (MC check)

| | ..ol New? Al
Parameters SO]UUOE.}IM — io{l)utlon 11 %’E ! Y(4360) New?hzmt-
, Y(4660)
5 | ;
QL
4664 +11+£5 = 5 -
48 £15 4+ 3 W r I
5 - 30£09£03 76£1.8£0.38 0 — : B 4 1
) : ; 22 79+ 17 £ 20 4 42 22 2
¢ 9+30+22 —79x17+2 Mz w(2S)) (GeV/c®)
Marko Bracko: Recent results on heavy quark spectroscopy at Belle FQC 2008, Bled, Slovenia 46



1- Y states with ISR: What are they?

Charmonium options: e
« Y states above DD threshold UL S R S & o [

but don’t match well the peaks S [ i i e souon —

in DODO cross-sections Sa0 | Vamg
« Large widths for ymrm £ V(4ods)

transition: not likely for wEr AL b L ]

conventional cc L Eoidd Mpchebulugnttly
* No cc assignments available in HEEE 4'5Mému/w (é’evm) > °

this mass region SN R A T ,

(there are too many 1- states) o The Y

Z1of .

Other options: g _
« Charm-meson threshold S 1

effects R B AR [ Belle - 67307
« DD, or D'D, molecules i+~ | hep-ex/0709.2565
* cqcq tetraquarks R SR T Y SO KK-JINP
* c¢cg hybrids predicted@4.2- 2 6p : T :

5GeV DD, mode shoul B 4f

dominate £ ,f
» Coupled-channel effects S inll. e

45 ¥ 4'5M(+?<+K'J/w) (%eV/c2)
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</[O

DD

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

PRL 98, 092001 (2007)
548 fb-1

p(4040) y

Exclusive D*)D*) cross sections w. ISR

PRD 77, 011103 (2008)
673 fb-1

)(4160) y(4415)

Y(4260)
: Y(4360)

4

Y(4660)

'—H—HIIII|\\\I|IIII

T w i

. .qJ‘J”fJ‘HHfH

44 46

_‘IR q

Method is well established g ’r** i"ﬂ ; a)
_g > + * : : D Q
Difficult interpretation T i w Hﬁ“ w :
in terms of resonances SN A "" "o vt
. .. = C b)
(there are many maxima/minima, j_ H}* D*D*
model dependent coupled-chann 3F # t, :
and threshold effects...) 2t +’f++++++m '
15_..'|'..|. . +Wﬂthmﬂ"*l*ﬁnﬂ
3.8 4 4 2 4.6 4.8 S
I\I(D( D) GeV/c?
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2: Charmonium spectroscopy update

Few new states added...
... but we still do not understand them ...

e e e

- 1}[&5) or ,ﬂ*:, tid ! 7

i Mepy_ "L 1

- /N(4S) ey, N
4.0 'rjc[:BS) B Xc1(2P) X'c::a(BP) ]
i Y X(3B72) =5T7% mDD,y

3 ™. )/ Y

o= L _2MON DD
T m(28) iﬁ“;— |

- \T;:hc(lp) Yon(1p) " Xe2ID) |

3.5 — / _— |

yd X(‘.O(lp_)

- J?l‘:J/./// |
/T /9(18 sk : -~ ~ YT T _

i ;s Charmonium family |
30— 7(18) —
B A I 1+ 0** 1 2™ i

L =0 0 1 1 1 1
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Summary and conclusions
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Q(B Summary and conclusions

. DS , states :

== D_’(2317)* and D_ (2460)* better understood,

but mass shift not clear yet ...
==) New D_; state observed in B~D°D°K*: D_(2700)* — D°K*

==) D_(2460):-D_,(2536)* mixing? <3 >*F 1 _o ~
(HQET not so good ...) T 3fF1=12 12 312
» [ Y
= i O D,,(2860) 7?.a%)
2 2.8 [ Db (2700) 7 \j
S|
2.6 [ S— — _._
: —
24 o' I D,,(2573)
@ \ D, ,(2536)
==) New results eagerly awaited ... 22 F DX L Ra00)
& D + D.,(2317)
2F  -»-
1.8 1

=0 1~ 0* 1* 1* 2
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Q(B Summary and conclusions

« Charmonium(-like) states :
==) Two radially excited conventional states: n_', X_,

=) Following the X(3872) “tradition” of discoveries ...
... 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 spectroscopy established at 4GeV?

Good candidates for molecular states, multiquarks; hybrids; ...
X(3872), Z(4430)*, Z.* and Z,*; Y(4260); ...

