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Combining heavy and light

Already important in atomic physics. For instance, if you give the
electron a mass me = 1 GeV, much less excitations, much less ions,
much less molecules.

In quark physics, there is some analogy in the chromo-electric sector,
but the magnetic part plays a more important role.

Already noticed that some configurations with u, d, and s are
interesting for exotics (Isgur, Lipkin, Jaffe, etc.)

The c is not just another flavour. s — ¢ reduces some
chromomagnetic effects, and some candidates can disappear in the
change s — c. But ¢ has sometimes better chromoelectric effects,
and thus some new candidates can emerge from s — cor g — c.

onversit Caude Bernard (@) yon
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Combining heavy and light

Exotics with a mixing of light and heavy quarks: Rather old idea

ON THE POSSIBLE EXISTENCE OF STABLE FOUR-QUARK SCALAR MESONS
WITH CHARM AND STRANGENESS *

Nathan ISGUR

Department of Physics, University of Toronto, Toronto, Canada

and

Harry J. LIPKIN

Argonne National Laboratory, Argonne, IL. 60439, USA
Fermi National Accelerator Laboratory, Batavia, IL. 60510, USA
and Weizmann Institute of Science, Rehovoth, Israel

Received 4 September 1980

Possibility of Charmed Hypernuclei
C. B. Dover and 8. H. Kahana
Brookhaven National Laboratows, Upton, New York 11973
(Received 10 August 1977)
We suggest that both two-hody and many-body bound states of a charmed baryon and

nueleons should exist. Estimotes indicate binding in the 'S, state of ¢,N (7= %) and
SN (I = 1). We further estimate the binding energy of Cy, C; in various finite nuclel,

NEW POSSIBILITIES FOR EXOTIC HADRONS - ANTICHARMED STRANGE BARYONS*

Harry J. LIPKIN

Veiz . 76100 Rehovor, Israel

Received 1 June 1987
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Do narrow heavy multiquark states exist?

-P. Ader
Laboratoire de Physique Théorique, Université de Bordeaux, F-33170 Gradignan, France

J.-M. Richard
Division de Physigue Théorique, Insitut de Physique Nucléaire, F-91406 Orsay, France
and CERN, CH 1211 Genéve 23, Suitzerland

Institut de Physique, Université de Neuchdtel, CH 2000 Neuchdtel, Switzerland
and Centre de Physique Théorique, F-13288 Marseille, France
(Received 11 August 1981)

On the existence of stable dimesons

L. Heller
University of Calfornia,

Theoretical Division, Los Alamos National Laboratory, Universiy of California, Los Alamos, New Mexico 87545
and Institute for Theoretical Physics, P.0. Box 80,005, 3508 TA Utrech, The Netherlands*
Weceved 11 August 1986

POSSIBILITY OF STABLE MULTIQUARK BARYONS
C GIGNOUX *, B SILVESTRE-BRAC*® and JM RICHARD*"
* Institut des Sciences Nucléares, 53, averue des Martyrs, F-38026 Grenoble Cedex, France

© Laboratorre de Physique Theorique et Hautes Energies ', TI6-E1, Universute Prerre et Marie Curee,
[F-75252 Pans Cedex 05. France

Received 8 Apnl 1987
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Z-baryons

@ KN resonances?, analogues

of the KN ones. Z BARYONS
(§=+1)

o For years reviewed in PDG. NOTE ON THE § = +1 BARYON SYSTEM

The evidence for strangeness +1 baryon resonances wis

o LaSt tlme ir] 1 992 reviewed in our 1976 edition,! and has also been reviewed by

Kell) 15 appeared

Py The Z-bal’yon Sectlon haS in 1984 and 1985, and hoth claimed that the Py and perhaps

other waves resonate.  However, the results permit no definite

H conclusion — the same story heard for 20 years. The standards
now disappeared.

of proof must simply be more severe here than in a channel

nd by Oades?® New partial-wave analyses

in which many resonances are already known to exist. The

st about baryons not made of three quarks, and the
lack of any experimental activity in this arca, make it likely

that another 20 years will pass before the issue is decided.

