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��� We think of hadrons as qq or
qqq
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other combinations
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��� Seen by Belle, but not
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→ Cannot be cc
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��� Latest Belle result uses 4D
analysis
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��� Is it real and if yes, is it resonance?

http://dx.doi.org/10.1103/PhysRevLett.100.142001
http://dx.doi.org/10.1103/PhysRevD.79.112001
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Amplitude analysis
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Model independent method
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Model independent result
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Only K
∗ resonances

8 04 Aug 2014 Michal Kreps – Hadron spectroscopy at LHCb

]2 [GeV2 −π'ψm
16 18 20 22

 )2
C

an
di

da
te

s 
/ (

 0
.2

 G
eV

0

500

1000
LHCb

]2 [GeV2 −π'ψm
16 18 20 22

 )2
C

an
di

da
te

s 
/ (

 0
.2

 G
eV

0

100

200

LHCb
2 < 1.8 GeV2

−π+K1.0 < m

P
R
L
112

(2014)
222002

http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.112.222002


Only K
∗ resonances

8 04 Aug 2014 Michal Kreps – Hadron spectroscopy at LHCb

]2 [GeV2 −π'ψm
16 18 20 22

 )2
C

an
di

da
te

s 
/ (

 0
.2

 G
eV

0

500

1000
LHCb

]2 [GeV2 −π'ψm
16 18 20 22

 )2
C

an
di

da
te

s 
/ (

 0
.2

 G
eV

0

100

200

LHCb
2 < 1.8 GeV2

−π+K1.0 < m

P
R
L
112

(2014)
222002

Da
ta
ca
nn
ot
be

de
scr
ibe
d
by
K
∗ on

ly

http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.112.222002


Adding Z
+
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Results
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Z(4430)+ spin
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(Square) Dalitz plot
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Dalitz model
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Dalitz plot fit
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Dalitz plot fit
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Dalitz plot fit

18 04 Aug 2014 Michal Kreps – Hadron spectroscopy at LHCb

]2) [GeV/c+π−
K(m

1 2 3

)2
C

an
di

da
te

s 
/ (

30
 M

eV
/c

0

200

400

600

800

1000

(a)
LHCb

]2) [GeV/c−
K

0
D(m

3 4 5

)2
C

an
di

da
te

s 
/ (

30
 M

eV
/c

0

200

400

600

800

1000

1200

1400

1600

1800

(c)
LHCb

ar
X
iv
:1
40
7.
75
74
,a
rX

iv
:1
40
7.
77
12

'm
0 0.2 0.4 0.6 0.8 1

'θ

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

P
ul

l

-3

-2

-1

0

1

2

3

LHCb

http://arxiv.org/abs/1407.7574
http://arxiv.org/abs/1407.7712


Helicity angle projections
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Helicity angle projections
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Helicity angle projections
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2860 MeV region
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Spin hypothesis ∆NLL
√
2∆NLL Masses and widths

1+3 0 —
0 141.0 16.8 2862 57
0+1 113.2 15.0 2446* 250 2855 96
0+2 155.1 17.6 2870 61 2569* 17
0+3 105.1 14.5 2415* 188 2860 52
1 156.8 17.7 2866 92
1+2 138.6 16.6 2851 99 3134* 174
2 287.9 24.0 3243* 81
2 365.5 27.0 2569* 17
2+3 131.2 16.2 2878 12 2860 56
3 136.5 16.5 2860 57

χ2 = 47.3, 214.0, 150.0
Nbins = 50
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��� Best measurement of mass and width of D∗

s2(2573)
Uncertainties are statistical, systematic and Dalitz model

m(D∗
s2(2573)

−) = 2568.39± 0.29± 0.19± 0.18MeV/c2
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resonance with spins 1 and 3
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−) = 159± 23± 27± 72MeV/c2

m(D∗
s3(2860)

−) = 2860.5± 2.6± 2.5± 6.0MeV/c2

Γ(D∗
s3(2860)

−) = 53± 7± 4± 6MeV/c2
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��� Measured also branching fractions of Bs to several intermediate state,
see backup or arXiv:1407.7574,arXiv:1407.7712
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b) = 5791.80±0.39±0.17±0.26 MeV
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of Ξc baryons to measure

M(Ξ+
c ) = 2467.97±0.14±0.10±0.14 MeV
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Uncertainties: statistical, systematic, Λb/c mass
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LHCb detector
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LHCb detector
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Dalitz plot slices
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Amplitude analysis
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Excitement?
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Z(4430)  is the first confirmed unambiguous four-quark candidate  



X(3872) enigma
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X(3872) → ψγ
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X(3872) → ψ(2S)γ
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Bs → D
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DsJ spin
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Bs → D
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Resonance R Product branching fraction Branching fraction
(10−5) (10−4)

K
∗
(892)0 28.6± 0.6± 0.7± 0.9± 4.2 4.29± 0.09± 0.11± 0.14± 0.63

K
∗
(1410)0 1.7± 0.5± 0.2± 1.4± 0.2 3.86± 1.14± 0.45± 3.18± 0.89

LASS nonresonant 13.7± 2.5± 1.5± 4.1± 2.0 2.06± 0.38± 0.23± 0.62± 0.30

K
∗
0(1430)

0 20.0± 1.6± 0.7± 3.3± 2.9 3.00± 0.24± 0.11± 0.50± 0.44
LASS total 21.4± 1.4± 1.0± 4.7± 3.1 3.21± 0.21± 0.15± 0.71± 0.47

K
∗
2(1430)

0 3.7± 0.6± 0.4± 1.1± 0.5 1.11± 0.18± 0.12± 0.33± 0.15

K
∗
(1680)0 < 2.0 (2.4) < 0.78 (0.93)

K
∗
0(1950)

0 < 3.7 (4.1) < 1.1 (1.2)

K
∗
3(1780)

0 < 0.33 (0.38) < 0.26 (0.30)

K
∗
4(2045)

0 < 0.21 (0.24) < 0.31 (0.36)
D∗
s2(2573)

− 25.7± 0.7± 0.8± 1.1± 3.8
D∗
s1(2700)

− 1.6± 0.4± 0.4± 0.5± 0.2
D∗
s1(2860)

− 5.0± 1.2± 0.7± 3.3± 0.7
D∗
s3(2860)

− 2.2± 0.1± 0.3± 0.4± 0.3

arXiv:1407.7574,arXiv:1407.7712

http://arxiv.org/abs/1407.7574
http://arxiv.org/abs/1407.7712
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