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Prompt production of @ 0 Y X ¢

@ o Y X is the Queen of exotic resonancelBetmost popular interpretation is
a’0 ‘O “ molecule(bound state, pole in thesiRiemann sheet?)

We aim to evaluate prompt production cross section at hadron colliders via
Monte-Carlo simulations

Q.What is a molecule in MG¥. «Coalescence» model
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This should provide an upper bound for the cross section

Bignamini, Piccinini, Polosa, Sabelli PRL103 (262901 3
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Estimating ‘Q

The binding energy © ™o T p A bBrery smalll
In a simple square well model this corresponds to:
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to compare with deuteronO cg&- A6

JQ) uym- Ag/G ) 1 A&

We assumé D /(Q) v ® A Bsome other choices are commented later
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We tune our MC to reproduce CDF distributioref nNne O O
We get, (NN° '00'sQ @ ) mi /@ pao@t A6
Experimentally, (AP @ o yx)¢ om x i Al

Bignamini, Piccinini, Polosa, Sabelli PRL103 (2009) 162500



Estimating Q  (again)
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A solution can be FSI (rescatteringd®’ ), which allowQ
tobeaslargeasd Dx mitA6
LA 00sQ Q ) gomA , NP ®do Yx)g
Artoisenet and Braaten PRD&1010)114018




Estimating Q  (again)
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A solution can be FSI (rescatteringd®’ ), which allowQ
tobeaslargeasd Dx mTA6
, (MNP 00sQ Q ) comA , (NP ® oYX
Artoisenet and Braaten PRD&1010)114018

However, the applicability of Watson theorem is challengethleypresence of
pions that interfere withOO™ propagation
Bignamini, Grinstein, Piccinini, PoloSapelli PLB682010) 228230

FSI saturate unitarity bound? Influence of pions small?
Artoisenet and BraateRRD832011) 014019




Estimating Q  (again)

PR

Guo, Meissner, Wang, Yang, JHEP 1405, 138; EREBDB3,9
CTR61 354
useO 0 3 for abovethreshold unstable states 10)114018
How With different choices2 ordersof magnitude uncertainty, e of
] limits on predictivepower
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FSI saturate unitarity bound? Influence of pions small?
Artoisenet and BraateRRD832011) 014019




A new mechanism?

In a morebilliard-like point of view, the comovingions carelastically interact
with O 'O° , andslow downthe pairsOO’
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The mechanism also implié®:mesons actuallyt LJdza KSRé A Y
the potential well (theclassical ®ody problem)

Esposito, Piccinini, AP, PoladdP 4, 1569

W o Y X is areal, negative energy bound stafstable)
It also explaing small widtts D3 :Dp mMEA 6




Tuning pions

This picture could spoil existing meson distributions used to tune MC
We verify this is not the case up to an ovetallactor
Guerrieri, Piccinini, AP, Polosa, PRD90, 034003

10* = é
= * -
[eB) C_
O 100 =
_g ----------- T[ 14 i
P S S -
E C_
_8 11 E
102 | p 2000
"""""""""""""""""""""""" 1000;
7f|3 — EIS — 1‘0 — I1‘.'2 — 1‘4 — 1‘6 — 1|8I I ‘20 —q.DI ‘ I—O‘.é I ‘—0|.6‘ ‘ I—D‘.4I ‘ ‘—DI.2‘ I ‘0.‘()' ‘ I0.‘2I I ‘0.|4‘ I ID.lEiI ‘ I0.|8I ‘ I1.0
p_(D°) (GeV) y(D%)
Neither at CDF...

10



Tuning pions

This picture could spoil existing meson distributions used to tune MC

We verify this is not the case up to an ovetallactor
Guerrieri, Piccinini, AP, Polosa, PRD90, 034003
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By comparing hadronization times of _____ i
heavy and Ilg_h_t mesons, we estimate =t
up to D o collisions can occur before k, (GeV)

the heavy pair to fly apart

We get, (NN &(c Y R)Dul A
still not sufficientto explain all theexperimentalcross section
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w(o Y ¥ D Deuteron?

Guerrieri, Piccinini, AP, Polos$tRD90034003
If ® o Y X is a deuterodike molecule, we can compare production cross section:

We use antideuteron ALICE data and usediiiilations toextrapolate at high

Sincer) Dp' A, aotal cross section is exploding, we cannot normalize data
we choose a factor to fit data:no dependence orQ

3 orders of magnitude smalléhan CMSw(o | ¥ datal

Are they similar objects?
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w(o Y ¥ D Deuteron?

do/dp._ (nb/GeV)

Guerrieri, Piccinini, AP, Polos$tRD90034003
We can go backwards by normalizing to GM&  x data
prediction for antideuteron isnuch largetthan previous one
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w(o Y ¥ D Deuteron?

