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Bound States of QED

• Hydrogen atom 

• Positronium

• Muonium

• “True” Muonium/Dimuonium

• More exotic di-leptonic resonances              ,

• “Molecular systems”

• Other atoms 
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n2-fold degeneracy

Higher order corrections (fine and hyper-fine) e.g. relativistic, spin-orbit, 
Lamb shift, spin-spin, lift degeneracy
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Hydrogen atom



True muonium
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r1(H) = a0 = 53000 fm r1(e+e�) = 2a0 r1(µ+
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�) = 530 fm

Unlike positronium there are fermionic decays (for S levels)
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The “true muonium” (µ+µ−) and “true tauonium” (τ+τ−) bound states are not only the heaviest,
but also the most compact pure QED systems. The rapid weak decay of the τ makes the observation
of true tauonium difficult. However, as we show, the production and study of true muonium is
possible at modern electron-positron colliders.

PACS numbers: 36.10.Ee, 31.30.Jr, 13.66.De

The possibility of a µ+µ− bound state, denoted here
as (µ+µ−), was surely realized not long after the clarifi-
cation [1] of the leptonic nature of the muon, since the
first positronium calculations [2] and its observation [3]
occurred in the same era. The term “muonium” for the
µ+e− bound state and its first theoretical discussion ap-
peared in Ref. [4], and the state was discovered soon
thereafter [5]. However, the first detailed studies [6, 7]
of (µ+µ−) (alternately dubbed “true muonium” [7] and
“dimuonium” [8, 9]) only began as experimental advances
made its production tenable. Positronium, muonium, πµ
atoms [10], and more recently even dipositronium [the
(e+e−)(e+e−) molecule] [11] have been produced and
studied, but true muonium has not yet been produced.

The true muonium (µ+µ−) and true tauonium (τ+τ−)
[and the much more difficult to produce “mu-tauonium”
(µ±τ∓)] bound states are not only the heaviest, but also
the most compact pure QED systems [the (µ+µ−) Bohr
radius is 512 fm]. The relatively rapid weak decay of
the τ unfortunately makes the observation and study of
true tauonium more difficult, as quantified below. In the
case of true muonium the proposed production mecha-
nisms include π−p → (µ+µ−)n [6], γZ → (µ+µ−)Z [6],
eZ → e(µ+µ−)Z [12], Z1Z2 → Z1Z2(µ+µ−) [13] (where
Z indicates a heavy nucleus), direct µ+µ− collisions [7],
η→(µ+µ−)γ [14], and e+e−→(µ+µ−) [15]. In addition,
the properties of true muonium have been studied in a

TABLE I: True fermionium decay times and their ratios.

τ (n3S1 → e+e−) = 6!n3

α5mc2 , τ (n1S0 → γγ) = 2!n3

α5mc2 ,

τ (2P →1S) =
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3
2

”8 2!

α5mc2 , τ (3S→2P ) =
“

5
2

”9 4!

3α5mc2 ,

τ (n3S1 → e+e−)
τ (n1S0 → γγ)

= 3 ,
τ (2P → 1S)

τ (n1S0 → γγ)
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“

3
2

”8 1
n3 = 25.6
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=
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5
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FIG. 1: True muonium level diagram (spacings not to scale).

number of papers [9, 16, 17].
The e+e−→ (µ+µ−) production mechanism is partic-

ularly interesting because it contains no hadrons, whose
concomitant decays would need to be disentangled in the
reconstruction process. If the beam energies of the col-
lider are set near threshold

√
s∼ 2mµ, the typical beam

spread is so large compared to bound-state energy level
spacings that every nS state is produced, with relative
probability ∼ 1/n3 [i.e., scaling with the (µ+µ−) squared
wave functions |ψn00(0)|2 at the interaction point, r =
0] and carrying the Bohr binding energy −mµα2/4n2.
The high-n states are so densely spaced that the to-
tal cross section is indistinguishable [18] from the rate
just above threshold, after including the Sommerfeld-
Schwinger-Sakharov (SSS) threshold enhancement fac-
tor [19] from Coulomb rescattering. As discussed below
[Eq. (2) and following], the SSS correction ∼ πα/β can-
cels the factor of β, the velocity of either of µ± in their
common center-of-momentum (c.m.) frame, that arises
from phase space.

