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Introduction

Are we ready to describe heavy quarkonium experiments? In particular
inclusive electromagnetic decay data?

— We have an effective field theory, Potential Non-Relativistic QCD, which
describes the heavy quarkonium dynamics in the weak and strong coupling
situation. m > mv > mv?

(/ao - % - Vo(r)> o(r) =0

+corrections to the potential potential NRQCD E ~ mv
~+interaction with other low
energy degrees of freedom

2

In the weak coupling regime the starting pointis Vy = —Cf%.
In the strong coupling regime case

Vo(r) = TILm()o Lz log (W) Wilson, Susskind
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Understanding of QCD dynamics (talks by Sanchis-Lozano, Cheahyun Yu,
Pedro Ruiz-Femenia, ...).
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Decays eventual important for the determination of «s (talk by Xavier Garcia).
Search for new physics (talks by Osamu Tajima, Sanchis-Lozano).

Ongoing effort in the determination of higher order corrections to the decays.
In perturbation theory: talks in the Standard Model session by Peter
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threshold.
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Motivation
Understanding of QCD dynamics (talks by Sanchis-Lozano, Cheahyun Yu,
Pedro Ruiz-Femenia, ...).
In particular searches for 7, (talks by Fabio Maltoni, Yu Jia, Pietro Santorelli,
Cong-Feng Qiao).

Decays eventual important for the determination of «s (talk by Xavier Garcia).
Search for new physics (talks by Osamu Tajima, Sanchis-Lozano).

Ongoing effort in the determination of higher order corrections to the decays.
In perturbation theory: talks in the Standard Model session by Peter
Marquard and Kurt Schuller. Impact in sum rules and t-f production near
threshold.

The question we address is the following:

Which states belong to the weak/strong coupling regime?

In particular, does the bottomoniun ground state belong to the weak coupling
regime?

Analysis of the spectrum supports this hypothesis, but what about decays?
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Inclusive electromagnetic decays: bottomonium
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Figure: Prediction for the T(1S) decay rate to eTe~. We work in the RS’ scheme.

The effect of the resummation of logarithms is important if compared with just
keeping the single logarithm.
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2
[(T(nS) — e"e”) = 167 A [aEM e"] \d»&sz”(o))z {01 —d
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F(n6(nS) — 77) = 167 Ca | 7=

Myy(ns) — 2mq }2
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The corrections to the wave function at the origin are obtained by taking the
residue of the Green function at the position of the poles

Yo -

2
20’(0)] (1+0665)) = ResGi(0,0; E),
E=Ep
where the LO wave function is given by

&Wmf—1(m“h*f.

T 2n

2
Note that qsgs)(O)‘ is SCHEME and SCALE dependent.
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Figure: Prediction for the n,(1S) decay rate to two photons. We work in the RS’
scheme.
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Decay Ratio at NNLL
Penin, Smirnov, Steinhauser, Pineda

M(Va(nS) — ete)

1+alnata®infat. .-
F(Po(nS) — vv)

tatallna+allin®a+ ...

+al+fna+atinfa+ -

[(Ts) —e'e) 1
rm(1S) — ) — 3Q?
_r(r@s)—eter)

Frm(1S) —v7) 342

R =

(1 —0.13198 — 0.0179492) .

(1-0.302—0.111) .

M(n6(18) — vv) = 0.659 + 0.089(th.)§ 213 (5o ) £ 0.015(exp.) KeV
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The spin ratio as the function of the renormalization scale v for the (would be)
toponium ground state. The yellow band reflects the errors due to as(Mz).
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The spin ratio as the function of the renormalization scale v for the
bottomonium ground state. The yellow band reflects the errors due to as(Mz).
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NNNLO ?

Coulomb corrections. Penin, Smirnov, Steinhauser; Beneke, Kiyo, Schuller

3|1 (0)I2

~ — ~ 3 f— ~y
|¢)20)(0)|2 ~ —0.47 ~ ag(n) for pu = pg ~ 2GeV
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d3|$1(0)[2 3
— 22 ~ —0.47 ~ as(p) for pu = pg ~ 2GeV
61 (0)[2

Relativistic corrections. Beneke, Kiyo, Schuller
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NNNLO ?

Coulomb corrections. Penin, Smirnov, Steinhauser; Beneke, Kiyo, Schuller

3|1 (0)I2

~ — ~ 3 f— ~y
|¢)20)(0)|2 ~ —0.47 ~ ag(n) for pu = pg ~ 2GeV

Relativistic corrections. Beneke, Kiyo, Schuller

3| $1(0) I

~ —1.4 ~ad(p) for p = pug ~ 2GeV
617 (0)
Ultrasoft corrections. Beneke, Kiyo, Penin

53]$1(0)[3s

= ~ 3 pu— ~J
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NNNLO ?

