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Thl importanc. of id.ntifying .llctron. producld in
very high .n.rgy hldron colli.ion. ha. b.ln .irl•••d
widely in discullionl of the phYlicl and d.t.ctorl for

the sse. 1- 4 The strategies for identifying electrons
have b••n 'Kplor.d in th.l••arli.r SnowII.. work.hop.
and in .pecializld detector worklhop.. The effort
during Snowmass 198b WII cent.r.d on refining the
methed. for electron m.a.urements Ind on understanding
the requirements to be impoled upon tricking detector.
Ind calorimeter ••

This report is divided into four main I.ctions. In
I.ction 2, we summarize lome ef the requirement, for
electron identification which emerge from a
consideration of the likely physici topics at the SCC.
In section 3, new work on specific methods (calorimetry,
transition radiation detection and synchrotron radiation
detection) is discussed. Discussion of the backgreunds
to be encountered in electron measurements is found in
lection 4; leme conliderationl for overlll detector
dllign are preslntld in Ilction 5.

2. Phy.ici R.quire••ntl on Ellctron Identification

Electron identification will b. an important ••p.ct
in recognizing many of the phy.ici lignaturel of

interelt at the SSC. 5 ,6,7. We .ummarize here only a few
procesles which are likely to give constraintl on
Ilectron identification in various kinematic domainl.

Among thl topic. which .mphilizi the nl.d far

- B.lectron id.ntification It low Pr i. tt production,
far IXlmpl. _by the decay of I tlchni-eta. An
inter'lting it mil. r.nge il .2 to 1 TeV, r'lulting in t
jet. with P • 0.1 to O.~ T.V. Thu. thl Ical. of
interesting 11pton momenta il (for the 3-body dlCIY t ~
b I V decay p(el ~ p(t)/3, or 20 to 150 GeV/c. Within
thil rang., the .ort of InalYli. forl••n r.quir.. I
rej.ction factor of hadron. in favor of ilolatld leptan.

of 2-5 )C 103•

Th. '1lrch for luper.ymmetric plrticlel will alia

impole some reqUirements on electron identification9•
Here the sional is mlssino Pr and the absence of
leptons. One" needs the electron (or muon or tau)
identification to tag those events with heavy quarks
produced, in which energetic neutrinos could simulate
the missing PI expected from gluino., etc •• Because the
lepton momentum is anticorrelated with the neutrino

momentum, one would like lepton identification to be
good at low energiel. Howev.r, there il I limit on the
ability to reject h.avy qUirk background. to SUSV
procelles impaled by thl dec.YI into t.UI with
subsequent tau decay to v + hadrons.

Anothlr proce'l which plac•••mpha.il on .l.ctron
idlntification .t low .llctron mom.ntul i. production of

charg.d Higgs particl'l by b t fu.iono. Th. pr •••nc, of
a Ip.ctltor t quark in th. beam j.t il a uI.f~l t.g
after the main H ~ b t decay into an isolated lepton has
been I.en. Onl rlquir.1 the id.ntification of .llctronl
with p ~ 10 GeV/c ( p ~ 30 GeV/e) in an eta range 1.5
t024. ~ortunlt.ly, thl rej,ction rlquirld only of ord.r
10 , IS other cutl cln do malt of the •• lection job.

One of the phy.ici .ignltur,. which plle •• the malt
Itringent demands on identification of low momentum

electrons is the stUdy of b decaYl3. In the TASTER

detector
10

for forward b qUirk detection (et. 2 to 5),
one would search for leptonl with p ~ 20-40 GeV. The
problem of overlaps with othlr jet particl.. il
Iddr ••••d in thi. d.t.ctor d.lign by alloNing I l.rg.
drift Ipaci to I.parlte the particl'l, .0 that the
ability to recognizl .llctronl in a high density
environment of hadronl can bl enhanced.

A procell which strl••e, electron identification It
very high electron energiel il the production of I W' or

2. 5 Her., the lepton 1'1.1 a typic.l P of order M/2.
The discovery limit at the sse is aT order 7 llV; the
signal from a W' of 1 TeV masl is .een to be relatively
clean if a hadron rejection of order 1000 can be
obtained out to a limit of 500 GeV PI; leptons should be
well isolated from jetl for this sort of proce,••

A more systematic compendium of requirements on
Ilectron identification as a function of energy, angle
and ilolation from other particles would be of
considlrabl. UII. The qualitativi conclu.ion reachld
during Snowmass 86 il that below 100 GeVlc, .any physics
.ignatures will benefit from hadron rej.etton power at

the llvel of 105 , whlre•• for the r.gime above 1 TeV/c,

rljlction. It the 1.vll of 103 Ihould luff ice.

3. Electron O,tection Methad~

Many previous Itudi'l hive been performed which
IKplore methods for diltin;uilhing Illctron. and hadronl
baled upon the observed .hower Ihape in I calorimeter.
Several of these are lummarized in Rtf. 2. It hal been
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clearly tstabli'hed that high energy electrons can be
distinguished from hadrons with rejection flctorl
approaching 1000 I 1. The important considerations for
design of the EM ~alorimeter in~Lude transverse and
longitudinal .egmentation and energy resolution,
together with the txternal questions of wheth.r magnetic
analysis is available and the nature of • hadron
cllorimeter following the EM det.ctor.

The general que.tionl addr •••ed in this workshop
were (a) opti~izatien of the cllerimtt.r param.t,r. for
best electron identification and (b) improvements in the
methodology of .lectren lellction in order to find
falter and mort .fficilnt algorithms appropriate to th.
llrge information denstty in sse cllorim.t.rl.

The use of cilorim.t.r informltion te Itudy the
rejection of hadrons al e1e~tron candidates was reported

in a paper contributed to thele proc.'dings 11 by V.
Fukui, et. 11 using test data from a CDF calorimeter

study. Th. gen.rll ,ethod 12 is to calculate I
generalized chi-IqUiri vlriable for In individual .v.nt
to fit the hypotheli. of being In .l.ctron. Th. m.thod
usel I full covariance mltrix evalulted on .lectran telt
beam dltl, thul taking into .ccount not only the .v.rag'
proplrtill of the vlrilblll [vi:l Itudied, but their
carr.l ati onll

-1
H-M

I ,., ( 1m) - H (m ) -
m -i ;~"J Vi - vi) i j (vj - vj )

~~:n~·r:me;:~I~=1 i:Dat~:i;::~a~:IU::a:~~eCO~:'l::;on:e~:
[~ :I appropriate to the calibration sample used to
determine M.

effectively 5 independent depth measurements in the
cllorimeter.