The spectrum and decay channels for true muonium
are summarized in Fig. 1, using well-known quantum me-
chanical expressions [20] collected in Table I. In most
cases, the spectrum and decay widths of (µ+µ−) mimic
the spectrum of positronium scaled by the mass ratio

[Brodsky, Lebed PRL102, 2009]
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FIG. 2: The “Fool’s ISR” configuration for e+e− → (µ+µ−)
for symmetric beam energies. The angle between the either
of the e± and dotted line (ẑ axis) is defined as θ.

mµ/me. However, while positronium of course has no
e+e− decay channels, (µ+µ−)[n3S1] → γ∗ → e+e− is al-
lowed and has a rate and precision spectroscopy sensitive
to vacuum polarization corrections via the timelike run-
ning coupling α(q2 >0).

Unlike the case of positronium, the (µ+µ−) con-
stituents themselves are unstable. However, the µ has an
exceptionally long lifetime by particle physics standards
(2.2 µs), meaning that (µ+µ−) annihilates long before
its constituents weakly decay, and thus true muonium is
unique as the heaviest metastable laboratory possible for
precision QED tests: (µ+µ−) has a lifetime of 0.602 ps
in the 1S0 state (decaying to γγ) [6, 7] and 1.81 ps in the
3S1 state (decaying to e+e−) [6].

In principle, the creation of true tauonium (τ+τ−) is
also possible; the corresponding 1S0 and 3S1 lifetimes are
35.8 fs and 107 fs, respectively, to be compared with the
free τ lifetime 291 fs (or half this for a system of two
τ ’s). One sees that the (τ+τ−) annihilation decay and
the weak decay of the constituent τ ’s actually compete,
making (τ+τ−) not a pure QED system like (e+e−).

Electron-positron colliders have reached exceptional
luminosity values, leading to the possibility of detect-
ing processes with very small branching fractions. The
original proposal by Moffat [15] suggested searching for
X-rays from (µ+µ−) Bohr transitions such as 2P →1S at
directions normal to the beam. However, the nS states
typically decay via annihilation to e+e− and γγ before
they can populate longer-lived states. Furthermore, the
production and rapid decay of a single neutral system
at rest or moving in the beam line would be difficult to
detect relative to the continuum QED backgrounds, due
to a preponderance of noninteracting beam particles and
synchrotron radiation.

In this letter we propose two distinct methods for pro-
ducing a moving true muonium atom in e+e− collisions.
In both methods the motion of the atom allows one to
observe a gap between the production point at the beam
crossing and its decay to e+e− or γγ final states. Fur-
thermore, each given lifetime is enhanced by a relativistic
dilation factor γ appropriate to the process.

In the first method, we utilize an e+e− collider in which
the atomic system produced in e+e− → γ∗ → (µ+µ−)

at s ≃ 4m2
µ

carries momentum p⃗ = p⃗e+ + p⃗e− ≠ 0.
The production point of the (µ+µ−) and its decay point
are thus spatially displaced along the beam direction.
Asymmetric e+e− colliders PEP-II and KEKB have been
utilized for the BaBar and Belle experiments. How-
ever, we propose configuring an e+e− collider to use
the “Fool’s Intersection Storage Ring” (FISR) discussed
by Bjorken [21] (Fig. 2) in which the e± beams are ar-
ranged to merge at a small angle 2θ (bisected by ẑ), so
that s = (pe+ + pe−)2 ≃ 2E+E−(1 − cos 2θ) ≃ 4m2

µ and
the atom moves with momentum pz = (E+ + E−) cos θ.
For example, for θ = 5◦ and equal-energy e± beams
E± = 1.212 GeV, the atom has lab-frame momentum
pz = 2.415 GeV and γ = Elab/2mµ = 11.5. One can
thus utilize symmetric or asymmetric beams in the GeV
range colliding at small angles to obtain the c.m. energy√

s ≃ 2mµ for the production of true muonium.
The gap between the formation of the atom and its

decay as it propagates should be clearly detectable since
its path lies in neither beam pipe. The 33S1 state de-
cays with a 50 ps lifetime, so it moves 1.5 cm of proper
distance before decaying to e+e−, a length enhanced in
the lab frame by the γ factor (to 16.8 cm in the θ= 5◦

example). One thus can observe the appearance of e+e−

events with a θ-dependent set of lifetimes.
The cross section for continuum muon pair production

e+e−→µ+µ− just above threshold is the Born cross sec-
tion enhanced by the Sommerfeld-Schwinger-Sakharov
(SSS) threshold Coulomb resummation factor [19] S(β):

