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Experimental evidence for ηb
First evidence of ηb was given in 2001. ALEPH has
searched for ηb into two photons, giving the upper
limits:

Γ(ηb → γγ) ×BR(ηb → 4 charged particles) < 48 eV ,

Γ(ηb → γγ) ×BR(ηb → 6 charged particles) < 132 eV .

This was the motivation for theoretical estimate of
electromagnetic decay width for ηb.
More recently – end of 2002 –CDF in Run 1 has done
a search for ηb in the process

ηb → J/ψJ/ψ

with 7 events where 1.8 events are expected from background.
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Relation to Υ width
Singlet picture decay width factorises into:

Γ = NP × P

with NP ∝ |ψ(0)|2 and P = F (αs)
Born level pseudoscalar e.m. decay width:

ΓB(ηb → γγ) = 12e4
qα

24π
|ψ(0)|2

M 2
≡ ΓP

B

First order QCD correction:

Γ(ηb → γγ) = ΓP
B

[

1 +
αs

π

(
π2 − 20

3

)]

≈ ΓP
B (1 − αs)
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Relation to Υ width
Compare to the Υ state: Born level

ΓB(Υ → e+e−) = 4e2
qα

24π
|ψ(0)|2

M 2
≡ ΓV

B

One–loop QCD:

Γ(Υ → e+e−) = ΓV
B

(

1 −
16

3

αs

π

)

≈ ΓV
B (1 − 1.7αs)

Using these relations we extract ηb width from Υ
width.

Assuming the wavefunctions are the same in both

cases ⇒ O(αs/m
2
b) error.
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Relation to Υ width
Expanding in αs:

Γ(ηc → γγ)

Γ(Υ → e+e−)
≈

1

3

(1 − 3.38αs/π)

(1 − 5.34αs/π)
=

1

3

[

1 + 1.96
αs

π
+ O(α2

s)
]

Need to compute the correction.

Two–loop expression for αs :

α(2)
s (Q) =

4π

b0f(Q)

{

1 −
b1
b20

log[f(Q)]

f(Q)

}

b0 = (33 − 2Nf)/3, b1 = (306 − 38Nf )/3 ,

f(Q) = log
[

(Q/ΛMS)2
]

.

Theoretical determination of ηb ’s electromagnetic decay width – p.6/25



Relation to Υ width
Expanding in αs:

Γ(ηc → γγ)

Γ(Υ → e+e−)
≈

1

3

(1 − 3.38αs/π)

(1 − 5.34αs/π)
=

1

3

[

1 + 1.96
αs

π
+ O(α2

s)
]

Need to compute the correction.
Two–loop expression for αs :

α(2)
s (Q) =

4π

b0f(Q)

{

1 −
b1
b20

log[f(Q)]

f(Q)

}

b0 = (33 − 2Nf)/3, b1 = (306 − 38Nf )/3 ,

f(Q) = log
[

(Q/ΛMS)2
]

.

Theoretical determination of ηb ’s electromagnetic decay width – p.6/25



Relation to Υ width
From the value

αs(MZ) = 0.118 ± 0.003

RG evolution gives:

αs(Q = 2mb = 10.0 GeV) = 0.178 ± 0.007 .

Combining the formulæ ⇒

Γ(ηb → γγ) ± ∆Γ(ηb → γγ) = 489 ±19
︸︷︷︸

Υ error

αs error
︷︸︸︷

±2 eV

Here we assumed the αs scale to be Q = 2mb = 10.0 GeV. In the following

plot we shall see the effect of a different choice for the αs scale.

Theoretical determination of ηb ’s electromagnetic decay width – p.7/25



Relation to Υ width
From the value

αs(MZ) = 0.118 ± 0.003

RG evolution gives:

αs(Q = 2mb = 10.0 GeV) = 0.178 ± 0.007 .