Guerrieri, Piccinini, AP, Polos$tRD90034003
We can go backwards by normalizing to GM&  x data
prediction for antideuteron isnuch largetthan previous one

[ ALICE data amgreliminary

Do not trust Mc1| MC is notreliable inth® D p' A6
We want datall! ] Dependence on hadronization models
Different fragmentation functions to beonsidered
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Tetraquark
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Maiani, Piccinini, Polosa, Riquer

PRD842014) 114010
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The pattern ofw o P X, ¢
W OWTITW T TTC,TT
IS understood

Prediction for radial
excitationXt T g

A full nonet for each leve
IS expected

We need a mechanism that disfavors the formation

of the unobserved states
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Feshbach resonances

Braaten and Kusunoki, PRD69, 074
Papinuttq Piccinini, AP, Polosa, Tantalo arXiv:1311.7
Guerrieri,Piccinini, AFPolosaPRD90, 03400

In cold atomsthere is a mechanisnthat occurswhentwo atoms
can interact withtwo potentials resp. withcontinuumanddiscretespectrum

Mesonmeson (molecule) potential
Or Of

(continuum levels)

Open charm
threshold: ¢+ 7 -
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Feshbach resonances

Braaten and Kusunoki, PRD69, 074
Papinuttq Piccinini, AP, Polosa, Tantalo arXiv:1311.7
Guerrieri,Piccinini, AFPolosaPRD90, 03400

In cold atomsthere is a mechanisnthat occurswhentwo atoms
can interact withtwo potentials resp. withcontinuumand discretespectrum

Closed (depdq) potential
O Or

e.g.[w] [ap]
\ /Same quantum numbers &0,

he operators mix under renormalizatis
@
Interaction between channels
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Feshbach resonances

We add an interaction Hamiltonia® so that

= |0 9 - L 0 [

We W 0 : : e W 0
0 0

Broad resonancen()

Narrow resonancei§ o P x)¢
Open channel

ihteshold == 2

We estimates © +/

no resonanced )
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Feshbach resonances

If we assumes

We impose a cutoff oh
@ o Y X shouldbe a0 11 state,but0 (p )
No chargeccomponent,isospin violation!

p TTITA 6
D OO

04/ ,wecan used O w Tt asinput to extracto

pt v- A6

This value isompatible for alfesonancegcaveat still large errors.)

Openchannel On l(MeV) |’ (MeV) | 3 (MeV) | 00 name
O 0 3872 0 0 lpp | dowxc
O O 3900 24 53 |p p W O0OWTT
O O 4025 8 24 |pp W TTMCU
- (WY 4475 75 >150 |p p QT TOT
6" 6 10610 3 18 |pp W PTPEPT
0" 6° 10650 1.8 11 |pp W PTPU T
Weremarkthat 3(0 )73 (0) 1@ &) (O)T () T8 X 20



Production & Feshbach?

Going back te nnl collisions, we can imagine hadronization to produce a state
s [dndnod fsAn 00 G [SRHD URa

Iff i | | , an initial tetraquark state is not likely to be produced
The open channel mesofig apart(see MC simulations)
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Production & Feshbach?

Going back te nnl collisions, we can imagine hadronization to produce a state

s [dndnod fsAn 00 G [SRHD URa

& ! !

If Feshbach mechanism is at work, an open state can resonate in a closed ol

No prompt production without Feshbach resonances!

For example, we compare the-ttreshold o ) x with the belowthreshold t ¢ @
CMSi(o Y X data: JHEP 1304, 154

,(NTP oY) 6 YNowReur « *
» NP (T ¢Pmo Yt ¢PpFrum “ °

Dp
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Conclusions

The study of exotic resonances in heavy quark sector
IS stillpuzzling

A Measurement oprompt production cross sectiorc®uld
Improveour understanding of hadronization

A Explorenew production mechanisntsaving predictive
power for at and abovethreshold states

A Feshbach mechanisoould helpin reducing the number
of statespredicted by tetraquark picturegnd inadding
some interesting featuresef moleculardescription

Thankyou
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BACKUP
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Quarkonium orthodoxy?

A host of
unexpected
resonancehave
appeared

decaying into
charmonium + light

Hardly reconciled
with usual
charmonium
interpretation
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