
Fermi National Accelerator Laboratory 

FERMILAB-Pub91/356-E 

Measurement of the Ratio o . B(W + zv)/c~ . B(W+ev), 
in ppcollisions at 4s = 1.8 TeV 

The CDF Collaboration 

Fermi National Accelerator Laboratory 
P.O. Box 500, Batavia, Illinois 60510 

December 1991 

* Submitted to Physical Review Letters. 

3 operared by Universltler Research Assdation Inc. under Contract No. DE-ACOZ-76CH03000 with the United States Department of Energy 



Disclaimer 

This report was prepared as an account of work sponsored by an agency of the United States 
Gouernment. Neither the United States Government nor any agency thereof, nor any of 
their employees, makes any warranty, express or implied, or assumes any legal liability 
or responsibility for the accuracy, completeness, or usefullness of any information, 
apparatus, product, or process disclosed, or represents that its use would not infringe 
privately owned rights. Reference herein to any specific commercial product, process, or 
service by trade name, trademark, manufacturer, or otherwise, does not necessarily 
constitute or imply its endorsement, recommendation, or favoring by the United States 
Government or any agency thereof The views and opinions of authors expressed herein do 
not necessarily state or reflect those of the United States Government or any agency thereof 



FERMILAB-PUB-91/356-E 
CDF/PUB/ELECTROWEAK/CDFR/1519 

Measurement of the Ratio ~7. B(W + ~)/a.. B(W -t ev), in pi!~ 

Collisions at fi = 1.8 TeV 

F. Abe,@) D. Amidei,@) G. Apollinari, 0’) M Atac (4 P. Auchincloss,t=) A. R. Baden, N. Bacchetta,t”) , 

M. W. Bailey,(r4) A. Bamberger,@+) P. de Barbaro, t’s) B. A. Barnett,(*) A. Barbaro-Galtieri,@) 

V. E. Barnes,(r4) T. Baumann,@) F. Bedeschi,03) S. Behrends,(s) S. Belforte,(‘s) G. Bellettini,03) 

J. Bellinger,tzl) D. Benjamin,@‘) J. Bensinger, A. Beretvss,t4) J. P. Berge,c4) S. Bertolucci,@) 

S. Bhadra,(‘) M. Binkley,(‘) R. Blair,(‘) C. Blocker,(‘) K. Bloom,@) V. Bolognesi,(“) A. W. Booth,c4) 

C. Boswell,@) G. Brandenburg,(s) D. Brown,(s) E. Buckley-Geer,(“) H. S. Budd,(‘s) G. Busetto,(“) 

A. Byon-Wagner,t4) K. L. Byrum., C. Campagnari,@) M. Campbell,t3) A. Caner,(‘) R. Carey,(s) 

W. Carithers,(“‘) D. Carlsmith, J. T. Carroll,(‘) R. Cashmore,(‘~“) A. Castro,(“) F. Cervelli,(r3) 

K. Chadwick,(“) G. Chiarelli,(s) W. Chinowsky,tl”) S. Cihangir,(‘) A. G. Clark,t4) D. Connor, 

M. Contreras,(*) J. Cooper,(4) M. Cordelli,@) D. Crane,(‘) M. Curatolo,(5) C. Day,(‘) F. DeJongh,(‘) 

S. Dell’Agnello,(‘3) M. Dell’Orso,(‘3) L. Demortier,@) B. Denby, P. F. Derwent,c3) T. Devlin,(“) 

D. DiBitonto,(‘*) M. Dickson,@) R. B. Drucker, (lo) K. Einsweiler,(l”) A. Etchegoyen,(‘@) J. E. Eliss,t4) 

R. Ely,(“) S. Eno,t3j S. Errede,t’) B. Esposito,(‘) B. Flaugher,(‘) G. W. Foster,t4) M. Franklin,(s) 

J. Freeman,t4) H. Frisch,t3) T. Fuess,(‘) Y. Fukui,@) A. F. GarSnkel,(‘4) A. Gauthier,t’) S. Geer,t4) 

D. W. Gerdes,t3) P. Giannetti,(13) N. Giokaris,(‘s) P. Giromin&t5) L. Gladney,(‘*) M. Gold,(“) K. Goulianos,(‘@ 

H. Grassmann, C. Grosso-Pilcher,t3) C. Haber,(‘O) S. R. Hahn,(‘) R. Handler,(“) K. Hara,og) 

R. M. Harris,t4) J. Hauser,t4) C. Hawk,(“) T. Hessing, tls) R. Hollebeek,(‘s) L. Holloway,(‘) P. Hu,(“) 

B. Hubbard,(“) B. T. Huffman, R. Hughes, (r*) P. Hurst,(s) J. Huth,t4) J. Hylen,(‘) M. Incagli,(‘3) 

T. Ino,(19) H. ISO, H. Jensen,(‘) C. P. Jessop,@) R. P. Johnson,t4) U. Josh&(‘) R. W. Kadel, (10) 

Submitted to Physical Review Letters, December 23, 1991. 