Combining the formulæ ⇒

Γ(ηb → γγ) ± ∆Γ(ηb → γγ) = 489 ±19
︸︷︷︸

Υ error

αs error
︷︸︸︷

±2 eV

Here we assumed the αs scale to be Q = 2mb = 10.0 GeV. In the following

plot we shall see the effect of a different choice for the αs scale.

Theoretical determination of ηb ’s electromagnetic decay width – p.7/25



Relation to Υ width
From the value

αs(MZ) = 0.118 ± 0.003

RG evolution gives:

αs(Q = 2mb = 10.0 GeV) = 0.178 ± 0.007 .

Combining the formulæ ⇒

Γ(ηb → γγ) ± ∆Γ(ηb → γγ) = 489 ±19
︸︷︷︸

Υ error

αs error
︷︸︸︷

±2 eV

Here we assumed the αs scale to be Q = 2mb = 10.0 GeV. In the following

plot we shall see the effect of a different choice for the αs scale.

Theoretical determination of ηb ’s electromagnetic decay width – p.7/25



Relation to Υ width
From the value

αs(MZ) = 0.118 ± 0.003

RG evolution gives:

αs(Q = 2mb = 10.0 GeV) = 0.178 ± 0.007 .

Combining the formulæ ⇒

Γ(ηb → γγ) ± ∆Γ(ηb → γγ) = 489 ±19
︸︷︷︸

Υ error

αs error
︷︸︸︷

±2 eV

Here we assumed the αs scale to be Q = 2mb = 10.0 GeV. In the following

plot we shall see the effect of a different choice for the αs scale.
Theoretical determination of ηb ’s electromagnetic decay width – p.7/25



ηb → γγ width
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b
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ηb decay width to γγ in eV, with respect to the scale
chosen for αs . The fluctuation is of order 2%.
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Potential Models
We present now results for ηb → γγ from the
potential models. We have used:

• Cornell type potential:

V (r) = −
k

r
+

r

a2

with parameters a = 2.43, k = 0.52

• Rosner’s group potential:

V (r) =
λ

α

[(
r

r0

)α

− 1

]

+ C .

with α = −0.14 , λ = 0.808 , C = −1.305 GeV, r0 = 1 GeV−1
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Potential Models
• Igi–Ono potential:

VJ(r) = VAR(r) + dre−gr + ar, VAR(r) = −
4

3

α
(2)
s (r)

r

ΛMS = 0.5 GeV and ΛMS = 0.3 GeV

• Coulomb potential

V (r) = −
4

3

αs

r

where αs has been computed at a fixed scale.
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Potential Models
The potential of the Coulombic model can be written
as:

V (r) = −
16π

3β0r log 1/(ΛMSr)
2
×

[

1 −
β1

β2
0

log log 1/(ΛMSr)
2

log 1/(ΛMSr)
2

+

(
31
3
− 10

9
nf

)
/β0 + 2γE

log 1/(ΛMSr)
2

]

αs is calculated at a fixed scale rB , the Bohr radius:

rB =
3

2mαs(rB)
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Potential Models
This method has the advantage of providing analytical
solutions:

En = −
4

9

mα2
s

n2

|ψ(0)|2 =
1

π

(
2

3
mαs

)3

This model proved to be very effective for heavy
quark systems, where rB is small.
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rB as a function of mq
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Bohr radius as a function of the quark mass. The radii
of the mesonic bound states are enhanced.
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αs(rB) as a function of mq
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Coulombic model potential with αs evaluated at Bohr
radius as a function of the quark mass. We have
enhanced the αs values of the mesonic bound states.
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ηb → γγ from different potential
models
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ηb decay width to γγ in eV, evaluated from potential
models, as a function of the bottom mass. First order
radiative correction in αs has been evaluated at
Q = 2mb
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Potential Models
Error sources in calculation:

• Choice of scale in radiative correction

• Choice of various potential parameters
• Fluctuations in results from different models

⇒ error associated with the absolute prediction is of
order 20% .

