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New XYZ states

* Many new states are recently observed/studied by Belle:
X(3872), X(3940), Y(3940), X(4160),
Y(4008), Y(4260), Y(4350), Y(4660),
Yb(10580), ...

* Only few of them will be presented today due to the limited
time



XYZ production processes at B-factory Experiments
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KEKB B-factory

Superconducting
cavities (HER

ARES copper
cavities (HER)

~~y
ARES copper
cavities (LER)

.
W
n

= TRISTAN
tunnel

L%
‘Cl\

8GeV (e7) x 3.5GeV (e+)

Montpellier, 4 Dec 2009

Offtine+Online Luminosity (pb'I) (/day) 2009/10/27 0945

Bl conresonance, [ offresonance, [ energy scan
T T T T T T T T T T T T T T

2000
1750 L

1500 F

1250 E

1000 F

750 E

500 E

250 E

Offtine+Online Luminosity (] pb'i) (/day)

0 L

x107?
— ol data, ——  ORresoRance, —  aoffresonance, ~——  €Rergy Scam

uuuuuuuuuuuuuuuuuuuuuuuu

10000

3600 :
6000 : "‘/r_‘_-

4000 ; fJ//C::;f:;_J/
2000 : '4;::"‘//,
E ‘ 4,.————”'='-“’===ii;f__

0 1 L 1 1 1 1 1 1 1 1 1 1 ]
4/22/1999 172412002 10/28/2004 87272007 5/6/2010
Belle log total : 951831 pb™ Date

rieninfo ver.1.58 Exo3 Runl - Exo71 Run207 BELLE LEVEL latest: dav Is not 34 hours

Integrated Luminosity () pb‘I)

L

peak

[ Ldr = (710(48)+ ~200) ™!

=2.11x10"cm™>s™

T.Aushev (EPFL, ITEP) 4



Belle detector
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Observation of X(3872)

or 2003

200 -— ‘pl X(3872)
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Observed by Belle in B* - K
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M(mtm~1*1") - M(1*1")

Mass of X(3872) is close to DD* ; -
Not fittable to any known cc-bar states . \7’2,(< ¢
What is it: :

Confirmed by CDF, DO, BaBar
M(X(3872)), MeV/c?
B—XK| 3871.46+0.37+0.07
& B—XK 3871.4+0.6+0.1
€ X—J/yn'n | 3871.61+0.16+0.19

iz

Our average 3871.50+0.19
M(D%)+M(D*?) 3871.81+0.36

K

charmonium, DD*-molecule, tetraquark...? q q
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Events / ( 0.0025)

Events / ( 0.00:

Charged and neutral partners of X(3872)

X(3872)=>J/Ymim

= BF->XK*
“t 12.80

=]

M(J/y nr) (GeVic?)

NN IR NN NNl NS SRS SN ER NN R
3.82 3.83 3.84 3.85 3.86 387 3.838 389 39 39
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M(J/y ) (GeVic?)
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I

diguark-antidiquark models
Xu and Xd from B° and B* decays
AM,= 813 MeV
Maiani et al PRD71, 014028

AM, = (+0.18+0.89+0.26 ) MeV/c?

Br(B>XKO) / Br(B*->XK*) = 0.82 + 0.22 + 0.05
Br(B®—>XK°) Br(J/\pmmtt) = (6.65 £ 1.63 + 1.00)x10°°
Br(B*>XK*) Br(J/pm*) = (8.10 + 0.92 + 0.66)x10°®
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BaBar & Belle see a DD" threshold enhancement in B=>KDD"
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D DY Invariant Mass (GeV/c? = ' ' '
( ) M(D°D°x°%)-2M(D°)-M(x°) GeV
B. Aubert et al. (BaBar) Phys. Rev. D77, 011102 (2008)
BR(DD*) ~ 10x BR(Tt"'T['J/I.I)) Belle |3875.4+0.7*12,, 1.25+0.31+0.30
BaBar | 3875.1*%7 ,.+0.5 | 3.0"%%  ,+0.9 | 1.67+0.36+0.47
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B->X(3872) K; X(3872)>D*°D% D*9->D° (y,n°)

~. 20F
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P Mpsp = (3872.6*05  ,£0.4) MeV
s 2 BaBar: (3875.1*%7 , .+0.5) MeV
e
D DY TETE o(RBW)=(3.9+25 , *05 ) MeV
e Nsig = 48211
2105_ g Significance = 8.8 o (stat)
o~ 8
86 \ | 4 -I-HH J_ X(3872) mass shape is also
z 4 LT [ L] -L"._m.“ well fittable by Flatte function
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M(D*D) (MeV/c?)

BR(B>X(3872)(D™°D%)K) = (0.73+0.17+0.13)x10
BR(B->Y(3940)(D™D%)K) < 0.67 x 10* @ 90% C.L.
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The X)Y,Z near 3940 MeV

not seen in wJ/y
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Events/10 MeV/c?
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X(3940) in Double charmonium production

Tagging a J/1 at one side
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First Analysis: Belle PRD 70, 071102 (2004)
Belle, PRL 98, 082001 (2007)
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vy > Z(3930) >DD

Belle PRL 96, 082003 (2006)
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Events/5 MeV/c 2

New peak in yy2wl/P from Belle
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Y(4140)—J/1 ¢

CDF observed new charmonium-like particle
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(o]

B*—=Jhp ¢ K*
14 + 5 events (3.80)
from 2.7 fb

Candidates/10 MeV/c?
- N W s OO N ®

AM (GeV/c®) =M (uuKK)-M(uu)

M =4143.0 £2.9 £1.2 MeV/c?