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

==) Many interesting results and new states come from Belle ...
... it is important that a lot of studies are still ongoing,
so expect more exciting news soon ...
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cms™~ My 45 =10.58 GeV
9.0 GeV e (HER)

T71x10% em2s(WR))

- \‘l ' '
8.5 GeV e (HER .
3.5 GeV e (LER)

Rate Lumi. X0

PPPPPP

[a—y
fe)

34 PeakLummoslty trends in last, 40 years
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w
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Q(B Analysis tools: B reconstruction

- [ 7] G »
. aussian
L] ™ r - ‘
* -" "."'" - "- :
:* AT ® L] "&-
- = .}' -- L
i - -
vooos ey
™ f , it n 2
.’ smooth and known background
. s W @
i | Tl 3 1 L 1

M., (GeV) ﬁ AE (GeV)

AE=) E-E, /2

Gaussian

Reconstructing B meson
decays at Y(4S):

, use two variables,

M, (CeV) beam constrained mass M, _

- ARGUS function

and

2 - \2
Mbc: (ECMlz) '(Zpl) energy difference AE
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Continuum background suppresion

r % N
» The background : ~3 x BB |[* The event topology
“continuum” SpheriCal BB
¢'e —q7 versus
(g=u,d,s,c) Jet-like continuum
) signal =P Fisher variable
*‘ - - . 0.07
of * B flight directio
s | - 050, - M
5% 1 T " (BB: ~sin%0_;cont. : flat) o=
i | | [ee—Y(48)>BB  Ceiitet
v | ;' L continuum » B-flavour tagging  -f, | — o,
i P i) ] a1z
st 0 ;* ! r.,-* '+,1 —btag-guallty \;5.; L
| ! 0, da e parameter r E:LMW
g 5777771 || (= confidence that the other B el
\ ¢'e” Center-of Mass Energy (GeV) ~ ) \meson's flavour q is correctly tagged) R P

Marko Brac¢ko: Recent results on heavy quark spectroscopy at Belle FQC 2008, Bled, Slovenia 56



B—D D_(2317)*, D_,(2317)*—D_*m®

1 | ]

Belle: 274M BB
BELLE-CONF-
0461 (2004)

I | |

—

Events/ (0.01 GeV)

AE (GeV)

LY L L LY
0.1

2.3

_1III'|1TII'|1TI1'|TII1]

M(D,,) (GeV/c’)

- D, (2317) decay mode — natural spin-parity

- D, (2317) decay angular dlstrlbutlon > spln 0

20
Ds
w®

8
8 ,? { DsJ B § 10

______ ,* e ‘:{1 ) s, D wl

X
\\w
L

Dotted line:
J=1
X?/g.0r = 38/8

+ #+++

il

Solid line:
J=0
X?/a.05 = 3/8

-1 -0.5 0

0.5
cos(0p,,)

Natural
spin-parity
— JP=0*
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B—D D_,(2460)*; (b)D_,(2460)*—D_*y ; (c)D_,(2460)*—D_*(2112) *m°,D_*+—D_* y

L= T | UL u

+ P I (b)

20

1| Belle: 274m BB
1| BELLE-CONF-
1| 0461 (2004)

Events/ (0.01 GeV)
Events/ (0.01 GeV)
)

5 [T
P 2 z
R NS Ea AV

o o

A Sl it s ...
Il . i . — Ul T A el ik i o
s o I P W P

2.3

2.4 2.5 2.6

M(D_,) (GeV/c®)

D. y mode: absent, if ]=0 D.1° mode
. 15
Dashed line: o0 [ Solid
J =2 i I line:
10 -

<7 21 2 L S-wave

Solid line: f T -
; oL —JP=1*
j —_ 1 0 N I | | | |
coeoo b b by - - EE—
2 — -1 0.5 0 0.5 1 - 0.5 0 0.5 1
X*la0r = 4/8 cost00.) C05(8p_.,0)
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$ Z(4430)+ state: more info

Z+(4430) N

S-, P-, D-wave interference: f |
— —_ R LIJ
resonance | Longitudinal ¢ | Transverse ¢/
AQ K
K constant S S
i o vesinde || 5 22 GeV2/ct +1.0
K3(1430) % cos 02 — % \/gsin 0. cosf,. \A E N R
c
< c )
incoherent
2
» 4437 L 005 |-
> S GeV2/ct
' g
() 3 N
! ; ZM .
Y24 17 A m
18 j @
_ 3 :l

1cannot produce

{a single narow peak | M,m,”im 16 Ge\72/04 -1_vO
lat cos 8_~ 0.25

0 -0.5 0.0 0.5 1.
cosf_
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$ Z*'and Z)" in B’ Kt X_, decays: fit

e data
--- background
Fit results: M?(x.411*) projections in 4 M?(K-1r* ) bands " fit function

..... fit function without Z

Low M3(K-1r*) Mid_L M*(K-r*) High M?(K1r*)