Nothing new at all has been published in this aren since
our 1986 edition” and we simply refer to that for listings
of the Zo(1780)Fa1, Zo(1865)Dog, Z)(1726)Pyy, Z1(2150), and
Z(2500),
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Colour chemistry

Much excitation in the late 70s and in the 80s about baryonium.
States seen in pp scattering and in pp — v + X
Already two interpretations

@ Molecules: NN bound states. Fermi-Yang, Ball-Scotti-Wong
revisited. NN not aimed at describing ordinary mesons, but new
states! See Shapiro et al., Dover et al., etc.

@ Multiquarks: (qgqq) states. See Rosner, Veneziano et al., Jaffe,
Chan H.-M. et al.

The latter group was more adventurous. They introduced clusters
made of exotic colour states, e.g., (qq) in colour sextet, while (qq) is
always antitriplet in ordinary baryons. In particular, they distinguished
true-baryonium states, (§g) — (qq) of 3 — 3 structure, that they
shared with Rosner and the others, from mock-baryonium states of

6 — 6 colour structure.

Other states were built within colour chemistry. In particular, DeSwart
et al., and Sorba et al. studied 5-quark baryons (qqqqq).in.seme & .. /..
details. -
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The candidates We consider a configuration
(Quuds), hereafier called P (for pentaguark, rather
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The 1987-vintage pentaquark

Chromomagnetic operator

Start from

Hss = ZS\,/N\/ 0;.0; 5(3)(l‘,‘/’)

m; my
in the SU(3); limit, and mg — oo, and (5®)(r;)) universal!!!
Reads B o

HSS = Z C/ )\,‘.)\j 0.0j

light

Then in units of C’, you get +8 for A, X*, etc., and —8 for N, A, etc.
Thus —16 for AA and —24 for H = (uuddss).
This is the beginning of the story for the H in 1977.
You also get —16 for Pq vs. —8 for the (Qq) + (qqq) threshold.
This is the beginning of the story of the Pq in 1987.
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The 1987-vintage pentaquark

More refined quark models

Many corrections studied for H and Pq:

° SUSS)f breaking

@ (5®)(ry)) self-consistent, i.e., not borrowed from ordinary

baryons and non-perturbative (requires regularization)

@ mgq finite for the pentaquark
See, Oka and Yazaki, Rosner, Karl et al., etc.
All effects weaken the binding, and eventually, the stability is
seemingly lost. But the 5- or 6-body calculation could perhaps be
improved.
For instance (cciid) has been calculated by several groups using the
same benchmark model. It was first found unbound, but refined
computations got it stable!
See, also, the Ps; story.

Universit Claude Bernard (@) yon 1
\

JMR Pentaquark



Introduction: the art of combining heavy and light History The 1987-vintage pentaquark The light pentaquark The XYZ LHCb pentaquarks Outlook
00 00000

The 1987-vintage pentaquark

Search at Fermilab

Aitala et al. searched for P = (Csuud) — K*°K~p and ¢7~p. Not

conclusive.
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A fraction of this collaboration was interested in doing some search at
CERN or at some hadron factories, but this was never approved.as.a /||
priority. o
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The 1987-vintage pentaquark

Search at Hera
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The light pentaquark

@ The HERA search was motivated by the light pentaquark

@ Predicted in some developments of chiral dynamics (Chemtob,
Diakonov et al., ...)

@ A group in Japan was adventurous enough to look at it,
@ They found a signal

@ Confirmed by some other collaborations from their recorded
data, never scanned before for such states!

@ Eventually not confirmed by CLAS at Jlab, nor by high-energy
experiments (Babar, etc., ) that do not find the double-charm
baryons either!

onversit Caude Bernard (@) yon
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The XYZ states

Theory predictions-1

@ Anticipated before the discovery of X(3872) and other analogous
states

@ lwasaki, Rosenzweig,Bander, Voloshin, DeRujula et al., Minami
etc.

Yoichi IWASAKI

Research Institute for Fundamental Physics
Kyoto University, Kyoto

(Received January 20, 1975)

We assign ¢(3695) to an exofic meson ce(pF-+nM) and ¢(3105) to a vector meson ez,
respectively. Then we can explain naturally two facts: 1) ¢(3695) decays strongly to
#(3105) +27 and 2) there is very lttle $(3695) production compared with ¢(3105) production

o : (}N scattering at Brookhaven. In this model we expect two broad resonances at-3.7~4.1
eV and ot A1 O w1 p . S

@ To “explain” some properties of the higher 1=~ states

@ Eventually attributed to the nodes of the radial excitations (Le
Yaouanc et al., Eichten et al.,, ...)