EM1 t Ita + phi, EM2- (eta + phi), EM3, Ind HAD

which correlpond to 2.5, 5, 7, and 2.5 rldiation
lengthl, then 6 inter.ction lengths. Dropping the .t.
Ind phi depolition inform.tion corr.spondl to cOlrllning
this to (2.5, 12, 2.5 r.1>. Th. totil EM thickn..s it
only 17 X. Tht energy relolutionl obtainld in this
cilorim,teroir. r.lativlly 1argl 10.24 fE and 1.32 fE
for EM and hadron I.ctions rllpectively).

'II" reje tion power

1000

316

100

32

10

3.2

Fig. 1. n rejection power as a_function of electron
efficiency for 100 GeV e- and n events. The set of
variables used is denoted by:

LOG 10 (I-Electron p.fficiency)
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This form il v.lid for Iny choici of variable••
Practical application rlquires-Plrameterization of the H
matrix Ind the mean valull [v,:I of the variables used,
as a function of depositld IntrOy in th. calorimeter,
incidence angle, and incidence position. In the
original publication, the variablel cholln were limply
cell .nergy d.positionl, which •• ke luch
paramet.rizltion difficult. Th' firlt contribution of
Fukui et .1 M.I to r.cognize that using ratiol of energy
depolition in d.pth lly.rl to total d,polition in tht
electromagnetic calDrimeter removes the firlt-order
.n.rgy variation of th, variable. and thul of th.
covariance matrix and meln vlriable valu... The
important I.cond contribution is the us. of variablel
other than energy deposit.. The specific .nalysis
employed energy-weight.d rml widthl II I mealurl of
tranlvlrl. Ihower lizi which givil « lizi miliur.
indep.ndent of the impact point.

The bllic illuel studied in this work arl the
r.lativi importanc. of virioul longitudinal and
tranlvlrll segm.ntltions. In interpreting th. r'lultl,
it is Mell to recill that only a particular legmentation
wal Itudied, Ind only at • lingl ••n.rgy (100 aIV).
Conclusions about thl optimll dilposition of
longitudinal I.om.nt, Ihould be mad. recilling that in
the rang. of 25 to 500 aeV electron showers, the Ihower
maximum moves back by about 3 r.diationl llngths. The
eta Ind phi strips cover dfff.rent ar.l. than the padl,
but the showers wert contained within both the pads and
the strips. The eta and phi strips are in fact

interleave. 11 within part of the second
.egment. so that one would expe~t

electromagnetic
that there are

F!gu~e 1 showl the pion rei,ction flctor from the
analYllI ln R.f. 1. First, onl not .. if on. rlquirll In
ellctron .fficiency Ibout 90r., thl rltio of d,polit
after 17 X to the deposit in the firlt 17 X i. t' 0 9 VII a
r'Jet 10n of ord.r 50, and thlt thil rijection is
co_parable to the rejection obt.ined froa full u.e f
~he ,longitudinal and tranlVlrle information, b~t
19~orl~g the d~po'ition after 17 X. The additonal
reJectlo~ obtalned by using .egmentatPon internal to th
EM calorlmet.r in Iddition to the hadronic deposition i:
a fa~tor of 2 to 5. The rejection beyond this (for th
same net electron efficiency> obtained by using th:
transv.rse Ihower lize, is Inoth.r fa~tor of 2 to 3
The overall rejection factor of 400 for 100 GeV pions i;
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consistent with previous mealurements2• Note that this
analysis has not directly used the energy deposit in the
EM section. The energy depolit enters only through
ratios and one may enquire whether a more optimal let of
variables can be found. As noted above, the advance
made in this study has been in a more efficient choic.
of variables to be u.ed in the correlation matrix
method, enabling easier parametrization in the important
detector variables.

Some progress was allo made on more general
questions of pion-electron discrimination in work
performed by J. Linnemann. It il useful to compare the
covariance method outlined above with the method of

recursive binary partition I3 ,14. In thil method, one
choosl' a I.t of variable. and buildl a decilion trel
uling them. On. consid.rs a let of "good" ev.nts (h.rl
Ilectronl) and a lit of "bad" .v.ntl (here pionl). At
lach Itage of thl d.cision, on. chooses the variable and
the cut value in that variable which b,lt distinguilhls
the good and bad Iv.ntl. Th. next ItlP is to conlid.r
the two sUblamplel thus obtain.d, and leparately for
each lub-Iample, again chooling the best variable and
best CUtl the procel' continue. Itep by It.p, hopefully
ending with 2n lublamplel, each labell.d II good or bad.

One Itrength of thil proc.dure i. that it
automatically lel.ctl the mOlt effective variablel out
of a let of candidat. varilblil. Anoth.r Itrlngth il
that there is I natural way of introducing information
about both the "good" and the "bad" events. However, if
two of the chosen variables are correlated, it doel not
alwavs use that information effectively, but must always
choo~e one or the other. Further, since the whole
procedure is a tree of many steps, there is same
difficulty in parameterizing the tree as a function of
externally varying variables, for example incident
energy or incidence angle. Finally, in the simplest
formulation of the method, lach cut il I lingle-lided
cut, 10 that a two-sided cut (Ieparating I peak from itl
tails) appearl al two distinct StlpS.

In contrast, the correlation-matrix method
automatically makls bl,t linlar combinationl of
variablel (though it doel rathlr worle than thl
recurlivi partition in dealing with non-linlarly
corr.lat.d variablel). On. might criticizi itl failure
to offer automatic gUidancl in thl choici of the malt
effective variable,. Onl must calculate a nlw matrix
and run through the data aglin with lach choici of n.w
set of parameterl. In Iddition, therl I.ems to be no
useful way to introduce information about thl "bad"
lample. However the method i' limple, relatively
intUitive, and rllults in I lingl. variable for
discriminating I and hadron.

W. offer here a rough method to Iddrels lome of
these concernl in the corrllation matrix mlthod. Firlt,
consider the qUlstion of r.ducing the ,nu~b.r of
parameters in the H matrix. The mlthod of prInCIpiI

components 15 luggest, a means of obtaining, a marl
compact Sit of variables which convlY thl malt lmpo~tlnt
information about the electron showerl. On. lImply
dilgonilizil the covarianci matrix H. Th~1 g~ves a new
lit of variable. which arl lin.ar comblnatl0nl of thl
original onel chol.n. Th.le might be a better let of
varilblll than the original set as an input to the
recursive partion method, al the lin.ar correl,tionl
among variables are removed by this procedure. In fl~t,
this even gives an ordering criterion for drOPPIng
variabiesl namely the size of their variances.

The mere size of the variance is not really the
chief criterion for the utility of a variable; it only
represents how important the variable is in describing

the "good" events, nat how important the variable is
likely to be in rejecting "bad" eventl. If we look at
the mlan valul of chi-squared for hadron eventl, we find
an expression (Iumming on repelted indices)

r.. (di Hij d
j
>. H

ij
(d

i
d

j
>.

