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1. Tetraquarks

* arXiv:1110.1333, 1303.6857
* arXiv:1304.0345, 1304.1301

2. Hadronic molecules
e arXiv:1303.6608, 1304.2882, 1304.1850

3. Four quark state (1 or 2)
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* arXiv:1304.0380 ] e
4. Meson loop «.-=L<j:<L retal
* arXiv:1303.6355 o = ot b

* arXiv:1304.4458 e o
5. ISPE model _Q o ‘zé -

e arXiv:1303.6842 (c) ) o
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Charged Exotics (bb)
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Charged Exotics (cc) Z.c(3900)
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Charged Exotics (cc) Z.c(3900)
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Charged Exotics (cc) Z.(4025)
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Charged Exotics (cc)  Zc(4025)
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A Cusp Model for the Charged Exotics

E.S. Swanson, arXiv:1409.3291



Cusp Model

Opening channels lead to ‘cusps’ in amplitudes
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Cusp Model

Opening channels lead to ‘cusps’ in amplitudes
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[INB: this exhibits phase motion!]



Cusp Model

Q: how does Y (6S) couple to Yan?

Y (5S) — hidden bottom = 3.8%

T(55) — B®B® = 57.3% W@W
T(55) — B® B — 8.3% &

Y(55) —» T(nS)rmr < 7.8-107°
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Adachi et al. [Belle Collaboration], arXiv:1105.4583 [hep-ex];
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CUSP Model T(5S5) — hy(nP)rm
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Cusp Model
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Cusp Model
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Cusp Model missing exotics...
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C. Adolph et al. [COMPASS] arXiv:1407.6186v1
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C. Adolph et al. [COMPASS] arXiv:1407.6186v1

missing exotics...

no signal, as expected 1n the
cusp model



Cusp Model missing exotics...

Y (4260) — 7t J /4 By — 7w J/Y
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R. Aajj et al. [LHCb Collaboration], Phys. Rev. D 90, 012003 (2014).



Cusp Model missing exotics...

colour enhanced, indirect 1

direct




Cusp Model missing exotics...

the direct process 1s suppressed to the small odds of
back to back charm quarks making a J/psi

ol



Cusp Model

missing exotics...

1in more detail...
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Cusp Model missing exotics...

the wavetunction penalty 1S
confirmed 1n the data
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Cusp Model missing exotics...

no penalty for extra light quarks
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Cusp Model missing exotics...

direct => wavefunction suppressed
colour enhanced, indirect I, I => rescattering suppressed
colour suppressed, wavefunction enhanced => < rescattering suppressed

The first three must be weak since the Zc 1s not seen by LHCb in B -> psi1 pi+ pi-.

The same happens in Bs -> psi K+ K-, which ‘should’ see a 3980 (DsD* + DDs*)
and a 4215 (DsDs*).

We conclude that either the direct diagram or the rescattering wavetunction
enhanced diagram dominates.

If the latter dominates then cusp states should be visible in
B’ - n'7n°J/v Bt - xtxlgip B — mJ/y



Cu SP Mo del Cusp Diagnostics

lie just above thresholds
S-wave quantum numbers
partner states of similar width — widths will

depend on channel
the reactionT(55) — KKY(nS) should reveal
“states” at 10695 (BB? + B*B,) and 10745 ( B*B* )

(if the wavetunction enhanced rescattering diagram contributes)



CHSP Model Application to X(3872)

u/d

u/d u/d
colour enhanced, 11 colour suppressed
rescattering suppressed rescattering enhanced
Bt — K*DD° B* — K*DD’
B—I- —>KOD+DO Br s jer e
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B i s Y BY . KIpO Y



Cusp Model Application to X(3872)

colour enhanced colour suppressed
rescattering suppressed rescattering enhanced
Bt — K*DD° Bl KL T

BT — KD+ DO B

T el o ks B s KD
BY xtp-pY BY o piplny
Br(B° — K°X) NeZi— +7Zo0 + 724 | =k

¢

Bl o i ) NeZoo + vZoo + 724+ — N, + v



Cusp Model Application to X(3872)

Br(B° - K°X) |N.Zi_ +~vZopo+vZ4— Y

BB o et X)) Nedoo + vZoo + 744 — INCSE

¢

= (.00 = 0.30 = 0.05




Cusp Model Application to X(3872)

colour enhanced colour suppressed
rescattering suppressed rescattering enhanced
B* - K*DD’ Bt  K+DOPO
Bt —» K°D*D" Bt - KTD*D"
B’ — K’D™ D™ B’ —» K°DTD~
R KD ) Bl KRS

An X or X should be made with approximately the
same strength as the X. These modes are
not seen = X has no charge-partners,

and X 1s not a cusp effect.



