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Summary

Some new determinations of the strong coupling
constant o_ from hadronic and leptonic decay widths of
quarkonia are added to the accumulation of data on a«
as & function of Q. When compared with thd
renormal ization group prediction of 1/e_ versus ln Q,
parameterized by the QCD scale parameter Ag=, these
new points do very llttle to resolve whether o  "runs"

as predicted, and if so, on which nﬁg curve,

Motivation

One frustration in predicting physies at S8&C
energies is our 1inability to pin down the strong
coupling constant g_ and the QCD scale parameter Aﬁ—.
If our data and “our models were better, we wou?d
certalinly have a good asymptot:c estimate of Ao,
since we have data ranging over more than two decaggs
in Q, from roughly 0.3 GeV to 30 GeV. This problem
eyven merits an Appendix in the most recent Review of
Particle Properties,

I will show later that tﬂe hadronic dacay width
T is proportional to o and the leptonic decag
wPBEn 1a proportional to o_. Hobert Knuteson and I
have used these widths ?rom the strange, charm, and
bottom quarkonium S-states to get wvalues of g_. We had
hoped that our values would make it e3sier to
determine the asymptotic Aq—, but our conclusion 1s
that we still cannot predib% ‘g at Q@ = 1 TeV from the
world accumulation of ao_ datz @o better than a band
ranging roughly from §o MeV to 200 MeV. In fact, we
show other deteraminations which would place “ﬁg
between about 15 MeV and 35 MeV at Q = 1 TeV.

Since beginning this project in mid-1983, we have
looked into the other §alues of a_ more carefully, as
have many other people.” We includé in our data sample
only second order QCD models and only determinations
from decay widths, ratics of decay widths, and fpet
analyses. We have some blases on which values of a,
are more likely to bg correct, which we will Justify
in our longer paper.

AL each new flavor threshold, the value of A
changes for a given rencrmalization group curve. ﬁg
now know encugh about the top quark mass to make an
educated guess at the six-flavor value oOf fe.
Certainly we cannot count on there belng conly (Egree
generations, but if no new quarks appear then A 4= is
the value of interest for SSC energlies and for “the
calculation of (5?9u proton lifetime, which 1is
proporticnal to {A ﬁg’

The Rencrmalizatlon Group

The approx!mate solutfon to the renormalization
group equation relating a, to Q is
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with n, the number of lighter quark flavers. Thus we
can gengrate a2 curve for 1/a_ by choosing an g at a
given Q, and knowing n, for dach Q. At each new quark
threshold, the value oF o at threshold btecomes the
new a,, and b, and b, takeé on new valuea.

Equation (1) can  be converted te a
p?gaTeterization in terms of the QCD scale parameter
A W instead of in terms of a, and Q,,
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The  value of A(n ) alsos changes at each quark

threshold, to keep tﬁe 1/05 curve smooth.

In Fig. (1) I show eight curves calcvé?ted from
Eq. {1}, with the asymptotic value_of A gz labeling
each curve. 1 have chosen "round" gqgq thrésholds of
0.5 GeV _for ss, 3 GeV for cc, 10 GeV for bb, and 80
GeVy for tt. I do not extend most of the curves below
the value of 1/us = 3, since a, > 1/3 1s a large value
tor perturb?gt?n calculations. ?g? can use Eq. (2) to
see how A "runst® with Q: Mas 36}00 MaV¥ below the
charm threshold will dwindle to A e 20 MeV at 1
TeV.
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Fig. 1
The inverse strong coupling constant 1/c_ plotted as a
function of Q from Eq. {1}. The marks at Q = 0.5, 3,
10, and 80 CeV are the thresholds faor ss, c¢c, bb, and
tt, respectively. Thus n_ changes from 2 to 3 at
Q = 0.5 GeV, ettc. The eight curves shown are a family
chosen to have 1/q, =1, 2, . . ,8 a?69° = 3 GeV¥. The
eurves are labeled by(B?e value of A o= evaluated at )

TeV, All values of & Hz are given 1nM§eV.



Decay w:dth Formulas

The expressions for the decax _ widths of
QEaEkODiUT _ im the reaction e e *QQ?*ggg or
e e *qq+*i ¢ , where g means gluon and § means leptgg,
are used teo extract ¢_ from measured decay widths T 7,
where nS refers to the nth S-state.

The gluon decay width is given by
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where wnS is the wave fupnction for the nth S-state and
M = 2m +E = =W is the mass of the nth ¢q bound state,
oPthe tgta? energy W of the e e pair,
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The correction factor 4
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T is given by QCD, in
the M5 renormalization schemg;
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A feature to bg noted about rnS is that 1t is
proportional to o, Shencg verygggensitive to o,
Another feature is T¢n (0)|°, which has customarily
been regarded as a nulsance Lo be canceled outngf thg
expressicn. We make use of a fornula for iw (0)1
and do not have to try to cancel thls factcr.

The leptonic width is
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where e is the quark charge in units of e, The
correctiSn factor A£+1— is
. 160, 2 a2
A = [1+.0usv-v(1-v) ]+(28.26-.115n) ——. (8)
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We note that T ns_ is not at first glance
proportional to o_ abt all. The fing stgucture
constant o appears, but no a_. Since |y {0} lso

appears, it has been useful to previous authors’ to
take the ratio of degay widths to cabcel the wave
function at the origin. This leaves
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Durand and Durand5 have shown that the wave
function at the origin satisfies
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The factor in square brackets is the Coulomb factor
{(the Coulomb wave function at the origin). The
velocity v Is the relativistic veloeity of a free
quark with half the total energy Hn,
v_o= (1 -t Zm 32 ()
n q' ' n
This wave function fermula is very accurate for qa
potentials which can be solved apalytiecally or

numerically. t glves errors in the ground states of
& - 10% and for all n > t the errors are less than 1%.

