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Challenge: hadronic states above open-flavour thresholds
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Ambitious programme

To build a parametrisation for threshold phenomena which is

motivated by phenomenology and simple enough to be used in
data analysis (no blind replication of parameters)

powerful enough to describe all relevant data sets
simultaneously
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Interaction potential

The setup: a coupled-channel problem for

(i) bare pole (elementary state)

(ii) Ne elastic (open-flavour) channels

(iii) Ni inelastic (hidden-flavour) channels

V̂ =

Pole β=1,Ne i=1,Nin









0 fβ(p
′) fi(k)

fα(p) vαβ(p,p
′) vαi(p,k)

fj(k
′) vjβ(k

′,p′) 0









Pole

α = 1, Ne

j = 1, Nin

Example 1: B → KX(3872) with X(3872) → DD̄∗, ρJ/ψ, ωJ/ψ

Example 2: Υ(5S) → πZ
(′)
b with Z

(′)
b → BB̄∗, B∗B̄∗, πΥ(1S),

πΥ(2S), πΥ(3S), πhb(1P ), πhb(2P )
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Effective elastic scattering potential

Assume separable form of the elastic-to-inelastic vertex

vαi(p,k) = χα(p)ϕiα(k) χα(p = 0) = 1

and use parametrisation of the vertices as

fα(p) = fα χα(p) = 1 ϕiα(k) = giα|k|
li fi(k) = λi|k|

li

Inelastic channels enter additively, for example,

V eff
αβ = vαβ −Gαβ − Vα0G0V0β

Gαβ ≡
∑

i

=
∑

i

giαJigiβ

Vα0 = −
∑

i

= fα −
∑

i

giαJiλi

V0β = −
∑

i

= fβ −
∑

i

λiJigiβ
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Line shapes of near-threshold resonance(s)

Solve Lippmann–Schwinger equation for the full t-matrix

t = V̂ − V̂ St

Consider production from point-like sources

Mx=

p3

p1

p2
−

∑

β

tβx

p3

p1

p2

Construct differential BF’s dBrx/dM ∝ |Mx|
2p3kx

Fit parameters of the model:
(i) elastic direct interaction potential (vαβ)
(ii) couplings (couplings g’s, λ’s and f ’s)
(iii) ratios of production sources (ξ’s)
(iv) range of force in elastic channels (κ)
(v) bare elementary state mass (M0)
(vi) overall norm (Λ)
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Line shapes and parameters

Simultaneous fit to the data in elastic and inelastic production
channels can be done with the help of the formulae

dBreα
dM

= Λ
∣

∣

∣

∑

β

ξβtβα

∣

∣

∣

2
p3kα α = 1, Ne

dBrini
dM

= Λ
∣

∣

∣

∑

α

ξαtαi

∣

∣

∣

2
p3k

in
i i = 1, Nin

with the fitting parameters

{Λ, ξα, fα, λi, giα, M0, κ, t
v}

which might obey various symmetries constrains
A typical data set to be described:

Υ(5S) → πZ
(′)
b → πB(∗)B̄∗

Υ(5S) → πZ
(′)
b → ππΥ(nS) n = 1, 2, 3

Υ(5S) → πZ
(′)
b → ππhb(mP ) m = 1, 2
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Paradigmatic example

Line shapes of the Zb(10610) and Zb(10650) in the B(∗)B̄∗ and
πhb(mP ) (m = 1, 2) channels with the strict HQSS constrains
imposed: CL 50%
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September 2015
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Conclusions

Description of the experimental data for near-threshold states
requires adequate parametrisations which respect
requirements from unitarity and analiticity

To employ the full information contained in the data all
relevant channels should be analysed simultaneously

Parameters extracted from the fit should be used to find
renormalisation group invariant quantities describing the
near-threshold resonance(s)
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