• Hii Dji- Tr (H D)

whirl di - Xi (hadron) -<Xi (illctron) >

If we hive now cholen the let of combination. of
variables in which H is diagonal (remember H contlins
only electron information), WI find

Hii - lIot
and

1, - <d~ >/~

That ii, we have developed thl average value of zeta
into a lum of terms, giving the mean contribution to
chi-squared of each of the variables we have cholen. We
now have an ordering criterion on the variables, showing
how important each is in generating differencel between
the pion and electron samples.

3.2 Tranlition Rldiation Detection

Transition radiation detectors (TRD) have been

1 2proposed' as an independent means of discriminating
electrons and hadron. from calorimetry. Thele devices
ar. baled upon the d.tection of few KeV photons radiated
by relativistic particles traversing a series of foils
of material. Since calorimetric hadron rejection cln be
expechd to work at the level of 10001 1, it it desired
to glin an additional factor of about 100 from TRD in
order to reach the overall goal of electron

dilcrimination at 105: 1.

Pr.vioul studi'l hlVI shawn that a factor of 100
rljection of hadron. can bl achilvld uling Ilvlral TRD
radiator (Li or CH ) and dltector (Xe PWC) packlg.1 onl
after Inoth.r, togith.r with m.ximum likllihood Inaly.es
baled upon total charge coillctid Ind clultlr counting.
The detection of TR photon I in the XI convlrter zone can
be made rilionably Ifficilnt, thl main background
problem comll from the pre.enci of ionization clult.rl
in the gal due to the pallage of the chargld plrticlll
(.lectrons or hldronl). The primary difficultill for

TRD's dilcuilid previoully for an SSC1!2 dltector are.
(a) The overall depth of propoled detectors (40 - 50 cm)
may be uncomfortably large in thl constrained world of
the 4rr detectors; (b) The charge-collection time is
rather large (0.5 l.u sec) in comparison with the
short mean time between collilions; and (c) the upper
limit on momentum for efficient electron discrimination
is about 100 GeV/c -- which may be too low for some
physics signatures of interest. The work by V. Ducro.
reported here is directed at removing these
difficulti ...

The central idel developed is that tranlition
radiation detectian may be incorporated with the glneral
tracking chamberl employing short tranlvlrll drifts in a
XI-C H (50Y. - 50Y.) mixture. Arrayl of polypropylenl
foili $rec.d. the chlmb.rs with Ipacingl cholln to
enhance high In.rgy pion rejection.

We havi eXlmin.d the performance of I TRD mlde of a
f.w radiator-xlnon chamber unitl. Thl XI chamber il 4
cm thick and mlde of hexagonal c.lll 4 mm dil.,ter with
a Slnle wire It the clnter. (Thil Itructure hal blln
built and tested with a 2 mm cell by R. Bouclier et
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Ex keV

X-ray spectrum detected in each chamber.

2.140 (Plt .300GeVlcj

Fig. 3. Total X-ray energy detected in one TRD
chamber as a function of The Lorentz factor of
the particle.

Fig. 4.

10

kalll--'--------,-----------r---­
E.Tol

Tnis optimization rai.11 thl pion threshold from 150
GIV/c to approximately 300 G.V/c I' Ihown in Fig. 3.
Thl total thicknl'l of thl radiator contidlr.d i. 10 em
(100 foils). Figure 4 IhoWI th, X-ray Ip.ctrum d.tlct.d
in the Xe chamblr behind the radiator. A cutoff It a
klV can bl applild on th. total char;1 colllctid in an
individual cill. In thlt CII. thl problbility to get

more thin B keV in onl elll is 2.1x 10-2 for a pion.

Charged track

Radiator

X Ray Detector 20

Fig. 2. Schematic diagram of the TRD X-ray
detector. Hexagonal cells are made of six
potential wires and one sense wire and are
4mm in diameter. The radiator consists of
100 foils of polypropylene 40 microns thick
and separated by 900 microns.

Thl drift direction inaidl thl hexagonll elll is
partly along the track and partly plrplndicular to thl
~ra~k! thereforl it ••1.1 difficult to idlntify
lndlllidual X-ray clultlrs. Thul we conlidlr only thl
tot.l chargl collected on .ach wire.

In order to reduci th, .ensitivity of detletion for
ionization chargl, WI d,.ir. I radiltor which produces
high energy X-rays and apply a cutoff on the collected
char;1 in order to r,duce the dE/dx contribution II much
IS pOI.ibll. WI hav. conlid.r.d I radiator madl of
polypropylene foils 40 micronl thick, leparated by a gap
of 900 micronl. Thl.e parameter. are chosen to increale
thl Inergy of the X-rays rilitive to elrli,r dlsigns.

11. 16 as ,hollln in Fig. 2.

Tnl chamblr i. fillid lIIith I mixturl of XI -C 2H
(501. - 501,), which corrl.ponds to • drift vilocity of 48
mieronl/nl for In 111etric fil1d bltlll'ln 1300 and 2500

Voltl/c. 17 • Tn. timl to e01l,ct III thl charge i. 45
nl. This XI enamblr, Iquipped lIIith 100 MHz FADC or TDC,
could bl part of tn. tricking d,tector. It giv'l, in
addition, I good dE/dx measuremlnt.
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Thl rejection factor hi' b.ln cllculatld in a Mont.
Carlo program for I set of four radiator/chamblr
packages, corresponding to a totll TRO thicknesl of 56
cm. We consider only the c.lls which give mort than B
k.V. Th. electron-pion rljection using thl total chlrge
diltribution il shown Fig. 3, w. find I pion rejection
of 34 for In electron Iffici.ncy of 90Y.. Using thl
number of cIII, above the thre.hold the rejection i. 220
for the same electron effici.ncy. Us. of refined
maximum lik.linood analysis technique. could improve th.
rejection factor. The calculation abov. hal been mad.
for 50 a.V/c electrons and pions. The same calculation
for electrons and pions at 300 GeV/c gives a rejection
of 5 uling total chlrge and 15 uling the numblr of cilil
above threshold. All pion rej.ctions computed here are
for i.olatld plrticl •••

Calorimeterl cln be ulld to id,ntify Ilectronl witn
I rej,ction aglin.t hadronl Ixcllding 1 part in 1000.
Fo§ .om, phYlicl invlltigltions It sse, rej,ctionl of
10 are rlq~irld. The UII of transition radiltion
dltlctorl to achilvi an additional r,jection powlr of 50
to 100 for Ilectronl of energies up to 300 alv is
discussld above. aasld on the study by J. Butler, we
inveltigate here the possible use of synchrotron
radiation to hllp identify electronl in thl energy
region Ibove 300 GeV.

