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/ | Introduction. ' \

O Belle Experiment claims for the discovery of exotic charged charmonium states in B decays.
Z+(4430) — zp(2S)7r7L observed the decay B — ¢ (2S)K 7 (Phys. Rev. Lett. 100, 142001, (2008)),(Phys.
Rev. D 80, 031104(R) (2009))

O Further Z; (4050)+ and Zo (4250)+ observed in the decay to Xe17m " in B — X1 K7 (Phys.Rev.D 78,
072004, (2008))

O BaBar published the search for Z1(4430) — (2S)n " with negative results (Phys. Rev. D 79,
112001 (2009)).

O BaBar published the search for Z4 (4:050)+ and Zo (4:250)+ in B — x.1 K7 with negative results
(Phys. Rev. D .

O No signal was also observed in the J/47 system in the study of the B — J/v K decay.

O A lot of theoretical and experimental discussion. A charged charmonium state is not a simple qq

meson.

. /




/ | Introduction. '

O Main points of discussion are:

e Interference effects between amplitudes in 3-body B decay Dalitz plots produce peaks in
quasi-two-body mass projections which may not be due to real states.
A dramatic demonstration comes from charm decays. Dalitz plot of D® — K°KTK ™ and
projection along the KY9K™T axis: structures are not due to resonances.
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e The angular structures in B — ¥ (2S)Km and B — x.1 K7 decays are very complex and
cannot be described by only two variables as it is done in a simple Dalitz plot analysis See
BaBar analysis of B — J/¢ Kpi (arXiv:hep-ex/0411016).
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/ ‘ Belle observation of Z1(4430). ' \

O They select events of the type B — K7 t)’, where the ¢’ decays either to £7¢~ or 7T+7T_J/1,D
with J/1 — £74~ (£ = e or u). Both charged and neutral (K% — 7177~ ) kaons are used.
O Dalitz plot and w7’ mass spectrum with K* veto.
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O Some clustering of events in a hOFiZ(()I)l(tE;I band is evident in the upper half of the Dalitz plot near
M?(mp’) =~ 20 GeV?2,
O To study these events with the effects of the known K resonant states minimized, they restrict
the analysis to the events with |[M(K7) — m g+ (gg0)| > 0.1 GeV and
|IM(Km) — mK;(1430)| > 0.1 GeV (K™ veto).

O Fitting the resulting 771’ mass spectrum with a Breit-wigner they obtain the following
parameters

= (4433 £ 4(stat) & 2(syst)) MeV, I' = (45+ (stat)+ 3 (syst)) MeV

O commenting that I' is too narrow to be caused by interference effects in the K7m channel.
QThe statistical significance of the observed peak is 6.50. /
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/ Belle observation of Z1(4430) — (2S)n". Dalitz analysis ' \

O Belle re-analyzed the B — 1 (2S)K 7 data using a Dalitz analysis (arXiv:0905.2869).
O They confirm the signal for Z1(4430) — ¢(2S5)nT with a mass:

M = (4443715 10)MeV/c?, T = (1077557 7%) MeV
O A somewhat larger width.
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/ Belle observation of Z;(4050)"T and Z5(4250)". Dalitz analysis ' \

O Belle reconstructed the decay B — K~ 71 x.1 with the x.1 reconstructed in the J /1~ decay
mode and the J/v reconstructed in the £7£~ decay mode.
O Dalitz plot and M(7T+Xcl) showing the new Z resonances.
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O In the Dalitz analysis the decay B — K~ 7 x.1 is described by six variables.
O They take these to be M (7T xc1), M(K ™ nT), the xc1 and J/9 helicity angles (0x., and 05/ ),
and the angle between the x.1 (J/%) production and decay planes ¢y ., (¢5/4)-

O Then they analyze the B — K~ 7 x.1 decay process after integrating over the angular variables

w{cl’ 07/ps Pxer and Gy /




ﬁThey perform a binned likelihood fit to the Dalitz plot distribution. \
O The angular function T’ is obtained using the helicity formalism.

