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Improved W boson mass measurement with the D@ detector
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We have measured th&/ boson mass using the D@ detector and a data sample of 82 fpbm the
Fermilab Tevatron collider. This measurement udés ev decays, where the electron is close to a boundary
of a central electromagnetic calorimeter module. Such “edge” electrons have not been used in any previous
D@ analysis, and represent a 14% increase inAttgson sample size. For these electrons, new response and
resolution parameters are determined, and revised backgrounds and underlying event energy flow measure-
ments are made. When the current measurement is combined with previowsbiagon mass measurements,
we obtainM,y=_80.483-0.084 GeV. The 8% improvement from the previous D@ measurement is primarily
due to the improved determination of the response parameters for non-edge electrons using the sample of
bosons with non-edge and edge electrons.

DOI: 10.1103/PhysRevD.66.012001 PACS nuni§er14.70.Fm, 12.15.Ji, 13.38.Be, 13.85.Qk

I. INTRODUCTION Z boson mass from LEI2]. Decays of theZ boson into
e"e  are crucial for determining many of the detector re-
In the past decade, many experimental results have insponse parameters. For all previous B¢@boson mass mea-
proved our understanding of the standard md&all) [1] of ~ surementgand for other studies oV and Z boson produc-
electroweak interactions as an excellent representation of ndion and decay electrons in the central electromagnetic
ture at the several hundred GeV scf#. Dozens of mea- Calorimeter were excluded if they were close to the module
surements have determined the parameters of the SM, ifoundaries in azimuthd). In this paper we reexamine the
cluding, indirectly, the mass of the as-yet unseen Higg§entral electroV boson analysis, adding these hitherto un-
boson. TheéW boson mass measurement plays a critical roleised electron candidates that appear near the calorimeter
in constraining the electroweak higher order corrections angnodule boundariefl3]. We use a data sample of 82 Ph
thus gives a powerfu| constraint on the mechanism for e|eC0btained from the 1994-1995 run of the Fermilab collider.
troweak symmetry breaking.
Recently, direct high precision measurementdgf have
been made by the D£B-5] and Collider Detector at Fermi- IIl. EXPERIMENTAL METHOD AND EVENT SELECTION

lab (CDF) [6] Collaborations at the Fermilgip collider, and A. Detector
by the ALEPH[7], DELPHI [8], L3 [9] and OPAL[10] The D@ detectof14] for the 1992—1995 Fermilab col-

C_ollaboratlons atthe CERN"e" collider LEP-2. The COM- jider run consists of a tracking region that extends to a radius
bined result of these measurements and preliminary LEP-¢¢ 75 ¢ from the beam and contains inner and outer drift
update2] is My,=80.451-0.033 GeV. The combined in- ohampers with a transition radiation detector between them.
direct determination oMy [2] from measurements @ bo-  Tee yranium liquid-argon calorimeters outside the tracking
son properties at LEP and the SLAC Linear Collid8LC),  yetectors are housed in separate cryostats: a central calorim-
taken together with neutrino scattering studigs] and the  oter and two end calorimeters. Each calorimeter has an inner

Teasured top quark mas§12], is My=80.373  gaction for the detection of electromagnetieM) particles;
+0.023 Gev, assuming the S\2]. The rea}sonaple'agrlee- these consist of twenty-one uranium plates of 3 mm thick-
ment of direct and indirect measurements is an indication of,ass for the central calorimeter or twenty 4 mm thick ura-

the degree of validity of the SM. Together with other preci- 5jm plates for the end calorimeters. The interleaved spaces
sion electroweak measurements, Weboson measurement penveen absorber plates contain signal readout boards and
favors a Higgs boson with a mass below about 200 GeVyyyg 2.3 mm liquid argon gaps. There are four separate EM

Measurement oM,y with improved precision is of great (eaqout sections along the shower development direction.

importance, as it will enable more stringent tests of the SMirhe transverse segmentation of the EM calorimeters is 0.1
particularly if confronted with direct measurement of the w1 in A7XAd, except near the EM shower maximum

mass of the Higgs boson, or could give an indication of, hare the segmentation is 098.05 in A X A . Subse-
physics beyond the standard paradigm.

X _ quent portions of the calorimeter have thicker uranium or
The measurements &l in the DG experiment us&/  .qpner/stainless steel absorber plates and are used to measure
bosons produced ipp collisions at 1.8 TeV at the Fermilab hadronic showers. The first hadronic layer is also used to
Tevatron collider, with the subsequent deddl~ev. The  capture any energy escaping the EM layers for electrons or
previous measurements are distinguished by the location ghotons. The muon detection system outside the calorimeters
the electron in a central electromagnetic calorimefer.|(  is not used in this measurement, except as outlined in Refs.
<1.1) [4,5] or the end calorimeters (1s§7,/<2.5) [3],  [3-5] for obtaining a muon track sample used to calibrate the
where 5 is the pseudorapidityy= —Intan¢/2, and@ is the  drift chamber alignment.
polar angle. The measured quantity is the rddg,/M5, An end view of the central calorimeter is shown in Fig. 1.
which is converted to th&/ boson mass using the precision There are three concentric barrels of modules; the innermost
consists of thirty-two EM modules, followed by sixteen had-
ronic modules with 6 mm uranium absorber plates, and then
*Also at University of Zurich, Zurich, Switzerland. sixteen coarse hadronic modules with 40 mm copper ab-
TAlso at Institute of Nuclear Physics, Krakow, Poland. sorber plates to measure the tails of hadronic showers. All
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FIG. 1. End view of the central calorimeter showing the ar- ! '
rangement for electromagnetigM), fine hadronidFH) and coarse FIG. 2. Construction of central calorimeter EM modules in the
hadronic(CH) modules. The Tevatron Main Ring passes throughiegion near module boundaries. Signal boards have the electrode
the circular hole near the top of the CH ring. pads for signal collection; readout boards carry traces bringing the
gignals to the module ends.

previous D@W boson mass analyses using central electron
have imposed cuts on the electron impact position in the EM

modules that define a fiducial region covering the interioréduced signal size, but the shower development is essen-
80% in azimuth of each module. Such electrons will be redially normal as the absorber configuration is standard. The

ferred to in this paper as “C” or “non-edge” electrons. The hadronic calorimeter modules are rotated in azimuth so that

remaining central electrons that impact on the two 10% azithe edges of EM and hadronic modules are not aligned.
muthal regions near an EM module edge suffer some degra_ The directions of electrons and their impaCt pOint on the
dation in identification probability and energy response, bugalorimeter are determingd,5] using the central drift cham-
are typically easily recognizable as electrons. We will referfoer (CDC), located just inside the calorimeter cryostat. This

to them as “C or “edge” electrons. The edge region corre- chamber has four azimuthal rings of thirty-two modules

sponds to about 1.8 cm on either side of the EM rnoduleeach. In each module, the drift cell is defined with seven

Those electrons identified in the end calorimef@isare la- qxial sense wires and .assogiated field s_haping wires. The
beled “E”. The end calorimeters have a single full azimuth rings 2 and 4 sense wire azimuthal locations are offset by

i ) ooy o n. s, Dt a3 3 for e o e 1 Vo o e
samples are denoted CCCCCC, CE, CE, or EE according g g

. ther half are aligned with the center of a calorimeter mod-
to the location of the two electrons.

