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Introduction

June 2018
Spectroscopy of heavy baryons and exotics
Production
Weak decays
Organizers: Emi Kou (Orsay), Matthew Charles (Paris),
Jean-Marc Richard (Lyon), Patrick Robbe (Orsay), Yanxi Zhang
(Tsinghua)
Also recent workshop at CERN about perspectives with LHCb
upgrade
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Decay of charmed particles

History: the shock of 1980 (Bacino et al.)

τ(D+)/tau(D0) & 4.5

Confirmed at CERN (Baldini 1982) and Fermilab (Bacino, 1982)
Explained by W -emission, W -exchange cs̄-fusion, and
interferences
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Decay of charmed particles

Extended to baryons

Results at first rather puzzling
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Weak decays
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Singly-heavy baryons

Rather well documented now
In particular CLEOc and other B factories
And colliders.
Usually well understood. One exception is DØ’s Ωb(bss), with
Ωb − Λb about 100 MeV higher than expected
CDF and LHCb mass more plausible (Ωb − Λb ' Ωc − Λc)
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Singly-heavy baryons

Latest results discussed by Shen, Lyuboviskij, He
In particular, set of 5 new Ω∗

c , with various JP assignments

And various interpretations
Valery Lyubovitskij discussed the structure (and decay) of heavy
baryons in the CCQM (Covariant Constituent Quark Model) a
kind of variant of QCD sum rules
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Doubly-heavy baryons

Experimental situation reviewed by Murdo Thomas Traill
SELEX (Fermilab) found Ξ+

cc near 3519 MeV in two modes
(Λc + · · · , D + · · · )
Non confirmed by FOCUS,BaBar, Belle, LHCb
Various claims by SELEX for isospin partners, never published
LHCb Ξ++

cc near 3621 MeV→ ΛcK−ππ (2017)
Expl. if τ(Ξ++

cc )� τ(Ξ+
cc)

Second paper (2018) Ξ++
cc → Ξ+

c π

Lifetime τ(Ξ++
cc = 256+22

−20((stat))± 14(stat) fs
to be compared to ∼ 200 for Λc , ∼ 500 for Ds, ∼ 1000 for D+,
∼ 400 for D0

old ∼ 70 for Ωc , new ∼ 270 by LHCb this year
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Doubly-heavy baryons

Interesting talk by Brodsky, who hardly gives up SELEX results
And suggests the possibility of two types of DCB

[cq]c type SELEX
[cc]q type LHCb
Pandora box?

Talk by JMR about constituent models
Discuss diquark-quark vs. Born-Oppenheimer
Diquark either as a fundamental constituent
Or an approximation to the 3-quark problem? Not very good.
First excitations within QQ.
Born-Oppenheimer (1927) best suited
Provide with an effective QQ pot. to be compared to the QQ̄ one
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Doubly-heavy baryons

Obviously r(QQ)� r(Qq) in (QQq) for large M/m
The two heavy quarks are clustered in the ground state
But the naive diquark model is misleading
The diquark internal energy is modified by the third quark,
The first excitations are within QQ

light quark

energy

2 3 4 5
RQQ

2.5

3.0

3.5

Vq

Born-Oppenheimer potential for (QQq), M/m = 5, V ∝∑i<j rij
Fleck, R., PTP 82 (1989) 760
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Exotics: general considerations

Many candidates, e.g.,
Z baryon of the 60, coming back as light pentaquark
Baryonium

Many speculations Arx Tarpei Capoli Proxima (“the Tarpeian
Rock is close to the Capitol”)
Dibaryon H, . . .
Heavy pentaquark c̄uuds c̄ddus, c̄ssud (Gignoux et al., Lipkin)
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Exotics: sociology

As QQq̄q̄ becomes fashionable
Matthew effects

11th hour effect So the last will be first, and the first last (Matthew
20.16)
For to him who has will more be given; and from him who has not,
even what he has will be taken away (Mathew 25.29)
See R. Merton, The Matthew effect in Science Science, 159:56-63
(1968)

Early papers 1981 → conscientiously or inadvertently omitted
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Favorable symmetry breaking in QQq̄q̄

Symmetry breaking↘ ground state energy.
For instance p2 + x2+λ x , gives E = 1−λ2/4
In 4-body, often benefits to threshold
For instance, (µ+, µ+, µ−, µ−) stable becomes
(M+,m+,M−,m−) unstable if M/m & 2.2 (Varga, Bressanini)
Charge-conjugation breaking benefits to the 4-body system
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p 2
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µ kept constant: |M −m| ↗ ⇒ E ↘ at fixed threshold
H2 much more stable than Ps2, and in a chromoelectric quark
model (flavor independent) QQq̄q̄ becomes stable above some
critical M/m

JMR cc



Introduction Decay Qqq QQq Exotics Outlook

QQq̄q̄

Doubly-heavy tetraquark in the BO limit
If restricted to color 3̄3
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Implies QQq̄q̄ ' QQq + Qqq −Qbarq (see Eichten+Quigg)
But this is more favorable with admixture of color 6̄6
configurations
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Stability of QQq̄q̄: bb or cc?

bbq̄q̄ for sure. See, e.g., the talk on Lattice QCD by Bicudo
(Lisbon),
ccūd̄ in some models, for JP = 1+, thanks to favorable
chromomagnetism
bcq̄q̄ suggested by string model of confinement
under discussion with some lattice groups

The flip-flop interaction gives more attraction, if not restricted by
the Pauli principle
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Signature of QQq̄q̄?

bbq̄q̄ decays weakly. Already discussed in some papers
bcūd̄ , if below D + B̄∗, weakly
ccūd̄

If very loosely bound: peak in DDπ
if loosely bound: DDγ
if deeply bound (unlikely) : weak decay
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All-heavy bbb̄b̄

A few speculations
Some predictions of bing in the quark model
Based on erroneous 4-body calculations!

Some authors consistent: also wrong on tetraneutron
Some authors very good on quarkonium, but ↘ as n ↗
Corruptio optimorum pessima1

Reasoning like: the heavier the quark, the mode deeply bound
QQQ̄Q̄
But the threshold also decreases!

1The corruption of the best is the worst
JMR cc
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Other exotics

Anticharmed pentaquark Q̄qqqq
favorable chromomagnetic interaction (Gignoux et al., Lipkin, 1987)
Searched for at Fermilab (Ashery et al.) and HERA not conclusive
Not found stable in recent revisits

Double charm dibaryon QQqqqq: same conclusion
Hidden-charm pentaquark in the continuum

Technical progress: real scaling (Hiyama, Oka, Hosaka, R.)
Clear separation of genuine resonances
Candidates with (3/2)− and (5/2)−, but too high in simple models

Hidden-charm pentaquark below threshold
Some states predicted below lowest mes. + bar.
Quantum numbers # from LHCb pentaquarks
New final states to be analyzed (Valcarce, Vijande, R.)
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Outlook

Drastic revision of τ(Ωc)

Other lifetimes to be re-mesured? and SL BR?
New excitations identified in Qqq sectors, some strikingly narrow
QQq gives access to the effective
And resurrected speculations on QQq̄q̄ which could be the first
stable multiquark apart from the deuteron
A consequence of flavor independence and favorable
C-symmetry breaking
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