T. Kamon,(‘sl S. Kanda,@) D. A. Kardelis,(‘) I. Karliner,(‘) E. Kearns,@) L. Keeble,(‘*) R. Kephart,t4) 

P. Kesten,t2) R. M. Keup,(‘) H. Keutelian,(*) D. Kim,(‘) S. Kim,(igl L. Kirsch,@) K. Kondo,(igl 

J. Konigsberg, (‘1 E. Kovacs,(*) S. E. Kuhlmann,(‘) E. Kuns,(“l A. T. Laasanen,(“) J. I. Lamoureux,(“l 

S. Leone,(‘3) J. Lewis,t4) W. Li,(‘l T. M. Liss,(‘) P. Limon,(41 N. Lockyer,(‘*) C. B. Luchini,(‘) 

P. Lukens,c4) P. Maas, M. Mangano,(i3) J. P. Marriner,(‘) M. Mariotti,(13) R. Markeloff,t2’) 

L. A. Markosky,(2’l R. Mattingly, P. McIntyre,@) A. Menzione,(13) T. Meyer,(‘s) S. Mikamo,(‘) 

M. Miller,@) T. Mimashi,(“) S. Miscetti,(‘l M. Mishina,@) S. Miyashita,(ls) Y. Morita,@) S. Moulding,c2) 

J. Mueller,(“) A. Mukherjee,t4) L. F. Nakae,c2) I. Nakano, (“1 C. Nelson,(*) C. Newman-Holmes,t4) 

J. S. T. Ng,@) M. Ninomiya, (19) L. Nodulman,(‘) S. Ogawa, 0’) R. Paoletti,(r3) V. Papadimitriou,(‘l 

A. Para,t4) E. Pare,@) S. Park,t41 J. Patrick,(“) T. J. Phillips,@) R. Plunkett,(*) L. Pondrom,(r’) 

J. Proudfoot, F. Ptohos,@) G. Punzi,(r3) D. Quarrie,(‘) K. Ragan,(12l G. Redlinger,@) J. Rhoades,@ll 

M. Roach,(20) F. Rimondi,(**“) L. Ristori,(*3) T. Rodrigo,(‘) T. Rohaly,(121 A. Roodman,@) W. K. Sakumoto,(“) 

A. Sansoni,t5) R. D. Sard,c7) A. Savoy-Navarro,(‘) V. Scarpine,t7) P. Schlabach,@) E. E. Schmidt,t4) 

0. Schneider,(lo) M. H. Schub,(“) R. Schwitters,@l A. Scribano,(131 S. Segler,t4) Y. Seiya,(19) M. Shapiro,@) 

N. M. Shaw,(14) M. Sheaff,t2’l M. Shochet,(3) J. Siegrist,(“l P. Sinervo,(12) J. Skarha,(sl K. Sliwa,t2’) 

D. A. Smith,(13) F. D. Snider,(s) L. Song, (12) M. Spahn,(‘“l P. Sphicas,(‘l R. St. Denis,@) A. Stefanini,(131 

G. Sullivan,(3) R. L. Swartz, Jr.,(‘) M. Takano,(lg) F. Tartarelli,(13) K. Takikawa,@) S. Tarem,c21 

D. Theriot, M. Timko,@sl P. Tipton, S. Tkaczyk,(‘) A. Tollestrup,(‘l J. Tonnison,(“l W. Trischuk,@l 

N. Turini,(13) Y. Tsay,t3) F. Ukegawa, fml D. Underwood,(‘) S. Vejcik, III,@‘1 R. Vidal,(‘) R. G. Wagner,(‘) 

R. L. Wagner,c41 N. Wainer, (‘1 J. Walsh,(12) T. Watts,(“) R. Webb,@*) C. Wendt,t2’) H. Wenzel,(i3) 

