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Outline

Heavy flavor spectroscopy

v X(3872) state in B*—y(2S)y K* decays
v’ Z(4430) state in B—y(2S) K* - decays
v’ Search for ,(980) in B®— J/yn*n decays

Heavy flavor production

v’ kinematic dependences of the relative production rates f, /fOI
v Production of y, (1P,2P,3P) states
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X(3872)—J/yn*n decay mode

X(3872) state

X(3872) discovered by Belle in 2003, also observed by CDF, DO, BaBar, LHCb and CMS

« EXxotic particle X(3872)
— discovered in

— M =3871.68 + 0.17 MeV/c?
M = M(D°) + M(D™?)

- T <1.2MeV/c?

— JP¢=1*"" by LHCb using

B*—X(3872)K*, X(3872)—J/yntn

LHCb,
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« Nature is still unclear,
possible interpretations:
— DD™ molecula
— conventional x_,(2P)
— tetraquark

— and their mixtures

Ne(11D,) is now ruled out
v.1(23P,) possible but disfavored by mass

charmonium spectrum
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Radiative decay of X(3872)

X(3872)—y(2S)y decay allows to better understand the nature of X(3872)

Predictions for the ratio Ryy = B(X(3872) — p(25)y)

B(X(3872) — Jby)
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Radiative decay of X(3872) in LHCb
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Projections of the 2D fit to M(y(2S)y K) and M(y(2S)y )

LHCb-PAPER-2014-008,

Nucl.Phys B 886 (2014) 665

The significance was estimated with simplified simulation 5



Radiative decay of X(3872) in LHCb

L prediction for pure DD* model

predictions for admixture of y_,(2P) and DD*
i i
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B B(X(3872) — U (2S)y) B

Ryy = BX(3873 7 = 246 +0.64 +0.29

( ( ) — / ll) Y) (stat) (syst)
< Belle 2011 : w@S)y  Jy w(2S)yy Jhyy
LHCb BaBar 254473 230464 366 356

—
Bell 19 02 04 4.

.. predictions for pure x, (2P) state | oo S%ume 00w Bde A%
& LHCb 36.4+9.0 591448 4.4c 126

LHCb-PAPER-2014-008,
Nucl.Phys B 886 (2014) 665

v'The LHCDb results are consistent with, butwﬁnore precise than, the BaBar and Belle
results
v'The results are not consistent with the expectations for pure molecular X(3872)

v’ X(3872) is likely a mixture of a y.,(23P,) charmonium state and of D°D™ mole6cule



Z(4430)

Phys. Rev.Lett. 100 (2008) 142001
Observation of a resonance-like structure in the z*y’ mass distribution in
exclusive B—K 7y’ decays
The observation could be interpreted as the first evidence for the existence of
mesons beyond the traditional quark-anti-quark model
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Press Release

Belle Discovers a New Type of Meson

Movember 13, 2007
High Energy Accelerator Research Crganization (KEK)

1D M(714(25)) mass fit | Z(4430) :
K* veto region ' ]

M(Z) = 4433+4+2 MeV

+18 +30
[(Z)=45 7% 32 MeV

significance 6.5¢



Z(4430) in BaBar and Belle

Harmonic moments of K*s (2D)
reflected to M(72y(2S)) |
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Almost model independent approach to

K*— K= backgrounds

BaBar did not confirm Z(4430) in B sample
comparable to Belle

Did not numerically contradict the Belle results
BR(B*—>ZK*) x BR(Z— my(2S)) < 3.1x10°

4D amplitude fit
K* veto region
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backgrounds
JP=1"prefered by >3.4 ¢

M(Z) = 44852 *27 MeV

+41 +26

I'(Z) =200 _46 35 MeV
significance 6.4c (5.6 ¢ with sys.)



Z(4430) state in LHCh SEEES
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An order of magnitude larger signal statistics than in Belle or BaBar thanks to
hadronic production of b-quarks at LHC

Even smaller non-B background than at the e*e- experiments thanks to excellent
performance of the LHCDb detector (vertexing, particle identification)



Z(4430) state in LHCb

LHCDb uses both approaches

LHCb-PAPER-2014-014

arXiv: 1404.1903

Moments analysis

No assumptions about K* contributions except for
the maximal J

K* reflection do not describe the Z(4430) region

This approach does not allow to define Z(4430)
parameters

Efficiency corrected yield / ( 25 MeV )
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~The X p-value < 2 x10¢ (Z excluded)
The y? p-value = 12% (with Z(4430))



Z(4430) parameters in LHCb
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Likelihood-ratio

between 0- and 1*
hypotheses

Toy MC experiments

LHCb-PAPER-2014-014
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> 13.90

(new large systematic

effect included by LHCb)
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JP = 1* now established
beyond any doubt
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Including systematic variations
Rejection level relative to 1*
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Z(4430) in LHCb

Argand diagram

Replace the Breit-Wigner amplitude for
Z(4430)" by 6 independent amplitudes in
M?2(y(2S) 7°) bins in its peak region

Observe a fast change of phase crossing
maximum of magnitude

Expected behaviour for a resonance

_lj 6 1 1 | | 1 1 1 | 1 L 1 i | 1 1 I 1
0.6 0.4 0.2 0 0.2 LHCb-PAPER-2014-014

Re AZ

arXiv: 1404.1903

First time ever the resonant character of the four-quark
candidate has been demonstrated this way!
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More than one Z(4430) —>y(2S) -

K*(872) and K*,(1430) veto region
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One more Z resonance may be included M(Z) = 4239 + 18 t;‘S MeV

Argand diagram studies are inconclusive ['(Z) = 200 + 47 i%?f MeV

Need more data to clarify! .



