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The Belle detector

D

o

Belle

Aerogel Cherenkov cnt.
n=1.015~1.030

SC solenoid “‘Q'“'H

1.5T 3.5GeV e+

Csl(Tl) 16X,

TOF counter

8GeV e~

racking + dE/dx
small cell + He/C,H,

u/ K, detection

Si V’fg- det. ., 14/15 lyr. RPC+Fe

3 lyr. DSSD

New charmonium-like states: X, Y, Z...

Entries / 0.5 ps

Heavy hadrons
spectroscopy

L=0 L=1

B-mesons
400F g°  JiyK® BY tag
300f Bltag
200
100

=]

o
n

g i
E 0
[ Lat > 1000 b1 =~10° BB
-7.5 -5 2_5-éra(t)(ps)2_5 5
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KEKb accelerator <o

Belle

B Y

Offtine+Online Luminosity (pb™) (/day) 2010/05/27 07.28
Il onresonance, I offresencnree, [ erergy scar

g T T T T | T T T T T T T T T T T T
g 1600 L
o 1400 T

b =

By n

& 1200

E 1000 ¢
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3 800 -
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o
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20000 [ S—— ]
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— ersource

—-,-- .. e -

e e -

PP AN S Y -

Integrated Luminosity (ph

1 S ——

Y(4S):  ~710 fb? _
Y(55): ~129 fb? E B
Y(3S): 2.9 bl Belle log total : 1034.05 f5 Dae
Y(25): 24 fb!

Y(15): 5.7 fbt
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KEKDb operation stops in July 2010



http://jp.f35.mail.yahoo.co.jp/ym/ShowLetter/ringanimation2M.gif?box=Inbox&MsgId=2406_9445966_98224_1696_384623_0_1738_499387_3403004772&bodyPart=1.4&filename=ringanimation2M.gif&tnef=&YY=43275&order=down&sort=date&pos=0&view=a&head=b

Charmonium: a long story

First cc state, J/Y¥, was discovered in 1974.

During next 6 years another

9 cc states were found: a7s 'So S, B, %, %R, %, B, D, , ‘D,
P(2S), N XoX. X2 s W(4415) —
W(3770),W(4040), —* 4160)
(4040) Ijﬂ
W(4160), W(4415) . [ T=¥ L ]
No hew 350 — pen;azrgso Y(3770) .
charmonium - X, X, X
states was found ¥
during 1980-2002 3“":',7:'
o Cl 1 | 1 o+ l 1 2 -t l 1 - l 3
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XYZ: hew Zzoo' /O

Belle

Many new patrticles (>10) were discovered during last few years:

Conventional (3 states) EXxotic (still no conventional explanation)
[25+1}L
J s, s, *p, P, °P, 1P °D, 3l:- ‘D, 'D, "2, State M (MeV) r(Mev) JPC
E;I_‘ 50“0 | | | | | | | | | | | | I | | | | I |
% 4750 n. (28) (ZP) _2(394 O) Y, (2175) 2175 + 8 58 + 26  1——
% 4500 ““““{L‘m h C N X(3872) 3871.4 +0.6 < 2.3 1++
o " vias20) 2'(4430) 4X(3915) 3014 + 4 23 + 9 0/2"+
= 4250 xa160) " Y40 — 1 o | Z(3930) 3920 + 5 20 + 10 o+t
4000 — y(4160) ,ﬂmgf | X (3940) 3042 4+ 9 374+ 17 o'+
| m ' Y (3940) 3043 + 17 87 +34 77+
3750 —y— ST Y (4008) 4008152 226 5 1=~
350 0( B X (4160) 4156 4 29 139+113 o'+
# K o Y (4260) 4264 + 12 83 4+ 22 1~ —
3250] = - Established | Y (4350) 4361 + 13 74+18 17—
. X (4630) 46341° 92 1~
3000~ YV - Y (4660) 4664 + 12 48 + 15 1=~
{19) P oor /y Z(4050) 4051+2% 82151 ?
2750 fits with | Theory - Z(4250) 4248+185 177930
2500 I I !‘h&r\i’i/. I T I I 2(4430) 4433 + 5 454—_3;.58 ?
0t 1T 21TV 3T 27 1 2t 2 pe Y}, (10890 10, 890 =+ 3 55 + 9 1——
J ( )
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Charmonium production <o

