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1. INTRODUCTION 

Lepton identification is extremely important for any B physics experiment attempting 
to measure CP violation. The reasons are obvious: 1) single lepton triggers operate an 44% 
of all b& pairs; 2) lepton triggers are the only triggers (outside of secondary vertex triggers) 
that are feasible for B variety of important B decay modes: for example, B’ - D+D-, 
B” - J&K., and 8. - K,q; and 3) event8 triggered with leptaru are already tagged. 
Although having both electron and muon systems adds to the cast and complexity of the 
detector, there are several reasons why both electron and muon triggers and detectors should 
be used. 

l Yields for CP modes in sny forcseen B experiment are low and provide little utra 
margin of safety, particularly if the CP asymmetries are on the low end of the theoretical 
predictions. Raving an electron as well as a muon trigger giver at least a factor of two 
gain in yield as we!l as increased tagging efficiency. 

. For a fixed target experiment and a forward collider detector, the forward region is 
inhabited by leptons with very large momenta. Magnetic spectrometers have a momen- 
tum resolution which degrades with increasing momentum whereas calorimeters have a 
resolution which improves with increasing momentum. In addition, muons with very 
high energies lose B considerable amou& of energy in dense matter due to radiation (21, 
further worsening the energy resolution. 

l In theory, an electron trigger can have en arbitrarily small transverse momentum thrcsh- 
old whereas the muon threshold - for a central collider detector - has a hard lower 
limit determined essentially by the rather large amount of material (“iron cutoff”) the 
muon must traverse to be unambiguaualy identified M a muon. Although for CDF and 
DO this theoretical limit is rather soft: 1.5 GeV and 3.0 GeV respectively, for the col- 
lider detectors planned for the SSC and LWC it is much higher: 6.0 GeV aad 10.0 GcV 
respectively for Atlas and SDC. 

l Finally, redundancy is important. Recent experience with large coUider detectors has 
show that the muon and electron detectors do not llwaye perform equally well. 
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Most dedicated experiments which propose to search for CP violation in the B system 
have not given electron identification the same consideration 6s muon identification. One sea- 
son for this is the prevailing opinion that electron identification will be difficult, particulsrly 
at the trigger level, due to the presence of large backgrounds. Although the backgrounds 
to B decay electron8 are larger than those to muons, they are not overwhelming and can 
be eliminated. An example of how well one can identify electromagnetic final states in the 
presence of large backgrounds is given in the paper by Marques and Rosen showing that 
charmonium states can be resolved in the presence of a beckground a million times larger 

PI. 
The electron identification group (whose participants are listed in [l]) focused its ef- 

forts on learning what state-of-the-art collider detectors are doing in electron identifwation. 
To this end we entertained several talks each from the CDF and DO collaborations at Fer- 
milab, as well as several talks from proposed SSC and LHC experiments. (See papers by 
Byrum, Denisenko and Peryshkin in these proceedings). Each talk was followed by Lively 
discussion. We also attempted to understand what the backgrounds to electron identification 
will be at the new higher energy hadron colliders -the SSC and LHC - DUI prejudice being 
that only these machines wiU have the energy and luminosity needed to see CP violation 
in the B system. None of the approved experiments at the SSC or LHC is optimized for 
B physics. Hence we focused on dedicated forward collider and fixed target detectors. We 
report here mainly on these latter studies. 

2. ELECTRON MOMENTUM FROM B SEMILEPTONIC DECAYS 

To get an idea of the momenta of interest we have platted in Fig. 1 the average electr~on 
momentum at SSC fixed target (4 = 194 GeV) and collider energies (\/; = 40 TeV). Note 
the large momenta at small angles: in fixed-larget mode the average electron momentum is 
approximately 500 GeV at 3 mrad, the smallest SFT angle [4], and in collider mode it is 
approximately 200 GeV at a pseudorapidity of 5.5 (6 mrad), slightly larger than the smallest 
COBEX angle (51. Muons at these momenta are difficult to measure well. The dynamic 
range is rather large: 25 GeV to 1,000 GeV in fixed target mode and 5 GeV to 290 GeV in 
collider mode. 

The transverse momentum of leptons from 6 semileptonic decays is shown in Fig. 2 
for fixed target and collider modes at the SSC. Shown is the fraction of B - e’xevents that 
survive a given cut on the electron transverse momentum. The B’s are not produced with 
large tmnsverse momenta and hence, ior yields needed to measure CP aeymmetries, fairly 
soft transverse momentum cuts need to he made. 

