Vol. 28 (1997) ACTA PHYSICA POLONICA B No 3-4

AN EXPERIMENTAL INVESTIGATION
OF RADIATIVE INTERFERENCE *

P.J. HoLt

Department of Physics, Oxford University
1 Keble Road, Oxford OX1 3NP, UK

(Received January 14, 1997)

The DELPHI collaboration has published an investigation of the effects
of interference between initial state and final state radiation in the process
ete~—putp~, by studying the forward-backward asymmetry as a function
of the acoplanarity angle between the muons.

PACS numbers: 13.40. Ks

1. Introduction

The interference between initial state and final state radiation has been
analysed using ete™—put p~data collected by the DELPHI experiment [1]
at LEP. In these proceedings a summary of the analysis is given. Further
information can be found in [2-5] and [6].

2. Theoretical predictions

The predicted correction to the forward-backward asymmetry, App, due
to radiative interference is defined as

int
54?‘1]3 = AFBlwith interference — AFBlwithout interference-

This correction is only calculated at O(«) in QED. At /s ~ Mz, for loose
cuts on the phase space available to photons. ¢ Aiﬁ‘é is predicted to be smaller
than 10™*. The size of the correction can be enhanced by placing direct or
indirect cuts on the phase space available to photons. The magnitude of
the correction is predicted to depend on the width of the Z° resonance, I'z.

* Presented at the Cracow International Symposium on Radiative Corrections to the
Standard Model, Cracow, Poland, August 1-5, 1996.
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A space-time picture of the eTe~—ut u~ reaction suggests why this is the
case [2].

To make predictions which could be compared to measurements the event
generator KORALZ [7] was used. It was found that studying App as a function
of the acoplanarity angle, qﬁacopl. between the muons was particularly sensi-
tive to the presence of radiative interference. Figure 1 shows the prediction
of KORALZ for App as a function of ¢acop with and without O(a) radiative
interference. The rise at low ¢,cop in the predictions is an artefact of a soft
photon cut-off in the event generator: only events which contain a photon of
energy have ¢,cop7# 0. The sensitivity of the predictions to the soft photon
cut-off was investigated by increasing the cut to 0.0050+/s/2. It was found
that the predictions were relatively insensitive for ¢acop> 0.63°.
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Fig. 1. Predictions for Apg as a function of ¢acop with and without radiative
interference.

3. Experimental procedure

Topological and kinematic cuts together with muon identification cri-
teria were used to select a sample of ete™—utu~ events from the data
collected by the DELPHI experiment between 1992 and 94 in the polar an-
gle acceptance, | cos 8| < 0.94. Events with 0.63°<¢acop<10.0°Were used to
investigate radiative interference. The App of these events was predicted to
be sensitive to the interference, and the O(a) predictions of KORALZ were
not particularly sensitive to the soft photon cut-off in this interval. This

! $acop= |180°- |¢; — ¢;||, where ¢;, are the azimuthal angles of two particles in
spherical polar coordinates, with the axis of the coordinate system in the direction
of the incoming e™.
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sample contained 7753 events from ~ 100,000 ete™—utu~ events in total.
The App for the events was calculated by counting the number of events
in the forward and backward scattering hemispheres, with respect to the
direction of the incident e~. A correction was applied for the efficiency of
the detector. Events in which both muons were measured to have the same
electric charge were rejected from the analysis. The measured asymmetry
was corrected for background from misidentified ete™— 7+ 7~ events and
cosmic ray muons. The angular resolution of the detector was simulated
by smearing the azimuthal angle of events generated by KORALZ. System-
atic uncertainties from angular mismeasurement, charge misassignment and
backgrounds were evaluated.

4. Comparisons

Three comparisons were made between the predictions of KORALZ includ-
ing O(«) radiative interference and the data. The first to show that the data
was incompatible with the hypothesis that there was no radiative interfer-
ence, the second to extract a value of I'z and the third to estimate the size of
higher order radiative interference corrections. In the first two comparisons
the predictions of KORALZ included O(«) non-interference corrections (i.e.
pure initial and final state corrections) and O{«) interference corrections.
In the third comparison the full non-interference corrections of KORALZ were
included.

The theoretical predictions, for I'y= 2.497 GeV, with radiative inter-
ference and without were compared to the data for six bins of acoplanarity
in the interval 0.63°< ¢,cop< 10.0°using x? tests. Taking into account the
sources of systematic error, without radiative interference the x? was never
smaller than 108 for 6 degrees of freedom. With radiative interference the
x? was never larger than 3.6 (6 d.o.f). The data was therefore incompatible
with the hypothesis that there was no radiative interference, see figure 2.
The agreeement between the O(a) predictions and the data is particularly
striking. Comparisons which included only initial or only final state radia-
tion were also incompatible with the data.

Rather than fixing a value of I'z as above, a \? fit to I'z gave

I'z = 2.50 &+ 0.21(stat.) = 0.06(syst.),

assuming that the combined interference and non-interference higher order
corrections could be neglected.
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Fig. 2. App as a function of ¢acop With and without radiative interference compared
to the data before and after corrections for backgrounds.

An estimate of the size of the higher order radiative interference correc-
tions, was made. Theoretical predictions were made by adding the O(a)
radiative interference corrections to the predictions of KORALZ with all avail-
able non-interference QED corrections included, taking I'z = 2.497 GeV.
These were compared to the data. Attributing the difference between the
predictions and the data shown in figure 3 to higher order interference
corrections gave the ratio of higher order interference correction to those
at O(a). This ratio was consistent with being constant over the interval
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Fig. 3. Ayp in data compared to the predictions of KORALZ including higher order
corrections as discussed in the text.
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0.63° < Pacop < 10.0°, with a value of

int
5AFB |h.o.

FARE | = 0.64 & 0.08(stat.) £ 0.02(syst.).
FB O(a)

5. Conclusions

The investigation presented here shows that the data is consistent with
the O(«) predictions of radiative interference. The possibility that there is
no interference between initial and final state radiation is ruled out. The
data was used to make a measurement of I'z largely independent of tra-
ditional lineshape measurements which are used to constrain the Standard
Model, presented elsewhere in these proceedings. The size of higher order
interference corrections was also estimated assuming a fixed value of I'z.
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