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Experimental evidencefor 7,

First evidence of 7, was given in 2001. has
searched for 7, Into two photons, giving the upper
limits:

I'(ny, — vy) x BR(n, — 4 charged particles) < 48 eV,

['(ny, — vv) x BR(n, — 6 charged particles) < 132 eV .

This was the motivation for theoretical estimate of
electromagnetic decay width for n;,.

More recently — end of 2002 — has done
a search for 7, In the process
m — J/YJ /Y

with 7 events where 1.8 events are expected from background.
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Born level pseudoscalar e.m. decay width:.
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Relation to T width

decay width factorises into:
['= NP X

with NP o |[¢(0)]* and I = F(a)
Born level pseudoscalar e.m. decay width:.

0 2
HOF _

7

Ly — vy) = 12630&2471'

correction:

a, [T — 20
r<nﬁw>=r§[1+ﬂ( : )]zrgu—as)
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M2

[p(T — efe™) =de a’dr =T
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Relation to T width

Compare to the T state: Born level

4 (0)]°

[p(T —efe”) = 4620&247( Ve Iy

16 oy
3

(Y —efe ) =T} (1 ) ~T%(1—1.7a;)

Using these relations we

Assuming the wavefunctions are the same In both
cases = O(as/m3) error.
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Relation to T width
Expanding in o:
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Need to compute the correction.
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Relation to T width
Expanding in o:

I'(ne —vy) _ 1(1—3.38ay/7)

(Y —ete)  3(1—5.34a,/m)

Need to compute the correction.

for o :
L@ = T b1 log|f(Q)]
» (@) bof(Q){l ANI(e) }

by = (33 — 2Ny)/3,b; = (306 — 38N;)/3,
1(Q) = log |(Q/Asrs)’]
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Relation to T width

From the value

RG evolution gives:

Combining the formulae =

Here we assumed the o, scaleto be () = 2m; = 10.0 GeV. In the following

plot we shall see the effect of adifferent choice for the o, scale.
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n, decay width to v~ in eV, with respect to the scale
chosen for a, . The fluctuation i1s of order 2%.
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Potential M odels

We present now results for n, — ~~ from the
potential models. We have used:

« Cornell type potential:

with parameters a = 2.43, k = 0.52
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Potential M odels

We present now results for n, — ~~ from the
potential models. We have used:

« Cornell type potential:

with parameters a = 2.43, k = 0.52
» Rosner’s group potential:

=2 [(2) 1] e

witha = —0.14, A = 0.808 , C' = —1.305 GeV, g = 1 GeV !
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Potential M odels

* |1gi—Ono potential:

4 ozém (1)
Vir) = Var(r) + dre™ +ar, Vag(r) = —3

A5 = 0.5 GeV and Ay = 0.3 GeV
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Potential M odels
* 1gi—Ono potential:

4 ag2)(r)
Vir) = Var(r) + dre™ +ar, Vag(r) = —3

A5 = 0.5 GeV and Ay = 0.3 GeV
» Coulomb potential

4 o
3T
where o, has been computed at a fixed scale.

Vir) =
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Potential M odels

The potential of the Coulombic model can be written
as:
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Potential M odels

The potential of the Coulombic model can be written
as:

167
Vir) = " 3Gy log 1/ (Aaper)?
51 loglog 1/(Aq7z7)? N (%1 — —nf) /Bo + 2’yE

¢ logl/(Agpar)? log 1/(Ag7g7)?

=

o, 1S

N 2ma (1)
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This method has the advantage of providing analytical
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Potential M odels

This method has the advantage of providing analytical
solutions:

B — %mozg
9 n?

pof =2 (o)

This model proved to be very effective for heavy
quark systems, where rp Is small.
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rp asafunction of m,

cc (0.27 fm)

< bb (0.16 fm)

o
=
o

—_
=
N
n
=
]
(]
—
—_
<
(@)
m

ti (0.01 fm)

50.0 100.0 150.0
Quark mass (GeV)

Bohr radius as a function of the quark mass. The radii
of the mesonic bound states are enhanced.
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as(rp) asafunction of m,

Coulombic model potential with o, evaluated at Bohr
radius as a function of the quark mass. We have
enhanced the o, values of the mesonic bound states.
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Ny — vy Trom airrerent potential
models

3
<
i
=
)
o
(m)

n, decay width to v~ in eV, evaluated from potential
models, as a function of the bottom mass. First order
radiative correction in «, has been evaluated at

@ = 2my
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Potential M odels

Error sources In calculation:

e Choice of scale In radiative correction
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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
epage).
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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
epage).