W. C. Wester, III,(lo) T. Westhusing, cl31 S N. White,(“) A. B. Wicklund, H. H. Williams,(‘z) . 

B. L. Winer,@) J. Wyss, (11) A. Yagil,(‘l K. Yasuoka, cl91 G. P. Yeh,(‘) J. Yoh,@) M. Yokoyama,(19) 

J. C. Yun,(4) A. Zanetti,(131 F. Zetti,(13) S. Zucchelli (‘4 

The CDF Collaboration 



(‘I Argonne National Labor&wy, Argonne, Illinoir bOlJ9 

(2) Enndair Cfniverrity, Wolfhorn, Martachrrrll~ DPlSl 

(3) Uvsivrrrit~ of Chicago, Chicago. Illinoir 60637 

(4) Femi Ndionol Accrlam~or Lekomtor)l, Batevie, Illinois bDSl0 

c5) Lnkorotori Nariondi di Reseti, Idtuto N~ionalr di Firica Nrcleorr. Pmscdi, Italy 

(‘5) H~~vord University, Combridga, Mstrachueeita dll.98 

(7) Univrrdy of Illinoir, Cirkann, lllinoia 61801 

(8) The Johnr Hopkira Llnirerrity, Baltimon, Maryland 21218 

(9) Notional Lekonlor) for High Energ? Phrrica (KEK), Japan 

(10) Lawen~c Bert&, Lakontorl, B~~ksle~, Cdifonia 947LO 

(11) Uniurrsita di Padora, hstitrto Nazion& di Fhica Nrclurr. Se&me di Padora, I-35151 Padova. Italy 

(‘2) CT&writ, of Pennsylvania, Philodriphia, Pmw~hmie 19104 

(13) Iditufo Nazionole di Fiaica Nuslcrre, LInirrrritp and Scrolr Novak Sspctisn of Pier, I-56100 Pira, IQh 

(14) Prndrr Cfniveraily, Wut L&yet% Isdime /7907 

(15) hirrrrit~ of Rochrrter, Rwhrrfe+, New York 14617 

(16) Rmkrfdler Cmieerril,, New York, New York 10021 

0’) Rrtgeve Ilriesr,id~, Pi~u:awq, New Jersey 08854 

(18) Tens A(YM L’niterait,, College Sldor, Tear 77845 

(19) [rsiecraitg of Tdmka, Tadala, Ikmdi SOS, Ja~ar 

(20) Trfra Llairrraity, Medfwd, Masaael~ctti BIldS 

(2’) Univerrit, of Wircmrin, Madison, Wirconria 537M 

(‘) Visitor 



We have observed over one hundred events of the type W + TV followed by T + hadrons, where the 

taus are identified by their decay into one or three charged particles. We measure the cross-section times 

branching ratio for pp + W + TV and compare it to the value for W - ev to directly measure the ratio 

of weak coupling constants gT/g.. We find gl/ge = .97 f .07, consistent with lepton universality. 