Belle

There are several charmonium sources in the e*e” physics

% (cc)
Hadronic B-meson decays ~ [(B:meson J=—== x x-ec

—

N ISR
e*e” annihilation through ° —
virtual photon (including ISR) s A
e+

Double charm production in
. hilati (cc) ~ (cc)
e*e” annihilation ()

C-even;
J=11Is
forbidden

Two photon collisions

QUARKS-2010 6 June 2010 T.Uglov (ITEP) Recent news form Belle 6
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Hunt for a New Spectroscopy <o

Belle

Direct indication of the New Spectroscopy in charmonium:

Observation of states with forbidden J°P €

Extremely narrow width of the charmonium state

Non-zero charge or strangeness (or both)

Indirect indication of the New Physics:

Mass and/or width which does not fit any model

QUARKS-2010 6 June 2010 T.Uglov (ITEP) Recent news form Belle 7



X(3872): unexpected puzzle :B

Belle
First observed by Belle in E Y —
2003 in B - J/¥ niniK process - fep-ex/0305038
. e PRI .91, 262001, 2003 Charmonlum _)\]/L,U p 8:
@ e violates isosopin ~ *
100 ' PRL 98 132002 (.2007) 040 7_(} f75_0[ maS?SGOSDeC l? I’TEI . 0.80
+ Angular analysis: _ JEe o om,
};,H&— JPe=1""or2* 3 A "
""""""" ] : i
M(J/ @) }é’ l~ \é 4
M X(3872) is close to D°D*° threshold < T Z
M=3871+0.20MeV LR I -
Not clear below or above (Am=-0.25+0. 40M8evj iy GeV/E) g’ my (GeViE)
surprisingly narrow I' <2.3 MeV @ 90% CL B KDODon;rI}fsivc;ogggoéSﬁ;
PRL93, 051803, 2004 . 7
r(X-DD) /(X - J/Wnm)<7 @ 90% CL M(X(3872)) is now the

same as from B - KJ/Wrmrt
QUARKS-2010 6 June 2010 T.Uglov (ITEP) Recent news form Belle 8




Y(3940)

|
gD

PRL 94, 182002 (2005)

30 ammm -
N B KY I
B Y — J/‘-POO i
20 _— —
B 8.10 M=3943 + 11 + 13MeV/c?

10

=87 £ 22 +2MeV

0

3880

4080
M(wJhy) (MeV)

4280

. PRL 101, 082001 (2008)

Events/10 MeV

J =0, 2 only

Tes M=3914 * 3 + 2MeV/c?
L=l = 17 + 10 + 3MeV

M(wJ/Y)

r, (Y)xB(Y - wJiy) =

ok S I (61 £17 +8) eV for J°= 0*
S H B* - YK* | = (18 £ 5 +2)eV for JP=2*
= } l ! i ifr, ~1keV (typical for excited
g [ l{ ?M'H M=3914.6 + 2 + 1.9MeV/c2 charmonium) I, ~ 1 MeV is quite large
Sl =34 +812 +6MeV for conventional charmonium
= ool BO - YKOS _ -3
z * l [ | ‘ ] If B(B - YK)~10" (OK for conv.
= 2001 ‘LL ] L : charmonium) then | ~1MeV
£ Al NB/IN(B)=0.27'8% 58
- C L L L - - - - *
~ ~3 sigma below isospin expectation =~ N0 DD or DD* decays
QUARKS-2010 6 June 2010 T.Uglov (ITEP) Recent news form Belle 9



Double charm:X(3940) & X(4160)

Belle

]
=]

N/25 MeV/c?

10

e‘e - J/¥ DD*

M=3942 "7 + 6MeV/c?
r=3777°+12MeV

Plausible assignments are J°¢=0-*

X(3940) = 3'S, = n(3S)
X(4160) = 4'S, = n (4S)

N/50 MeV/c?