UniversitsClaude Bernard (7)) yon 1
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The XYZ states

Theory predictions-2

@ New wave of papers on D*) D(*) molecules: Ericson and Karl,
Manohar and Wise, etc., and, especially, Térnqvist,

@ So the discovery of the X(3872) at Belle great as a success of
this approach,

@ Though there is now a tendency to describe X as a mixture of
quarkonium and meson-meson

UniversitsClaude Bernard (7)) yon 1
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Molecular model

Pandora box?

@ Many other predictions

@ Almost any hadron, or even excited, forming a resonance with
any other hadron

@ Back to Chew-Low,, with improved modeling of the
hadron-hadron interaction

@ For instance, meson-baryon, baryon-baryon, etc.

@ Sometimes vector-meson exchange, i.e., not really very
long-ranged

@ Unlike nuclear physics, no hard core to keep the hadrons
separated

@ Hence any new states is followed the next morning by a dozen of
papers on ArXiV

Université Claude Berna
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Diquark model

Pandora box?

@ Other multiquarks predicted
@ See, e.g., early paper by Frederikson on dibaryons
@ Or the recent paper by Maiani et al.

From pentaquarks to dibaryons in Ap(5620) decays @cmm“

L. Maiani, A.D. Polosa*, V. Riquer

Dipartimento i Fisicc cnd INFN. Sapienze’ Universitd di Rome. Ple Aldo Moro 5, 1-00185 Roma ltaly

ARTICLE INFO ABSTRACT

Arcice tiscry Pentaquarks and dibaryons are natural possibilities if diquarks are used as the building blocks to assemble

Received 17 August 2015 hadrons. In this Short note, motivated by the very recent discovery of two pentaquark states, we highlight

Mecepeesl AR NS some possible channels to search for dibaryons in A(5620) decays.

o] ”;;lv‘;‘:,;:"”g““ 2 © 2015 Published by Elsevier B.V. This is an open access article under the CC BY license
(http:/fcreativecommons.org/licenses/by/4.0f). Funded by SCOAP®,

Diquark Deuteron

Sverker Fredriksson and Magnus Jindel
Department of Theorelical Physics, Roval Institute of Technology, 5-10044 Stockhalm 70, Sweden
(Received 8 October 1981)
It is speculated that an almost stable state of hadronic and nuclear matter can be
built from diquavks. It is suggested that this alternative form of matter has already
revealed itself in existing experimental data in the form of a diquark “deuteron” with
JF = 0" and with several other anomalous properties.

PACS numbers: 12.35.Ht, 14.20.Pt
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The LHCb pentaquarks

Ao — J/pp K™

LHCb E!

m?,,, [GeVi

Preferred assignment:

JP = (3/2)" for Ps(4380)"

JP = (5/2)* for Poz(4450)"

See, e.g., Burns, for a review and useful remarks.

In particular, the second one requires some internal orbital xGitation!
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Chromomagnetic model

@ The discovery of heavy pentaquarks by LHCb has stimulated
some renewed interest on multiquark calculations

@ In particular the series of papers by Leandri and Silvestre-Brac
and by Yuan, Wei, He, Xu and Zou

@ This study shows the possibility of attraction in some channels,
with two main conclusions,

o astate (1/2)~ likely to exist
e also in the ccusd sector

JMR Pentaquark
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Towards a quark model calculation of the
hidden-charm pentaquark

@ Revisit Leandri et al., and Yuan et al.
@ Start a genuine 5-body calculation

H = Z Ti+ Vchromolectric + Vchromomagnetic

1

@ Extrapolate to (bcuud), (¢buud), (bbuud), etc., in the heavy
sector

@ Extrapolate to (ccuds), (ccssu), etc., in the light sector

Univrsitscaude Bernard (3 yon 1
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Outlook

@ New states not always were they are expected
@ Most models suffer from the Pandora-box syndrome

@ Double-charm mesons and anti-charmed baryons to be
searched for

Université Claude Bernard @/\ Lyon 1
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