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This note is intended to document the identification of conversion electron 
pairs in the b-cross section analysis based on the inclusive electron sample. It is 
intended to supplement the conversion analysis described in CDF-1297. We 
describe the use of the strip chambers ("CES') to improve the purity of the conver- 
sion sample, and to restrict the systematic uncertainties on the conversion back- 
ground subtraction. 

As described in CDF-1297, we use CTC tracking to identify conversion elec- 
tron pairs, and we categorize these according to the number of e+/e- tracks in the 
trigger electron 3-tower cell: "N = 1" if the partner positron is NOT in the same cell, 
"N = 2" if it is. We make electron quality cuts on these electron candidates, and 
count the number of CTC tracks pointed at the same cell as the electron; this track 
count, "Nh", does not include the partner positron. For the final good electron selec- 
tion, we require "Nh" = 0, to match the selection criteria used for the "prompt" elec- 
tron sample. In making electron quality cuts, we redefine E/p for the "N = 2" sam- 
ple to  be E/(p(e+) +p(e-)). 

The partner positron is identified as a conversion partner based on two track 
cuts: 

Abs(Sep) c 0.2 cm (separation in R-@ view) 

Abs(dCot) c 0.06 (angle separation in Z-view). 

We label this sample "golden conversions". We define a looser selection as a control 
sample, with cuts on Sep and dCot of 2.0 cm and 0.15, respectively, excluding the 



region Abs(Sep) c 0.5 cm AND Abs(dCot) c 0.06; we label this control sample "poor 
conversions". 

As discussed in CDF-1297, the "golden" conversion sample includes about 
12% nonconversion backgrounds, caused by random overlap of "positron" track can- 
didates with the "electron". We can use the CES pulse height to reduce these fake 
conversion rates. In principle we could also use the VTPC occupancy to get a 
cleaner conversion sample. In practice there are two objections to the latter strat- 
egy: first, only half of the conversions (those produced outside the VTPC radius) 
CAN satisfy the VTPC occupancy ("= 0") requirement, and second, the VTPC occu- 
pancy is defined with a rather loose road, so that only well isolated conversions DO 
satisfy the occupancy requirement. Thus, the VTPC-selected sample has low 
statistics (around 25% of total), and is biased towards isolated conversions. The 
CES selection is unbiased and highly efficient. 

We have used two definitions of the CES pulse height near the "positron" 
track. The first ("WIR") sums the wire channel pulse height (5 channels) around the 
positron X position. The second ("Min (S,W)") forms the minimum of the wire and 
strip (corrected for striplwire ratio) pulse heights around the positron track (again, 
5 channels in each view). The second definition is biased towards smaller pulse 
heights, but eliminates cases where the "positron" pulse height in the wire view is 
enhanced by overlapping showers from other particles. For the "N = 2" conversions, 
the two definitions are essentially identical, since the strip-view pulse height 
includes both the electron and the positron showers (e.g., S >> W for these conver- 
sions). We normalize the CES pulse height to that expected for a positron of that 
momentum; this normalization, labeled "CESlp*", takes into account the nonlinear- 
ity of the CES pulse height response. Figures 1 and 2 show the distributions for 
these normalized CES pulse heights for four cases, after requiring Pt(e+) > 1 GeVlc, 
and abs(X (e+)) c 20 cm at  the CES plane. The "poor conversion" control samples 
are plotted in (la) and (2a), and the N = 1 golden conversions in (Ib) and (2b). In 
both cases there is a pileup at  zero CES pulse height and a large pulse height tail. 
To determine the probability that a (low momentum) positron will give zero pulse 
height in the CES, we use a subsample of golden conversions with low VTPC occu- 
pancy (also requiring conversion radius R > 15 cm). These are shown in Figs. (lc), 
(24 for N = 1 pairs, and (Id), (2d) for N = 2 pairs. For the N = 2 pairs, the pileup at 
zero is absent (these pairs have a harder positron spectrum). For the N = 1 pairs, 
the pileup rate in the first bin, averaged over 7 and 12 GeV electron samples, is 



For the "poor conversion" N = 1 samples, the CES = 0 pileup rates are 

P = 586 + .010 (WIR) 
P = .720 + .010 (Min (S,W)) 

Thus, we can estimate the fraction of "fake" conversions in the N=l sample as 

Fake = Fobs - F(e+ll/ P, 

where Fobs is the observed pileup rate for the total sample (e.g. Figs. lb, 2b). This 
gives 

Fake = 0.131 + .016 (WIR) 
Fake = 0.118 + .018 (Min- (S, W)). 

If we remove the Pt > 1 GeVlc cut on the positrons, the pileup for real positrons 
increases to 

F(e+) = 0.20 f 0.02 (Min-(S, W), All Pt (e+)). 

The pileup rate for "poor conversions" does not change appreciably, 

P = 0.71 + .03 (Poor, all Pt(e+)). 

We have verified in a separate analysis that the positrons below 1 GeVIc, 
from the VTPC = 0, R > 15 cm sample, are indeed positrons from conversions; this is 
done simply by examining the distributions in "Sep" and "dCot" for this sample, 
which show clean peaks over essentially zero backgrounds. In general, if we select 
low pulse height positron candidates, and ignore the VTPC occupancy cut, then we 
observe large backgrounds under the peaks in "Sep" and "dCot". Figure 3 shows the 
probability that these positrons in the VTPC = 0, R > 15 sample pass the CES pulse 
height cut, as a function of Pt. Below 1 GeVIc, the CES efficiency falls rapidly. 
Figure 3 also shows the same efficiency plot for "poor conversions"; that efficiency is 
roughly independent of Pt, at around 28%. We conclude that, below 1 GeVIc, the 



CES requirement does enrich the conversion sample, but reduces the overall effi- 
ciency sigmf'icantly. For the fidl sample we get an overall fake rate of 

Fake = 0.135 f .025 (Min- (S, W), all Pt. 