O For the B — K*(— K~ 71)xc1 decay

Ty = d3 o(0x+), (1)

where J is the spin of the K™ resonance; 0y is the helicity angle of the K™ decay.
O For the B — K~ ZT(— wtxc1) decay

T :doJA(ez—l-)v (2>

where J is the spin of the ZT resonance and 0 ,+ is the helicity angle of the Z7T decay.
O The resulting expression for the signal event density function is

S(sz,8y) =
* ., K* *
ST ke A ()
A=—1,0,1 K* (3>
+ 42t S+ 2
ST A0 al N AL (saysy)|
A=-1,0,1

where af\% and ¢f\% are the normalizations and phases of the amplitudes for the intermediate

resonance R and x.1 helicity A. The phase ¢é< (892) s fixed to zero.

- /




/ Belle observation of Z;(4050)"T and Z5(4250)". Dalitz analysis ' \

O They fit with one or two resonances.
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O The mass and width of the ZT found from the fit are

= (4150737) MeV/c? and T' = (352753) MeV;
O When fitted with two Breit-Wigner resonance amplitudes, the resonance parameters are

= (4051 + 14720)MeV/c?, Ty = (82731 137) MeV,

M2 = (42481527180 MeV /2, F2 = (177155738 MeV
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/ BABAR analysis of B — ¢ (2S)Kmn '

O Babar made use of a different approach (arXiv:0811.0564).
O First we observe that BABAR and Belle data are consistent.
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/ BABAR analysis of B — ¢ (2S)Kmn '

O K7 mass spectra and YB Legendre polynomials for B — ¥ (2S)Knm and B — Y K.
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O K7 mass spectra and YLO Legendre polynomials are similar between B — 9 K7 and

Qﬁ P(2S) K.
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/ | Fits to the K7 mass spectra. ' \

O Binned x? fits to the background-subtracted and efficiency-corrected K7 mass spectra in terms
of S, P, and D wave a mplitudes.

O Fitting function:
AN Ggs Gp Gp
dm g =N X [fs(fGSdeW>+fP<fGPde7r)+fD( )]

S Gpdmp

O where the fractions f are such that: fs + fp + fp = 1.

O The P- and D-wave intensities are expressed in terms of relativistic Breit-Wigner with
parameters fixed to the PDG values f or K*(892) and K (1430) respectively.
O For S-wave contribution has been described by the LASS parametrization.
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O Notice the Log. scale. Notice also a discrepancy between the the data and the LASS
Qpresen’cation of the threshold region. /
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/ ‘ Description of the ¥ (2S)m mass spectrum. ' \

O A localized structure in the 9 (2S)m mass spectrum shows its effect in high L Legendre
polynomial moments < YI? >.

O The BaBar analysis attempts to describe the ¥ (2S)m mass distribution using the information
from the K7 system only using Legendre polynomials from B — ¥ K7 or the B — ¥ (2S)Kn

O They also ltmait L to its minimum possible value.

O They generate a large number of MC events according to the following model.

e B — 1(25)Km events are generated according to phase-space.
e Label w,, k) the weight corresponding to the fit to the K7 mass projection.

e Incorporate the measured K7 angular structure by giving weight wy to each event according
to the expression:

Lmaic
wy, = Z <Y > Y (cos0)
i=0

where Y, = Y?/n are the normalized moments. The Y;" are evaluated for the m(K ) value

by linear interpolation over consecutive m(K ) mass intervals.

e The total weight is thus:

W= Wm(Knr) WL

. /
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/ Data-MC comparison. . \

O The generated distributions, weighted by the total weight w, are then normalized to the number
of data events after background-subtraction and efficiency-correction.
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O The simulation is performed using the B — J/¢Y K7m or B — J/¢¥Kr data.
O Both simulations describe the data well.
O No need for additional Z resonances.