Excellent discussionl of the physics of synchrotron

radiation are given in several sse pUblications 1,2,3 10

only a summary is provided here. For electrons or
positrons of energy E, the energy lOIS EL in MeV is
given by:

offunctionBlIlIl• modifild

F(y) • 2 JiY

N~ O.0~7 B(KGIS(m)
'r

The number of photons is seen to be only a function of B
x S which the electron lee I and NOT a function of its
energy! ~

The functions F(x)/x and iF(x)dll/x are
IC

. 0.OB85 [E(GeV)]4 SE [ MeV]. ...__ _._ - _._._.._._ _-
L 2lTR2

whirl R il the rldi~s of curvlturl of thl trljlctory and
S il the pith l.ngth traverl.d in mltlrl. For I
plrticll moving in a planl normll to I filld of strlngth
B (kG) and having Inergy E (GeV), this becomes

E
L

[MeV] :& 1. 26 x 10-5 S ?- i­
Thil frequency spectrum is given by

dN. .__~.r:~J.!l.._._ x O. 03 B (k a) F(.~lj.L__ ,
Y 2rrP(SeV/c) x

with x • wits) , the angul ar frequency of the r~di ated
photons diviSld by thl criticil frlqulncy Wc • 3~ c/R,
with c in m/.lc and R in m.ter.. Thl functIon F(y) il
givln by

tabulated in Ref. 1. Thl result is Ny.....O.S7 1I es.
While Ny il indeplndent of enlrgy, the frequency
spectrum is ~ sensitive to the energy. Figure 6
Ihows thl evolution of thl frlquency spectrum IS thl
,llctron energy il incr,asld from 50 alv to 1 T,V. The
'1IIntial point il that at low en.rgiel, the electron.
Imit tnl radiation in thl X-ray rlgion whereas at
enlrgil. in thl hundrlds of aeV region they emit gamma
rays which not only Ixceed thl pair production threshold
but also exceed the "critical" energy for many common
materialS. (Thil use of "critical" reflrs to USI enlrgy
at which electromagnetic pair production begins to
dominate the photon total cross section,)

The final proplrty of synchrotron radiation which
must be considered in designing detectors is its angullr
distribution. The radiation is emitted into I very
Imall angular coni about thl particll's initantanioul
trajectory. At high energils, it is a good
approximation to consider it to be radiated exactly
along the tangent. The synchrotron radiation is
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Fig. 5. Pion rejection factor (l/E~) as a function
of electron efficiency (E

e
) using total detected

charge in four layers.

The Monti Carlo calculltion doe' not takl into
account lithlr thl vlriation of thl Iffictivi thickne••
of a hlxagonal c.ll al sl.n by the particlls, or the
sharing of the clustlr charge between two neighbouring
celli.

Thil reoptimization of a TRD for sse detectors
demonstrates that a mixld-function tracking and electron
identifying system may be feasible. The charge
collection time hal bien reduced to be roughly
commensurate with the bunch crossing time (45 ns vs 16
ns). The oplration of a chamber uling X'-~2H6 under
high rat. conditionl rlmlinl to bl establIshed. !h'
reduction in dlnsity of thl foil packlgll, made to rille
thl .eln In.rgy of TR X-ray. at thl Ixplnse of TR yield,
hal the addld Idvlnta;e of r,ducing th, numblr of
radiation Ilngthl in the foil. to .033Xo It normll
incidlnce.



Fig. 6. Distribution of the number of synchrotron
radiation photons with photon energy for primary
electron energies (Ee ) of 50, 100 and 500 GeV. The
field integral is l5kG-m.

Th. ability to .~ploit the "glometric lignaturl" of
the radiation will d,plnd on the d.tlctor geometry. In
the casl of a 'mall Ingle forward detector, WI may
consider I geometry that hal an anllylil magnet in the
forward direction with an integral BL of approximately
15kG-m or more and • drift space of It least 5 m
downstream of the magnlt. Under the.e conditionl, the
geom.tric signature might be exploitable up to 1000 GeV.
Detection would be accomplished by a gas or liquid
calorimeter with • Ipatial granularity of a few
millimeter.. Photonl would be converted in I set of
very thin plates or in the liquid itself. The plates
need to be thin to avoid ranging out the electron-

th,r.for, a fln-Ihap.d obj.ct Ipr.ading from the tang.nt
to th. traj.ctory at production to the pOlition of the
particl. itl.lf at the .~it to the fi~ld.r.gion. Th.
separation bltw••n th••dgt of the radIatIon and tht
trajectory at the edg. of the field volume i.

d (mm) .. .!.~ ~.~J.I\!.L ..~_L~.9..L
p(61V/c)

The energy d.p.ndenci of the frequency spectrum and
geometric considerations make the probl,m of deligning
detlctor. fundamentally different at low energie5, 5-10
aeV, and high energies, >100 a,vI

a) At low energies, one must detect X-ray photons.
One may bl able to exploit the characteristic
pattern of synchrotron radiation by seeing
photons separated from but clearly correlated
with, the charged particle trajectories. Thi'
technique is employ.d in thl AMY detector at
KEK to improve thl identification of .l.ctronl
in the 5-10 aeV region.

b) At high .n.rgill, th. fr.quency Ipectrum Ihiftl
10 that the photonl Ir. above pair thr'lhold.
For I fi.ld of ord.r l~kG and of liz. of ~lm,

tht numb.r of photonl of .nergy >S M.V il about
10 for tl.ctronl of .n.rgy >200 G.V. Thtl
circumltanc. il the basil for a d.tection
Ichlllli.

The method outlined for electron/hadron
discrimination will work only to the eKtent that the
particlel have sufficient path length in the early thin
foil portion of the detector so that thl Iynchrotron
radiation ,n.rgy deposit can be I.en prior to the main
high .nergy shower devllopment. We notl that those

In the 5-10 MeV region the ma'i absorption
coefficient in lead il about 0.45 cm, with about half
thl crosl section dUI to the pair production proclll.
Thul with a collection of lead platel of 0.9 cm total,
about 3-5 pair converlion, will tak. plac. and th.rl
will b. about 6-10 Ilectronl and po.itronl. Th.I,
.lectrons hav, In.rgi'l of ordlr a f.w M.V. To d.tect
thlm, WI mUlt mlk, lurl thlt they don't rang. out befor,
they reach th. stn.itiv. regionl of the d.tletor. Uling
vlry thin plate. of thicknll' 0.018 em giv'l about 0.2
MeV energy losl per foil which, however, incre••••
rapidly .1 thl particll Ilow. down. The foil and
senlitive detector arrangement ha. to b' tuned so th.t a
llrge amount of en.rgy ean be ablorbld in the Iiniitivi
region. The lignaturl for an electron would then be an
unusually high pull' height before it fnitiat,s the high
energy electromagnetic Ihower. A high enlrgy h.dron
would IKhibit the ulual Landau distribution In.rgy lOll
pattern of a highly relativistic particle. The L~ of
abnorm.lly high ionization blfore the beginning of the
hadron Ihower would hllp tag this .s a hadron IVln if
the subsequlnt shower were "electromagnetic-lik.". The
figure of merit for the separation dep.ndl on thl
aver.ge energy deposited in the lensitive early det.ctor
by the synchrotron photons compar.d to the Landau
distribution of the highly relativistic hadron. A
simple calculation indicate. that if the synchrotron
radiation can be forced to make a lignal gr.ltlr than 5
timl' the av.rage pull' height of the hadron, there will
be plenty of rejection.