Thus, the fake rate is essentially the same, whether we cut on Pt(e+) > 1 to guaran- 

tee high CES efficiency, or use the fidl sample. Averaging over 7 and 12 GeV sam- 
ples, we take the overall fake rate to  be 

Fake = 13.0 f 3.0%. 

We now define an "enriched conversion sample, by requiring 

Min (S, W)/p* > 0.08 IF' abs (X) c 20 cm 

We make no CES cut if the positron fails the 20 cm fiducial cut. The rate for pass- 
ing the 20 cm cut is 82 + 1% from data and from geometry. Thus, the electron effi- 
ciency for this sample is 

and the fake rate is 

Fake(e+) = Fake * r0.18 + 0.82 * (l-PI], 

We will use this "improved" golden conversion sample to  provide a relatively clean 
electron sample for H a a m  studies and also to  correct for residual conversions in 
the N = 1 prompt electron sample. 

As noted above, the CES cut is inefficient for positrons below 1 GeV/c, and so 
the positron spectrum in this "improved sample" will be biased. One might worry 
that this will also bias the electron Et distribution, since the positron spectrum is 
harder for higher Et conversions. Figure 4 shows the efficiency of the CES cut as a 
function of Et, using the "pure" conversion sample given by VTPC = 0, R > 15 cm 



cuts. The CES cut efficiency, which represents an average over the positron spec- 
trum for each bin in electron Et, is very nearly constant with Et, at around 80% (= 1 
- F (e+)). Figure 4 refers to the N = 1 sample; the corresponding N = 2 efficiency is 
essentially 100% independent of Et, due to the harder N = 2 sample positron 
spectrum. 

Figure 5 shows the percentage of conversions having N = 2, versus Et (recall, 
Et includes e+ and e- for N = 2, but only e- for N = 1 conversions). The N = 2 fraction 
rises with Et, both because the positron spectrum gets harder and because of the 
natural bias in the definition of Et. Figure 5 refers to conversions after the 
"improved" CES selection. To summarize this section, with the CES cut, we have 
average efficiencies of 

83.6 f 0.9 % for N = 1 pairs, 
99.6+0.2% forN= 2pairs 

with fake backgrounds (expressed as fraction of total) 

7.4 f 1.2% for N = 1 pairs, 
1.0 f 0.2% for N = 2 pairs 

The CES selection is essentially unbiased wrt isolation variables, and the effi- 
ciency1BG are very slowly varying with Et. Thus, we can subtract the unseen con- 
versions using 

where eps is the prob. for finding the positron. There is a similar correction for N = 
2 pairs, e.g. 

For the N = 2 pairs, we have taken "eps" from CDF-1297. 
To get a better feeling for the rejection provided by the CES pulse height, Fig. 

6 shows the CES pulse height distribution on a log scale, for "poor conversions" and 
for the "golden conversions" that satisfy in addition the VTPC = 0 occupancy and R 
> 15 cm requirements. The two distributions are normalized to each other in the 



lowest bin. The overall rejection, with a cut above 0.15, is around X50. Figure 7 
compares the relative efficiencies of the CES pulse height and the VTPC = 0 occu- 
pancy criterion, as a fbction of the isolation energy around the electron. The iso- 
lation is defined as the sum over Et and Pt, added in quadrature, in a cone (R(q - $) 

< 0.7) around the electron. The VTPC = 0 criterion (with R > 15 cm cut) has a 
strong isolation dependence. The CES pulse height, on the other hand, is almost 
flat in the isolation variable. Thus, for FOUND conversions, the CES pulse height 
provides a better way to enrich the sample than the VTPC = 0 criterion. Of course, 
for UNFOUND conversions (positron track not identified due to low Pt), the VTPC = 
0 cut will get additional conversions, albeit with the isolation bias as in Fig. 7. 

To conclude, we have presented a definition of conversion electrons which 
incorporates the CES pulse height together with the standard track-collinearity 
parameters. The result is a conversion sample with well defined efficiency and fake 
background rate, which is needed to accomplish the statistical subtraction of unseen 
conversions in the electron sample. 



Figure Captions 

Figure 1 CES pulse height distributions, using minimum pulse height in the 
strip and wire views, for four "conversion" samples defined in the text. 

Figure 2 CES pulse height distributions using wire view only, for "conversion" 
samples defined in text. 

Figure 3 Efficiency versus positron-Et for CES pulse height greater than 8%, for 
golden conversions flagged in VTPC, and for "fakes". 

Figure 4 Efficiency for passing the 8% CES pulse height cut, as a function of the 
Et of the (high Et) trigger electron, averaged over the Et of the positron 
partner. 

Figure 5 Fraction of N=2 conversions, versus Et for the trigger electron, from 
the 7 (solid) and 12 (open) GeV samples. 

Figure 6 CES pulse height distributions for golden conversions flagged in VTPC, 
and "fakes", normalized to equal rates in the first bin. 

Figure 7 Efficiency for the 8% CES pulse height cut versus isolation (open 
points), and for the VTPC occupancy requirement (solid points.) 
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Figure  (2) 
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