\DAreaS in color describe the spread due to the statistical uncertainty on the Legendre polynomiab/
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/ Study of B — x.1 K. '

O A slighly modified analysis was performed for the study of B? — xc1 K~ 7" and

BT — XclKgW+(arXiv:1111.5919) by BABAR.

O The fit to the K7 mass distributions in this case require a small P-wave contribution from
K™ (1680) (=~ 10 %), not present in the B — J/¢¥ Kmx decays or B — ¢ (2S)K.

O S-wave contribution larger than in B — J/ip K7 decays, where is ~ 16 %.
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/ The K7m Legendre polynomial moments. .

O Add B° and B' data. Weight the events by the Y} (cosf) Legendre polynomials.
O Efficiency-corrected and background-subtracted distributions.
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/ MC simulations: B — J/¢Y K= . \

O We test the method on B — J/v¢7w K where there is no evidence for narrow or broad Z resonances.
O We vary L, between 4 and 6 and obtain the best description of the data with L,,,, = 5.
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/ MC simulations: B — x.1 K7 '

O Similar results are obtained for the B — x.1 K7 channel.

Lmax X2/PJLIF
4 53/58
5 46/58
6 49/58

“mixed” 63/58

OB — J/YKnm and B — xc.1 K7 data can be described
using a similar approach.
O This indicates that there is no need for

events /20 MeV/c?

additional resonant structure in order to

describe the x.1 ™ mass distribution.

O We also use a “mixed” Legendre polynomial composition,
using Ly,q. = 3 for m(K7) < 1.2 GeV and Ly,q: = 4 above.

O This is justified by the fact that only spin 0 and spin 1 resonances
are present in the low mass region.

O This representation also gives an excellent description of the BY — .1 Km data.

O We will use this “mixed” representation for computing upper limits on Z production.

-
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/ How would a Z resonance show up? . \

O We artificially add a =~ 25% contribution of a scalar Z2(4250)+ — X177 resonance in the

B° — 1T K~ x.1 data.

O These MC toy events are obtained from MC data, weighted by a Breit-Wigner.

O We then compute Legendre polynomial moments for the whole sample and predict the x.17 mass

spectrum using the same algorithm as for real data. 600 —
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| Search for Z resonances. '

O We now fit the x.1 7™ mass spectrum using the following model:

O Assume the prediction from the MC simulation (“mizxed”) as background.

O Include two scalar Breit-Wigner with parameters fixed to the Belle measurements.

O Fit the full data set (Total).

Data Resonance No Fraction (%)
a) Total Z1(4050) T 1.1 1.6 + 1.4
Zo(4250) 7T 2.0 4.8 + 2.4
b) Total Z(4150) 7T 1.1 4.0 + 3.8
¢) Window Z1(4050)7F 1.2 3.5 + 3.0
Zo(4250) T 1.3 6.7 £ 5.1
d) Window Z(4150) 7T 1.7 13.7 + 8.0
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‘ Search for Z in B — J/¢ Kps. '

O Belle experiment has recently performed a more complete Dalitz analysis of B — J/¢Y Kpi (K.
Chilikin, Talk at CHARM2012, 16 May 2012).
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The variables considered are Dalitz variables M?(K, ) M2(J/ 2.4
o), ), GeV-/c
M?(J /4, 7) and angles 0/, wy/yK. (y.m),

O No significant signal of ZT is found.
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Not the end of the story. '

Observation of two charged bottomonium-like resonances in Y (5S) decays. arXiv:1110.2251

O New results from Belle:

O As we have seen previously confirmation of results is an essential ingredient of science and
scientific method.

O However, tha BaBar/Belle competition is broken here because BaBar has no data on YT(5595)
decays.

O In April 2008 the B — factory program at SLAC has been sharply interrupted and closed.
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O Confirmation from LHCDb?
QMuch later in time: Super-B factories?
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