For both X(3940) and X(4160) the masses
predicted by the potential models are
~100—250 MeV higher

decay to open charm final states
like conventional charmonium

production mechanism fix C=+1

known states produced in
e*e” - J/Y cc have J=0

not seen in DD decay, exclude

JPC=0++

e‘e” » J/¥Y D*D*

——

\

—y

ok I W B S F T & B Tty o

M=4156 ", + 15MeV/c?
r=139 * "+ 21MeV

My

M(D'D) GeV/c®

QUARKS-2010

6 June 2010

T.Uglov (ITEP)
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J/Wo: Y(4140) & Y(4350) B

. . Low efficiency
B* - J/WYpK Belle does not confirm ;_t threshold:
Y(4140) . J/W No big contradiction
o o, PRE102 2420022009 (a X ) ® e
o ‘ S M W ! +
=g 3.80 g F ¢
© 6F L/ > 105_ 1.90 o 4] m] h ! 700 fb!
r M=4143.0 +2.9 +1.2MeV/c? ' R
T 4f r=11.77,7 +3.7MeV o S | iR
g 3? 4;_ .\ _ ; N
5 ﬁ%} N ”JL%[L ) e N S Y l
UﬂTquHJ. : 0 . ... T R ¥ SR ¥ A Y Y 47
1 1.1 1.2 13 14 15 M(J/‘IJ(P), GeV
M(I/pe) - M(I/p) I i
Unexpected peak arxiv: 0912.2383 | T, (Y(4350)%
vy — J/"P(P at 4350 MeV/c? B(Y(4350) - ¢JI/p) =
= | JP=0" :
S E I 3.20 (6.7 ,;+1.1) eV
2 Y(4140) ) i 825fb! JP=2+:
c +0.7
Ry Ol = (1.5 s+ 0.3) eV
0 . 4.2 4.4 4.6 I 4.8I_I — I_.‘3

M(oJ/y) (GeV/c?)
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Y in ISR: 4008.4260.4350 & 4660 P m

Belle

e‘e -Y¥Y2S)nmy, .

m(rrIy) (GeVich)

ete - J/¥nrmt .
PRL 95. 142001 (zaosyls R M=4264 +12 MeV/c? 3 | PRL 98, 212001 (2007)
g 40 : - . =83+22 MeV 2 IY(4360)—>1/J(28)7UI % -
> b o' Z 10 —
= 1] 2 , Y(4660)? =
E; . r"" KT T j ] E : L’ :
E m. .Mm.iw, 1ﬂﬂ+ﬂflﬂi1+ﬁﬂnﬂ1*ﬂﬁ . B 298 fb'1
LE ] ) V5638 3 72 a4 46 48 s__ 51
| \ )l I 13 M=4661 " 2 \ \ ‘
_______________ r R M=4661 16 MeV/c B R,
_ AR r= 42 7 6 MeV 75 ; e
I S Y T I . mRTINY) (GeVic?)

- +9 2
T PRL 99, 182004 (2007) M _4355+ 740 +9 MeV/c
1 T =103 ,. +11 MeV
[ N | 2-BW fitwith , PRL99,142002 (2007) -
o 60 2-BW fit with interferenc ©1° [ interference '.
o . ) = <of .
> « two solutions: differerg; | — T
= | E peak cross sections = Y(4360) 3 Y(4660) ec- ACAC yl SR
& 40 [-(4008) “l: o10F g Lt 080 1y ex |
2 | 740 a L[] 1% : « @8 PRL101,172001(2008)
R S R 1 &
20 . .l_- S 5k 670 fb* [+~ "¢
[ - . g |_|CJ I g 20
114 [ A S E
M=4008+40 " MeV/c? ol s Simaigemnl] o
—_ 4 4.5 5 5. w. Al
— =)= == o . [ B N R I O PO e B
I- 226 — 44 _87 Mev M(Tc-"]-c W(2S)) (GeV/Cz) 91-.5 4.6 47 4.8 ;{?A;:D 51 5.2 E}.SVICSZA
QUARKS-2010 6 June 2010 T.Uglov (ITEP) Recent news form Belle 12




D

Z: charged charmonium? <o

B - Krt*(y(2S) T B - Km'x_,

i3S LA PRD78,072004 (2008)
o F & a;;,z"

®
00 o

3
ol %S,
o

Z(4050),Z(4250)

Gty M= (40515142 ,) MeVIc:
Igﬁg _? ch‘!' nE r= (82*21_17"47_22) MeV

N “"E’%gg ‘‘‘‘‘ M2= (4248+44—29+180-35) MeV/c?