Excitement

How CERN’

LHCb confirms existence of exotic

I|
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« hadrons

Astrophysics

s Discovery of Exotic Particles May Affect
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LHCb confirma la existencia de la particula
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Spectroscopy in light quark sector

Scalar mesons in general (particular f,(980)) are not well understood
Recently, LHCb observed two channels B, —J/y f,(980) and B, —J/y f,(500)
Many possibilities: Q@ , qqqqQ , mixtures...

When f,(500) and f,(980) are considered as ( states there is the possibility of their

being mixtures of light and strange quarks mixing angle
fo(980)) = cos,,|SS) + sin g, |nn)
So(500)) = —sing,,|s8) + cosp,,|nm),

1 _
where [n) = —= (|ua) + |dd)).
V2

When these states are viewed as qQqQ states the wave tunctions becomes
1 _
16(980) = = ([lsul[57]) + [lsel[5)

fo(500) = [fud) )

phase space

—0 o for pure PRL 111 (2013) 062001

tan® @, = rf = —— ? tetraquark
B (B — Jh) j},(500)) ®(980) states ~1/2 15




Amplltude analysis Bd—>J/ Wr n
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Similar to the Z(4430)": 4D analysis
No evidence for Jhy=n*
Best fit model does not require f,(980) component

tan® @, = rl = (1L.1552559) x 107 < 0.098 at 90% C.L

Branching fractions for each channel

R B(B' — JWR,R — ntr™)
p(770) (2.50 £ 0.101915) x 1073
fo(500) (8.8 £0.5111)x107¢
£2(1270) (3.0+0. 3+”) x 106
w(782) Vot b B3 | L
p(1450) (4.6 +1.14+1.9)x1075

The measured upper limit on r'_ deviates from »(1700) (2.0£0.541.2)x1075
the tetraquark prediction (1/2) by 8c (o e
arXiv 1404.5673




A, production

The relative production rates of beauty hadrons are described by the fragmentation fractions f, f;,
fs, T, and T, which describe the probability that a b quark fragments into a B, or a A,

The kinematic dependences of the relative production rates fAb/ f, of A, baryons and B, mesons
are measured using A,—A.rt* and B,—D*n" decays

20.2 < pr(AY) < 40 GeV/e 20.2 < pr(B°) < 40 GeV/e
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A, production

Dependences of f, / f, on the p; and n of the beauty hadrons
Ayl d T

w09 L wxz 07 e
‘_\H‘:eﬂ'ﬂ 3 (ﬂ:} LHCb —; H“%&n 53— (b:} LHCb 3
H‘hl‘r 0.7 :_- = Rt -

v'The p; dependence is accurately described by an exponential function

v'The ratio of fragmentation fractions f, / f, decreases by a factor of three in the range
1.5 <p; <40 GeV/c

v'The ratio of fragmentation fractions f, / f4 versus n is described by a linear

dependence intherange 2<n <5 i,



Production of y,(1P,2P,3P) state

LHCb-PAPER-2014-031

LHCDb preliminary
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¥»(NP) to 1(n’S) feeddown fract/ons

LHCb-PAPER-2014-031 FT' Xb(3F) = (58 :
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1p(3P) to Y(3S) feed-down has been often neglected when comparing data and theory on Y(3S)
This measurements demonstrates its importance

The measurement of the Y(3S) production fraction due to radiative y,(3P) decays is performed
for the first time



Conclusions

LHCb-PAPER-2014-008,

Nucl.Phys B 886 (2014) 665

v'X(3872)—y(2S)y decay now established at 4.4 ¢

*BR(X(3872)—y(2S)y)/BR(X(3872)—J/yy) inconsistent with pure molecular
interpretation of X(3872)

v'Existence confirmation of Z(4430) with >13.9c

e quantum numbers determination J° = 1* LHiE}‘(ﬁfﬁgﬁ%‘gm“
* resonant behaviour observed S
» the charge and spin-party make Z(4430)- unambiguous four-quark candidate

v"No evidence for f,(980) in By —J/hyn+n- decays
] LHCb-PAPER-2014-012
» resonance production f,(980) as a tetraquark state ruled out at 8o arXiv 1404.5673

v'"New interesting results on y,(3P) production rate:

LHCb-PAPER-2014-031
* %,(3P) to Y(3S) feed-down is large

v'The kinematic dependences of the relative production rates fAb/ f, of A, baryons and B,

mesons are measured
LHCb-PAPER-2014-004,
arXiv 1405.6842 01

v'Looking forward for new exciting results!
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