PACS numbers: 13.1O.+q, 13.38.+c 

The universality of lepton couplings to the vector bosons is a direct consequence of SU(2) gauge 

invariance in the Standard Model[l]. Th e magnitude of the W-r coupling at low Q2 has been 

extensively studied in the decays of the tau; a recent compilation of results gives g,/g, = ,967 f 

.017[2]. A previous direct measurement of gr/g. using W decays is consistent with universality.[3] 

In this paper we describe a measurement of the cross-section times branching ratio, D. B, for 

production of W bosons and their decay W + TV, which affords a test of lepton universality 

according to the relation: 

( 1 

2 
gl a.B(W+rv) 

ge = a.B(W+ev)’ 

Unlike tests of universality derived from the tau lifetime, this constitutes a direct measurement of 

gr/gc which is free from the uncertainty related to the tau branching ratios. Our measurement is 

dependent upon the direct identification of tau leptons among the significant background present 

in pp collisions at & = 1.8 TeV. In particular the taus are positively identified by the observation 

of characteristic peaks in charged multiplicity at one and three. 

This measurement used 4.05pb-’ of pp collisions at the CDF detector, taken in the 1989 run 

of the Fermilab Tevatron. The CDF detector is described fully elsewhere.[4] The event selection 

relies on the characteristic features of the decay W + TY and the subsequent hadronic decay of the 

energetic tau. These include a high transverse momentum track, in a narrow low multiplicity jet, 



in association with missing transverse energy, &.[5] 

Two triggers[6] were used in the selection of W + TV events. The first, a missing E, trigger 

optimized to select W + ev events, required @, 1 25 GeV and electromagnetic E, 2 8 GeV in 

the most energetic cluster. A second selection, the tau trigger[‘i], was implemented to lower the 

g, threshold and to explicitly select W + TV events. This trigger required a “tau trigger cluster” 

along with f& 2 20 GeV. A tau trigger cluster required a charged track with transverse momentum 

P, 2 4.8 GeV/c, matched in azimuth to a cluster in the calorimeter with transverse energy E, 1 10 

GeV, the ratio of energy in the hadronic to electromagnetic calorimeter Had/EM 2 .125, and the 

number of calorimeter towers Nt,,,,, _ < 2, where a tower subtends A~(azimuthalangle) = 15’ and 

An(pseudorapidity) = .2. The tau trigger wsa in operation for one third of the data taking. 

Tau decay reconstruction is designed to distinguish the hadronic final state of the W + TV 

decay from the QCD jet background. The reconstruction algorithm begins by searching for a seed 

track in the central tracking chamber with P, 2 5 GeV/c. Additional tracks with P, 2 1 GeV/c 

are included in the cluster if they are within 30” of the seed track. The charged particle multiplicity 

of the tau is given by the number of tracks within 10” of the seed track (Nw,~~.), where the 

choice of 10” gives excellent efficiency for tau decay products with Pr > 1 GeV/c. The number 

of tracks between 10” and 30” from the seed track (Nraol.tia) is used as a measure of the isolation 

of the tau cluster. The energy deposited in the tau calorimeter region, a rectangular region .6 in 

pseudo-rapidity (7) by 30” in azimuthal angle (4) centered on the seed track, is associated with 

the tau cluster. Electromagnetic showers, presumably from s”s, are identified by reconstructing 

any clusters in a wire and pad strip chamber at electromagnetic shower maximum which are in the 

tau’s calorimeter region. The energy from electromagnetic showers is found using the energy in the 

calorimeter tower containing the strip chamber cluster, corrected for any charged tracks pointing 

at the same tower. Two measures of the transverse energy are used: the ET(r) is defined as the 



calorimeter transverse energy, while PT( ) r is e ne as the scaler sum of the transverse momentum d fi d 

of charged particles in the 10” cone and the transverse energy of reconstructed electromagnetic 

showers in the tau’s calorimeter region. 

The W + 7~ sample is selected by requiring f!!, 2 25 GeV for events from the missing E, 

trigger, and $, 2 20 GeV for events from the tau trigger; for both there must be one tau cluster 

with E,(r) 2 15 GeV and ]n] 5 1.1 in the event. To reduce contamination from QCD backgrounds, 

the W + r’v events must also satisfy requirements on global event characteristics: no clusters[S] 

with E, 2 10 GeV besides the tau cluster, and no clusters with ET 15 GeV and Ad 2 150” from 

the tau cluster. After these cuts there remains a residual background of very tau-like QCD events, 

which can be suppressed with the P=(T) variable. Events from the tau trigger with one, two, or 

three tracks in the signal cone are required to have P=(r) 2 17.5, 20, or 22.5 GeV/c respectively. 