σ =
2πα2β

s

(

1 −
β2

3

)

S(β) , (1)

where

S(β) =
X(β)

1 − exp[−X(β)]
. (2)

Here β =
√

1 − 4m2
µ
/s is the velocity of either of the

µ± in their c.m. frame, and X(β)=πα
√

1 − β2/β. Thus
the factor of β due to phase space is cancelled by the
SSS factor, so that continuum production occurs even at
threshold where β = 0. For values of |β| of order α (as
in Bohr bound states), we see that the SSS factor effec-
tively replaces β with πα. Below threshold the entire set
of ortho-true muonium n3S1 C = −1 Bohr bound-state
resonances with n = 1, 2, · · · is produced, with weights
∼ 1/n3 and spaced with increasing density according to
the Bohr energies (

√
s)n ≃ 2mµ−α2mµ/4n2. By duality,

the rates smeared over energies above and below thresh-
old should be indistinguishable [18]. Thus the total pro-
duction of bound states in e+e− → (µ+µ−) relative to
the e+e−→µ+µ− relativistic lepton pair rate is of order
R∼ 3

2
πα≃0.03. However, in practice the production rate

is also reduced by the Bohr energy divided by the finite
width of the beam energies, since only collisions in the
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FIG. 2: The “Fool’s ISR” configuration for e+e− → (µ+µ−)
for symmetric beam energies. The angle between the either
of the e± and dotted line (ẑ axis) is defined as θ.

mµ/me. However, while positronium of course has no
e+e− decay channels, (µ+µ−)[n3S1] → γ∗ → e+e− is al-
lowed and has a rate and precision spectroscopy sensitive
to vacuum polarization corrections via the timelike run-
ning coupling α(q2 >0).

Unlike the case of positronium, the (µ+µ−) con-
stituents themselves are unstable. However, the µ has an
exceptionally long lifetime by particle physics standards
(2.2 µs), meaning that (µ+µ−) annihilates long before
its constituents weakly decay, and thus true muonium is
unique as the heaviest metastable laboratory possible for
precision QED tests: (µ+µ−) has a lifetime of 0.602 ps
in the 1S0 state (decaying to γγ) [6, 7] and 1.81 ps in the
3S1 state (decaying to e+e−) [6].

In principle, the creation of true tauonium (τ+τ−) is
also possible; the corresponding 1S0 and 3S1 lifetimes are
35.8 fs and 107 fs, respectively, to be compared with the
free τ lifetime 291 fs (or half this for a system of two
τ ’s). One sees that the (τ+τ−) annihilation decay and
the weak decay of the constituent τ ’s actually compete,
making (τ+τ−) not a pure QED system like (e+e−).

Electron-positron colliders have reached exceptional
luminosity values, leading to the possibility of detect-
ing processes with very small branching fractions. The
original proposal by Moffat [15] suggested searching for
X-rays from (µ+µ−) Bohr transitions such as 2P →1S at
directions normal to the beam. However, the nS states
typically decay via annihilation to e+e− and γγ before
they can populate longer-lived states. Furthermore, the
production and rapid decay of a single neutral system
at rest or moving in the beam line would be difficult to
detect relative to the continuum QED backgrounds, due
to a preponderance of noninteracting beam particles and
synchrotron radiation.

In this letter we propose two distinct methods for pro-
ducing a moving true muonium atom in e+e− collisions.
In both methods the motion of the atom allows one to
observe a gap between the production point at the beam
crossing and its decay to e+e− or γγ final states. Fur-
thermore, each given lifetime is enhanced by a relativistic
dilation factor γ appropriate to the process.