50 g 50 g 50 ¢ 50 £
Nullhypothesis: |1, % | ”@ sE O 45t ©) 45 @
wg. |3 35E \ { 35 F 35 - 35 £
all known K*s; (8 5F 0E W M 30 E 30E
T o 25E 25 - \ 25 E + 25 -
poor fit : = 20 20E 20 E 20E H
*4 (-4 £ 15 15 15 E 15 -
5 5 Ef ) = ant =
Add Z Tr+ 0 |1|4|||1|6|||1|8|||2TO|||E|2 0 J14 16 18HH20—_‘22 gfl 4|:|+|L|"T_|W‘|‘I—I=|—|—I’+;'T1L SEI|I ’I’I"Ti'TH(T -
— 21 1 14 16 18 20 22 14 16 18 20 22
. . 45E a)| 45F b)| 45 £ () 45E (d)
signif. 10.70 0 40 —| e © 40 - 40 E
> 3BE 35 35 F- 35
(\/(-ZInL/Lo) ), S 30E 30 £ 30 E- 30 E-
S 25 B 25 £ 25 } 25
C.L.=103 = 20l 20 £ 20E 20 F
£ 15 : 15 E 155 13 4Ly 15
= +31 2|3 10 . 10 E : 102—" ' + 10 E .
M=(A150,0) MeVICH £ 12 LT SR L _.'*# I 52_'hr ettt SE s A |
Ll b b b ik o A B NI Itk O I E L rEreEET ELL1 T T T
r=(352*°,,) MeV 0216 18 20 22 ° 14 16 18 20 22 ©° 14 16 18 20 22 ° 14 16 18 20 22
50 g 50 E 50 £ 50 £
45 —} ‘(a) 45 (b)| 35 E (©) a5 E (d)
+a . 40 & 40 & 40 £ 40 E-
Two Zoy 1t E 35 E 35 E- 35 E- 35 E-
.. 30 E 30 E- = =
signif. wrt 1 Z: S 55 EH 25 E NE SoE
S 206 20 = 20 E- 20E
9.70, 2 155 | 15 £ 15 15 &
2 10 Yol 10 EgR 1|10 B 10 E-
CILI - 0-4 Ll)" 5 = _L1———’1'““‘-_- —— 5 = B II*+_i ' 5 %— 5 %— d
O|||||||||||||T|||1-| 0|||||||||T|||‘||||T‘l DE ||L|r||1|||h|-rTTL OE|| "
14 16 18 20 22 14 16 18 20 22 14 18 18 20 9292 14 18 18 2n 9292
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*and £, : fit fractions

One Z* Two Z7
Contribution Fit fraction  Signif. Fit fraction  Signif.
Zh (33.17% )% 1070 (8.072%)% 570
Z; — — (10.4753)% 570
K (1.9+1.8)% 2.10 (3.6 =2.6)% 350
K*(892) (28.5+2.1)% 10.60 (30.1 = 2.3)% 9.80
K*(1410) (3.6 +4.4)% 1.30 (4.4 +4.3)% 2.00
Ky (1430) (22.4 +5.8)% 340 (18.6 +5.0)% 450
K5 (1430) (8.4+2.7)% b.20 (6.1 +2.9)% bdo
K*(1680) (5.2+3.7)% 220 (4.4+3.1)% 240
K3 (1780) (74i30) 360 (72i29)% 380

2%
ere is small net interference effect
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Q(B X(3872): properties (by Belle)

World average: M = (3871.2 £ 0.5) MeV/c?
(PDG 2006) < 2.3 MeV at 90% CL

Belle: 275M BB
. N 20 . . . epee
B*-> K'YJ/Y [ 113.6+4 .4 evts. (40) =R
M=3872 MeV/c?

B*— K* x(yJ/yp) as

l

calibration mode, Extracted # P 3 oFl3 MeV/c?
° veto of B’s Lﬁ . b L
in bins of | L | | |
M (YA/IP) 3736 3928 4120
Belle: 275M BB M) (MeV)

hep-ex/0505038

Br(B—XK) Br(X— 1rrJ/@) = (1.31 £ 0.24 £ 0.13) x 10

charmonium, DD*,
tetraquarks...?

