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Isospin partner of X(3872) -1

X(3872)
@ X(3872) seen in several experiments
@ BELLE, BABAR, CDF, DO
@ More recently at LHC
@ Firmly established, JP¢ = 1++

o M =3871.68+.17MeV (PDG) I =3.9728+02 \jgy

@ Decay mostly into DD + c.c., DDr

X(3872) Theory
@ Predicted in a molecular model (Térnqvist, Voloshin, .. .)
@ Also studied in a diquark model (Maiani et al.)

@ Several studies with QCD SR (Nielsen, Narison, S.-L. Zhu et
al.,Z.-G. Wang,...)

@ Firmly established
@ Chromomagnetic model (Hagassen et al.)
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Isospin partner of X(3872) -2

@ Favours one isospin
@ Due to 7.7 factor

@ Historically, this was a problem in
“bootstrap” theory, where mesons were
mostly baryon-antibaryon

0

@ Factor 3 better for / =0
Again, due to 4.7, factor
@ Favours I =0vs. | =1

G

~\
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Isospin partner of X(3872) -3

PHYSICAL REVIEW D 73, 054013 (2006)
Chromomagnetic mechanism for the X(3872) resonance

H. Hggaasen, I#* J M. Richard,>" and P. Sorba™"

! Department of Physics, University of 0:.'(1, Box 1048 NO-0316 Oslo Norway
Laboratoire de Physique Sub, igue ef Co Uni ité Joseph Fourier—IN2P3-CNRS
33. avenue des Murrvr: 38026 Grenoble cedex, France
*Laboratoire d’Annecy-le-Vieux de Physique Théorique (LAPTH)

9 chemin de Bellevue, B.P. 110, 74941 Annecy-le-Vieux Cedex, France
(Received 3 November 2003; published 17 March 2006)

The chromomagnetic interaction, with proper account for flavor-symmetry breaking. is shown to
explain the mass and coupling properties of the X(3872) resonance as a JP¢ = 11 state consisting of a
heavy quark-antiquark pair and a light one. It is crucial to introduce all the spin-color configurations
compatible with these quantum numbers and diagonalize the chromomagnetic interaction in this basis.
This approach thus differs from the molecular picture DD* and from the diguark—anti-diquark picture.

[ IS S
annihilation term and my —m, = 3.5 MeV, the “mostly
{ =17 state lies 31 MeV above the “mostly 7 = 07 state.

Chinese collider expands particle zoo
China’s Beijing Electron-Positron Collider seems to be hosting a reunion;
members of a poorly understood family of particles keep popping up in their
data, which may help clarify the properties of this reclusive family.
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Isospin partner of X(3872) -4

o

Observation of a Charged Charmoniumlike Structure ine" e~ — P o Jiy at
\/5 =4.26 GeV

BESII Collaboration (M. Ablikim (Bsijng, Inst. High Eneray Phys ) ef al) Affc

) Mar 24, 2013 - 7 pages

to charmonium. A fit to the Tr+JAp invariant mass spectrum, neglecting interference, results in a mass
Qo of (3899.0£3.6+4.9) MeV/c2 and a width of (46£10+20) MeV. Its production ratio is measured to be

Study of ete” st J/'zL and Observation of a Charged Charmoniumlike
State at Belle

Belle Collaboration (Z.Q. Liu (Beijing, Inst. High Energy Phys.) ef al.)

o Mar 30,2013 - 7 pages
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Isospin partner of X(3872) -5

Chromomagnetic model

H:M—FHCM:Zm,'—ZC,'j;\,‘-S\jO';.O'j,

i ij

@ Gives X(8872) with right mass and decay properties
@ /=0and / = 1 degenerate

@ Annihilation term predicted the right splitting

@ X is mainly (cC)s(qQq)s

2
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Beauty partners of X(3872) and Z;(3900)

Physics Letters B 732 (2014) 97-100

Contents lists available at ScienceDirect

Physics Letters B

www.elsevier.com/locate/physletb

Isovector and hidden-beauty partners of the X(3872)
Hallstein Hegaasen ®, Emi Kou b‘ Jean-Marc Richard ©*, Paul Sorba“

3 Deportment of Physics, University of Oslo, Box 1048, NO-0316 Osle, Norwey

Y Laboratoire de Mcoflérateur Linéuire, Université Poris-Sud, IN2P3-CNRS, Centre Scientifique o' Orsay, 91898 Orsay Cedex, France

© Université de [yon, Institut de Physique Nucléaire de [yan, UCBI-IN2P3-CNRS, 4, rue Enrico Fermi, 69622 Villaurherme Cedex, France
 LAPTh, Laborataire d'Annecy-le-Viewt de Physique Theéorigue. CNRS, Université de Savoie. BP 118 74941 Amecy-le-Viane Cedex: Fronce