In the first method, we utilize an e+e− collider in which
the atomic system produced in e+e− → γ∗ → (µ+µ−)

at s ≃ 4m2
µ

carries momentum p⃗ = p⃗e+ + p⃗e− ≠ 0.
The production point of the (µ+µ−) and its decay point
are thus spatially displaced along the beam direction.
Asymmetric e+e− colliders PEP-II and KEKB have been
utilized for the BaBar and Belle experiments. How-
ever, we propose configuring an e+e− collider to use
the “Fool’s Intersection Storage Ring” (FISR) discussed
by Bjorken [21] (Fig. 2) in which the e± beams are ar-
ranged to merge at a small angle 2θ (bisected by ẑ), so
that s = (pe+ + pe−)2 ≃ 2E+E−(1 − cos 2θ) ≃ 4m2

µ and
the atom moves with momentum pz = (E+ + E−) cos θ.
For example, for θ = 5◦ and equal-energy e± beams
E± = 1.212 GeV, the atom has lab-frame momentum
pz = 2.415 GeV and γ = Elab/2mµ = 11.5. One can
thus utilize symmetric or asymmetric beams in the GeV
range colliding at small angles to obtain the c.m. energy√

s ≃ 2mµ for the production of true muonium.
The gap between the formation of the atom and its

decay as it propagates should be clearly detectable since
its path lies in neither beam pipe. The 33S1 state de-
cays with a 50 ps lifetime, so it moves 1.5 cm of proper
distance before decaying to e+e−, a length enhanced in
the lab frame by the γ factor (to 16.8 cm in the θ= 5◦

example). One thus can observe the appearance of e+e−

events with a θ-dependent set of lifetimes.
The cross section for continuum muon pair production

e+e−→µ+µ− just above threshold is the Born cross sec-
tion enhanced by the Sommerfeld-Schwinger-Sakharov
(SSS) threshold Coulomb resummation factor [19] S(β):

σ =
2πα2β

s

(

1 −
β2

3

)

S(β) , (1)

where

S(β) =
X(β)

1 − exp[−X(β)]
. (2)

Here β =
√

1 − 4m2
µ
/s is the velocity of either of the

µ± in their c.m. frame, and X(β)=πα
√

1 − β2/β. Thus
the factor of β due to phase space is cancelled by the
SSS factor, so that continuum production occurs even at
threshold where β = 0. For values of |β| of order α (as
in Bohr bound states), we see that the SSS factor effec-
tively replaces β with πα. Below threshold the entire set
of ortho-true muonium n3S1 C = −1 Bohr bound-state
resonances with n = 1, 2, · · · is produced, with weights
∼ 1/n3 and spaced with increasing density according to
the Bohr energies (

√
s)n ≃ 2mµ−α2mµ/4n2. By duality,

the rates smeared over energies above and below thresh-
old should be indistinguishable [18]. Thus the total pro-
duction of bound states in e+e− → (µ+µ−) relative to
the e+e−→µ+µ− relativistic lepton pair rate is of order
R∼ 3

2
πα≃0.03. However, in practice the production rate

is also reduced by the Bohr energy divided by the finite
width of the beam energies, since only collisions in the

<latexit sha1_base64="bI2cvljKiKLdBDNJ4nnjMhoVF7k="></latexit>

�(e+e� ! µ+µ�)
��
�⇡0

=
2⇡↵2�

s

✓
1� �2

3

◆
S(�)

Sommerfeld-
Schwinger-
Sahkharov 

factor

0.001 0.005 0.010 0.050 0.100
1

2

5

10

20

β

S
(β
)

<latexit sha1_base64="m2RQLqFgQZHtxVpwqBKOPdvS5PY="></latexit>

�b.s =

✓
⇡2↵3

2m2
µ

◆✓
↵2mµ

4�Ee

◆
⇠

✓
1MeV

�Ee

◆
10�34cm2

<latexit sha1_base64="YNPRaH7ApmtZ3NLq+4PbDsEdjNY="></latexit>

�b.s

�Bhabha
⇠

✓
3⇡↵

2

◆✓
↵2mµ

4�Ee

◆
⇠

✓
1MeV

�Ee

◆
10�4



After production
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New physics coupled to muons?

New forces can change size of muonium, altering production/
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FIG. 5: TM branching ratio to BSM final states in Eqs. (C5)–
(C8) which are allowed by (g � 2)µ at the 5�.

to the TM branching fraction into pseudoscalars [85–
87]; see also a recent recast of PrimEx data [88, 89].
The expressions for NP contributions to �aµ are taken
from [87, 90, 91]. As we can see the maximal branching
ratios are typically below the 1% level and require high
precision TM measurements to exceed this sensitivity.