The detailed o t the EM calori in th ule. The drift chambee-coordinate parallel to the beam is
. 'te fetr?l € dconst]!tutlon Odtl et hca orl_melz__t_er I2n 'It'he measured by delay lines in close proximity to the inner and
vicinity of the edges of two modules is shown In Fig. 2. The g, 1o sense ‘wires of each module, using the time difference

mechanical support structure for the modules is provided b)éf arrival at the two ends

thick stainless steel end platésot shown; the end plates of
adjacent modules are in contact to form a 32-fold polygonal
arch. The elements of each module are contained within a
permeable stainless steel skin to allow the flow of liquid Triggers for theW boson mass analysis, described in more
argon within the cryostat. Adjacent module skins are sepadetail in Refs[3-5], are derived primarily from calorimetric
rated by about 6 mm. The uranium absorber plates extend foaformation. For the hardware level 1 trigger, calorimeter
the skins, so that any electron impinging upon the modulesignals are ganged inttt 77X A ¢=0.2xX0.2 towers in both
itself will pass through sufficient material to make a fully EM and hadronic sections. Energy above a threshold is re-
developed EM shower. Within the gaps between absorbeyuired for a seed EM tower. The hardware refines this to
plates, G10 signal boards are etched on both sides to provideclude the maximum transverse energy tower adjacent to the
the desiredn— ¢ segmentation for readout. The signal seed, and requires this combination to exceed a fixed thresh-
boards are coated on both sides with resistive epoxy and hefeld. The corresponding hadronic tower transverse energy
at a voltage of 2 kV to establish the electric field within must not exceed 15% of the EM tower energy. The second
which ionization drifts to the signal boards. The resistivelevel trigger refines the information in computer processors
coat is set back from the ends of the board by about 3 mm tasing a more sophisticated clustering algorithm. At level 2,
avoid shorts to the skin. In the region of this setback, theghe missing transverse energi{) components are formed.
electric field fringing causes low ion drift velocity and thus The W boson level 2 trigger requires an EM cluster dbg

B. Triggers
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TABLE I. Offline selection criteria for central and end electron TABLE Il. Event selection criteria folW andZ boson samples.
candidates.

Variable W boson sample Z boson sample
Variable Central electron End electron
pT (ecentral) =25 GeV =25 GeV

| 7ged <11 15-25 pr (eend) - =30 GeV

fshape <100 <200 pr (v) =25 GeV —

Tk <5 <10 pr (W) <15 GeV -

EMF =0.90 =0.90 Mee - 60-120 GeV
fiso <0.15 <0.15 [Zysd <100 cm <100 cm
Ny - <4.0

| Zoud =108 cm B are the differences between track projection and shower
|Zirid <80 cm -

maximum coordinates in the EM calorimeter, afgland 6
are the corresponding errdi3,4].

above a threshold. Th2 boson level 2 trigger requires two  EM fraction: the fraction, EMF, of energy within a cluster
EM clusters. In addition, trigger requirements are imposed t¢hat is deposited in the EM portion of the calorimeter.
ensure an inelastic collision, signalled by scintillators near El€ctron likelihood: a likelihood variable,,, based upon
the beam lines, and require the event to be collected outsic% combination of EMFgry,, dE/dx in the CDC, andshape
times where beam losses are expected to ofurFor the

offline cuts described below, the triggers are 100% efficien%
[4,13.

Kinematic quantities: the transverse momenta of elec-

rons, neutrinos, and th&V/ or Z bosons are denoted
pr(e),pt(v),pr(W) or pt(Z2). The py(v) is determined
) from the missing transverse energy in the event, as discussed

C. Data selection below. The effective mass of two electrons is denoted by

The offline data selection cuts are the same as in the prélee- ) _
vious D@ W boson mass analyses. The variables used for The requirements for central and end electrons are given
event selection are as follows. in Table I.

S . ~ The selection criteria for theNV and Z boson event
Electron track direction: The track azimutti a C or C samples are given in Table 1. Non-edge electrons are defined

electron is determined from the CDC track centroid and theas those Withdeyyd/dyro=0.1, Whered is the full width
reconstructed transverse vertex positi@etermined from ¢ 1ha modulee?% azimuth. iEdge eler?:ot?ons are required to

thg drift chamber measu.rement of track®¥e define the havedeggd dmoe<0.1. For theZ boson sample with two elec-
axial track center of gravity in the CDC a&gy. The track  rons in the central calorimeter, both are required to have
pseudorapidity is then determined from the difference beyood tracks in the drift chambei.e., passing ther, re-
tweenzy and the EM calorimeter cluster center of gravity. quirement if either of them is in a central calorimeter edge
Distance of the electron impact point from the Ca|0l’imetel'region; if both are non-edge, only one electron is required to
module edge: The distance along the front face of the EMhave a good track. Fa boson samples with one electron in
calorimeter module from the module edge is measured by théhe end calorimeter, the end electron must have a good track,
extrapolation of the line from the event vertex through thewhile the central electron is required to have a good track
central drift chamber track centroid. The azimuthal distancenly if the electron is in the edge region.
from the nearest module edge is denotiggh. With these selections, we define thrdéboson samples
Calorimeter energy location), is the pseudorapidity of and sixZ boson samples, differentiated by whether the elec-
the EM cluster in the calorimeter, measured from the centefrons used are C, @r E. The numbers of events selected in
of the detector. The axial position of the EM cluster in theeach sample are given in Table IIl.
EM calorimeter is denoted bg,s.
Shower shape: the covariance matrix of energy deposits in D. Experimental method
forty lateral and longitudinal calorimeter subdivisions and ) ) )
the primary vertex position are used to define a chi-square- ' "€ experimental method used in this work closely re-
like parameter,£gape that measures how closely a given sembles that of previous D&/ boson mass measurements.
shower resembles test beam and Monte Carlo EM showers TABLE IIl. Event sample sizes.
[15].
Electron isolation: the calorimeter energies are used tQvboson sample  No. events Z boson sample  No. events
define an isolation variablé;s,= (Es1— Ecord/Ecores Where

Ecore IS the energy in the EM calorimeter withiR=0.2 of E: 27,675 ~CC 2,012
the electron directiorEy,, is the energy in the full calorim- C 3,853 cc 470
eter withinR=0.4 andR= A 7%+ A ¢°. E 11,089 cc a7
Track match significance:o?, = (As/ 8s)?+ (Al 6L)? CE 1,265
measures the quality of the track match, wheiis ther ¢ CE 154
coordinate and is the z coordinate for the central calorim- EE 422

eter or radial coordinate for the end calorimetks. and A
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We compare distributions from th&/ andZ boson samples [17] which depends on the mass, pseudorapidity, and trans-
with a set of templates of differing mass values, preparedrerse momentum of the produced boson, and is convoluted
using a fast Monte Carlo program that simulates vector bowith the Martin-Roberts-Stirling-Thorn@VIRST) parton dis-

son production and decay, and incorporates the smearing @fibution functions[18]. We use the mass-dependent Breit-
experimentally observed quantities using distributions deWigner function[4] with measured total width parameters
rived from data. The variables used for tiié boson tem- TI'y, andI'; to represent the line shape of the vector bosons.

plates are the transverse mass, The line shape is modified by the relative parton luminosity
as a function of boson mass, due to the effects of the parton
Mr=2p7(e)pr(v)[1—cod de— ¢b,)], distribution function. The parametgrin the parton luminos-

ity function Lqq= e PMee/m,, is taken from our previous
and the transverse momenta of the electron and neutringtudies[3,4].
pr(e) andp1(v). The three distributions depend on a com-  Vector boson decays are simulated using matrix elements
mon set of detector parameters, but with different functionalvhich incorporate the appropriate helicity states of the
relationships, so that the measurements from the three distiguarks in the colliding protons and antiprotons. Radiative
butions are not fully correlated. As discussed in R8f, the  decays of thew boson are included in the Monte Carlo
my distribution is affected most by the hadronic calorimetermodel[4] based on the calculation of Rfl9]. Decays of

response parameters, whereas thge) distribution is  the W boson intorv with subsequent—evy decays are

mainly broadened by the intrinsior(W) distribution, and included in the Monte Carlo calculation, properly accounting
the pr(v) distribution is smeared by a combination of both tgy the 7 polarization[4].

