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We have computed, at first order in perturbation theory, the relation between lattice and
continuurn-local operators used in Montecarlo simulations to evaluate the meson decay constants.
These corrections, although with the correct sign, are too small to compensate the discrepancy

between existing lattice calculations and experimental values.

Recently several groups have attempted the computation of the hadron mass spectrum in

SU(3) colour lattice QCD with encouraging results“"z’?"u).

A byproduct of these Montecarlo
simulations has been the computation of the bare quark masses and meson decay constants on the
lattice. In order to compare the Montecarlo results for these guantities with the experimental
values we must know the relation between certain operators on the lattice and the corresponding
operators in the continuum. At first order in perturbation theory to achieve this program it is
only necessary to compute the complete one loop perturbative corrections to the relevant

. . . i fl
operators on the lattice and in some continuum renormalization scheme( ).



The relation between the mass of the quarks in the continuum and on the lattice has ben

(5)

computed elsewhere'”’, here we present the result of a computation to find the values of the

meson decay constants starting from Montecarlo results. This computation became even more
relevant since the values of the lattice meson decay constants are about a factor two larger than
their experimental values - and one would like to know if perturbative corrections can take into
account for these discrepancies.

(£2)

The relevant local operators used in Montecarlo simulations to measure the meson

masses and decay constants are of the form:

where ‘”1 2(x) are the quark fields of flavour 1,2 and Px is one of the 16 Dirac matrices.
H

We define the zero-momentum correlation function for these operators as:

Gt)=2 < O(x,1),0,(0,0) > (2
= .
t fixed

At large time distances (t — it) we expect:

Gt) — D Mt 3)
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Where m is the mass of the lowest lying state. The coefficients A's are related to the meson

(®),

decaying constants through the equations
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m, , are the quark masses. P, S, V and A denote the pseudoscalar, scalar, vector and axial vector
b

mesons respectively.



The terms on the r.h.s. in Eqs. (4) depend on the regularization procedure, at one loop level

one has:
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and analogously for the scalar and axial vector mesons (AS and 4 A)' "CONT" stands for some
regularization scheme in the continuum (e.g. MS scheme). AS p.v.A are perturbatively
LA A ]
computable coefficients.
They are found through the calculation of the O‘(as) diagrams for the vertex correction and

quark self energy shown in Figs. 1 and 2 on the lattice and in the continuum.

FIG. 1 - Feynman diagram for the vertex corrections
at order Qg

K
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FIG. 2 - Feynman diagrams for the self- "’f > 2‘- —
energy corrections at order a s K K

The vertex function between arbitrary external quark states with momentum K and K' can

be written at one loop leve!l as:

, . ~LATT,CONT
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In the limit in which the lattice spacing a —»o, 4 I is independent of K and K"

i
The quark self energy has the form:
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On the lattice, beside Ell‘ATT and 2 IZ‘ATT there is in general a linear divergent term in the
quark self energy; such a term is however totally inessential for all the following diiscus:siiton(j’("),

The finite O as) corrections of Eqs. (5) are found using Eqgs. (6) and (7):

ds,p = 4y, s * 4s, R n 43, ®

The explicit expressions for A - and /4
.‘-ll
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can be found in Ref. (5). For the opérator:; 1, )’5, “V#’ Y5 )ﬁ,’ and Ouy we obtain (relating the

using in the continuum the MS regularization

lattice computation with the continuum computation in the MS scheme):
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Y E is the Eulero-Masheroni constant and the constant F0001 ~ 1.31 is defined in Ref. (10). 11’2’3

are given by:
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where r is the parameter which detines the fermionic action on the lattice(‘)ﬁ) and Al yoos Aii

Al - z 51“2(q“ /2) H Az = 421 51“2 (‘-l ’) + 4!2'2 “S”l (qulz) I

_ 4 . 5 .2 . s 2y L2,
AB-E sin (q#/Z), Au-ﬁ sin (q[M), 4y = ;2»' sin qu)sm (qm/z)



From Eqgs. (9), (10) and (11) and the expressions for 3 1 and X, given in Ref. (5), we found by

numerical integration the results listed in the 'l'azble(m‘).

Then we. can compare the resuits from Montecarlo simulations for f s and fél with their

experimental values. On the lattice, taking for example the results of Ref. (3), one has:

TABLE I - We give A 3.2 A'IIL’)’ vy 175 yM,UM, computed by numerical integration, for
’ 5w
()

different values of r > . The error in the numerical integration is~ 5-10%.

Firy A
2 2z 4y A | vy |Aysy, | Aous r
.03 | 3324 | -33.26 | -33.24 | 874 | 874 | 0.76 0.0
705 | 2539 | 1866 | 2674 | -8.97 | 492 | -037 | 0.2
-8.50 | 1652 | 834 | 1977 | -876 | -3.05 | -1.85 | o
-10.48 | 1041 | -3.8% | -1513 | 837 | 272 | 290 | 06
174 | 620 | -l52 | -12.02 | -8.06 | -275 | -3.60 | 0.8
1282 | 3.07 | -0.26 | -9.78 | 775 | -3.00 | 416 | 1.0
£=ATT_ 150 % 50 Mev (exp ~ 93 MeV)
(12)
ATT S5 ¥ 0. (exp~ 0.19)
forr=l and =6 (@ = 52-)
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From Egs. (5), (8) we get:
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One sees that first order perturbative corrections turn out to be too small and cannot explain the

difference between the results from Montecarlo simulations and the experimental values (Egs.

(12)). These discrepancies are probably due to O(az) effects in the lattice action and could be

probably partially corrected by sistematically constructing a lattice action differing from the

continuum one by terms at least of order Ola

1),
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FOOTNOTES

(1)

(2

(3)

It can be eventually necessary to know the two locps anomalous dimension for these

operators in the continuum.

An analog computation for non local operators (also used in Montecario sirnulatjions(s))w will

@

be presented elsewhere ™ ’,
Note that, on the lattice, even for r=0 and m;=m, the vector current P 5 Y&, is not
conserved (cfr., the Table)“g) and that, as for the MS scheme for r=0 the O(as) term of 22 exactly

cancels the perturbative correction to A]il 5
?
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