CHSP Model Application to X(3872)

u/d .
7 i
.—W/Cﬂ/
00

u/d

C

Note that the rescattering enhanced diagram goes through a X/cl
explaining the large production seen, if this state has a large
overlap with the X.



Cusp Model Application to X(3872)

X-y mixing

be 2]
=y

Table 1: X — x.; Mixing.
state Ep (MeV) a (fm) Zoo a, (MeV) prob

Xel 0.1 144  93% 94 5%
0.5 6.4 83% 120 10%
i 0.1 144  93% 60 100%

0.5 6.4 83% 80 > 100%




Comments on B — wwJ /v

By — J/¥X(dd) is a flavour filter for the state X

Stone and Zhang have claimed that this can be used to
distinguish qq and tetraquark models for the light 1soscalar
scalars.

S. Stone and L. Zhang, PRL.L111, 062001 (2013)



Comments on B — 7w J /v
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S
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Comments on B — wwJ /v

Br(B° — J/1v fy) ®(500) ®(500)

Br(BY 5 J/uo) D(980) 3(980) 2

y G

Bl s o) <107 < D098 a1 90% Gl

which 1s 8 sigma away from the tetraquark prediction of r=1/2.

R. Aajj et al. [LHCb Collaboration], Phys. Rev. D 90, 012003 (2014).



Comments on B — 7] /1)

Resonance Spin Helicity Resonance Mass (MeV) Width (.\'Ie\': )

formalism
p(770) 1 0, %1 BW 77549 +0.34 149.1 £0.8
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Comments on B — wwJ /v

X Gnuplot
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Comments on B — 7w /1)

Close and Kirk have plotted LHCb data for B(s) -> ps1 2(p1) and ps1 4(p1)

with WA102 parameters and find good agreement. Thus there 1s no need
for the exotic conclusions of LHCb.

> a > b
) ),
= =
o o
AN AN
B B
[= [=
() )
> >
L Ll
1 - ! . t . - . . 1 . |
M (K*K") GeV/c? M (K*K") GeV/c?

[(b) has the f0(1710) as obtained by WA102]

F. Close and A. Kirk, in progress



More Detailled Modelling

Model the vertices so that more processes can be described.
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Now we need to build the ‘self energy’
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More Detailled Modelling

100 I I I I I
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M. Ablikim et al [BESIII] PRL 112, 022001 (2014)



More Detailled Modelling
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More Detailled Modelling

~
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Hanhart et al. claim that the strength of the vertex requires
bubble summation, which generates a pole.

F.-K. Guo et al. arXiv: 1411.5584



More Detailled Modelling

Hanhart et al. claim that the strength of the vertex requires
bubble summation, which generates a pole.

But:

(1) a constant vertex

(1) didn't show full sum (?)

(i) assumed I modelled the loop, rather than the sum

(iv) choice of the regulator makes a big difference

(v) their regulated bubble model corresponds to my
iterated vertex

(v1) knowing cross section normalization will help to pin

dOWIl models
F.-K. Guo et al. arXiv: 1411.5584



More Detailled Modelling

exponential Lambda=1.0 cut off Lambda=1.0



More Detalled Modelling - to do

* model vertices in a reasonable way and perform bubble sums
* compare to D D* p1and p1 p1 J/psi
* examine the X(3872): interplay of cusp, possible bound state

dynamics, and mixing with cc states




More Detalled Modelling - to do

om (GeV)
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he
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Need to correctly renormalise
the bare model (in this case,
the constituent quark model)



Conclusions

there are a lot of new states, not all of them are ‘real’!
cusp effects can be important and should be accounted
for when modelling

it appears likely (?) that the Zy and Z. states are
kinematical

cusps appear above threshold with fixed properties such
as widths and phases

channel-dependent widths, masses, and production
characteristics are a clue!

there 1s much subtlety in this game!
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Charmonium Hybrids
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Diquarks and the new Charmonia

Maiani, Piccinini,Polosa, Riquer; PRD71, 014028 (2005)

Bigi, Maiani, Piccinini,Polosa, Riquer; PRD72, 114016 (2005)

Maiani, Riquer, Piccinini, Polosa; PRD72, 031502 (2005
M([cqls) = 1933 g Ses
M([Cq]v) — 1933 Maiani, Polosa, Riquer; PRL99, 182003 (2007)

Maiani, Polosa, Riquer; arXiv:0708.3997

Assume a spin-spin interaction
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