effects. TheZ boson template variable is the invariant mass,
Mee-

The observed quantities used & boson reconstruction
are pr(e) and the recoil transverse momenturﬁ,T

F. Monte Carlo detector model

The Monte Carlo detector model employs a set of param-
- ~ . L eters for responses and resolutions taken from the [data
=2Erin;, wheren is the unit vector pointing to the calo- e e summarize these parameters and indicate which are
Umeter cglll, and the sum is over all calorimeter cells_, Not a_avaluated for the edge electron analysis.
included in the eIecFron region. The electron energy in the " The observed electron energy response is taken to be of
central calorimeter is summed overfayXxXA¢ region of  ha form
0.5X 0.5 centered on the most energetic calorimeter cell in
the cluster. Note that this region spans 2.5 modules in azi- EMeas= yEMey 6, 1)
muth, so it always contains several module edges irrespec-

tive of the electron impact point. For the end calorimeter, therpe gcaje facton that corrects the response relative to test
electron energy sum is performed within a cone of 'raduljs 2Qeam measurements is determined using fits taztheson
cm (at shower maximum centered on the electron direction. sample; for the C electrong,=0.9540+ 0.0008. The energy

In both cases energy from the EM calorimeter and the firShget parametes correcting for effects of uninstrumented
section of th? hadron calonmeter is summed. . material before the calorimeter is found from fits to the en-
The neutrino transverse momentumvihboson decays is  grqy asymmetry of the two electrons fros bosons, and

taken to bepr(v)=—pr(€) —ur. The components air in  from fits to J/y—e’e” and7’— yy—(ete )(eTe™) de-

the transverse plane are most conveniently takenu@s cays. For C electronsi=—0.16'9% GeV. There is an ad-

=ur-eandu, =ur-(eXz), wheree (z) is the electror{pro-  ditional energy correctiofinot shown in Eq(1)] that con-

ton beam direction. tains the effects of the Iluminosity-dependent energy
The momentunﬁ(ee)=5(e1)+5(e2) and the dielectron depositions within the electron window from underlying

invariant mass define the dielectron system for Zheoson  €vents, and also corrects for the effects of noise and zero

sample. The dielectron transverse momentum is expressed $tippression in the readout. This correction is made using

components along the inner bisector axi®f the two elec- OPServed energy depositions in- ¢ control regions away
- . - from electron candidates. We discuss the maodification of the
trons, and the transverse axiperpendicular toy.

The data are compared with each of the templates in tur§N€rgy response parametrization foel@ctrons below.
and a likelihood parametet is calculated. The set of likeli- 1€ €lectron energy resolution is taken as
hood values at differing boson masses and fixed width is
fitted to find the maximum value, corresponding to the best o S n
measurement of the mass. Statistical errors are determined E \/_E@C@E’ 2
from the masses at which Ahdecreases by one-half unit

from this maximum. o o )
where® indicates addition in quadrature. The sampling term

constantsis fixed at the value obtained from test beam mea-
surements, and the noise tenis fixed at the value obtained
The production and decay model is taken to be the sam&fom the observed uranium and electronics noise distribu-
as for the earlier measuremefi8s-5]. The Monte Carlo pro- tions in the calorimeter. The constant teens fitted from the
duction cross section is based upon a perturbative calculatiombservedZ boson line shape. The parameter values for C

E. Monte Carlo production and decay model
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electrons[4] are s=0.135 (GeV?), c=0.0115 5532 and 2
n=0.43 GeV. The resolution parameters are re-evaluated % 7t
for C electrons below. g 6 [
The transverse energy is obtained from the observed en- £
ergy using E=E sin 6, where the polar angle is obtained as 2 5 r
indicated in Sec. Il C, with the errors taken from the mea-
surements of electron tracks iboson decays. 4r
The efficiency for electron identification depends on the 3 [
amount of recoil energyy;, along the electron direction. We
take this efficiency to be constant fo<u, and linearly 2 |
decreasing with slope, for u;>u,. The parameters of this
model for the efficiency are determined by superimposing T ” |‘|
Monte Carlo electrons onto events from t&boson signal 0 , * M
sample with the electron removed, and then subjecting the 40 60 80 100 120
event to our standard selection cuts. For non-edge electrons, m; (GeV)

Up=3.85 GeV ands,=—0.013 GeV'!; these parameters ) o
are strongly correlatef]. Since the properties of electrons FIG. 3. Comparison of transvers.e masjs distributions for~back-
in the edge region are different from those in the non-edg@round events taV bosons for C(points with error bassand C

region, we reexamine this efficiency below for tTmsé]nple (solid histogram The two distributions are normalized to the same

. . number of events.
The unsmeared recoil transverse energy is taken to be

R R . . branching ratio suppression and the low electron momentum,
Ur=—(Redr) —AUjpr(€) + @mym, this background is smalll.6% of theW boson sample The
R remaining estimated backgrounds discussed in this section

where gy is the generatedV boson transverse momentum; are added to the Monte Carlo event templates for comparison
R is the response of the calorimeter to redailostly had-  with data.
ronic) energy;Auy is a luminosity- andi-dependent correc-  The second background to thaACboson sample arises
tion for energy flow into the electron reconstruction window; from Z—e e~ events in which one electron is misrecon-
amp is a correction factor that adjusts the resolution to fit thestructed or lost. It is taken to be the same as for the C sample,
data, and is roughly the number of additional minimum bias(0.42+0.08)%, since the missing electron is as likely to be

events overlaid on ¥ boson event; anth is the unit vector an edge electron for both C ands@mples. Small differences

in the direction of the randomly distributed minimum bias i the shape of this background in the case where Bne
event transverse energy. The response parameter is paragyson electron falls in the edge region give negligible modi-
etrized asRec= arect Bred0gar (Whereqr is measured in fication to the finaW boson mass determination.

GeV) and is measured using the momentum balance imjthe  The third background for th&/ sample is due to QCD
(dielectron bisectordirection for theZ boson and the recoil multijet events in which a jet is misreconstructed as an elec-
system. TheAu; parameter due to recoil energy in the elec-tron. This background is estimated by selecting events with
tron window is similar to the corresponding correction to thelow E; using a special trigger which is dominated by QCD
electron energy, but is modified to account for readout zerojet production. For events witk<15 GeV, we compare
suppression effects. The recoil response is due to energy déte number of events with “good” and “bad” electrons.
posited over all the calorimeter, and thus is not expected t@Good electrons are required to pass all standard electron
be modified for the Glectron analysis. identification cuts, whereas bad electrons have track match

The recoil transverse energy resolution is parametrized agglection cutry >5 and requiréspape> 100. We assume that
a Gaussian response withe.= s/, modified by the in-  the probability for a jet to be misidentified as an ele~ctr0n
clusion of a correction for luminosity-dependent event pileupdoes not depend oy, and determine it for both C and C
controlled by theay,, parameter introduced above. Thesesamples. Then distributions for both C and Gamples are
parameters are fit from the boson events using the spread shown in Fig. 3. Here, and for ther(e) andp(») distribu-

of the » component of the momentum balance of thetions, the C and Gamples are statistically indistinguishable;
dielectron-recoil system. Since th&.. term grows with  the fraction of background events in the non-edgdoson
p,(e€ while the ey, term is independent op,(e€), the  sample is (1.3:0.2)%, whereas for the edge sample it is
two terms can be fit simultaneously. The recoil resolution(1.5+0.2)%. We use the QCBultijet background distribu-
parameters are not expected to differ for the C and Gion from the C samplé4] for the Canalysis.
samples. The background for th& boson sample is composed of
QCD multijet events with jets misidentified as electrons. We
. BACKGROUND DETERMINATION evaluate this background from the dielectron mass distribu-
o tions with two bad electrons, one in the edge region and one
As noted above, th&V— rv—evvy background is in- in the non-edge region. We find an exponentially decreasing
cluded in the Monte Carlo simulation. Because of theshape of the background as a functionnaf, with a slope
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parameter of-0.064+0.022 GeV * for the GC sample, to 0.96 | () U
be compared with a slope f0.038+0.002 GeV ! for the e y
CC sample, so we use different background shapes for the 0941 4
two samples. The fraction of events in the mass region 70