Finally events where the tau cluster also satisfies a subset of the CDF electron selection cuts[9] are 

removed to eliminate contamination of the W + TV sample by W + ev decays. 

The W -+ rv sample is divided into signal and background regions. The signal region includes 

those clusters with NTIack < 3 and Nr.ol.ria = 0, while the background region includes those 

clusters with Nrr& 2 4 and any N,rol.tia, p lus those clusters with NT,.& = 2 and Nr,,~,t;, 2 1. 

There are 207 events in the signal region from the missing ET trigger, and 77 from the tau trigger. 

Of these, 22 events are common to both samples. The sizes of the signal and background are listed 

in Table 1. The charged multiplicity for those events with NI*olatia = 0 is shown in Figure 1; direct 

evidence for the presence of taus is seen in the excess of events at one and three tracks, as expected 

for tau decays. 

The primary background to the W + TV signal comes from QCD jet events in which one parton 

fragments to satisfy the tau cluster requirements and the other partons are mismeasured - giving 

the event a substantial amount of I?!,. The clusters in Figure 1 with four or more tracks are due to 



these QCD backgrounds. The amount of background in the W + TV signal region can be estimated 

by extrapolating from the number of events in the background region. The tau clustering algorithm 

is applied to a large sample of QCD di-jet events in order to measure the multiplicity distribution of 

background clusters. The expected number of background events is found by normalizing the QCD 

di-jet sample to the W -+ TV sample in the background multiplicity region. The normalization is 

weighted to account for differences in the E, spectra. 

The normalized multiplicity for clusters from the QCD di-jet sample with N~,.M, = 0 is 

also shown in Figure 1. The number of background events in the signal region from QCD jets is 

63 f 3(stat) +. S(syst) for the missing E, trigger, and 26 f 2(stat) f 4(syst) for the tau trigger. The 

statistical error follows from the number of events used to calculate the background normalization 

factor. The systematic error is taken from the variation in the size of the background for various 

ranges of I+?, in the QCD di-jet events. 

There are also backgrounds to the W + TV sample from 2 + rr decays with one lost tau, and 

from W + ev decays with a misidentified electron. Z + v events generated by ISAJET[lO] and 

simulated with the CDF detector simulation indicate that there are 7 f 2 and 4 f 1 2 + rr events 

as background to the two W + TV samples respectively. from the known efficiencies of the electron 

selection cuts[9], we estimate 5f 1 W + ev events are background to the missing E& trigger sample 

only. After we subtract the background from the number of events in the signal region, there are 

132 f 14 zb 8 events from the missing I& trigger, and 47 f 9 f 4 from the tau trigger. 

The W + rv detection efficiency is measured with the CDF W + ev data[9]. The energy 

deposition and the track from the electron are removed and replaced by a simulated tau, which 

is allowed to decay using the branching ratios measured by the CELLO collaboration [ll]. The 

decay products are simulated using the CDF detector simulation, and the simulated data is merged 

with the remainder of the original W + ev event. The use of real data ensures that the global 



characteristics of the event are modelled correctly. The simulation of the calorimeter response has 

been tuned to an accuracy of 5% with a sample of isolated charged tracks and with test-beam 

charged pions at 7 and 10 GeV [7]. 

The probability to detect W -+ TY events can be factored into a part which includes those 

kinematic and geometrical requirements common to both the W + TV and W + ev analyses, and 

a part which applies to just the W + TY sample. The relevant acceptance cuts applied to both 

W -+ TV and W -+ ev events are: P,(lepton) 2 20 GeV/c, ]n](lepton) 5 1.0, and P=(V) 2 20 GeV. 

The acceptance for these requirements has been calculated to be A = .396f .016[9]. The systematic 

error in this quantity, largely due to the P, distribution of the W boson and the choice of structure 

functions, will cancel in the ratio Q. B(W + ry)/cr. B(W + ev). 