0.5 F4 15
- K*(890)f MK K*(I 45 r1= (177+54—39+316—61) Mev
M?*(Km), (GeV?) M?(Km), (GeV?)

’(GeVZ )

M?(2S) m),

03.8 405 43 455 48 014_1| - |1|6| | r= 45:|-_‘i13'8 +f30 Mev 9

M), GevTe
PRD 79, 112001 (2009)

__ PRL 100, 142001 (2008) ¢o —— PRD 80, 031104 (2009) 40 ;—

: R i , 35 -

"| 548 fb- i o ‘ twoZ's -
L 2(4430) fZVOU’ ed .t
A i { =3 ys.70 3
I 1F * { ‘*ﬁ.%. £ 15F

T 10b 0] C

LT 1 M=4433+4 %2 MeVic2| o

5

Y T Sy Ly ey
M?('x.,) (GeV?)
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Y (2175)

D

<o

e - fy s s

0.6

6(0 f;) (nb)

PRD74, 0911 03(2006)

o(4f,(980)) (nb)

BESII:J/¥ - ¢@f, n

20 =r=T=T"T rrereererrTT T T T T T T T T T T T
- ' " PRL100, 102003(2008)
S I
= 15
o f
=
S
D 1of
=
L
=
L
5 -
i ++
1.96 2.06 2.16 2.26 22 .36 2.46
M(o f,(980)) (GeV/c?)
Experiment | Channel Mass (MeV/c?)|Width (MeV /c?)

BaBar [23]
BES [25]
Belle [26]

Y (2175) — 6 £0(980)
Y (2175) — 6 fo(980)

2075 £ 10 £ 15| 58 £ 16 £ 20
2186 £10+£6 | 65£23£17

Y(2175) — ¢nta, o fo(980)| 213376, 169735

Belle [26]
BaBar [28]

#(1680) — prta~

1687 £ 21 212+ 29

(1680) — K"K and ¢n 1709 £204+£43 | 322+ 774160

24 EY S PDG [3]  |p(1680) 1680 + 20 150 + 50
Ec . (GeV)
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o[Y(nS)nn] 1 o°[uy]

Y (10890)

ofY(nS)nr] / o°[uy]

energy scan
0.012 -
(c) ' Lan . . .
0010 ¢ v i1y e ww | | Neither inclusive nor
0.008) M- Y@Sym - A} ; ;
o006l 4 Y@SIT ___,I, _________________ {B exclusive (d_llepton)
oooal- T s Ccross-section are
0.002f— - : Pt ;‘t‘*‘EZT-‘-‘..‘_‘_‘.‘_‘_‘_‘_‘_‘_I_‘;j; consistent
e O SO A with Y(5S) and Y(6S)
0.012 -
0010~ g y{fs)ma "~ Cotes arXiv:0808.2445 -
0.008|— M-Y@S)RA- - - - :—+ ————————————————————————— 0c.
ooel A Y@ESET ) 2V S "/ PRL102,012001,2009 (g
0.004}----------——-——--—, R 0.5 ‘—:
ot I >\ ;
0.000 z ' : E i
10.75 108 10.85 108 1095 11 11.05 03 -
\'s (GeV) - .
T (10860) T (11020) 020 —
mass (GeV) 10.876 4 0.002[10.996 + 0.002 | o .
width (MeV) 43 4+ 4 37+3 Ol E
PDG mass (GeV) |10.865 & 0.008|11.019 & 0.008 RN [Ge{;f
PDG width (MeV) 110 £13 79 £ 16
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New States: interpretation <o
Conventional 9 Very well known model
charmonium: ‘. (&); JP¢ J=L+S; P=(-1)***; C=(-1)"*°
Molecular q“c_ Loosely bound two charm mesons
_State: . @ % quark/color or pion exchange
Tetraquark: a 9_ Tightly bound four-quark state

¥ '.‘ rel 1‘{.\1__\\% 1 '
:’E‘;l:g_d E.c Excited gluonic degree of freedom

Hadrocharmonium: Charmonium coated by a cloud

of excited hadronic matter
Threshold effects: Virtual states near threshold

QUARKS-2010 6 June 2010 T.Uglov (ITEP) Recent news form Belle 16



. . D
Interpretation: Conventional (cc) (s

Belle

Conventional c/ Very well known model
charmonium: ‘. @) J7¢ J=L+S; P=(-1)"*'; C=(-1)"**
X_,: Expected I'(J/Wy)/ I'(J/¥rrrr)~30; measured <0.2