~ 0.92
<mMg=110 GeV is (3.£3.6)% for the @ sample and
(2.2+1.3)% for CC. The € Z boson background is statis- 0.9 -
tically indistinguishable from the CE boson sample, so we — o 0z o o 05
use the background distribution determined in R&4. for . Qodge’Imoa

the CE Z boson analysis.

IV. EDGE ELECTRON ENERGY RESPONSE AND —_— t + 4
RESOLUTION 80
A. Determination of edge electron response and resolution | . | |
7 |||||||||||||||||||||||||||||||||||||||||||||
parameters %0 0.1 0.2 0.3 0.4 05
The thirty-two central calorimeter modules are about 18 Gecige/Imod

cm wide in ther ¢ direction at the shower maximum. Thus o - ] )
the edge regions defined above are about 1.8 cm wide. The FIG. 4. Distributions for Csamples as a function of the ratio of
Moliére radiush,, in the composite material of the D@ calo- the electron impact distan@yg.from the module edge to the total

rimeter is 1.9 cm. Since electrons deposit 90% of their en-mOdlJIe width,droa: () the fitted scale factor, and(b) the fitted

: ) . o Wb ing th iat le factor for daghbin.

ergy in a circle of radius 1,, (and about 70% within 0son mass using fhe appropriate scale factor or d n
. . . The errors are statistical only.

0.5\\), the choice was made in all previous D@ analyses

using central electrons to make a fiducial cut excluding elec- . o .
trons within the 10% of the module nearest the edge. adbove the peak in the mass distribution, but exhibits an ex-
noted in Sec. II, we expect that showers will develop nor-C€SS On the low mass side. When the CC distribution is sub-

mally over the portion of the central calorimeter moduletracted from the C distribution, the result is the broad
edges where energy can be recorded, but that the actual eé@aussian shown in Fig.(6), centered at about 95% of the
ergy seen may be degraded. In this section we motivatgass value for the CC sample.
modified edge electron energy response and resolution func- The data suggest a parametrization of edge electron re-
tions, and describe the determination of the associated p&ponse in which there are two components. The first is a
rameters. Gaussian function with the same response and resolution pa-
A naive modification for the electron energy response andametrizationdEgs. (1) and (2)] as for the non-edge elec-
resolution parametrization would use the same fofEgs.  trons, for a fraction1-f) of the events, and the second is a
(1) and (2)] employed for the non-edge analyses with
changed values for some of the parameters. Since the pri-

[}
mary effect expected as the distandgyge, Of an electron §100
from the module edge varies is the loss of some signal, we o 80
might consider modified values for the parameterFigure g 60
4(a) shows the result of a fit for the scale factarin a 2 40
sample ofZ boson events in which one electron is in a non- 3 20
edge region, as a function of the position of the second elec- 0
. . . . . 60 80 100 120

tron. A clear reduction inx is observed in the edge bin. M, (GeV)
When the value appropriate for each bindgy,.is used in 2 5 £ @
the analysis for th&V boson mass, we see a significant de- % :
viation of My in the edge bin, as shown in Fig(b}. Modi- s 10
fying both @ and the parameter in the resolution function 3 5 3
does not improve the agreement gy, in different regions. E Mo
We conclude that this simple modification of energy re- Z 0 ¢ ‘ 2 u”hm"
sponse is !nadequate. ' o 60 80 100 120

Insight into the appropriate modification to the electron M, (GeV)

response and resolution can be gained by comparing the

boson mass distributions for the case of both electrons in the FiG. 5. (a) Dielectron mass distributions for CC andCC
non-edge regior{CC) to that when one electron is in the samples, with the CC distribution scaled to give the same peak
edge region and the other is non-edgeCJCFigure %a)  value as for thé C distribution. The solid histogram is for the CC
shows both distributiongbefore any energy response scal- z bosons and the points are for th€ @ bosons(b) The difference
ing), normalized to the same peak amplitude. TH@ @stri-  between © and normalized CC samples. The curve is a Gaussian
bution agrees well with the CC sample at mass values at anfit; no backgrounds are included in the fit to the difference.

012001-8



IMPROVED W BOSON MASS MEASUREMENT WITH THE . .. PHSICAL REVIEW D 66, 012001 (2002

Gaussian with reduced mean and larger width to describe the £ 60 f
lower energy subset of events. Guided by the data, we take % 7 (a)
the same functional description for the response and resolu- 5 40
tion parameters for a fractioh of events: g 20 i
S i
EMmeas_ '&Etrue_l_'s (3) 2 [ .
0 BT oyl |
70 80 90 100 110
- - M, (GeV)
O S ~ n 4 _g
E—\/—E@C@E. (4) % 40 ,(b)
]
The parameters in Eq$l) and (2) denoted without a tilde é 20 r
are those from the previous non-ed§ygboson mass analysis 3 i
[4]. Those with the tilde in Eq93) and (4) are in principle 0 ‘ ' —

70 80 9 100, 110
M, (GeV)

ee(

new parameters for the fractioh of edge electrons with
reduced signal response.

The modified response is characterized by a reduction in FIG. 6. Dielectron mass distributions fta) edge electrons with
the average energy seen for a fraction of the edge electroiig>41 GeV andb) edge electrons witkE;<41 GeV. The histo-
and on average a reduced EMF for edge electrons. A potemgrams are the best fit distributions from the Monte Carlo. The curve
tial explanation for the energy reduction as being due to elecat the bottom ofb) represents the background.
trons that pass through the true crack between EM calorim-
eter modules is not satisfactory. In this case the energin the case thab<E(e;) +E(e;). Here,M is the trueZ
missing in the EM section would be recovered in the hadboson mass taken from LEP measuremef2d (M,
ronic calorimeter modules giving the correct full electron =91.1875:0.0021 GeV, F,=[E(e;)+E(e;)](1—cosw)/
energy.(We note that there is only a 14% increase in themee, andw is the opening angle between the two electrens
number of W boson electrongcf. Table 1ll) when the azi- ande,. Fitting the dependence afi,, 0n F5 [4] gives . We
muthal coverage is increased by 25% by including the edgéind that theF, dependence for the ©Z boson sample is
region, indicating that some electrons in the true intermoduconsistent §2=8.9 for 9 degrees of freedonwith that for

lar crack are lost from the sample. . the CCZ boson sample, and thus take 5.