Coulomb corrections. Penin, Smirnov, Steinhauser; Beneke, Kiyo, Schuller

d3|$1(0)[2 3
— 22 ~ —0.47 ~ as(p) for pu = pg ~ 2GeV
61 (0)[2

Relativistic corrections. Beneke, Kiyo, Schuller

3| $1(0) I

GO - ad(u)  forp = pp ~ 2GeV
1

Ultrasoft corrections. Beneke, Kiyo, Penin

53]$1(0)[3s

= ~ 3 pu— ~J
16$(0)[2 ~1.93 ~as(p)  forp = pp ~ 2GeV

c1, as, ... corrections?. Talk by Peter Marquard (partial)
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Strong scale dependence ?
There is an strong scale dependence for scales below two GeV (20 for the
case of toponium, they seem to have a similar origin) even after the
resummation of logarithms.
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Strong scale dependence ?
There is an strong scale dependence for scales below two GeV (20 for the
case of toponium, they seem to have a similar origin) even after the
resummation of logarithms.
Possible origin. The scale dependence of the Coulomb corrections.
Possible solution. Solving the Schroedinger equation with the Coulomb
equation exactly (numerically). This significantly reduces the scale
dependence.

1 =15 GeV (lower)

—— 4 =30 GeV (middle)
1= 60 GeV (upper)

===  p =15 GeV exact

04l e

349 350 351 352 353

Figure: Top quark pair production cross section (Coulomb corrections only). Scale
dependence of the third-order approximation. From hep-ph/0501289.
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Renormalons ?

Large corrections at each order in perturbation theory.

Besides the mass (for which we know how to handle the renormalon), the
matching coefficients have renormalons themselves. In particular cy.

So far they have been mainly studied at the theoretical level in the large 3y
approximation by Braaten and Yu-Qi Chen and by Bodwin and Yu-Qi Chen.
Consistency shown. Renormalon contribution from the hard matching
coefficient cancels with the renormalon contribution from the relativistic
corrections.
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Renormalons ?

Large corrections at each order in perturbation theory.

Besides the mass (for which we know how to handle the renormalon), the
matching coefficients have renormalons themselves. In particular cy.

So far they have been mainly studied at the theoretical level in the large 3y
approximation by Braaten and Yu-Qi Chen and by Bodwin and Yu-Qi Chen.
Consistency shown. Renormalon contribution from the hard matching
coefficient cancels with the renormalon contribution from the relativistic
corrections.

Devise a new scheme where the renormalon cancellation is explicit at the
level of the matching coefficients?
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Conclusions? or wish list

Strong scale dependence below 2 GeV. Renormalization group? Multiple
insertions of the Coulomb potential?

Slow convergence (the relativistic corrections enter first at NNLO).

A complete NNLL computation would be most welcome to have a better
estimate of the theoretical uncertanties.

A complete NNNLO computation would be most welcome to have a better
estimate of the theoretical uncertanties. Moreover it would help to asses the
importance of the resummation of logarithms.

Rearrangement (renormalon-based?) of the perturbative series.

Estimate of the non-perturbative corrections. They also depend on the same
chromoelectric gluonic correlator than the T(1S) mass.
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Final Conclusions

Can we do precision physics for the inclusive decays of the
bottomoniun ground state?

Well, I am optimistic
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BACK UP SLIDES
Vacuum polarization in the non-relativistic limit

= Q=ciplox+---, ¢t =1+ajas+ aal +---
B; at NNLO: Hoang(QED); Beneke, Signer, Smirnov; Czarnecki, Melnikov
Bi, By at NLL: Pineda; Hoang, Stewart
By /By at NNLL: Penin, Pineda, Smirnov, Steinhauser
Bi, By at NNLL (partial): Pineda, Signer

(GG — Gu)TI(GP) = i / o X (vac|Jy, (x)y (0) [vac)

! r
E—-H

ng*) ~ci(r=0

=0)

& |bom(0 1/ |doer (0)[?
G(O’O’E)*mZﬂEom—Ewe—lrr e T Etic

M(Vqo(nS)) is also needed in order to obtain expressions for the t-t
production near threshold with NNLL accuracy:

M(Vq(nS)) at NNLL: Pineda; Hoang, Stewart

M(Vq(nS)) — M(Pg(nS)) at NNNLL: Kniehl, Penin, Pineda, Smirnov,
Steinhauser
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CONCLUSIONS

Relation of the vacuum polarization with o;;, non-relativistic sum rules
and (Vo(nS) — ete™)

Determination of mp, m:, as, Higgs-top yukawa coupling, ...
_ 1
MV —e'e)~ —cfle(0)

o7 ~ ¢1(v)*ImG(0,0,/8) + - --

_ 127’6y [ d \"_ > < ds
Mn = n! (T(f) n(q )‘q2:0 :/0 Wﬂbi)(s)v

M, = 487N, /

—0o0

e dE 2 E
W <C1 — C d1 37,‘”[)> Im G(O,O7 E)
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