't pal'r- This section forml a "natural H goodpall ron a. . th text
early shower selector which can be useful, 1n e can
of the overall calorimetry. Such geometrIc arrangementl
have been proposed for sse detectors.

Th. intlgral BL that can be achi.vld for a clntr.l
d.t.ctor il of thl ord.r of 15 kG-m 10 that the
frequency spectrum will be similar (at least for normal
tracks) to that experienced in the forward geometry.
What is lacking is the long drift space which allows the
synchrotron radiation to separate from the track ~nd

gives an additional geometric hand~e. B.caule of ~hll,

one il relying solely on tne detection of a potlntlally
large number of low energy electrons and pOlitronl early
in the EM Ihower development.

Much hal been madl in previoul Itudiel of the
prl.lnci of ~hlle "highly Inergetic" Iynchrotron photonl
travelling In conjunction with high energy .llctronl.
In order to ule th.ir pre.lnct to h.lp confirm that a
charged particl. is an electron rather th.n hadron,
however, it il nlce,.ary fir.t to .how how to d.tect the
synchrotron photons and th.n to dlmonltr.t. that thol.
hadron. which would hav. fool.d the relt of the
el.ctromagn.tic calorimetry would "look different"
bicaul. of the lack of thele accompanying Iynchrotron
photons.

Th. dltlction of thl photons il actually madl marl
difficult by their "high enlrgy". Though thlY arl abovi
pair-production threlhold, the pair crOll lection il
only .bout 1/3 the crol. siction at asymptotically high
energiel (thul UI. of "radiation lengthl" il not alwaYI
appropriate). The electrons, once producld, arl in a
region where ionization is the dominant energy 1011
m.chanism. Multiple Icatt.ring caUlel the trajectori'l
to be crooked, and there is significant Itraggling 10
range-energy relations become complicated.

Ey (MeV)

BL= 15kG-m

10

100

dNy
dEy

(arb. units)
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with thl TI at low ,nlrgy. Such proclslll conium, an
approximately can,t ant fraction of the total interaction
crall-section and have beln estimated to contribute an

If thele studies indicate lome hope for this
technique, a prototype detector could be placed in a
high-energy beam at Fermilab for further .valuation.

(dNn/dN p)' depends upon
parent 'rro; for an

• <PT>/P T• However, for
at large PT Ind expected
r.lation approach.1 an
For a Ipectrum dominated

The parent-daughter factor,
the PT-distribution for tht
exponential spectrum, (dNO/dN p )
the power law spectra observed
from QCD, the parent-daughtlr
asymptotically constant valul.

Th' rlj.ction factor, R, for convlrlion plir
backgrounds can b. writt.n

dND
R • ('dtf;-) . Pc

Copious production of 'fro (and ;'1, til) in high energy
collisions generates a large flux of en.rg.tic photons.
These photons may convert (internal conversion or
external conversion in the unavoidable material in beam
tubes, chamber supports etc.) and produce real electron­
positron pairs. In such a cas., devicel which .ensl the
distinction between electron and hadron (calorimeters,
TRD etc.) are ineffectual and other m.asure. are lought
for background suppr.ssion. Control of thil background
dictat.s that special car. b. tak.n to rtmov. lourcel of
conversion; the Ibility of a d.t.ctor to distinguilh
memblrl of th. pair and to flag the Ibllnce of a trick
upstream of mat.rial il at a prl.iul. Thul thil
background 10urCI will plac. plrticularly Itrong
conltraintl on the tracking chamb.r IVlt.l.

electron-like signature at the levil of 1 in 3000 18 •

M.thods for .lectron idlntificltion which art
indlpendent of the calorimltry can bl uSld to further
enhanci pion rejection. Transition radiation dltectors
are practical for momlnta b.low 300 BIV/c (III Ilction
3.2) Ind can give uncorrelated rejection factor.
approaching 100. Above 300 a.v, therl il 10mt hopl that
Iynchrotron radiation d.tection could add rejection
(siction 3.3). Thul for el.ctron, above 10 GIV/c
lingle4pion beckgroundl can be suppr.lsld by a factor of
5 x 10 to 10. We alsume here that electrons (or
hadrons) arl SUfficiently ilolated that the shower I are
distinguishable in the calorimeter.

wh.re (dND/dNp') il the plr.nt-daughter relation for pi­
zero decay (the ratio of gammal to nO at a given
In.rgy), P il thl total (int.rnal plul extlrnll)
conversion ~robability; 'pair il the .ffici.ncy for

detecting the convlrted pair 15 two tracks following
conversion; and Pv is the problbility that a conversion
can be vetoed by the absence of a pointing track
upstream of the converter.

in the larg. PT regime by a p
T

- S flctor, al lugg.stld by
QCD, (dND/dNp ) ::.::0.44.

Thl photon conversion probability, P , il of course
dominated by the mat.rial distributld ~hroughout thl
tracking volume of I detector (Oalitz conv.rlion i.
equivalent to about .0077X). A O.S mm 8. b.lm tubl
givel an additional 0.014 i It normal incidenci. While
it il poslible to ke.p the @otal matlrial trlv.rl.d in I
4n t r a c kin 9 I TROd e tectart 0 :'f 7'1. X

o
at 90 0, the Ie

conversion material thicknesl scali likl (lin 8)-1.
Furth.r complicating th. probl'll It I.all an;lll,
chamb.r end Willi, on-board electronicl, cabl. and Qal
connlctionl, and the cablll thlml.lv.1 Idd lignificant
matlrial. Ev.n whln great car. il IXlrci,ed in
minimizing luch mat.rial, on. il liklly to hav. ~ 0.2 Xoover. the rlgion covlr.d by luch end lupport m.mblr,
(8 t 15°). Even after accounting for the relationship

typical

5-10 MeV

with thl
energetic

of blckground which can mimic an
Ir.1 (1) .inQ1I pion

conversion of photons from nO(~,

overilpi betwl.n I ch.rQ.d hadron
two partiel. r'lolution aria.

simulation of the behavior of .ev.ral
photons Itriking the dlt.ctor.
luperpolition of this behavior on

electron and positron Ihowlr ••
comparison of the above lup.rpolition
puis. height in the det.ctor of
hadronl before they begin to showlr.