A more plausible hypothesis is that the electrons in the e argued above that because the structure of the ab-
edge region shower in the EM calorimeter normally, but forggpar plates extends well past the region where the high
the subset of electrons which pass near the module edge, tt}SItage plane ends, we would expect the same sampling con-

signal is reduced due to the smaller electric drift field in thestants in edge and non-edge regions. We check this hypoth-
edge region. In this case, too, the average EMF is reduced .

due to the loss of some EM signal, but the overall energy i£5'S PY dividing the € Z boson sample into two equally

- lated bins of edge electron energy<41 GeV and
lowered as well. This picture of the energy response agret;EOpu : 4
with the observed behavior seen in Fig. 5. Our model i e>41 GeV, for which the mean energies are 36 and 47

probably oversimplified, since even within the edge regionGeV’ respectively. Using the non-edge valuesdor both

there can be a range of distances between shower Cemro&wbsamples, we show in Fig. 6 t@eboson mass distribu-

and the module edge where the electric field is most affecte 1ons an_d thg Monte Carlg expectation. for the .best template
leading to variable amounts of lost signal. The distribution of it described in more detail below. We find the_ f"@;ﬂ’oso”
Fig. 5b), however, indicates that a single extra Gaussia12SSes aré 91.10.32 GeV Ee<41 GeV) with x“=4.5
term in the response suffices to explain the data at the prese 14 degregs %f freedom and 91:08.27 GeV €.
level of statistical accuracy. We speculate that the convolu= 41 Ge€V) with y*=12 for 16 degrees of freedom. The
tion over impact position contributes to the larger width of consistency and goodness of fit leads us to tkes.
the lower energy Gaussian term, relative to that for the full We simulate the response of the calorimeter to electrons
energy Gaussian. in the edge region, using theeANT [20] program with all
The representation above for edge electron response amgianium plates and argon gaps included. The simulation
resolution introduces six potential new parameterss, s, lacks some details of the actual calorimeter, including some
~ ~ ~ ~ . . . of the material between calorimeter modules, and contains an
¢, n and f. We expectn=n since the electronics noise incomplete simulation of the detailed resistive coat pattern
shoqld be unaff_ected near the edge of a module. ._on the signal readout boards. The resulting distribution of
Since there is no difference in the anlount of matenalenergy for 40 GeV electrons impacting upon the edge region
before the calorimeter, we would expect tidat 6. The de-  of the calorimeter modules is shown in Fig. 7. The Monte
termination ofé can be made from the boson sample data. Carlo distribution closely resembles that seen in the data,
For the form of the energy response function adopted aboveyith a fraction of events showing a broad Gaussian with

the observed boson invariant masspe., should be lower average response than the main component of elec-
trons. Within the imperfect simulation of calorimeter details,
Mge=aM,+ F70 the agreement with the data is good. The Monte Carlo dis-
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00 | FIG. 9. Fits tof with edge electron parametetisandc fixed at
their optimum values. The curve is a best fit parabola.
10 ~ . _ .
i andc are repeated iteratively after modifying the other pa-
rameter; the process converges after one iteration. The results

E (GeV)’ of these fits, shown in Fig. 8, give=0.912+0.018 andc
=0.101"39%. For these best fitx and'c, we make a one-

FIG. 7. Monte Carlo simulation of the energy response functionjimensional fit forf as shown in Fig. 9 and finfi=0.346

for 40 GeV electrons in the edge region. The points represent the 0.076.

_l\/Ionte Carlo data and a fit using the parametrization of Eljs:(4) To verify that the non-edge scale facterand the narrow

is given by the curve. Gaussian width from the non-edge electrons are indeed ap-

buti b I fit with th ¢ ional f propriate for the fractioril-f) of edge electrons represented

trl' utho]n can d fe V\tlﬁ ('jt \{V't the same functional foiiEigs. with standard response, we perform a fit to thé Zboson

(1)—(4)] used for the data. - ) sample in which both narrow and wide Gaussian parameters
Thus, we conclude that for the €lectrons, we must in-  are allowed to vary. The resulting values teandor for the

troduce only three new parametersc andf. In principle, ~narrow Gaussian are consistent with those obtained in the

we expect that these parameters may be correlated. Our fiton-edge analysigt].

ting procedure is to first fit the €Z boson mass distribution We also look for a erendgnce of the response parameters
on the electron selection variables EME,, &spape@nd oy

~ _ . . . by breaking theZ boson sample into bins of each of these
resultant valud =0.31 as input to a two-dimensional binned \ ariables and fitting for the edge fractidrwithin each bin.
likelihood fit of the templates to the data created by theyg significant variations are seen. The largest is a one-

Monte Carlo, varying bothw andc. The two-dimensional  standard-deviation slope in the fittédss EMF distribution,
contours show that the correlation betweerandc is very  and we examine the effect of this small dependence as a
small. Thus in the vicinity of the maximum likelihood in the cross-check below.

two-dimensional fit, we can fit one-dimensional distributions  The resulting likelihood fit to the C Z boson mass using

for each parameter separately. The one-dimensional fitg for the parametrization given above is shown in Fig. 10. For this
fit, a set ofZ boson events is weighted in turn to correspond
to templates oZ boson samples spaced at 10 MeV intervals.

with uncorrelated free parametess ¢ andf. We use the

2c I @ The best fit yieldsVl,=91.20+0.20 GeV, with ay?=10.4
YL e for 19 degrees of freedom. The fittédboson mass agrees
4 L very well with the inputZ boson mass from LER2] used in
.t w establishing the parameters ¢ andf. The small, statisti-
; > cally insignificant, deviation from the input value occurs
0 Dot TP T T Lo since we use the values of parameterandc from Ref.[4]
086 088 09 092 094~ and not those which give the absolute minimwh when
o L {b), these parameters are varied in thé @nalysis.
£4° L We also investigate alternate parametrizations for the edge
3 r electrons involving a Gaussian-like function with energy-
2 dependent width or amplitude. If we adopt the requirement
1 b that such parametrizations add no more than three new pa-
[ rameters, as for our choice above, we find such alternatives
0 06 008 04 042 014 016 018 to be inferior in their ability to represent th2boson mass
~ distribution.

(o]

B. Cross checks for edge electron response and resolution

FIG. 8. (a) Fits toa with edge electron parametersaindT fixed
parameters

near their optimum valuesb) fits to'c with edge electron param-

etersa andT fixed near their optimum values. The curves are best- We noted above that the fractidnof reduced response
fit parabolas. electrons in the edge region displays some dependence upon
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likelihood function as a function of hypothesiz2doson mass.

subsets of events with low and high EMF fractiofi@VF
<0.99 and EMF>0.99), for both the C Z and CW boson

EMF

FIG. 11. EM fraction distribution of edge electrons for thaAC

boson(data points and GC Z boson (histogram samples. TheZ
0son sample is normalized to thi¢ boson sample.

Z boson masses agree between the two subsets; the differ-
the fraction of the total energy seen in the EM section. Thuence in the fittedZ boson mass between the high and low
our fitted parameters have been averaged over a range BMF subsets is—0.47+0.39 GeV, and for theV boson
EMF values. To check that this averaging is acceptable, Wenass is 0.620.45 GeV. As expected, the fractioh is
perform analyses separately on approximately equal-size@rger for the low EMF subset, and the width parameter of

the Gaussian resolution is larger. The errors quoted are
statistical only; we estimate that inclusion of the systematic

samples(values of EMF>1 are possible due to negative errors would roughly double the total error. We conclude that

noise fluctuations in the hadron calorimeter engrgpr the

the analyses for the two subsets in EMF are in good agree-

CC Z boson sample, no EMF requirement is made on the Gnent, validating our choice to sum the two samples in the
electron. Since the values of tHeboson mass in the low and primary analysis.

high EMF CCZ boson sample subsets differ slightly, and the

The averaging over the range of EMF values that occurs

energy scale parameter for non-edge electrons is used in in our analysis is acceptable if the electron EMF distribution

the edge electron response function, we determine the apprg the same for the ®V boson sample and th& boson @
priate ’s for the two EMF ranges of the CC data separately.sample used to obtain the parameter values. Figure 11 shows