3. TM decay to hidden-sector particles

In this section, we calculate decay rates of TM to
hidden-sector particles � such as TM ! �̄�, where �
is a hidden-sector particle. This results from muon an-
nihilation via an s-channel mediator into the � particles.
This final state dominates when the mediator has a much
larger coupling to hidden sector particles than SM parti-
cles. These � particles could be invisible, or in turn decay
to lighter hidden-sector particles. We consider the same
mediators as in Section C 2 and assume thatmTM 6= mX ;
otherwise, we have to take into account mixing between
the states. We note that the SM rate of TM ! Z⇤ ! ⌫̄⌫
is completely negligible.

Let us assume for concreteness that � is a Dirac
fermion. The coupling to � has the same parity structure
as to SM leptons, e.g. we assume that a scalar couples to
�̄�, a pseudoscalar to �̄�5�, etc. Because the TM state
we are considering is a vector, the only contribution is
via decay through a vector state. Then, we have

BR(TM ! V ⇤ ! �̄�) =
g2V µg

2

V �

16⇡2↵2(1 � xV )2

⇥ (1 + 2x�)
p
1 � 4x� . (C9)

If we consider mV < mTM such that there is no sup-
pression of the V propagator and m� ⌧ mTM, we ob-
tain constraints on the coupling gV µ from (g � 2)µ. The
coupling to ⌫µ leads to constraints on neutrino trident
rates, so for a vector coupling these also constrain gV µ .

The maximal allowed value of BR(TM ! V ⇤ ! �̄�) by
(g � 2)µ for gV � = 4⇡ and m� = 0 is plotted in Fig. 5.
For mV ⌧ mTM, this gives a hidden-sector branching
fraction at the level of 2%. While this is likely too small
to be seen as a change in the TM lifetime or cross sec-
tion, it could be detectable if the � decays themselves
are visible, which is challenging. If mV = 160MeV, the
branching fraction is enhanced to ⇠ 10%. If the states
become much more degenerate than this, it is: (a) tuned;
(b) would require some careful treatment of the width
and mixing between the two states. This is especially
true if the coupling gV � is very large, because the width
would be large as well. If we instead take gV � = 1, then
the branching fraction is ⇠ 10�4 for mV = 0 and ⇠ 10�3

for mV = 170MeV.

4. Modifications to TM decay to e+e�

In this section, we consider s-channel contributions of
the mediator to the decay of TM ! e+e�. This is sim-
ilar to the decay from Section C 3, but we must include
interference with the contribution from the SM photon.
We obtain (in the limit me ⌧ mTM,mV )

�(TM ! e+e�) =
↵3

192⇡2(1 � xV )2

⇥ [gV µgV e + 4⇡↵(1 � xV )]
2 , (C10)

which appropriately reduces to the V -only or photon-
only results in the limits ↵ ! 0 and gV µ = gV e = 0,
respectively. For gV µ, gV e ⌧

p
4⇡↵, the dominant cor-

rection to the width from the SM value scales like

��

�
=

gV µgV e

2⇡↵(1 � xV )

����
xV ⌧1

. 2 ⇥ 10�5. (C11)

Note that we can apply this to a dark photon by simply
choosing gV e = gV µ = "

p
4⇡↵, where " is the kinetic

mixing of the dark photon.
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The “true muonium” (µ+µ−) and “true tauonium” (τ+τ−) bound states are not only the heaviest,
but also the most compact pure QED systems. The rapid weak decay of the τ makes the observation
of true tauonium difficult. However, as we show, the production and study of true muonium is
possible at modern electron-positron colliders.

PACS numbers: 36.10.Ee, 31.30.Jr, 13.66.De

The possibility of a µ+µ− bound state, denoted here
as (µ+µ−), was surely realized not long after the clarifi-
cation [1] of the leptonic nature of the muon, since the
first positronium calculations [2] and its observation [3]
occurred in the same era. The term “muonium” for the
µ+e− bound state and its first theoretical discussion ap-
peared in Ref. [4], and the state was discovered soon
thereafter [5]. However, the first detailed studies [6, 7]
of (µ+µ−) (alternately dubbed “true muonium” [7] and
“dimuonium” [8, 9]) only began as experimental advances
made its production tenable. Positronium, muonium, πµ
atoms [10], and more recently even dipositronium [the
(e+e−)(e+e−) molecule] [11] have been produced and
studied, but true muonium has not yet been produced.