3. TOOLS OF ELECTRON IDENTIFICATION 

The tools of electron identification are many. They are listed below in Table 1 along 
with a rough estimate of their useful momentum range. There is not space here, nor did 
we attempt in this session, to review the performance of the various methods of electron 
identification. Further information can be found in references [6]-[8] as weU as in the liler- 
ature. Some very general criteria for any electron detector can be given. It must be fast 
enough to function in interaction rates of 10’ SK’ and up. It must also be relatively radiation 
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Figure 1: The average momentum of electrons from B semileptonic decays at the SSC 
as B function of angle for the lixed-target mode (4 = 194 GeV) and as a function of 
pseudorapidity for the collider mode (fi = 40 TeV). 

Electron pr (GeV/c) 

Figure 2: Fraction of semileptonic B decays surviving 8x1 eleclron transverse momentum 
threshold at 4 = 194 GeV (solid curve) and fi = 40 TeV (dashed curve). 
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hard, particularly in the forward regions. Finally, the electron detector must work weU at 
the trigger as weU as the analysis level. This last requirement is the most severe - the 
interaction rate must be reduced by a factor of about 1,000 at the first trigger level [B]. 

Table 1: Tools of electron identification. 

Method Momentum (GeV) 
Calorimetry 
Electromagnetic l-l,000 
Hadronic 3-l ,000 

Tracking l-1,000 

E/P l-300 
TRD l-100 
Cerenkav 
Threshold l-60 
Rich I-60 

dE/dx <5 
Time-of-flight <l 
Synchrotron Radiation 50-1,000 

3.t Calcrimety 

By far the most useful tool is e1ectromsgnetie and badronic calorimetry. This is par- 
ticularly true at the trigger level where there is much experience with calorimeter trigger% 
Electromagnetic calorimetry alone can provide factors of approximately 100 in hadron rejec- 
tion with good electron efficiency based on longitudinal and lateral shower shape differences. 
(See, for example, ref. [IO].) Good calorimeter segmentation, preshower, or shower maximum 
detectors, are needed to get good hadron rejection factors. Another order of magnitude pr 
so in rejection can be obtained using E/P cuts. Such cuts, however, are difficult to make at 
the trigger level. Rejection factors are extremely detector dependent as weU ea momentum 
dependent. 

Hadronic calorimetry in conjunction with electromagnetic calorimetry provides even 
higher rejection factors while retaining good electron efficiency. Present collider detectors - 
CDF and DO, for example - use cuts an the fraction of energy in the hadronic calorimeter 
to that in the electromagnetic calorimeter (Had/EM cuts) to select elr.ctron candidates. 
Care must be taken, however, that the signal B + e*X not he rejected with such cuts, for 
example, when electrons occur in jets. 

In the central region (y x 0) Had/EM cu s t a rc not deadly to B's except those with 
large transverse momentum. Figure 3, from an SDC simulation by Barry Wicklund 1121, 
shows the efficiency for semileptonie B decays in SDC as a function of the b-quark transverse 
momentum for three different As x A+ cc sizes and for Had/EM < 0.04. The efficiency U 
is quite high at all but the highest transverse momenta and is highest for the smallest cell 
sizes. The hadronic ceU size cannot he made arbitrarily small without greatly reducing the 
hadronic rejection factor. With the smallest ceU size shown in Fig. 3 (0.15 x 0.15) one ia 

b Transverse Momentum (GeV/c) 

Figure 3: The efficiency for B - e*X decays aa a function of the transverse momentum of 
the b quark and for three different A7 x A+ cell sizes for the SDC detector (Had/EM < 
0.04). 

still safe. At SSC energies the average angular separation between a B semileptordc decay 
electron and the nearest hadron is approximately 200 mrad at IyI < 1. This corresponds to 
a distance of 35 cm at 1.75 m, the radius at which the SDC calorimeter starts. The SDC 
hadronic cell size (0.1 x 0~1) corresponds to 17.5 cm’. A hadronic shower will deposit most 
of its energy within this cell size [II]. 

In the forward region of a collider detector, or in a fixed target experiment, the 
problem ai hadrons overlapping electrons is much worse. Although the size of the calorimeter 
needed for a jven rapidity coverage is reduced by Ay e A@/ sin 6 in the forward re&n of 
B collider detector, this savings comes at a price. At very forward rapidities - a rapidity of 
5.5, for example - the average angle between the electron from B aemikptonic decay8 and 
the nearest hadron is only 4 mrad. This corresponds to 0 cm at 20 m, D typical distance 
of a forward collider calorimeter from the interaction point. Unlike the case at y = 0, this 
separation is smaller than hadronic shower sizes for even the most compact calorimeters and 
hence Had/EM cuts cannot he used for forward rapiditiea. Themme is true &the forward 
region of a fixed target experiment. 

