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X (3872) as a typical near-threshold state

My = 3871.68 & 0.17 MeV ~ m(D°) + m(D*°)

Mpo 4+ Mp.o — My = (0.12 + 0.26) MeV

Ty < 1.2 MeV
D DOx" Xt D*D* + c..
DOD*O
~ 7 MeV ~ 8 MeV



Introduction

Observation of X (3872)
@ Observation of the X (3872) in the mode

B* » KTX - K+ (7T+7T_J/1/1>

(Belle 2003, CDF, D), BABAR 2004-2006, LHCb 2013)
@ Observation of the X (3872) in the mode

B*Y 5 KTX = K+ <7r+w—w0J/¢)

(Belle 2005, BABAR 2010)
@ Observation of the X (3872) in the mode

B* — K*X - K*(D°D’x")
(Belle 2006, BABAR 2007)
@ Studies of the X radiative decays (large branchings!)
X = ~J/Y X — ' (3686)
(BABAR 2008, Belle 2010/2011)
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Introduction

Conclusions from the theoretical analysis

e X (3872) is a bound state generated dynamically by a
strong coupling of the genuine charmonium X/, to the
D D* hadronic channel

@ Admixture of the c¢ charmonium in the w.f. is ~ 50%
@ X (3872) is bound by short-range forces, one pion

exchange (OPE) and related three-body dynamics playing
an important role for the X properties
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One pion exchange in X (3872)

M m

P 4iq;
D3 (p7 p/)

—p “a

(VOPE(pu p,))ij =

My

m M

Therefore OPE in X (3872) contains short-range physics which
results in divergent loops
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3-body dynamics

EFT approach to the X

@ Short-range interaction (including the short-range part of
OPE) is described by a constant contact term Cj

Vial = Co(A) + VEE(A)

@ The contact term is fixed to generate X as a bound state
with a given binding energy Ep

&8% =0 = Cp(A) is fixed

@ Relativised approach is renormalisable in LO

@ The full dynamical relativised problem is solved for Vi:
Three-body dynamics included

Unitarity preserved

Renormalisation group equation satisfied

]
@
]
¢ Renormalisable approach
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X (3872) on the lattice

Lattice predictions for Mx — mpo — mp+o:

Prelovsek, Leskovec, —(11£7) MeV

PRL 111, 192001 (2013)
Fermilab Lattice and MILC Collabs, | —(13 & 6) MeV
arXiv:1411.1389 [hep-lat]
Padmanath, Lang, Prelovsek —(8 £ 15) MeV
arXiv:1503.03257 [hep-lat] —(9 £8) MeV

Experimental value:
Mx —mpo —mps«o = —(0.12 £ 0.26) MeV

Thus lattice simulations systematically predict X (3872) bound
stronger than observed experimentally and it is a challenge for
the theory to provide an extrapolation formula for the E to
proceed from m, ~ 300 MeV to m, = 140 MeV
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Leading order prediction for the X binding energy

At LO dependence on m, comes only from the long-range OPE
and from renormalised selfenergy loops = Prediction!

Black solid curve — full
dynamical  theory  with
3-body effects

B

uf 1 " physical pion mass q
Blue dotted curve — L
simplified formulation with e |
static OPE ‘ ‘ ‘ ‘

0.8 1 12 14
&= mynf;

Conclusions:

@ 3-body effects are important
@ In LO binding energy decreases fast with the increase of m.
@ To arrive at stronger bound state one has to proceed to NLO
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Contact interaction “running” law

Co(A,mr) = CEM (A, mPM) + 6Co (A, my)
What do we do with §Cy (A, mz)?

@ Approach #1: §Cy(A, m,) is prescribed using a suitable
model; Fp and OEp/0m, at the physical point are treated as
input
Outcome — prediction for Ep(mi™") to compare with
lattice simulations

o Approach #2: Lattice data are used to fix Ep(ms™") for two

h
values of my"?
ph

Outcome — extrapolaton formula to mz

10/13



Acknowlegments Introduction 3-body dynamics Chiral extrapolations Conclusions

Approach #1

0
% physical pion mass N
=7 I
uf® uf®
' \
\
10+ H -10+ :
R e T Be B S T RV R ¥ ¥ !
&=mn, g=m
@ Dashed-dotted line: pionless theory
B ) B h h2
@ Dashed line: natural assumption (8E3/8m72r)|mﬂ:mgh = E}'/mP
@ Red band: relativised approach (A — oo) with resonance saturation
@ Black band: nonrelativistic approach (A € [500,700] MeV) in

heavy-meson formulation

@ Blue dot with error bar: lattice result by Prelovsek & Leskovec'2013
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Approach #2

physical pion mass

-8 gedanken lattice data
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Red band — the full calculation with dynamical pions in NLO
Blue band — static OPE

Conclusions
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Conclusions

Conclusions

Three-body dynamics is important in the X (3872)

Lattice predictions of stronger bound X for unphysical pion
masses is compatible with the X formed by short-range forces

Extrapolation formula from uphysically large pion masses to
the physical point is nontrivial and it is strongly influenced by
the three-body dynamics

Simulations of the X on the lattice may provide valuable
information on binding mechanisms in it

Suggested approach supports generalisations to other
near-threshold states
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