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Erratum

Higher-order radiative corrections to low-angle Bhabha

scattering: the YFS Monte Carlo approach
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S. Jadach, E. Richter-Wgs, B.EL. Ward, Z. Was

We would like to report an error in the matrix element squared DH?O] for the final state with one photon

virtual and one photon real in Eq. (4) of paper [1]. The virtual correction in this function should read as
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Several comments and explanations have to be added immediately. First of all, although, as we shall see
later, the above corrections do change the numerical results in the paper, the change is not big enough and
has no effect on any conclusion of the paper, in particular the estimate of the total theoretical error;, 0.16%,
remains valid. Secondly, as soon as the error was found and corrected all users of the program BHLUMI were
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notified. The error was found at the beginning of the LEP2 workshop - results in the workshop and workshop
proceedings [2] from the BHLLUMI program correspond to version 4.03 (or 2.02a) in which the error is
already corrected. It is worth stressing that the error was found not by chance, but during the routine round of
tests on the matrix element in BHLUMI which lead to a precise estimate of the missing third-order leading-log
contribution in BHLUMI ! . " ‘ ) )
Let us now comment on the corrections in uiff()]. The replacement of —5yIn(l — & — B1 +1n(1l — & 6;)
with —%’y In(1 - Bp) — %yln(l — &) corrects for a genuine second-order leading-log error. This error was
not noticed earlier because for a non-calorimetric event selection like the “academic trigger” in [1] or the
BARE1 of [2] its effect cancels exactly between initial and final state emission — only for the calorimetric
kind of event selection it does affect the total cross section. The first round of comparisons of the Monte Carlo
with semi-analytical calculations [4] was done for a non-calorimetric event selection, for which the error is
numerically invisible. For instance, although the formula of Eq. (15) in [4] will change, the plot in Fig. 1 in
[4] is unaffected. The error showed up for the first time in the second round of tests [3], in which the example
of calorimetric event selection was used. Strictly speaking, the additional term +(y, — ¥) (% —1In(1 — ,él)
is not an error but an adjustment of the non-exponentiated matrix element such that the difference between

the exponentiated and non-exponentiated cross sections does include only O(a?) contributions and none of

(44 ~
v = (¥p + 7o) InA + 3y — —- 3yln(1 = B) — Lyln(1 — &)

* SSDI of original article: 0370-2693(95)00577-3.
! The numerical results of these estimates were shown in [2] and the calculations will be published elsewhere [3].
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O(a?). This improvement is necessary to make the discussion of the sub-leading O(a?) contributions easier
and cleaner, see [2]. As a result of this improvement the curve in Fig. 5 of Ref. [1] will get slightly shifted
upwards. The same kind of correction/adjustment was done in second-order virtual correction in Eq. (2) of
Ref. [1], which now reads

v(z)=2'ylnA+%'yzln2A+(1+2'ylnA) ( 7———-) 9y2————7 (2)

Let us now present the corrected figures. Figs. 3, 4 and 5 of Ref. [1] should be replaced by the present Figs.
3, 4 and 5.
The formula of Eq. (15) of Ref. {1] should now read as follows:

P = P (LV) +2p7) (8,V) + 205, (1 V) + pp,, (1,V)

= bo F(2y) 4 2yv2"1{ 1+y+ %72}

+ by F(2y) e V27{7(—2 +V)+ %mu —V)(—4+4V—-2vVhH

+92(=2) +¥*In(1 = V) (3 —3V2 —2v™))

+Y(—9V/8) + ¥ In(1 —V)[2+1/8V —2v~! — (1/4)(2— V) 1)

+921In(1 — V)2[-7/8 +TV/16 + (1/2)V71] 4+ y*Lix(V) (2 — V)

+9In(1 = V) In(2 — V) (=1/4 + V/8) + ¥’Lir((1 - V) /(2= V))(1/4—V/8)
+7’Lia(1/(2 = V) (=1/4+V)8)

+YZ[/4+ 11V = (13/) 2=V + (1/D 2= 1) =62 = V)7 +2(1 - V)12
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Fig. 4. The difference d3 = (BHLUML4x — OLDBIS Fig. 5. Difference between the cross sections calculated with the
—LUMLOG) /Born for the ALEPH SICAL detecior as a func- O(a?)prag Matrix element, with YFS exponentiation and without
tion of the energy cut 1 — Up,. Cuts are the same as in Fig. exponentiation, for the SICAL trigger. The difference divided by
3. the Born cross section is plotted as a function of the energy cut

1 — Upin- The other cuts are the same as in Fig. 3.
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Note that terms of O(y?) did not change because, as we pointed out, the error is not visible for the non-
calorimetric type of event selections. The terms of O(y?) and O(y%) did change, but the numerical difference
is about 10~ so it does not affect Fig. 1 of Ref. [1].

Finally we would like to apologize for any inconvenience the above errors may have caused. We did what
we could to minimize the impact of these errors by contacting all concerned users of our calculations as soon
as it was possible. The forthcoming published version 4.04 and higher version of BHLUMI [5] will have all
above corrections included (corrections are already included in versions 4.02a and 4.03 already available on
WWW).
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