3.2 Other Technipues 

Other techniques of electron identification are not nearly as useful as calorimetry, 
particularly for central collider detectors. Time-of.flight cannot be used at energies wer a 
few hundred MeV for flight paths ai the order of a meter. Ionization measurements (dE/dx) 
have been successfully used in e+e- collider detectors, such u the TPC and OPAL [13], 
to discriminate between various particle species, including electronr and pions. Recently 
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CDF has also had a measure of success in separating electrons and pions in their central 
tracking chamber. The requirements for good dE/dx measurements, however, are in general 
inconsistent with the requirements of a high-rate B experiment. Nor can dE/dx be used 
effectively et the trigger level. 

Ring imaging Cerenkov detectors (RICH) al so cannot be used effectively at the trig- 
ger level. They suffer from the added disadvantage of being too large lor central collider 
detectors, except when liquid or solid radiators are used. There are, however, no suitable 
liquid radiators for er separation in the momentum range of interest. In addition, RICA de. 
tectors are essentially the only means of kaon identification and it is difficult lo find radiators 
optimized for Xa separation as well as for eir separation. 

Transition radiation detectors (TRD) h eve been used successiully for electron iden- 
tification 1141. Like RICH’s, they are not very etTective at the trigger level, although E715 
at Fermilab managed to get a pion rejection of 40 at the trigger level (151 (and LL factor of 
1,600 rejection at the analysis level, with an electron efficiency of 99.5%). TRD’s have been 
used in collider detectors - UA2 and DO - but they have not been terribly successful. The 
reason for this is lack of space. It is extremely difficult to get high rejection factors with short 
TRD’s. The E715 TRD is 360 cm long whereas the UA2 and DO TRD’s are only 21.5 cm 
and 31.5 cm long respectively. Despite this, Atlas is planning on employing TRD tracking 
detector which should give a pion rejection from 10 to 1,000 (for an electron efficiency of 
0.90) depending on the rapidity. This rejection is luminosity dependent, dropping off by 
about an order of magnitude in going from 1 x lOa to 2 x 103’cm-2s-‘. 

4. BACKGROUNDS AT THE SSC TO A SINGLE ELECTRON TRIGGER 

To achieve a 50% efficiency for B - e*X decays, thresholds of 1.2 GeV and I.8 GeV 
are respectively needed for fixed target and collider experiments at the SSC. Because the 
collider cross section is a factor of 1,000 greater than the fixed target cross section, the collider 
electron trigger threshold can be raised higher to get an equivalent number of B events. The 
geometric acceptance of fixed target experiments, however, is larger then collider.experiments 
-forward or central ~ and so one cannot push the collider pi threshold too high and still 
achieve equivalent B rates. 

There are (at least) six types of backgrounds to electrons that most be eliminated at 
the trigger level 88 well as analysis level. They are listed in Table 2 along with the tools that 
can be used to eliminate them. The rates of each of these hackgrour.ds is detector depen- 
dent, but an idea of their relative magnitudes, as B function of the transverse momentum 
threshold, is given in Fig. 4 for fixed target and collider experiments al the SSC. The equiv- 
alent minimum bias trigger rate for each of the backgrounds, assuming that a 50% trigger 
efficiency is desired for D -3 e*X decays, is given in Table 3, as weU as the needed rejection 
lector lo get a factor of lo” reduction in the rate. 

4.1 Conversion Electrons 

The top left figure shows the rate (per minimum bias event) of -, - e+e- conversions 
assuming a 10% conversion probability. I’ythia minimum bias events were generated to make 
this plot and the electron (or positron) with the highest pi was taken. The rate.is 1 x IO-’ in 
fixed target mode and 1 x 10.’ in collider mode. Note that the average gamma multiplicity 

Table 2: Backgrounds to electron idbntification. 

Background Tools Comments 
7 - e’ conversions Tracking Upstream conversions diffi. 

cult al trigger level. 
Dalitz decays Tracking Impact parameter C”I 

needed. 
Ga”l”la* Tracking, TRD Fairly easy at trigger level. 
Gamma charged Tracking end shower 2Dd end 3’d level. 
hadron overlap. shape, E/P, TRD, 

Had/EM 

Charged hadrons Shower shape, E/P, Easy at level 1. 
Bad/EM 

D-=*X pr cut Not a problem. 