Br(X—-yJly)

. —0.140.05
Br(X—-n"n Jly)

E.S.Swanson,PLB588,189(2004) -
L.Maiani et al.,PRD71,014028(2005) C(X(3872))=+1

Marko Brac¢ko: Recent results on heavy quark spectroscopy at Belle FQC 2008, Bled, Slovenia 62




$ X(3872): properties (by Belle)

Angular distributions
in B - K* X(mml/y)
Examples:

Belle: 275M BB
hep-ex/0505038

15

10

§Jﬁ=dﬂ-lekpehtédl | |

1.00

| x l -

| cosO|
X(3872)-» J/¢ p,S-wave

0

o\ X (3/0, p)
g rrrom

I q
1* \ 1
[y
x2/nof=31/9

T
\X(J/LIJ, P)

K ‘\9 B
™

x2/nof=5/9

except

1++ , 2++

1+ > DD* S-wave
2++ > DD* D-wave,
suppressed by
(q*)2L+1
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i = X(3872): properties (by Belle)

+ + Belle: 447M BB
B+-K*D°D°r /B°-K°D°D°1e hep-ex/0606055
M(D°D°rr®) = M(X)

_ (submitted to PRL)
M(D®D°r®)and AE in N=24.1

B signal region
e ggg:ﬁ SLATEIE ﬂ;é"::;a““"i

LI
=

MeV /¢

c
s =
¢ Sk :liﬁii: Hmesticasihii, T@_" eI 20 9
T Healijetey, e iy %1 ] =
;. Hoe :irﬂﬁilrsiﬂ=E=g‘:=;'is!~fi : ] S B
R R H R R 210 E
g I R A 3 &
i TofEgEs = e :
=333 0 = =
Tin 2 0 00255 0051 00765

M(D"D"x")-2M(D")-M(x") GeV/e*

(] 3HTO-=M«ILETH

Br(B - KD®D°r®)=(1.27+0.31*-22

bl SHRRMaNEDL |

Br (X - KD°D°re/Br (B* - K*X) BR(X-1erJ /) =9.4*36

This 1s hard to accomodate with a 2+ state,
but M = (3875.4**2 , )MeV/c? (Is it X?)

resonance

il

bl SEL0=M=ILDTH

[kl 3EAMaILIM2

Ea

However, i1f the resonance = X(3872), then:

Evenisd IOM:eY Evenisd LOMEY Evenis S LOMeY Evenisy 1OM:eY
Ho

i
LS ittt Jre(X(3872) ) =1+
AL (Gev AL (Gev 45 (Gev)
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$ X(3872): interpretation

Tetraquarks: L. Maiani et al., PRD71, 014028 (2005) 4000~ PR
i L X(3940)
* predicted spectrum . sy sz T
 mass difference: 3gs0} 3832 Mhput T i
walls 3754
T+2 3750} 3723 .. T | ot
M(X,)-M(X,)==== MeV o "
cosd :
- . 3650
0: mixing angle .
O++ 1++ .1+ 2++
DD* molecule: E.S.Swanson, PLB588, 189 (2004)
] i Zi 100 \
« wave function fractions N
Br(B® - K°X) |4Z)2 + Z4*) _ DoDo
Br(B+ — K+X) \4Z3({2+Z}r’?\2 ;’%; n [
QZUUF(D*D) D*D _
Lie— : oot~
Z pd)r(p) o T e s S—
Br ( X — DODO T 0> ° O/— 5 1I0 1EJN’ 20 25
R= ——=10+4 -
Br(X_)J/LIj e ) binding energy
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. Belle : 275 BB
Dalitz plot for PRL 94, 182002 (2005)

B> KwJY;w— 1 T m

e o " T/ r o e ] No. of B’ L M(Y)=(3943£11%13) MeV |
B K'J/ K- KW No-orEs s0f- [=(87+22+26) MeV |
§ - : =:E:=E:I,..:]:§S=pnant in bins of - ! 58 £ 11 events
ST B cthotures | g M(GI/Y) e
B ) ST e
2
B Br(B—Y(3940)K)
1651 x Br(Y—w J/IY)
= (7A£1.3£3.1)x10° [ L . . o L
M(J/ w)
M (Kw) radially excited P-wave cc? _
:.E.f:;)c;lse,l;zi:?,,azg;“ggs) __but it has Iarge Br(Y-w] /LIJ) Mass/widths need
ucl.Phys. , _
C.Banner et al., * cc-gluon hybrid? _ further StUdy
PRD56,7039(1997) Has suppressed D*D®™ decays (discrepancy with

BaBar: hep-ex/0711.2047)
... but hybrids predicted at M>4.3 GeV
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DD . - e
<JO X(3940): Interpretation (at 357 fb)

Belle : 357 fb™'
PRL 98, 082001 (2007)

e There is no evidence for X(3940)—J/p w : X(3940) # Y(3940)

« Combine inclusive/D*D tagged samples,
common events removed, corrections for tagging & veto efficiencies,
assume equal fractions of X(3940)—D*°D°and X(3940)—D** D-

For more than 2 charged tracks

@ X(3940—D*D) > 45% @90% C.L.
Br (X(3940)—D D) <41% @90% C.L.
Br (X(3940)—J/y w) < 26% @90% C.L.

There are several speculations on X(3940) nature, all with pro’s and con’s

— further experimental study needed (angular distributions)
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