The true muonium (µ+µ−) and true tauonium (τ+τ−)
[and the much more difficult to produce “mu-tauonium”
(µ±τ∓)] bound states are not only the heaviest, but also
the most compact pure QED systems [the (µ+µ−) Bohr
radius is 512 fm]. The relatively rapid weak decay of
the τ unfortunately makes the observation and study of
true tauonium more difficult, as quantified below. In the
case of true muonium the proposed production mecha-
nisms include π−p → (µ+µ−)n [6], γZ → (µ+µ−)Z [6],
eZ → e(µ+µ−)Z [12], Z1Z2 → Z1Z2(µ+µ−) [13] (where
Z indicates a heavy nucleus), direct µ+µ− collisions [7],
η→(µ+µ−)γ [14], and e+e−→(µ+µ−) [15]. In addition,
the properties of true muonium have been studied in a

TABLE I: True fermionium decay times and their ratios.

τ (n3S1 → e+e−) = 6!n3

α5mc2 , τ (n1S0 → γγ) = 2!n3
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2

”8 2!
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5
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FIG. 1: True muonium level diagram (spacings not to scale).

number of papers [9, 16, 17].
The e+e−→ (µ+µ−) production mechanism is partic-

ularly interesting because it contains no hadrons, whose
concomitant decays would need to be disentangled in the
reconstruction process. If the beam energies of the col-
lider are set near threshold

√
s∼ 2mµ, the typical beam

spread is so large compared to bound-state energy level
spacings that every nS state is produced, with relative
probability ∼ 1/n3 [i.e., scaling with the (µ+µ−) squared
wave functions |ψn00(0)|2 at the interaction point, r =
0] and carrying the Bohr binding energy −mµα2/4n2.
The high-n states are so densely spaced that the to-
tal cross section is indistinguishable [18] from the rate
just above threshold, after including the Sommerfeld-
Schwinger-Sakharov (SSS) threshold enhancement fac-
tor [19] from Coulomb rescattering. As discussed below
[Eq. (2) and following], the SSS correction ∼ πα/β can-
cels the factor of β, the velocity of either of µ± in their
common center-of-momentum (c.m.) frame, that arises
from phase space.

The spectrum and decay channels for true muonium
are summarized in Fig. 1, using well-known quantum me-
chanical expressions [20] collected in Table I. In most
cases, the spectrum and decay widths of (µ+µ−) mimic
the spectrum of positronium scaled by the mass ratio

Muonic forces/contact interactions can alter energy levels: Lamb shift, 
hyperfine, 2P-2S, 2S-1S, etc

[Tucker-Smith, 
Yavin;PRD83 

2011]

2S-2P

QED prediction known to                   BSM ~100 MHz
<latexit sha1_base64="hiiERoKPJ4gX+CYNjfE/DENTuQA=">AAACGHicbVDJSgNBEO1xjXGLesylMQjxEmbE7Rj04s0IZoFMDDWdnqRJd8/Q3SOEIQd/wx/wqn/gTbx68wf8DjvLwSQ+KHi8V0VVvSDmTBvX/XaWlldW19YzG9nNre2d3dzefk1HiSK0SiIeqUYAmnImadUww2kjVhREwGk96F+P/PojVZpF8t4MYtoS0JUsZASMldq5vC/A9Ajw9HZYFG1fJNgHHvfg4ey4nSu4JXcMvEi8KSmgKSrt3I/fiUgiqDSEg9ZNz41NKwVlGOF0mPUTTWMgfejSpqUSBNWtdPzEEB9ZpYPDSNmSBo/VvxMpCK0HIrCdo5P1vDcS//OaiQkvWymTcWKoJJNFYcKxifAoEdxhihLDB5YAUczeikkPFBBjc5vZEtKBFPEwa4Px5mNYJLWTknde8u5OC+WraUQZlEeHqIg8dIHK6AZVUBUR9IRe0Ct6c56dd+fD+Zy0LjnTmQM0A+frF+TfoCo=</latexit>

O(mµ↵
5)

[Ji,Lam; 1712.03429]



•Dimuonium is a bound state of QED, never seen before!

•Provides a precision laboratory to test QED and muons

•Existing anomalies: g-2, proton radius, R_D, R_K

• FISR produces relativistic dimuonium in 3S1 states

•Opportunity for detailed study of its properties — production 
rate, decays, transitions


•Some calculations to be done, no apparent “show stopper”

•Constraints on new physics…

Conclusions


