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Introduction to exotic hadrons =2 charm is the clue

Pentaquarks within a molecular picture

- Model: unitarized t-channel vector exchange interaction
— Prediction of a S=-2 pentaquark

Femtoscopy of D-mesons and light mesons

Summary
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Exotic hadrons
(anything that goes beyond qq and qqq)

Mesons Baryons
compact Glueball compact
tetraquark pentaquark
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meson-meson hybrid
molecule baryon-meson
molecule
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Since the beginning of the millenium, an increasing
amount of data in the charm (hidden charm) sector
(collected at Belle, BaBar, LHCb and BESIII...), has
provided cleaner evidence for many new exotic states
which appear to be inconsistent with the predictions of
the conventional quark model.
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Exotic MESONS (hidden charm)

Discovered at Belle, 2003
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Exotic MESONS (open charm)

Charm-strange state (cs): X(2900)

D*K* molecule?
Molina, Branz, Oset (2010)

Double-charm (cc): T.(2900)
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Exotic BARYONS 5=0(ccqqq) q=u.d
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Exotic BARYONS S5=-1(ccqqs) q=u,d
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The flavor content of the P.(4310), P.(4440), P_(4457) states is not
exotic (uud) but the high mass and the observation from J/y p pairs

makes them to be unambiguous pentaquark candidates (ccuud).

In fact, these states find a natural explanation as meson-baryon molecules:

DO%¥ threshold: 4318 MeV - P (4312)

D*O% ¥ threshold: : 4460 MeV (1=1/2, 3/2) = P.(4440), P(4457)

and were already predicted in 2010!

J.J.Wu, R. Molina, E. Oset and B. S. Zou, Phys. Rev. Lett. 105, 232001 (2010);
Phys. Rev. C 84, 015202 (2011).

This work also predicted S=-1 states at 4209 MeV (l_)EC) 4394 MeV (D_E )
4368 MeV (D*ZE.), 4544 MeV (D*ZE[)

No pentaquarks with S=-2 were predicted
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=-2 pentaquarks?

Fess (Or PI%SS)
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Unitarized t-channel vector-meson exchange interaction

Interaction kernel:

Lypp = —ig([p. 0,4]V¥) Lyyy = ig{[V¥,9,V,]V¥) < wave
o~
B, T B; —
\ 4
t < m‘z,* Lypp = gij;_lf_}wm (V’“ Bl 4 2vlezlk)
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S = 21—1
=-21=3

E;+M; [E;+ M,
Vi; (V3) = — U4f2(2\/_—]\1’ )\/ i \/a i
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Light and heavy sectors are practically “decoupled”
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Unitarization: Bethe-Salpeter equation with on-shell factorization

i I, . PR AN . . N ki kj,
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e / d4 2M, 1
=1
: (2m)* (P — q)2 — M2 + i€ g2 — m2 + ie

2
o= 12;\:; {al(u) +1n 2l2 + ;;Il el In ]\77222‘*' G =2M, /A q47:12q (WLTE?Z) s — (w +1El)2 + ie
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(we employ the cut-off
method with A~800 MeV)
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Results: heavy PB sector | =
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2

0~ é@ 1/2% PB interaction in the (1,S) = (1/2,-2) sector
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We find a prss state
around 4500 MeV with
a width of 70 MeV,
coupling strongly to
D.ZE. and D,

J.A. Marsé-Valera, V.K. Magas, A. Ramos,
Phys. Rev. Lett. 130 (2023) 9
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Are meson-baryon molecules expected?

1 E;+M; |E;+ M,
Vii(Vs) = —Cij4—fz(2\/5 — M; — Mj)\/ \/ *
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Coupled-channel effect

Csy = —\/§ — C§4 =y Cs4
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The resonance is not generated
in the coupling coefficient is
reduced by 30%.

This state is generated in a very specific and unique mechanism:

—> via an attraction induced by a strong coupling between the

D,E. and DQ. channels
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Results: heavy VB sector Jr—- °

2 72
1~ @ 1/2" VB interaction in the (/,S) = (1/2,-2) sector
PE_ (4633) My = 463338 MeV T'p = 79.58 MeV We find a P;’},SS state
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The t-channel vector-exchange formalism
predicts pentaquarks with S=-2: Pf/;ss

Y Mo
S X
Channels: Channels:

nZ D.E. D,E. DQ, J/YE D3E. DiE, D*Q,

These transitions cannot proceed
via OPE because they involve either
an isoscalar meson or baryon

2> If P{?,SS are discovered, this would strengthen the validity of unitary
t-channel vector-exchange models for meson-baryon molecules
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4250
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wide? LHCb, 2017
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Ep 2> J/Y P E

(Similar to the proces Ay — J/v ¢ A)

Magas, Ramos, Somasundaram, Phys.Rev.D 102 (2020) 054027

(inspired on BT — J/v ¢ KT)
Wang, Xie, Geng, Oset, Phys.Rev.D 97 (2018) 014017
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Jlarb. units)
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Femtoscopy of D-mesons and light mesons