Ds* Ds* molecule or tetraquark ?
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Entries/25 MeV/c?

Searches at Belle

§ sPreliminary,
B+%J/1P (I) K+ — g ::; il . "n l l
g 105_ | u“u “T»h |
BF(B—YK)BF(Y—=J/pd) ! B gl { Pl
<6 x10° (@90%CL) °= ‘ l l | l N
L I l ..... l ...................... l J‘l !
w—=Jp ¢ 0 .:.-‘. 237793 M(J4I'4q>)(G4'\5/l ) 5 h‘:
) eVic
V M yg)
8 f S.5.=3.9¢, const. bkg | Belle: Y(4140) not seen in B decays
[ S.5.=3.2¢, linear bkg | or in two-photon
6
) Instead, a new peak is seen
at around 4.35 GeV in yy —=Jpo
2
M=4350.6 *+° ., + 0.7 MeV/c?
0

: [=133+179_ +4.1 MeV
M(0JAy) (GeV/c?)
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Observation of Y(5S) = Y(1S) rt+m-, Y(2S)m+m-

K.-F. Chen et al. (Belle coll),

PRL 100, 112001 (2008)
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Is the Y(10860) purely Y(5S)?

4 modes seen: Y(5S) -> Y(nS) h*h’

Process a(pb) B(%) (MeV)

TOAS)m 7~  1.61+£0.10+£0.12 0.53+0.03+0.05 [0.59 4 0.04 +0.09
T(2S)r ™  235+019+0.32 078+0.06+0.11 |0.8540.07+0.16
T3S wtn™ 1.4470%2 +0.19 0.4870-1% +0.07 0.52192% +0.10

TOAS)KTK~ 018570035 £0.028 0.0617501% +0.010 [0.06775:017 4+ 0.013

Expectation: Y(5S) width comparable to Y(2S/35/4S)

=)

Process I'total [ete- PT{IS}#"‘#‘
T(25) — T(1S)r"w~ 0.032 MeV 0.612 keV]0.0060 MeV
T(35) — T(1S)x "« 0.020 MeV 0.443 keV |0.0009 MeV
T(4S) = T(1S)rt 7~ 205 MeV 0.272 keV [0.0019 MeV

Y(10860) — Y(18)7Fw~ 110 MeV  0.31 keV \ 0.59 MeV

s it not pure Y(5S)?
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larger by
> 10?2

17



Hadronic cross-section
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i =

50.16

Fit with fixed PDG Breit-Wigners values

for Y(5S) and Y(6S): good agreements.
Floating the Y(5S) parameters return

consistent result:
(u, ~(10861,107) MeV
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BaBar made a small step scan and
perfectly confirmed the shape and

-IIII_IIIII|IIII[IIII|IIIIIIIII_

Y(5S) and Y(6S) parameters
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do the same work as a function of E,

Y(nS)tx cross section (pb)

Energy scan at KEKB

* December 2007: 7/fb collected between Y(5S) and Y(6S):

I 6 poi;l.ts, ~1fb! each |

,;f”"jiﬁ?&§==ir“‘*~iﬁ

:i+wmm§ A :
- M Y(2S)nn ! Vo : : :

TE A vesm ! B :

3 | : BT :

1 || peak [: ST T :

0}

1075 108 1085 108 1095 i1

11.05

CM Energy (GeV)

The next energy point was chosen based on the fly decision by real time monitoring.

Analysis was installed at the farm and histograms such as “M

monitoring on the fly.

Montpellier, 4 Dec 2009

T.Aushev (EPFL, ITEP)

yas

'Muu” could be

19



Y (nS)rut production

a 7 [ (a)Fitwith common {1 and I, x¥/n.d.f. = 39.4/16
c 6| :
-% s [ ¢ Y(1S)n :
2 \ - M Y(2S)tn :
2 - A Y(3S)rn ,
° 3k -
Q
Lt
g E 1 ' * 8 *
~ 0F : i
- " PR W Y " " Pa— L PR W Y PR W T | " " PO T PR T
10.75 108  10.85 109  10.95 11 11.05

CM Energy (GeV)

Assume one new particle produce all final states =
fit the three cross-sections with the same Breit-Wigner function:

Y(1S)mm Y(2S)mm T(39)nm 20 MeV
Peak (pb)  |2.461058 £0.18 4.18705% + 0.55 1.61705 +£0.21 tl}ilgherYt(léasf)l
, . .
Mean (MeV) 10889.6 + 1.8 + 1.5 and half the
Width (MeV) 547D £ 2.5 width:
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Y (nS)rut production

ﬁ. 7 | (b) Fit with independ:ent uw'sandI’s, ’m.d.f. =29.9/12
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CM Energy (GeV)
Assume three new particles = fit with three Breit-Wigner function:

Y(1S)7m

T(2S)nm T(3S)rw

Peak (pb)
Mean (MeV)
Width (MeV)

2.031030 £ 0.15 !

~+0.90 +0.36
T s £0.68  1.65T 50

10887.4111 +£1.6 10800.3775 + 1.4 10882.317%

74119 4+ 3

37 0&3131 52124

+ 0.21

+ 1.5

ﬂ:l
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Means are similar
and widths consistent
within ~20
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Summary

* More and more new states since 2003 from Belle, BaBar, and CLEO,
CDF, ...

* Recent updates on XYZ resonances
X(3872) : Mass splitting is not found in decays from B mesons
Updated analysis for X(3872)=>D™D° to be submitted to arXiv soon

* Very New Topics:
CDF’s new particle Y(4140) — J/Jpw, not seen at Belle
New structures seen in two-photon processes:

yv—J/bw and J/Yd

* Hint for Y, (10580) from Y(5S) data