The relative change for the scale facterfor the low EMF

non-edge electrons is 0.17%, and for the high EMF selec- are statistically consistent.

tion is +0.32%. Using these modified values fer we fit

the EMF distributions for these two samples overlaid; they

The parameters for edge electrons discussed above are

the edge electron parametars ¢ andT for each subrange  determined from the C Z boson sample. It is thus useful to
separately. Using these results, we create templates using thg;mine other samples in which @ectrons participate to

modified parameters and fit for thg andZ boson masses in
both subranges. The transverse mass distribution was used
obtain M,y. Table IV shows the fitted parameters and the
resultant mass fits for low and high EMF subsets. Whand

TABLE IV. Fitted parameters for edge electrons, afdand Z

Qemonstrate the validity of the parametrization. THe @-
efectron sample with one edge central calorimeter electron
and one end calorimeter electron, using the energy response
and resolution of Ref[3] for the end electrons, is shown in

Fig. 12. This distribution is fit withiZ boson mass templates

and yields the resultM;=91.10+0.42 GeV (statistical

boson mass values, for separate low and high EMF fraction sulyith X2:9-8 for 13 degrees of freedom, in good agreement
with the precision LEFZ boson mass determination. When

samples.
Low EMF subset High EMF subset
o 0.922+0.025 0.888:0.024
T 0.163+0.026 0.04%0.027
T 0.45+0.08 0.25-0.06
My (GeV) 80.23+0.34 80.84-0.29
M; (GeV) 91.43+0.31 90.96:0.25
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the reduced response term for a fractfoof central electrons

in the edge region is omitted, the fittédoson mass is about

one standard deviation low, and the quality of the fit deterio-

rates toy?=11.7.
We also examine the dielectron sample in which both

electrons are in the central calorimeter edge region. The data

shown in Fig. 13 comprising 47 events are fittedZtboson

mass templates to giviel ,=90.38+0.33 GeV/(statistical.

The fit givesy?=8.5 for 6 degrees of freedom. When the
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FIG. 12. Best fit to the € Z boson mass distribution using the

parametrization discussed in the text for the central calorimeter FIG. 14. (a) The EM scale factor and (b) the fittedW boson
edge electron response and resolution, and the parametrization H’fass in bins ofdgy,e/ dmog USING response parameters fromZa
Ref. [3] for the end calorimeter electron. The histogram is the besboson sample requ?ring one electron in the same bin.

fit from Monte Carlo calculation, and the lower curve is the back-

ground.
factor is then used for th&/ boson subsamples to obtain a

gest fit W boson mass. The results are shown in Fig. 14,

where the points in the bin 0deyed/dmog<<0.1 are those

As a final cross-check, we subdivide the fal boson from the edge electron vy|th additional parameters as de-
scribed above. The resultingy boson mass values are con-

sample into five subsets, in which one elect(tre “tagged” ; , -
electron is required to be in a bin determined by the distanceS'Stent over the five bins, indicating that our energy response

degge from the nearest module edge. Five equal-sized bingorrectlon analysis is acceptable.
span the range Qdegqge dmog<0.5. The other electron is re-
quired to be in any of the non-edge bins not populated by the
tagged electron. A companion sampléigboson candidates,  Although we expect that the main modifications to the
subdivided into the ﬁvejedgebins, is also formed. For each previous non_edge electrow boson ana|yses are the re-

of theZ boson samples, the tagged electron response is fitteghonse and resolution parametrizations discussed in Sec. IV,
as described above with a variable energy scale fagtor there are some other parameters that could be sensitive to the
using the LEP precision value as input. This modified scalggcation of the electron relative to the module boundary.

The observed electron and recoil system energies are
changed from the true values by the energy from the under-
lying event deposited in the region used to define the elec-
tron. This component of energy must be subtracted from the
observed electron energy and added to the recoil. In[R§f.
we found this correction to be dependent on the electron
15 rapidity and on the instantaneous luminosity. The size of the
region used to collect the electron energyAigxX A¢$=0.5
X 0.5, spanning two and a half times the size of a module in
101 the ¢ direction. Thus the underlying event correction can

i only be very weakly dependent on the location of the center
5 + of this region, and we take the correction to be the same as

systematic errors are included, this result is in reasonabl
agreement with the LEP precision value fdr, .

V. OTHER PARAMETER DETERMINATIONS

Number of events
N
(o]
T

for the non-edge analysis. Also, the recoil system has its
- momentum vector pointing anywhere in the detector in both
0 : ' the edge and non-edge analyses. Thus we do not modify the
70 80 0 10 Gevf® previous parameters controlling the recoil system response
* and resolution.
FIG. 13. Best fit to thé C Z boson mass distribution using the _ The efficiency for finding electrons changes as the under-
parametrization discussed in the text for the central calorimetelying event energy within the electron window varies, due to
edge electron response and resolution. The histogram is the best fite effect of the isolationf(s,) cut. The efficiency depends

from Monte Carlo calculation, and the lower curve is the back-onuj, since when there is substantial recoil energy near the
ground. electron, the isolation requirement will exclude more events
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than when the recoil energy is .directed away from the glec- 2 200 @ }
tron. Since the energy deposited by the electron is itself S50 | t
modified near thS module edge, this efficiency could be dif- g 0o L 4 ++ A ¢
ferent for C and Celectrons. To investigate this effect, we 2

compute the averagi,, for both C and Gsamples. We find § 5

that(fs,) for the Csample is 1.08 0.15 times that for the C 0 ' ‘ ‘
sample. We expect about a 3% increasg figy) since its 0 6 70 & ,?,S(Ge\})oo
definition involves the EM energy near the core of the 14

shower, which is reduced for €lectrons. A modified distri- < }g g

bution of f;5, can only affect they efficiency if there is a 8

change in they distribution in the Cevents relative to that 2

for the C electrons. We see no difference in ¢hg,) value in 2

hemispheres) <0 andu;>0 for the Cevents. This obser- 0

vation, and the statistically insignificant difference {d)
for C and Csamples, lead us to retain the previous param-
etrization for theu; efficiency. FIG. 15. (a) Comparison of the datéoints and the Monte
Since photons radiated from electrons are usually foundarlo predicted distributiorthistogram in transverse mass using
near the electron, these photons also mostly populate tHie fitted value forM,y. The Monte Carlo distribution is normal-
edge region and should have rather similar response degr€d in area to the number oi/ boson events within the fitting
dation as for edge electrons. For our analysis we have chosdf{ndow. The estimated backgrounds are indicated by the lower
to generate such radiation with the response parameteFﬁ'rve'(b) The distribution of calculated likelihood values as a func-

~ . tion of the assumetlV boson mass. The curve is a fitted parabola.
found for the Celectrons. However some of the radiatgd
strike the non-edge region and should thus be corrected with
the non-edge response. We calculate that the difference béixed My, we normalize the distributions to the data within
tween the photon energy using the edge response and a prdpe fit interval and compute a binned likelihood
erly weighted response across the module is only 3.5 MeV, N
resulting in a negligible less shift in th& boson mas$§13]. cem=TT p"(m)
When an electron impacts the calorimeter near a cell ] P
boundary, as occurs near the module edge, its position reso-
lution in r ¢ is improved typically by about 20%d4]. This
means that the deteimination of the electron cluster aZimUtWherepi(m) is the probability density for bif with the W
is more accurate for @Ghan for C electrons. The effect of boson mass taken ag n; is the number of data events in bin

improved azimuthal precision in the €ample has, however, i, and N is the number of bins in the fit interval. We fit
been incorporated by fitting the energy response and resolu-In£(m) with a quadratic function oi. The value ofm at
tion parameters for the ©Z boson sample, so no additional Which the function assumes its minimum is the fitted value
correction is needed. of the W boson mass and the 68% confidence level statistical

The small modification to the electron ener@y 4% re-  error corresponds to the interval mmfor which —In£(m) is
duction in 35% of the electrons in the edge regiaould  within half a unit of the minimum. The best fiby, pr(e)
affect the trigger efficiency near the threshold. We determin@nd p+(») distributions and the associated likelihood curves
that this effect is negligible. are shown in Figs. 15-17. The fitted values Kby, and x?

from each of the distributions are given in Table V. The
errors shown are statistical only; the values\bj, obtained
VI. W BOSON MASS DETERMINATION from the three distributions are in good agreement.