2)

hadronl which are likely to foal the calorimetric shower
Ihape criteria for electrons art thOle which interlct
elrly (and transfer a large friction of th.ir .nergy
into photonl in th. first collision vii g.nerlliz.d
chlrge ex chang. relctions). Sinci we eltimate Ibove
that the total depth of the Iynchrotron rldiltion
s.ction il Ibout 1 cm (~2X in lead), there will be a
fundamental limit on thil method for rejecting hldronl.

Th. Ibav. dilcussion is obviously qualitativ.. To
determin. wh.ther this technique offers rell improv.m.nt
in .l.ctron identification, especially in "clntral"
geometrill, detailed Mont. Carlo Itudi'l mUlt b.
und.rtlktn. ThlY involve the following st.ps.

n p ·;t·A ~ (.l

A~ .,.. P-n o .;t. (;" nO) nO

The backgrounds present in real detectors arise
directly at indirectly from the laroe flux of hadrons
emitted in pp collisions relltive t~ tht number of
tlectrons. We examinl some of thll. sourCl1 hlr. in
semi-quantitative fashion, but note the obvious paint
that proper computation of thlm can proce.d only givln a
specific detlctor design. W. have also not addr.ll.d
thOl1 backgrounds which may arill from pillup or ov.rllp
of tricks from differ.nt Ivents.

4.1 !:io!'!._~~Jltific~.~~

Th. ability of calorimltlrl to diltin;uilh
Illctronl and hadrons hal bien extlnlivlly studild (Sll
Ref. 2, p. 178 for a tlbll lummarizing thel. relults).
Thill studies have shown that ·for high .nlrgi'l (E > 10
BeV), Will segmlnt.d calorimeter. can reject isolat.d
hadron. at thl levil of 1000 I 1. This rejlction nil
been achieved even when no momentum information il
available, using only observed energy depolits and

longitudinal and transverse profil ••12 • U., of a
measured momentum (comparison of E and p), if applied
after all calorimeter cuts, will give a small
improvement in rejection below 10 GeV. Use of a veto an
energy leen beyond 25 - 30 radiation lengths can improv,
thl rejections at high energy. There il however little
prosp.ct for calorimltric rljeetion of hadronl at
lignificantly higher levill than 1000 sinci there arl
phYlicl procesll. which .It a fundamlntal limit. Theil
com, from diffractive anllogl of pion chlrgl IX change ,
I.g.

Thl thrle 10urCII
,llctron lignltur,
milidentification, (2)
(I) ,tc) dec'yl, and (3)
and photons within the
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4.3 Overlap backgrounds

10-
1r----,--.....,..----,---"""T"'""-"""T"'""-......

Fig. 7. Probability for a converted photon to yield
I visible conversion electron vs. photon energy. A
visible electron is required to have energy exceeding
Emin ; several values of Emin are shown. Photon and
electron interactions within O.4Xo Al were used for
the calculation.

An ellctron lignature can be limulated by the near
spatial overlap of a charged hadron and a photon, th.
hadron supplies the track incident on the calorim.t.r
and photon and hadron together givi a shower deposit
which may re.emble that for an electron. Such an
occurrenci il obvioully most important nlar the core of
jlts, where electron identification become, difficult in
any casl. There arl howlver a variety of criteria by
which an overlap of a single hadron and photon can b.
discriminated from ellctrons. Again, detailld
calculation of the reiections requirll a specific
detector geometry al Will al a particular physici
signature of interest.

production dec~eases. At 900'50ne can likely achieve
rejections at or above the 10 level possible for
charged hadron reiection. At smaller angles, the
increase in material thickne.ses will enhance the
conversion backgrounds 50 that below some angle,
inclusion of explicit electron identifier. (TRO or
synchrotron radiation detectors) will be unwarranted.
It should bl noted howlver that conversion backgroundl
do tend to decrease with increasing PI (dul to the pair
recognition veto) so that if large PT electrons are
sought at Imall anglel, TRO', may continue to have lome
d.gre. of utility.

We strels again that the rejection of conversion
backgrounds discussed here requires isolation of photons
from other tracks at a level lIt by calorimeter
segmentation and intrinsic shower siz •••

Recognition of a photon conversion can be made in
tracking chamblrs following the converter. Two type. of
signature can b. used: The presence of two tracks
emanating fro~ ! common origin may be detected or, for
overlapped e. pairs, the dOUbling of characteristic
ionization may be recognized. Se.ing two distinct
tracks may be aided if a magnetic field is present and
the conversion photon is not too energetic. Even
without a field, low energy gammas or asymmetric
conversion. will be vilible through multiple Coulomb
scattering. M.alurement of dE/dx will give good pair
r.jection for overlapped e ectron pairs so long al
additional track ov.rlapi do not occur. With good
control of chamber gain )IYltematicl Ind adequate
sampling of ionization (~25), rejection of isolated
overlappld pairs at the llvel of 100 can b, achieved.

bet~een photon conversion length and radiation length
(L - 9 X 17), one is likely to find that th. numb,r of
ph8tons P. of the order of 1/3 the number of nO over
significant portions of the Imall angll coverage of a 4n
detector. (The parent-daughter relationship discus.ed
above di1utls this fraction since the photons carry
lower momentum than their parent meson).

Th, probability to recognize a photon conversion
frolll the absence of a pointing track ahead of th.
material is alia quite dependent on detector detail. In
the cal. of intlrnal conversion or converlion in the
bealll tube, such recognition il not poslible. Even for
pair cre.tion in lIIaterial after SOIll. tracking
information, accidental overlap of photons and charged
track. can simulate the .llctron signature. For a
cylindrical g.ometry tracking detector at r-l0 cm, 0 2

10 il
, and dNchg Idi) = 50 (~ithin a jet), the flux of

charged trackl is about .015/cm2 • Given realizable t~o
track relolutiDnl, we guels that the pointing track veto
factor Pv will not Ixceed 10-20.

The combined rejection factor against conversiDns
of photons is thus a complex function of detector
parameters; it il however seen to increase as angle of

Detaill of the pair r.cognition probability factor,
epair ' clearly dlpend 'Insitively upon the particular

d.tector configuration. This factor il enhanced in
sYltems with a high denlity of wire sampling and
particular emphalil on dE/dx m.asuremlnt and on two·
track resolution. How.ver, it will generally be tru.
that recognition of pairl will fail when one member of
the pair fal11 below lome lo~er energy limit. This
occur, becaule thl low energy electron deviates from the
photon direction by I 11rge amount, either through
spiralling in a magnetic field or from multiple
scattering. One can obtain a crude approximation of the
pair conversion detection inefficiency by computing the
probability for one electron to have energy below E .