The second factor, the tau efficiency, includes all the selection cuts made to collect the W + TV 

sample, after the above acceptance cuts have been applied. We find that 6.4% and 6.8% of events 

which pass the acceptance cuts, for the missing E, and tau samples respectively, pass the W + TV 

selection cuts and have Nrr.& and Nr,ol.tion in the signal region. Two small corrections have been 

included in the efficiency to account for the differing fiducial regions used in the W -P ev and 

W + 711 analyses and the presence of background in the W + ev based Monte-Carlo. The total 

acceptance for W + TY events, including the branching ratio of the tau into hadrons, is A(W + TV) 

= .0161 f .OOlO for the missing & sample, and A(W + TY) = .0172 f .0016 for the tau sample. 

The factors involved in the calculation of the acceptance and its uncertainty are summarized 

in Table 1. The statistical uncertainty comes from the 2664 W + Ed events used as input for 

the Monte-Carlo. We take the uncertainty in the knowledge of the energy scale for hadrons in the 

calorimeter to be f5%, which leads to an uncertainty in the efficiency for W + TV events to satisfy 

the k!, and E, thresholds. There is also an uncertainty from the knowledge of the tau branching 

ratios into the various exclusive modes. The acceptance varies significantly by mode, with modes 



with greater numbers of pions, especially neutral pions, having higher acceptance. Uncertainties 

in the branching ratios are taken from Reference [ll], and are used to estimate the change in the 

efficiency. Finally the Monte-Carlo is used to assess the systematic uncertainty in the tau sample 

due to the efficiency of the trigger Nt,,.,, cut and the P=(r) cut. 

In Figure 2 we compare the Monte-Carlo prediction for the track multiplicity, assuming lepton 

universality, against the measured track multiplicity. The agreement between data and Monte-Carlo 

is excellent. Other kinematic variables such as ET(r) and PT(r) also show very good agreement 

between data and Monte-Carlo. 

Combining the calculated acceptances, the number of W + TV events after a background 

subtraction, and the integrated luminosity we calculate o. B(W + TV). To measure the ratio 

of the W-r and W-e couplings, the systematic uncertainty from the integrated luminosity and the 

acceptance has been omitted for both electron and tau a.B, as it cancels in the ratio. We find a.B = 

2.04 f .22(stat) zt .lS(syst) nb from the missing & sample, and cr. B = 2.08 i .40(stat) f .26(syst) 

nb from the tau sample. The results from the two data samples are combined to yield a value of 

cr B( W -+ to) = 2.05 f .27. The correlations in the statistical and systematic errors between the 

two samples have been included. When this is combined with the CDF measurement IJ . B( W + 

ev) = 2.19 f .04 f .11[9], the ratio of weak coupling constants is found to be gr/g. = .97 f .07, in 

agreement with the hypothesis of lepton universality. 
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Figure 1: N=Iock for tau clusters with N Is‘? caf.0” - 1 - 0, for the W + TV data sample (squares) and 

the QCD background sample (triangles): a) Missing Et sample, b) Tau sample 
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Table 1: Summary of the W + TV analysis 

I IL Sa.mple 1 Tau Sample 
Number of Events 

W -+ rv Data sample 207 77 
QCD background 63rt3f8 26*2f4 
2 -+ 7~ background 7f2 4fl 
W -+ ev background 5fl 

NW-.,, 132 rt 14 f 8 47f9f4 

A . clW + rvl 
A(W - r,rl RCIR 

+ * hwlmna R R ~6RP 

CW-+i-V .0636 .0679 
A.c W-+rv .0161 .0172 

Systematic Errors on A. c 

M.C. statistics f.0005 f.0005 
N towuer, PT(T) cuts f.0008 
B.R. (correlated) f.0007 f.0004 
E-scale (correlated) f.0006 f.0012 

JLdt 

Integrated Luminosity 4.015pb-’ 1.315pb-’ 
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- DC,*, . -..\ I ‘)n*r 931 IQ..%. I9”P.I. AI-IA ?G 
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