We study the sensitivity of the fits to the choice of fitting
window by varying the upper and lower window edges by

Monte Carlo templates are prepared for thé boson +10 GeV for the transverse mass andb$% GeV for the
transverse massiy, electron transverse momentym(e),  transverse momentum fits. Figure 18 shows the change in
and neutrino transverse momentyr(v), using the produc- M,y as the upper and lower window edges for the transverse
tion, decay, and detector parameters discussed in Secs. |l anthss fit are varied. The shaded bands correspond to the 68%
IV. The estimated backgrounds described in Sec. Il argrobability contours, determined from an ensemble of Monte
added to the Monte Carld/ boson decays. Families of tem- CarloW boson samples with the chosen window edges. The
plates are made fo/V boson masses varied in 10 MeV stepsdashed lines indicate the statistical error for the nominal fit.
between 79.6 and 81.6 GeV. The templates are compared The points for different window edges are correlated, as the
the data in the ranges 60nm;<90 GeV, 3G<p+(e) data with a larger window contains all the data in a smaller
<50 GeV, and 3&pq(v)<50 GeV, with bins of 100 window. The deviations oM,, are in good agreement for
MeV for transverse mass and 50 MeV for the transversaliffering choices of window. Similar good agreement is seen
momentum distributions. For each specific template within varying the windows for th@(e) andp(v) fits.

A. Mass fits
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2 150 TABLE V. Fitted W boson masses angf/degrees of freedom
2125 (DOF).
5 100
g 75 Distribution Fitted mass X%/ DOF
§ gg my 80.596+0.234 45/29
0 ’ p+(e) 80.733-0.263 38/39
2% % AR, ke pr(v) 80.511+0.311 45/39
10 o
£ 8
6 F joint effects of two correlated parametetg,. and Be.. We
4 | assign an uncertainty iM,y for the uncorrelated errors ob-
2 b tained from the principal axes of the..— B,ec €rror ellipse
0 T A P [4]. The recaoil resolution depends on correlated parameters

80 805 81 81.5
M,,(GeV)

Srec @Nd ey, [4], @and theu efficiency depends on correlated
parametersiy andsy; these correlated pairs are treated simi-

FIG. 16. (a) Comparison of the datépoints and the Monte larly to those_for the recoil response. The set of producFior?
Carlo predicted distributiohistogram in electron transverse mo- Model errors include the parameters due to the parton distri-
mentum using the fitted value fo,. The Monte Carlo distribu- Pution function(PDF) uncertainty,W boson width[21], the
tion is normalized in area to the number\8fboson events within Parameters determining th& boson productiorpr spec-
the fitting window. The estimated backgrounds are indicated by thérum, and the parton luminosity function. We take the com-
lower curve.(b) The distribution of calculated likelihood values as ponents of the production model error to be uncorrelated.
a function of the assumeW boson mass. The curve is a fitted The PDF error is taken from the deviation of tiéboson
parabola. mass comparinf8] MRS(A)’ [22], MRSR2[23], CTEQ5M
[24], CTEQ4M[25], and CTEQ3M[26] PDF’s to our stan-
dard choice of MRST. In all, we have identifiedp=21
N o ) parameters that determine the model for the Monte Carlo: the
_ In addition to the st_atlstlcal errors determined from_th_eeighteen used in the previous studies and the three new pa-
fits, there are systematic errors arising from the uncertalntlelsameters related to the edge electrons € and¥).

in all of the parameters that enter in the Monte Carlo pro- The parameter; are determined froml, =32 auxiliary

dUCt.'Oh’ .decay and detector model. Theseaparamete.rs', SUlNeasurements using several data sets which include the CC
marized in Table VI, form a parameter vect®r The defini-

tion and determination of the parameters are described abo@indh: Z boson samples, special minimum bias and muon
and in Ref.[4]. The recoil resp onse takes into account thes%mples for determining drift chamber scales and underlying
el P event properties, and external data sets that are used to con-

strain theW boson production model. The measurements us-

B. Mass error determination

£ 150 ing these special data sets are denotedI=1,... Ny)
g with uncertaintiesr, . Each measurement puts constraints on
“E 100
[
B = 04 r
E 50 % - (a)
Z Qo2
0 S C
25 30 35 40 45 50 55 = o[ o
P1(v) (GeV) . S o t
02 -
= 8| ® ;
! 6 _04 Lo b b b n by bl 1 Pl IR A
50 52 54 56 58 60 62 64 66 68 70
4 lower limit (GeV)
< 06 F
2 204 [
1 1 1 1 g ’ E
Q Tl b s $02 ¢
80 80.5 81 81.5 % 0 F B
M V F 5 °
w(GeV) 02 .
FIG. 17. (a) Comparison of the datépointg and the Monte 8; 3
Carlo predicted distributiohistogram in neutrino transverse mo- T Bbeebeeben b b b s bon o o
mentum using the fitted value fddl,,. The Monte Carlo distribu- 80 82 84 86 88 90 8gp9e‘r‘ |,?gt%%é?8

tion is normalized in area to the number\&fboson events within

the fitting window. The estimated backgrounds are indicated by the FIG. 18. Variation of the fittedV boson mass witlia) the lower

lower curve.(b) The distribution of calculated likelihood values as edge andb) the upper edge of the fit window for the transverse

a function of the assumew boson mass. The curve is a fitted mass distribution. The shaded regions and the dashed lines are de-
parabola. scribed in the text.
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TABLE VI. Parameter® used in thé/ boson mass determina-
tion.

PHSICAL REVIEW D 66, 012001 (2002

TABLE VII. The statistical correlation coefficients for the three
measurements of th&/ boson mass.

Parameter Description

a EM energy response scale for non-edge
o EM energy response scale for edge

) EM response offset

c EM resolution constant for non-edge

T EM resolution constant for edge

¥ fraction of low response in edge region
Bede drift chamber position scale factor
Qrec recoil energy response scale constant
Birec recoil energy response scal¥ dependence
Srec recoil energy resolution

Amp recoil energy from added minimum bias events
Ay underlying event energy correction @window
Ug uy cutoff for constant efficiency

So slope ofu efficiency vsu

by background td/N boson distribution

ry coalescing radius for photon radiation
2y error for 2y radiation
PDF error from varying PDF

| VY W boson width

B parton luminosity
g Q? dependence ofV boson production

one or more of the parameteR. Measurements, are
related to the parameteR through the functional relation
Y|:F|(P)

We form they? for the set of measurements

x2=§ [Y.—F.<f>>](cFYJ>-Yl[YJ—FJ(ﬁ>],
=1 (oy0y)

my pr(e) pr(»)
my 1 0.669 0.630
pr(e) 0.669 1 0.180
pr(v) 0.630 0.180 1

WhereD';"jz&ma/an . The correlation of the statistical er-
rors is obtained from studies of Monte Carlo ensembles;
these correlations are shown in Table VII.