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/+) 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

2(Y10:1(°S1)|T) ( 10 , 10) 3
I(Y — LH) = 72— — ) ad x[1 - (1.161n;
m? 243 X

40.223 ) O‘—}
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The BBL Procedure

2(Y10:1(°S1)|T) ( 10 , 10) 3
I(Y — LH) = 72— — ) ad x[1 - (1.161n;
m? 243 X

40.223 ) O‘—}

s

(Y|P (°S1)|T)
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The BBL Procedure

3
2(T|01 (351)[T) (10 . 1_0> o2 x [1 — (1.161n;

(T — LH) = m2 243" 27
40,223 )%}
T
N (T|Py(°S1)|T)

[T — etem) — 2(Y|01(3S1)|T) FQ2Q2 (1 _ E%)]

2
my
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The BBL Procedure

3
2(T|01 (351)[T) (10 . 1_0> o2 x [1 — (1.161n;

(T — LH) = m2 243" 27
40,223 )%}
T
N (T|Py(°S1)|T)

[T — etem) — 2(Y|01(3S1)|T) FQ2Q2 (1 _ E%)]

2
my

(T|PL(*S1)|T)
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The BBL Procedure

1 1
O — L) = 2O B2 |y o (- St = Ty )

m3 2 24 9

—p.19/2!



The BBL Procedure

m3 9 ° 2 24 9

1 1
T(m — LH) = 2(mp|O1("So)|mw) 2_ [1 o (@ 8l o §nf>]

(m5| P1(*S0) |75)
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The BBL Procedure

m; 9" Y 9

1 1
g — LH) = 2l01CS0)m) 2. [1 N (@ 3L, §nf>]

(m6| P (*So)|ms)

L — ) = 2(77b|01(1So)\77b>7TQ4a2 [1 N (72 _ 20) %]

2
mb 3 T
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The BBL Procedure

m; 9" Y 9

1 1
g — LH) = 2l01CS0)m) 2. [1 N (g 3L, §nf>]

(m6| P (*So)|ms)

L — ) = 2(77b|01(1So)\77b>7TQ4a2 [1 N (7T2 _ 20) asl

2
mb 3 T

(ns| P (* So)|ms)
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The BBL Procedure

There are
Vacuum saturation approximation =

G1 = (T|0:1(>51)|T) = (m]O1(*So)|m)

Fy = (Y|P(PS)|T) = (ms| Pi(*So)|ms)

up to O(v?).
— G and F7 .
We obtain a system for the YT decay widths:

F(T — LH) — Glhl(OéS, mb) T Fth(OéS, mb)
['(T — ete™) = Girhs(as, my) + Firha(ag, mp)
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The BBL Procedure

= which solution provides us the 7, decay widths:

y

['(ny, = LH) = G1hs(ag, my) + Fihg(as, mp)
T —vy) = Gaha(as, ms) + Fihs(as, me)

We use the YT experimental decay widths as input in
order to determine the long distance coefficients (¢4
and F .

This result Is used to compute the n;, decay widths.
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The BBL approach gives the following decay widths
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The BBL Procedure

The BBL approach gives the following decay widths

of the 7, meson:

and

as EITor
~
T(gy — LH) =57.9 +28 46 keV
——
T Error

We present also results from the lattice calculation of

the long distance terms for the BBL a

pproach:

[(my — vy) = 364 =

- 104

2\
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Comparison
For comparison we present a set of predictions
coming from different methods:
o results

« BBL approach with Giand F} extracted from the
T decay data

 Lattice calculation of the long distance terms for
the BBL approach

» Singlet picture: Gy extracted from T — ete™
decay width

« Singlet picture: G, extracted from YT — LH
decay width
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n, — vy Decay Width

200 250 300 350 400 450 500 550 600 650 700
Width (eV)

Potential Models result; BBL approach with input from Y decay data; Lattice
evaluation of (G; and F factors; Snglet picture with GG, obtained from

T — ete” and Y — LH processes respectively. The last point refersto a
O(a?) correction to the decay rate.
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Conclusions

* The I'(n, — ~7) decay width prediction of
potential models considered gives the value:

 This result Is in agreement with the naive
estimate from the Y decay

 Prediction of the BBL procedure are consistent
with the potential model results, for both the long
distance terms G4 and F) extracted from the Y
experimental decay widths and the one evaluated
from lattice calculations.

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

—p.25/2!



	Outline
	 Experimental evidence for $etab $
	 Relation to $Upsilon $ width
	 Relation to $Upsilon $ width
	 Relation to $Upsilon $ width
	 Relation to $Upsilon $ width
	 $etab 	o gamma gamma $ width
	Potential Models
	 Potential Models
	 Potential Models
	 Potential Models
	 $r_B$ as a function of $m_q$
	 $as (r_B)$
as a function of $m_q$
	 $etab 	o gamma gamma $ from different potential models
	 Potential Models
	The BBL Procedure
	The BBL Procedure
	 The BBL Procedure
	 The BBL Procedure
	 The BBL Procedure
	 The BBL Procedure
	 Comparison
	 $etab 	o gamma gamma $ Decay Width
	 Conclusions