ηb → γγ potential models prediction gives a range of
values:

Γ(ηb → γγ) = 466 ± 101 eV
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The BBL Procedure
We will present now another procedure which admits
other components to the meson decay beyond the one
from the colour singlet picture (Bodwin, Braaten and
Lepage).

NRQCD has been used to separate the short distance
scale of annihilation from the nonperturbative
contributions of long distance scale.
This approach has been successfully used to explain
the larger than expected J/ψ production at the
Tevatron.
According to BBL, in the octet model for quarkonium,
the decay widths of bottomonium states are given by:
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The BBL Procedure

Γ(Υ → LH) =
2〈Υ|O1(

3S1)|Υ〉

m2
b

(
10

243
π2 −

10

27

)

α3
s × [1 − (1.161nf

+0.223 )
αs

π

]

+
2〈Υ|P1(

3S1)|Υ〉

m4
b

17.32 ×
[
20(π2 − 9)

]

486
α3

s

Γ(Υ → e+e−) =
2〈Υ|O1(

3S1)|Υ〉

m2
b

[
π

3
Q2α2

(

1 −
13

3

αs

π

)]

−
2〈Υ|P1(

3S1)|Υ〉

m4
b

4

9
πQ2α2
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The BBL Procedure
There are four unknown long distance coefficients.

Vacuum saturation approximation ⇒

G1 ≡ 〈Υ|O1(
3S1)|Υ〉 = 〈ηb|O1(

1S0)|ηb〉

F1 ≡ 〈Υ|P1(
3S1)|Υ〉 = 〈ηb|P1(

1S0)|ηb〉

up to O(v2).
=⇒ Only two unknown factors, G1 and F1 .
We obtain a system for the Υ decay widths:

{
Γ(Υ → LH) = G1h1(αs,mb) + F1h2(αs,mb)

Γ(Υ → e+e−) = G1h3(αs,mb) + F1h4(αs,mb)
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The BBL Procedure
⇒ which solution provides us the ηb decay widths:







Γ(ηb → LH) = G1h5(αs,mb) + F1h6(αs,mb)

Γ(ηb → γγ) = G1h7(αs,mb) + F1h8(αs,mb)

We use the Υ experimental decay widths as input in
order to determine the long distance coefficients G1

and F1 .
This result is used to compute the ηb decay widths.
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The BBL Procedure
The BBL approach gives the following decay widths
of the ηb meson:

Γ(ηb → γγ) = 364 ±13
︸︷︷︸

Υ error

αs error
︷︸︸︷

±8 eV

and

Γ(ηb → LH) = 57.9 ±2.8
︸︷︷︸

Υ error

αs error
︷︸︸︷

±4.6 keV

We present also results from the lattice calculation of
the long distance terms for the BBL approach:

Γ(ηb → γγ) = 364 ± 104 eV
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Comparison
For comparison we present a set of predictions
coming from different methods:

• Potential Models results

• BBL approach with G1and F1 extracted from the
Υ decay data

• Lattice calculation of the long distance terms for
the BBL approach

• Singlet picture: G1 extracted from Υ → e+e−

decay width
• Singlet picture: G1 extracted from Υ → LH

decay width
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ηb → γγ Decay Width
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b
 → γγ)

Potential Models result; BBL approach with input from Υ decay data; Lattice

evaluation of G1 and F1 factors; Singlet picture with G1 obtained from

Υ → e+e− and Υ → LH processes respectively. The last point refers to a

O(α2
s) correction to the decay rate.
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Conclusions
• The Γ(ηb → γγ) decay width prediction of

potential models considered gives the value:

466 ± 101 eV

• This result is in agreement with the naive
estimate from the Υ decay

• Prediction of the BBL procedure are consistent
with the potential model results, for both the long
distance terms G1 and F1 extracted from the Υ
experimental decay widths and the one evaluated
from lattice calculations.

• The results from the singlet picture are also
consistent with the potential model results.
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