J.M.Torres-Rincon, A. R., L: Tolos, arXiv:2307.02102

pp collisions at ALICE at+/s = 13 TeV
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Correlation function (Koonin-Pratt formula)

Clq /d?’rzwz LS

SOUFCe wave- functlon

We consider the strong interaction in s-wave (£ = 0)
Ue(g;r) = @?(q; 7] — (I)gf(q r)+or(g;r) > asymptotic state f

Dj (q;r) - transition wave function from state j to the asymptotic f

Wi(g;r) =
We take a spherically symmetric (and channel-independent) source
Sl — L [
r)i= X ———— =
VR P\ "1 R=1fm
= /d37°5(7°) |<1>?(q;7°)\2+/47”“ drS(r [Zw l0i(g;7)1? = | @5 (gr)]?
5 ICCUB =
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. * drq"? dg Tif(d', 4;V/3) Joq'r
0i(q;1) = jolqr)dis +/ . AU VORI LY
o (2m)° 2whi2wei(VS —whi — wg +iN)

o +Z/°° Arkidk  Va(d', k;+/3) Tip(k, q; \/5)
Lif(q', ¢ Vig(d' Vs (2m)? 2why 2we1 (VS — wHL — Wet + i)

2 /2
stron q +q ~
Vil B Vs wavg + 5llvc%tcll%21b f(g,4) = exp (_T) A~800 fm

The strong interaction of the D-mesons with light particles: effective Lagrangian
based on both chiral and heavy-quark symmetries.
(similarly as in z.-H. Guo, L. Liu, U.-G. MeiBner, J. A. Oller, and A. Rusetsky, 2019)
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(S,Q)  channel a

fpartidie) o (S,Q)  channel a
(-1,—-1) D°K- —0.232 (particle) [fm]
(-1,00 DK 0.071 (1,00 Df=z— 0.0033
DtK~— 0.083 D°K®  —0.027 +i0.084
(-1,+1) D*K° —0.233 (1,+1) D}a 0.0032
DK+ —0.857 +i0.020
Sl e B D+*K®  —0.647 +10.200
0 B S Dip  —0.324+10.132
D+m— 0.253

(1,+2) DF=t 0.0031

DY 0.071 +1i0.065
¥ s DK+ —0.026+10.083

DFK—- -0.114+10.693
(0,+1)  D%* 0.246 (2,+1) DFK° —0.222

Dtz 0.073 (2,+2) DFK+ —0.220

D*p  0.074+10.067
DK% —0.1134+i0.695

(0,+2) Dtxt —0.102
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Results: D mesons with pions

pole of the D3(2300)
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Results: D mesons with kaons

= 7]
i+
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(S,Q)  channel a

fpartidie) o (S,Q)  channel a
(-1,—-1) D°K- —0.232 (particle) [fm]
(-1,00 DK 0.071 (1,00 Dfm— 0.0033
DtK~— 0.083 D°K®  —0.027 +i0.084
(-1,+1) D*K° —0.233 (1,+1) D}a 0.0032
DK+ —0.857 +i0.020
sty Dier B D+*K®  —0.647 +10.200
0 B S Dip  —0.324+10.132
D+m— 0.253

(1,+2) Di=nt 0.0031

DY 0.071 +1i0.065
L ik DK+ —0.026+10.083

DFK— —0.114+10.693
(0,+1)  D%* 0.246 (2,+1) DFK° —0.222

Dtz 0.073 (2,+2) DK+ —0.220

D*p  0.074+10.067
DK% —0.1134+i0.695

(0,+2) Dtxt —0.102
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Results: D, mesons with pions and kaons
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Summary

We have revisited the vector-meson exchange interaction models to study the possible
existence of pentaquarks with strangeness S=-2

-  We predict S=-2 pentaquarks of molecular nature around 4500 and 4600 MeV

These PT},SS states are generated via a uniqgue coupled-channels effect!

- The absence in this sector of a long-range OPE mechanism makes the search of
these states especially interesting: if found, their interpretation as molecules would
require a change of paradigm, since they could be only bound through heavier-
meson exchange mechanisms.

We have calculated the femtoscopic correlation functions of charged D* and D mesons
with ¥ and K (within a T-matrix formalism employing a strong interaction from an
effective field theory + the Coulomb force)

- compared to preliminary ALICE data: relatively good agreement for D¥nt, DYK~, DYK™*
and discrepancy for D*r

shallow depletion in D* 1t~ around 240 MeV (lower pole of the D;(2300))
more pronounced depletion in D K~ around 100 MeV (higher pole of the D;(2300))

NIVERSITATo:
ARCELONA EMMI Workshop, Trieste, 2-6 July 2023

®C

5ICCUB



T
Z

=

FP""' UNIVERSITAT oe
i+ BARCELONA

ania et ©

Thank you for your attention
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