We can fit for the best combined mass valg, by mini-
mizing the y? [27]

Nm
x?= ‘2:1 (Mm,=MwH,s(Mz—My),

whereH=(CM) . The best fit is given by
Ny

Y
M= H H
w aﬁ2=l aﬁmﬁ> a,BE=1 ap

with error

-1/2

N
Um:( 2 Haﬁ
a,f=1

The resultantWW boson mass measurements using elec-
trons in the edge region are

M= 80.596+0.234:0.370 GeV
for the m¢(W) fit,

My=80.733:0.263+-0.460 GeV

whereC);=(AY,AY) is the covariance matrix of the mea-
surements, determined from Monte Carlo calculations. If thc?

- . 0]
deviations of the measurements from their means are taken
to be linearly related to the parameters in the region ofithe
minimum;

r the p(e) fit, and
My=80.511-0.311+0.523 GeV

Np

for the p1(») fit, where the first error is statistical and the
=1

second is systematic. The breakdown of the contributions to
the systematic errors is shown in Table VIII. The PDF error
- _ . 2 is taken as the difference on the combin&tboson mass
WheIrL:.D,]—” ‘?_';'h/ﬁpl’ the :nlnlmum.of they ctan be foutr:d between the CTEQ3M and MRST choices, for whick,
analytically. The parameter covariance m%fbﬁ can b€ giffers maximally. The combined mass error from this source
then calculated fron€,; and the derivative®; . (not shown in Table VIll is 19 MeV. The errors associated
This analysis is carried out for the three distinct measureyity the broad Gaussian parameters in the edge electron re-
ments ofM,y for the edge electrorisnr, pr(€) andpr( »)) sponse & andc) dominate the systematic errors.
Each measurement depends on the set of param®tedis- The three measurementshdfy, are correlated as shown in

cussed above. For they =3 separate mass measurementsrape |X; when combined taking these correlations into ac-
m, (@=1,... Ny), the mass measurement covariance mazount, we obtain

trix Cly, is obtained from

N My,=80.574+0.405 GeV,

cM,= pMciD%,
p k,I§=:1 ak=kI=1p with x2=0.61 for two degrees of freedom.
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TABLE VIII. Errors (in MeV) for the threeW boson measure- Similarly, the = sample can be used to constrain the

ments. scale factore: for both end and non-edge central electrons
S [recall that the central edge electrons contain a fraction (1
ource mr pr(e) pr(v) —feqqd OF €vents whose scale factor and resolution are iden-
statistics 234 263 311 tical to those of the central non-edge electjogking into
edge EM scaled) 265 309 346 account the correlations, we qbtazinz 0.9559+ 0.0107 f_or
CC EM scale ) 128 131 113 ele(;:trtins in the non-edfge rr]egu?n of the_ cehntral (;:alolrlnjeter
CC EM offset (9) 142 139 145 a? a'FhOBIS?tQt 0.0?85 ort be electrons |dnt '(tahe?h calorim-
calorimeter uniformity 10 10 10 eter. The latter value can be compared wi e previous
value [3] of the end calorimeter electron scale of 0.9518
CDC scale 38 40 52
+0.00109.
backgrounds 10 20 20 :
CC EM constant ter 15 18 5 Taking the two new measurements @ffor the central
constant termae calorimeter together with the previously determined value,
edge EM constant ternc 268 344 404 we obtain
fraction of eventsT) 8 14 22
hadronic response 20 16 46 a=0.9541+0.00075.
hadronic resolution 25 10 90 . L .
u chJrrectiozl 15 15 20 This new scale factor is higher than the previous value by
== 0.0001, and the error is reduced by 6%. For the end calorim-
u efficiency 2 9 20 eter. the ne - -
T ) w combined scale factor is
parton luminosity 9 11 9
radiative corrections 3 6 <1 a=0.9519+0.0018,
2y 3 6 <1
p(W) spectrum 10 50 25 again higher than the previous value by 0.0001 with a 5%
W boson width 10 10 10 reduction in error. In principle, the added data could also
improve the precision for the resolution constant ternm
the central and end calorimeters, but in practice it does not.
VIl. COMBINATION OF ALL D@ W BOSON MASS With the new values for the scale factors for the non-edge
MEASUREMENTS central calorimeter electrons, we obtain modified results for

) . the non-edge central calorimetéf boson mass:
The analysis presented here for the edge electrons brings g

two new ingredients to the D@/ mass measurements. First, M= 80.438-0.107 GeV,

the edge electron sample is statistically independent of all

other measurements, and thus can be combined to give an be compared with the published value Mf,=80.446
improved M, measurement. Second, the added statistics of-0.108 GeV[4]. The new end calorimeter electron scale
the GC and & Z boson samples can be used to refine thdactor gives a modifiedV boson mass:

knowledge of the electron response parametersdoredge

central calorimeter or end calorimeter electrons. The im- M=80.6790.209 GeV,

proved energy scale factors in turn give improw&dooson

mass precision. to be compared with the published value from the end calo-

rimeters ofM,,=80.691+0.227 GeV[3].

With the modified scale factors for C and E electrons, we
A. Modified non-edge electronW boson mass obtain

Using the @ sample and the same fitting procedure de-
scribed in Sec. IV for the @lectrons, we have obtained a
scale factora=0.9552+0.0023 for thenon-edgeelectrons.  with x2=5.5 (6 degrees of freedonfor all non-edge central
This value can be compared with the previous determinatiomnd end calorimeter measurements, compared with the pre-
from the CC sampl¢4] of a=0.9540+0.0008. The correla- vious determinatioM,=80.482-0.091 GeV[3].
tion matrix for CC and € measurements is calculated in the
manner discussed in Sec. VI. B. Combined W boson mass from all D@ measurements

My=280.4810.085 GeV,

With the edge electron mass determinations reported in
this paper, there are now ten separate \W@oson measure-
ments: the run la central calorimeter transverse mass mea-
suremenf5], three run 1b central calorimeter non-edge mea-

TABLE IX. The full correlation coefficients for the three mea-
surements of th& boson mass.

M pr(e) pr(») surementg 4] (from the transverse mass and electron and
mr 1 0.90 0.89 neutrino transverse momeitahree run 1b end calorimeter
pr(e) 0.90 1 0.76 measurements3], and the three present measurements of the
pr(v) 0.89 0.76 1 central calorimeter edge electrons. Combining these ten mass

measurements using the method outlined in Sec. VI and an
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expanded set of measurements and parameters to incorpordteis is an improvement over the previous measurement from

also the end calorimeter electrons, we obtain a final D& comhadron colliders oM ,=80.452-0.062 GeV[30]. Further

bined measured value for th¥ boson mass of combining with the LEP experiments’ preliminary measure-
mentM,=80.450+0.039 GeV|2], we find the world aver-

M\=80.4830.084 GeV ageW boson mass from direct measurements tq s

with x>=6.3 (9 degrees of freedomThis value is to be
compared with our previouf3] combined measurement of
M=80.482:0.091 GeV. The edge electrons in the central
calorimeter have improved the precision over the previously The edge electrons used in this analysis represent a 14%

My=280.451-0.033 GeV (world).

published results by 7 MeV, or 8%.

VIIl. SUMMARY

increase in the central calorimetéf boson sample, and an
18% increase in the tota boson sample. The larger sample
sizes should be of use for all subsequent studies of vector
bosons in D@.

Using a sample of electrons which impact upon the 10%
of a central calorimeter module closest to either module edge

in azimuth, we have made a new measurement of\the
boson mass, and have refined our knowledge of the energy
scale for previously used electrons that are in the interi
80% of the central calorimeter modules or are in the en
calorimeters. Adding the new measurement using the edgg

electrons gives the final combined result

My=80.483:0.084 GeV (DY).
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