Having the relationship in Eg. (10), we can use
both hasronic and leptonic decay widths to extract o .

[¢n(0)| is {tself proportionzl to a- Tnis means thit
ns
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50 that leptonlc widths give us some information about
a,, and gluonic widths are more sensitive to a, on
tgeir own than in ratios,

Our method invelves fitting a smeoth curve to the
spectrum M for the 3-states, 50 that we can get the
factor dM /dn, the inverse denslity of states, We use
generally accepted values of quark masses m_, mainly
from nonrelativistic potential model Fivs, ﬂ = 225
GeV, m_ = 1.35 GeV, m_= 4.7 GeV. We choose DsM=M /2
in Eq. TH) to make the ln factor zero. The constants
in Eq. (B} are calculated for Q=M , su we plot
leptonic width data at Mn. n

The Daca

In Fig. {(2) on the next page we show a sample of
our data. We have used the most recent Reviews of
Particle Propertiesl for our values of [. The leptonic
widths used were all e'e¢” decays of the four upsilon
S5-states., The erreors on these widths are compounded
from the errors on the total decay width and on the
ete” branching fractiomns, and are in the 25% to 50%
range. These large errors convert to a huge spread in
l/as. Since Eq. (10) for ]Q(O)|2 1s not as accurare
for the 15 state as for n > 1 (< 1% error}, we correct
all 18 states by a factor 1.057, the error In our for-
mula used in a Coulomb plus linear potential.

The errors on hadronic widths have been taken as
the simple percent error af the total width. That is,
we have not made a compound error using all hadronic
branching fractions. The four upsilon data poinks
cluster nicely.

Both the {15} and ${15) points are probably not
the best we could do: we have not separated out the
radiative decays from the 7 width, and we probably
should use a smaller value of mg for the ¢ width. Boch
of these changes would lower 1/a_. Of course o > 1/3,
or I/GS < 3, is not the best place to be using GQCD
formulas.

In Fig. (3) on the next page we show six values of
llas calculated from ratios of decay widths, and just
four from recent DESY groups' jet analyses.

The point near § = 0.5 GeV is calculated from the
ratios FY /rgg (1 = .157 M) for the u{1lS) state.
The two pgﬁnts §elow Q@ = 1.5 GeV are from CUSB (upper}
and CLEO (lower) T(1S} data, ani the point above Q =
1.5 GeV is from CUSB T{2S) data,” agaln F¥gg/£g§g (M =

.157 M.}, The two points near Q = 4.5 GeV are from
nggfi£+l— (M = .48 ) For T(18) {lower) and T(2S)
(higher).%

The two upper points near Q = 35 GeV are calcu-
lated using the independent fragmentatiocn model and the
two lower points using the string f(ragmentation model.
The top point is from JADE, the next down from CELLD,
the next down from JADE, and the bottom cne from CLLLO.
In all cases the FKSS method with y cuts6 and energyv-
energy correlation selection, were used.
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Fig. 2
The inverse strong coupling constant l/u calculated
from four leptonic and six hadronic decay widths, all
taken from the Review of Particle Properties. The
four paints around 10 GeV are from T, _ of the four
upsilon S-states., T onic 1s roupghly proportional
to ag, but Eq. (7} is sufficiently nonlinear in ag to
make a spread in the mezasured I' + - cause a very large
uncertainty in 1/a_. The uppereegror bars on the 3%
and 45 states are out of the room. The four peints
clustered around 5 GeV are from M} of the upsilon
S-states, calculated at Q = M = g%g The two lower
points at § ~ 1.5 and 0.5 are from the hadronic decay
widths of the g(ls) and $(18), again plotted at M./2.
The band of is my guess of a reasonable range from
these data points, with the above comments taken into
consideration.

The band sketched in Fig. 3 from ! = 15.4 MeV
to 35.4 MeV represents a reasonable limit on A from
decay width ratios and independent fragmentation jet
analyses. However, our past data points from [ and
[y+;~ were in better agreement with earlier ratgo data,
and 1 am not certain that the most recent world aver-
ages of ['s have been used for the six ratio points.
We have not had time to recalculate these ratios since
Snowmass and are relying on year-cld references.

o

Since fragmentation 1s somewhere between indepen-
dent and string, probably cleser to string, T would say
that the two lower points near 35 GeV give weight to
our Fig. (2).

Conclusion

My most recent use of Eq. (10) for {wns(G)Iz glves
the ten points in Fig. (2) on the l/ag vewlsus @ graph.
If I look at over 40 points I have collected recently,
many from jet analyses, I can easily conclude that ag
deoes not run at all! My ten points, with the accom-
panying explanation of what I expect them to do in
future iterations, favor the values from roughly
50 MeV to 200 MeV, and the two String fragmentation
points in Fig, (3), selected from the most reliable
recent data, support this conclusion.
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Fig., 3
The inverse strong coupling constant 1/o
from six ratios of deczy widths and four Jet analyses.

czlculated

The four lowest points™ are from T M= ,157

) for the U{18), two T(13) and tKEST(igg states. The
two middle points” are from [___/T oty (M= HH for
the T{18) and T(25) states. %%e efrors are quoc
the authors. The four highest points are my selection
from recent second-order jet analyses. In each palr
near 35 GeV, the upper point is from JADE and the lower
from CELLO. The upper palr use independent fragmenta-
tion and the lower pair use string fragmentation. The
errors are my calculations from the maximum error
quoted by the authors, who are not explicir on their
sources of errcr.
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