Table 3: Rough estimate of background rejection rates needed to reduce the minimum bias 
trigger rate by IO’ in fixed target end collider modes et the SSC, while retaining 50% of the 
B events. 
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Figure 5: Msterial e particle traverses in a 1 mm thick Be beam pipe as II function of 
pseudorapidity. The solid cuve gives the amount in radiation lengths and the dashed curve 
gives the amount in interaction lengths. 

in e “typical” SSC forward collider experiment.(l.5 < y < 5.5) is 28 out of e total of 104 
gammas end for a “typical” fixed target experiment (5 < 9 < 75 mrad) is g out of a total 21 
gammas. The 10% conversion probability used to make Fig. 4 may be an underestimate. For 
example, although the 4% XI silicon active target of the SFT proposal is 21% of a radiation 
length (gammas see on average half this length), there ia approximately another 5% of e, 
radiation length of material in the spectrometer. For iorward collider detectors the radiation 
length is less then 10% at small rapiditics, but it increases rapidly with increasing rapidity 
doe to the beam pipe, until et 7 = 5 is over 20% for a 1 mm thick Be beampipe (see Fig. 5). 
Reducing the problem with novel beam pipe designs has been discussed in several references 
[IS]-1171, but it appears that these is no satisfactory solution to the problem. 

Conversion electrons can only be eliminated by tracking. Hence they are difficult _. 
Figure 4: Rate per minimum bias event of various backgrounds to a B -a e”X Wgger ILS B 
function of the transverse momentum threshold end for fixed target, fi = 194 GeV, (solid 

to gel rid of et the first trigger level. If the conversion occurs early enough it is e.lmost 

curve) end collider, J; = 40 TeV, (dashed curve) energies. Top left: the 7 - e+e- rate 
impossible to eliminate at any trigger level, if not the analysis level. Fortunately, conversion 

(with 10% conversion probability). Top right: the 7 rate. Bottom left: 1 charged hadron 
electrons tend to have small transverse momenta because the gammas come almost exclu. 

overlap rate. Bottom right: charged pion end keen rate. 
sively from pizcro decays and hence on average only have half the transverse momentum of 
the pizero, end because in the conversion, on average, the electron or positron only has half 
the transverse momentum of the gamma. They are not the major background for either 
fixed tsrget or collider modes. 

4.2 Gommos 

The top right-hand plot in Fig. 4 shows the minimum bias gamma rate es a iunction of 
the gamma PT threshold (again, for fixed target end col!ider modes at the SSC). Gammas that 
don’t convert ere easy to eliminate using either a track stub shower matching requirement or 
a TRD rcquiremenL To reduce the rate by IO’ a reduction of roughly 100 is needed in fixed 
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target mode and 2,000 in collider mode. The latter may be somewhat difficult to achieve. 

4.3 Cammo Charged Hadron Overlap 

The rate, shown in the bottom left-hand plot of Fig. 4 is for stable charged hadrons 
which lie within a Ay x A4 = 0.1 x 4’ of a gamma, B rather generous overlap except for the 
most forward regions. There are many tools available to eliminate this background: track 
shower matching, E/P cuts, Ilad/EM cuts, as well as TRD cuts. It does not appear to be a 
problem. 

4.4 Charged Hadrons 

The rate of charged pions and kaons is shown in the bottom right-hand plot of Fig. 4. 
It is the largest background, but the easiest to eliminate. A large part of the rate is reduced 
by the fact that most electromagnetic calorimeters are relatively hadron blind and hence 
only see B fraction of the hadronic pi. Shower shape, E/P and Had/Em cuts can reduce the 
rate further to the desired level. 

5. CONCLUSIONS 

It appears that single electron triggers with high efficiency for B + e*X decays are 
possible, both for fixed target and collider detectors at SSC (and LHC) energies. Back. 
grounds, for n given B eficiency, are smaller in fixed target experiments, but this advantage 
is offset by the need for higher efficiencies due to the much smeller cross section at fixed tar- 
get energies. The additional space that fixed target and forward collider detectors have over 
central collider detectors makes more electron identification tools available. This advantage 
is somewhat offset by the problems in the very forward region for e fixed target and forward 
collider detector. For example, Had/EM cuts cannot be used in the forward region, and 
E/P cuts lose their power. Electromagnetic calorimetry will undoubtedly be the major tool 
a1 electron identification - and perhaps will suffice alone - but only with improvements 
over calorimeters in etisiting collider experiments: including better momentum resolution, 
granularity and preshower detectors. 

The major challenge is getting enough electron identification at level 1 to get the 
minimum bias trigger rate down by the factor of 1,000 or so that is needed. If t!ds can be 
done -and it wiU require some tracking at level I -then trigger thresholds fo: electrons in 
central collider detectors can be set lower than the “iron threshold” of typical muon systems, 
Further reductions to get to the tape writing bandwidth can be obtained easily at levels 2 
and 3. 
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