1Il1n

(with Emin ~ 100 MeV in a typical detector). Such a

calculation 19 il shown in Fig. 7 for the cas. of 0.4 X
~ith the effectl of multiple conversions and radiativi
effectl accounted for). The probability for a photon to
produce just one electron above E. is aiven

m1n •

approximately by 0.9 (E . IE,)0.9.
III 1 n 'r

In thil connection, it should be noted that
imposing a requirement that just one track emerge from
potential conversion material ~i1l reduce the efficiency
for lelecting r.al electronl. In any finite thickn'ls
of material, electrons may radiate photons which then
convert and look like pairs. Again imposing a minimum
energy cut of 100 MeV after 0.4Xo of material, one

findl 19 that only 751. of 10 B.V electrons will survive.

-427-



1) Control of charged particle-photon overlap
backgrounds for Ilectronl.

21 Ability to isolate electronl or muons from
nearby particle••

3) Single hadron rejection.
4) Accuracy of P mealurement.
5) Topological iJentification (e.g. high ma.s WW

pairl VI QeD jet,).
6) T identification.
7) Spaci rlquirem.nts for conn.ctions,

prlamplifierl etc ••
S) Signal colliction logiitici.
~) Noise contributionl.

10) Cost.

It il commonly a~guld that line. tranlvlrll EM
siz.s are Imall (~ 1 cm), the EM calorimeter should
id.ally have transverle .egmlntation at about thil l.vll
(correlponding to 6~ • t::.t ~ 0.01 or 2 cm x 2 cm towerl
for calorimeterl located at about 2 m from thl
intlraction point). A more relaxed requir.m.nt can b.
inf.rred from studi.s of th. WW pair identification

problem 13 ,21 (point 4 abovel.
Thlle Itudies indicate that t::.l'1={~~=0.03 may be
luffici.nt. ReqUirements on Ihower centroid measurement
(point 1) for controlling overlap backgrounds suggest
that transverse sizes of towers ought not exceed about 5
cm. Our qualitative interpretation of the.e statements
is that transverse .eqmentation of calorimetry in the
rang. {~.>rl = D.<J? = (0.02 - 0.03) should be adequate for
much of the solid angle. For an effective radius of EM
calorimetry of 250 cm. thil implies tower SiZl1 of 5-10
cm. Although this il larger than EM showerl, we note
that thl Ica1. of hadron showerl il in fact 10-30 cm and
that s.gmlntation very much finer than thil il not
warranted in view of thl desirl to I.llct ilolatld
.l,etronl (point 2).

The longitudinal dlpth of the EM calorim.t.r Ihould
be let 10 that It least ~57. of the EM .nergy il
absorbed. The remaining Inergy cln be leen in the firlt
portion of the hadron calorimeter. or inferr.d from the
observed longitudinal profil. in thl EM I.ction. A
depth of 25 Xo Siems adequat ••

The longitudinal segm.ntation is important for
rejecting hadron induced backgrounds to .llctronl. One

study12 showed the electron identification sufferl
markedly when there are fewer than three depth segment.
and that four il b.tt.r than thrl.. ani of th.s.
legmlntl Ihould b. locat.d n.lr the exp.ctld EM shower
maximum (5-12 Xo)'

In ordlr to better determinl photon and Ileetron
directionl, it is oft.n advocated that lame fin.
segmentation laylr b. inlert.~ in the EM calorimeter,
presumably near Ihower maX1mum. The question ariles
whether this finer readout Ihould take the form of
stripi which have excellent resolution in one dimenlion,
or of further lubdivision of the normal squarl pad

. t 22,23towers. Studies of 2 TeV detector calor1me ers
have shown that relatively little advantage is gained in
shower centroid location using stripl. Moreover, the
fact that long strips sample spatial regions of an event
which are quite different from those of the towers
implies that disentangling the ambiguities due to
Multiple hits in a high multiplicity event would be

A calorimeter, segm.nted in both depth and
transverse coordinatel, has itself considerable

rejection powlr for overlaps. One relu1t 12 using an EM
calorimeter with fine depth segmentation and on.­
dimensional transverse segmentation has found that
exactly overlapped photons and pions could be reject.d
at the level of 100 11. This analYlis was perform.d
with the energy spectra appropriate for pionl and
photons in high energy collisions; it showed that the
ratio of energies deposit.d by photon and hldron in the
EM calorim.t.r wal rather uniformly diltribut.d. Thul
additional us, of a v.to on hadron cllorim.tlr .nlrgy
depolit or comparilon of E Ind p will improve the
Ii tuati on.

Use of specific electron identifi.rl luch al TRD
will allo aid luppr,ssion of the ov.rllp blckground
linc. the charg.d track is a hadron. How.v.r, the TRD
p.rformanc. il lik.ly to b' d.grad.d, r.lativ. to that
for ilolated singl. hadron backgroundl, linc. thl 11m.
physici proclslel that favor i-n ov.rlaps also favors
production of nlarby chargld hadronl and luch clol'
hadron pairs will be more likely to simulate el.ctron­
like TRD re.ponsl.

The probabi 1ity f'or a i-hadron overl ap can be
crudely Istimated al folloWl1 The particle denlity in

. t 1 20 50the center of 500 GeV/c jets is approx1ma e y

charg.d partiel .. within J<t::. 1-1)2 + (t::.41~ 0.5 Thue
ar. approximat.ly SO additional photonl in thil r.gio~.

For a clntral calorim.ter barrel at r • 250 cm, t~. ar.a
lubt.nded by this j.t il approximatlly 8000 em. An
overlap of photon and chargld particle mu.t occur within
the r.solution box SIt by the ability of the calorimeter
to mlasure shower centroids, Taking this centroid error
to be 1 cm (a conservative number for sse calorimeters),
we find the probability for a given charged particle to

overlap any photon to be 0 x 10- 3• The probability
factor for an overlap signature to simulate an electron,

-3 -2
per charged hadron, is approximately 0 x 10 x 10

<calorimeter rejection) x 10- 1 <TRO rejection) = 0 x

10-0 This rejection is better than that to be expected
for a single hadron misidentification (se. section 4.11,
so we conclude that the overlap backgrounds will not b.
dominant in suitably designed d.t.ctorl, 10 long al just
one photon-hldron pair exilt within thl tranlvlrll cill
boundary dictatld by calorimetlr legmlntation.

In the CI.I of lach of the backgroundl describ.d.
the pre.ence of multiple particle. whose .howers overlap
in the calorimeter will nlgatl the electron
idlntification. Thu. detailed .tltlments about thl
extraction of electron signaturl' within Jet. r.quirl
simulation of splcifie physics and dltector models.

5• ~9..'1S i dI rat i 9..~_!..~Q.!.t e£tQ!_Q.!.!..li!!.