~100MeV/c? heavier

X(3872): |

n (2S): Expected large [(gg) and tiny I'(J/WYrtm)
~50 MeV/c? lighter

Y(3940): I(J/%w) is too large

Y(4260): 33D1 ?2Y - DYDY not found

X(3940): n (3S)=3'S, ~100MeV/c’ mass shift

X(4160): n (4S)=4'S, ~250MeV/c* mass shift (it y(4415)=y(4S))

Y (2175): ©(2170)=3°S (ss) predicted width 380MeV

Y(4360), Y(4660)_- no vacant 1°; no open-charm production, too large I'(charmonium)

QUARKS-2010 6 June 2010 T.Uglov (ITEP) Recent news form Belle 17
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Interpretation: Molecule <o
Belle
Molecular q“c_ Loosely bound two charm mesons
_State: L@ L quark/color or pion exchange

Pro: MX~MD*O+MDO IS not accidental; DD* decay;

J“=1"allows S-wave; small rate for J/Wy is expected
X(3872):

Contra: too large X(3872) — @(2S)y; too small

binding energy: D's are too far to be produced in pp

Y(4140): not found in yy; small I(yy) disfavoures D *D * molecula

Y(4350): D **'D_* molecule with Je=o"
Y(4360),Y(4660): DD, or D°D* molecule ?
Z's: D (S)(*)D (S)(*) combinations of proper charge

QUARKS-2010 6 June 2010 T.Uglov (ITEP) Recent news form Belle 18
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Interpretation: Tetraquark <o

Belle

Tetraquark: qE C(_l Tightly bound four-quark state
X(3872): (c_u)(cu), (cc_l)(cu), (cd)(cd) small mass splitting;
no evidence neither for neutral nor for charged partners
Y(4360),Y(4660): (cq)(cq) tetraquark?
Y(4140),Y(4350): (ccss) diquark-antidiquark state ?
Z's: (ccqlq 2) tetraquark ?

QUARKS-2010 6 June 2010 T.Uglov (ITEP) Recent news form Belle 19
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Interpretation:Hybrids etc <o

Belle
Hybnd —.c Excited gluonic degree of freedom
state: &
Y(4360),Y(4660): Hybrids: supported by Lattice calculations

D™ D** decays dominates

Charmonium coated by a cloud
of excited hadronic matter

Hadrocharmonium:

Y(4360),Y(4660): Hadrocharmonium: (cc)+ excited light meson

Z's: Hadrocharmonium: ¥(2S)/ x_+ excited charged light meson

QUARKS-2010 6 June 2010 T.Uglov (ITEP) Recent news form Belle 20



Interpretation. summary

D

<O

State M (MeV) r(Mev)  JFC Popular interpretations

Y, (2175) 2175 + 8 58 +26 1—— ¢(2170)=3°S (ss)

X(3872) 3871.4+0.6 < 2.3 1++ Molecule, x ', n_ tetraquark etc
X(3915) 3014 + 4 23 £+ 9 0/2"+ Y(3940)

Z(3930) 3920 + 5 29410 2FF X.(2P)

X (3940) 3942 + 9 37+17 o' n(3S)

Y (3940) 3043 & 17 87 +34 7' Conventional (cc), hybrid

Y (4008) 400853 2267 17~ non-res J/Wnrm

X(4160) 4156 =+ 29 139713 o™ n (4S)

Y (4260) 4264 4 12 83+22 17~ 3°D,

Y (4350) 4351+ig 13 T4+i4118 17~ | Molecule, tetraquark,hadrocharmonium, hybrid
X (4630) 463417, 92+, 1=~ Y(4660)

Y (4660) 4664 12412 48 i5115 1=~ |Molecule, tetraquark,hadrocharmonium, hybrid
Z(4050) 4051757 827, ?

Za250) 42871 Reas B Molecule, tetraquark,

Z(4430) M3 +5 5B hadrocharmonium, hybrid
Yp(10890) 10,890 + 3 55t 9 1=~ Y(5S) Y(6S)
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Conclusions: a challenge <o

Results of B-factories (Belle and BaBar) as well as Tevatron
experiments (CDF, DO) and many others (BES etc) start a new
exciting era in hadron spectroscopy.

A lot of new states are opened, many of them remains
unexplained.

New 'zoo' is a challenge:

For theoreticians to explain the origin of these states

For experimentalists to measure characteristics at highest
possible precision

New Super B-factories could uper
KEKB  SuperB
solve a XYZ puzzle A uestroresn N _J
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