H =M+ Heyv + Heg = Zm;fZC,-jS\,-'S\ja,-.a,-—ZA,-jS\,wS\,- ,
i ij ij
@ One quadruplet near 10.62 GeV

@ No possibility of two charged triplets with J© = 17, at.ahoutthe /|
same mass -
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Summary Part 1

@ For a review of other approaches, see Q. Zhao at Beijing Chiral
Workshop

@ Near degeneracy of | = 0 and / = 1 natural in a quark picture
@ Molecular model predicts a difference between / =0and / =1
@ Radiative decay seems crucial, in particular

X(3872) — 4(25) + 7
X(3872) — J/psi + v

@ See, the recent review by S.L. Zhu et al.
@ See the recent better measurement by LHCb
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Summary Part 1

X 3900 is a local speciality
L'autorail X 3900

Unlversitéclzudnsermm@Lynn1 J/‘«/N s
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Part 2: New light hypernuclei

@ Much activity in the “molecular’ model,

@ meson-meson, baryon—-baryon, baryon—antibaryon, etc.

@ stimulated by X(3872) and other states in the heavy-quark sector
@ also for nucleon-hyperon systems = light hypernuclei

@ Qiang Zhao (IHEP) Qian Wang (Jilich) and JMR, to be posted
and submitted next week

@ and presented next month at the Conference on Nuclear
Clusters (Yokohama)
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Light hypernuclei: survey

NA not bound

AN not bound, but might be attractive at short distances

See, speculations on H dibaryon (Jaffe, ...)

SH = (n, p, \) bound slightly below 2H + A

This probes the AN interaction of the Nijmegen + Japan group
fitting the (rare) scattering data and constrained from NN by
SU(3)e

@ 3He = (a, \) bound, another example (More in Sakaguchi, 2009)
@ Double hypernuclei also seen

@ “Nagara” event ,$He seen

@ Indicates a weak attraction for AA in medium

@ Suppression of AA «++ N= < AA due to Pauli principle
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Borromean binding

@ Thomas (1935), Zhukov et al. (1993) milestones to stress the
possibility of Borromean binding

@ Bound state whose subsystems are unbound

@ In quantum mechanics for bosons, a short-range attractive
potential g V(r)

@ Needs g > g, to bind (m, m)

@ Needs g > g5 to bind (m, m, m)

@ With g3 < g (93, 2] Booromean windows v s (@) o1 |
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Borromean binding

@ Example 8He = (a, n, n) is stable
@ while neither («, n) nor (n, n) are bound

@ Rigorous limit 2 g»/3 < gz can be established

@ And generalized to unequal masses and coupling, andto N > 3

body

ImM

systems
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So, some hope is permitted

JMR

Multiquarks-Molecules

©
Université Claude Bernard ((18))/Lyon 1



Borromean binding

The amount of Borromean binding, for given scattering length,
depends on the effective range a point sometimes overlooked.

Es
Teff
~0.01 ' — B
—0.02 --- Morse
~0.03 Yuk
-0.04
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Results

@ Very delicate 3-body and 4-body calculations

@ With V = —gj; exp(—r), r in GeV, tuned to reproduce the
scattering lengths (n, p), (n, p,A) OK, (n, n, \) unbound,
(n,p,\,\) and (n,n, A\, \) stable, but effective range too small

@ With V = —g; exp(—0.2r), rin GeV,

(n,p), (n,p,\) OK, (n,n,A\) unbound, (n, p, A\, \) bound and
(n, n, A\, \) unstable, but effective range too large,

@ With V = g; exp[—2«;(r — R)] — 2 gj exp[—«aji(r — R)] (Morse),
and a reasonable R, one can adjust g; and «;; to reproduce the
scattering length and effective range for each pair, then
(n,p), (n,p,A\) OK, (n, n,A\) unbound, (n, p, A, A) bound and
(n,n, A\, \) very weakly bound

@ First indication for this neutral configuration

@ Which is fully Borromean
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Production mechanism

Production mechanism for the tetra-baryon state (AAnn) in
deuteron-deuteron collision

n, p’2
A! p'1

As p’3
n, p'4

T,p'r

) K+! pK2

* The two K* production is via the elementary process, pp> AAK*K*.
* The intermediate S11(1535) excitations dominate the threshold

production.
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Production mechanism

@ Preliminary estimate (still under checking)

@ Total, and Born term, double N(1530), single N(1530)
contributions

25
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Conclusions

Z:(3900)
@ Z;(3900) expected in models based on quark dynamics
@ Predictions for hidden beauty

Neutral tetrabaryon

@ New light hypernuclei expected such as (n, n, A, A)
@ In a regime of extreme Borromean binding
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