The desire to obtain good electron identification
il one of many constraints imposed upon overall detector
design for the sse. In this section, we .xamin~ brief~y

some of the features which should be consldered 1n
optimizing electron recognition. In particular.
electron identification places requirements upon
calorimeter segmentation (both longitudinal and
transversel, tracking chamber wire sampling and charge
readout, space available for TRD andlor synchro~ron

radiation detection, and upon the location of mater1als
for chamber termination ••

5. 1 ea!~!...l!!.~!__..§.~~-!,!'!..~ t i a_I!.
Segmlntation of calorimeter

d.tlctors is dictated by many,
demands.

readout for 4n
often conflicting,
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quite difficult. If subdivision of a segment of the EM
calorimeter is desirable, we strongly favor simple
partitioning of the balic tower structure.

A segmentation schlme for the central r'9ion of the

EM calorimetry in a 4n detector is outlined below
24

• We
have impaled the arbitrary constraint that thl numblr of

readout lignall (u)10(); '1)'<5.;2.5) be limited to ::f 3 ~ 1e.
For definitlnll' WI takl thl effective calorimeter
lurfaci to be a cylinder of radiul 250 em for n::f 1
and a plane perpendicular to the beam at z • 300 em for
1. 0 ::f"'r~;2. 5.

r (em)

200

100

CTRK

CTRD
CTRO

CTRK

CTRK

I~~~CTRD I ~~ ~ ~~
CTRD '00 ...............ex: ...... ... ......
CTRK J t

Fig. 8. Schematic layout of one quadrant of tracking
chambers (CTRK and FTRK) and transition radiation
detectors (CTRD and FTRD). C and F denote central
and forward respectively.

The barrel region legmentation il on=O.02,
o+.2n/300 for a total of 30,000 towers. The size (oz)
of a cill varill from 5 em at 90 D to 7.8 cm at 45°. In
the forward region, WI Sit on-0.02 at the outer radius,
becoming on=0.056 at the inner radius (3.0~ 6r~ 6.6 cm)
for a total of 40 ringl. Phi subdivision il ot-2u/300
in the outer 20 rings and 2n/150 for the inner 20 rings.
Th, two Ind calorimeters together contribute 18,000
tow.rs.

100 200
z (em)

300

All regions are divided into thrl' longitudinal
sections (4X, 7X o ' 14X) with the middle lection
subdivided in~o one half tRe normal ,~'q, tlt.P dim~nsi~ns.
Thul thl largelt small pad lizi is 3.9 x 2.b em Wh1Ch
should be adequate for Ihower localization. Th, total
number of lignall il 2B8K.

We note in palsing that, the pres.nce of a magnet
coil (~ 1.3 X) before the calorimeter should have
little effect on o energy resolution or upon electron
identification - providing that lome attention be given
to sampling the energy deposited in the first section
following the coil. This could be a "massless gap" at
the beginning of the calorimeter. It is possible that
the firlt readout section could accomplish thil purpole,
but this point requires lome furth.r study.

5. 2 !rack~L~nltL~'l!.~

Th. requirlmlntl impoled by the tracking and
mom.ntum measurement ne.d, are of tin difflr.nt from
thol. imposed by the d.lir. to id,atify .lectrons with
tranlition radiation dltectors • In tht tricking
chambers, a pr.mium is placed on Ixcellent tim.
mealur.ment for belt momentum r'lolution, suppre'lion of
electron pair backgrounds and detection of tranlition
radiation X-ray. requires good charge mlalurements.
Pattlrn recognition of track segm.nts lugglltS that tn.
track chambers occupy clust.red r.gionl of SPICI rather
th.n bling homogeneously diltribut.d. Ule of Imall
celli and fait gls in tracking chamberl is dict.ted by
the Ihort inter-bunch timing, whereas TRD chamberl must
employ a gas rich in a high Z component (Xe).

Although we raised the possibility of • combined
TRO/tracking system in section 3.2, uling 4 mm cells,
Xe-C 2Hb gas and a flash ADC readout, the above
conltraints may argue for a design which separatel
tracking and TRO. Thil il enabled by the layout of the
4n detector tracking system in which gaps are introduced

25 2b .between lupercell. of the chamberl ' • A pOIs1ble
layout of the tracking/TRD volume il Ihown in Fig. 8.
The central region includes four foil/chamber TRO
packagel lumped in thl regionl 70.5~ r 5103.5 cm and
164~ r ~197 em. Each package is 15 cm deep and has a
XI-ethane readout chlmblr with B lenSI wirl laYlrl and I
4 mm transvlrll Iplcing. Th. central TRO wire count is
approximat.ly b5,OOO.

Forward TRD plckages of limilar granularity are
Ihown, a9ain in two distinct regionl between tracking
Ilctioni. Th ••e will bring the totll TRO signal count

to about 105• Each signal channel requires waveform
digitization el.ctronici in order to measure both charge
deposit Ind time. With I drift speed of 4.5 ~icrons/ns

th, •• chamb.rs int.gratl over 2-3 bunch croll1ngl. We
explct spatial resolution in thl TRD chamberl of about
200 microns.

The spatial arr.ngem.nt of tracking and TRO is mad.
to give full coverage for electronl in the central TRO's
out to t', II 1.2. Between 'I"I :r 1.2 and ''''I 1.3, the
coverage by TRO is impaired (2 of 4 pickage.). From ~,.

1.7 to the inner edge It n:r2.4, full TRO coverage 1S

regained. Thl location of chamber ends il concentrated
in the region 1.25 ~ n $ 1.5; this angular zone will
luffer from large pair converlion backgroundl, 10 that
the absence of full TRO rejection th.re il not of great
importance. The minimum angle subtended by tracking and
TRO is about lOa; inside this angle, the track density
grows sUbstanti~lly and we assume that special chambers
at large z will be employed. TRD coverage inside 100 is
probably unwarranted since the maximum momentum for pion
r.jection (300 GeV/c) implies an upper limit on PT of,50
GeV/e. In fact, as discussed in section 4.2, the ent1re
question of the utility of the forward TRD system res~s

on the ability of the tracking system to suppress pa1r
conversion backgrounds.

5.3 forwar~!'_ttctor~

Th, region inlidl 8=10° is likely to be covered by
lomewhat Iplcial detectors extlnding many meters
downltrelm of the interaction point. If electron
identification il requirld, special consideration il
required owing to the large mom.ntum of the small angll
particles. USI of synchrotron radiation detectors baled
upon separation of trick ionization and synchrotron
photons is an attractivi pOlsibility. As discussed in
section 3.3, on. needl I magnetic field region of 15 kG­
m followed by a 5 m drift space for photon-track
,eparation. Detection of the few MeV photons can thin
b, accomplished in a chamb.r comprising a few radiation
lengths Ind good Ipatial resolution in the bend plane.
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