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Abstract

w~ discuss the measurement of leptonic asymmetries, Afl" associated with a Z' of

mass 1-4 TeV. The dependence of A fb on both the dilepton rapidity and the dileptan

Blass is examined in some detail. Three distinct models for the Z' are considered. We

find that the measurement of off-peak asymmetries is likely to be of only limited value

due to a combination oflow statistics, acceptance limitations at small angles, and a large

asymmetry inherent in the standard model. The measurement of on-peak asymmetries

would not benefit significantly from extension oflepton pseudorapidity coverage beyond

ITiI = 2.!:"•.
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1. Introduction

The detection of a heavy 2' at the sse has been discussed in many previous studies,

both in general terms [1] and in the context of the SDC detector (2]. Using the mode

Z' ~ c+c-, the mass of a few TeV Z' should be measurable to a precision of about

o1% in l\ few years. The total width, expected to be in the range 10-200 Ge V, could

be measured to an accuracy better than 10% in a favorable case. There should be no

significant competing backgrounds to Z' -> e+e" or Z' -+ p+ u: .

Th« understanding of the nature of a Z' is largely a question of measuring the total

wi Jt h. I'. the leptonic branching ratio, B, and the leptonic forward- backward asymmetry

Afh. The asymmetry arises because of the parity violating production and decay' of the

2', coupled with the fact t.hat the :r distributions of quarks and ant.iquarks in the initial

prot ons are quite different. (For example, for a Zl with standard model couplings to

quarks and leptons, a fast. forward Z' is likely to have arisen from an annihilation

nf a large :r quark and a small ;r antiquark, resulting in a negative helicitv Z', The

subsequent decay Z' -+ e+e- prefers an orientation where the electron is emitted in

t II'" sam'? direct ion as th'? Z' in th'? eM fr ame]. Aflo increases with the rapidity of the

/:'. aut! it also depends on the mRSS of the lepton pair because the interference effects

lJ"'tween the Z' arid the " / Z background become relatively more important off the

resonance peak,

In this study we have addressed two questions:

a} Does the measurement of off-peak asymmetries yield important additional infor­

mation about the ZI couplings, beyond what can be learned from the measurements of

total width, r 1 leptonic branching ratio, B, and on-peak asymmetries?

b) "Vault! the measurement of on-peak asymmetries benefit from an extended pseu­

,Jr)rapiuity coverage of the SDC' detector beyond 1111 = 2.5, given that Alb increases with

r apiditv, y?

Wp have used the Lund Monte Carlo program Pyt.hia (version 5.4) in our study.

The matrix elements in Pythia invoke the full i· / Z / Z' structure with interference. The

SD(' detector parameters are taken from Ref. 3. Only the e+e- final state is considered

hpfP since tho:' mass resolution for electron pairs is in general considerably hetter than

t hat fur muon pairs.

\V., find that th<> answer tn both quest ions posed above appears to b", no.
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2. Asymmetry in the Standard Model

ThE' leptonic asymmetry Alb is defined as:

u(O < 1f/2) - <r(O > 1r/2)
Aib = --'-----:--'-----'--:---"':-'-

u(O < 1r/2) + u(O > 7r/2)

where e is the angle between the dilepton momentum in the OM frame and the mo­

mentum of the negatively charged lepton in the dilepton rest frame. Ajb is an even

fun dian of the rapidity, y, of the "{ - / Z / Z'. Fig. 1 shows A j b in the standard model as a

function of Iyl for low mass (M ~ 200 GeV) and high mass (M ::::: 2 TeV) lepton pairs.

In both cases A/b increases with y, but at quite different rates: for low mass pairs Alb

i" snbst.ant ial onlv in the intermediate and forward regions whereas for high mas!'; pair"

AI!' increases rapidly with y since a very large rr: quark is required to give the lepton

p air both mass and longitudinal momentum.

In t he following we limit ourselves to the region Iyl > 0.3 since Aib is small in the

verv central region. Figs. 2a and 2b show Alb in the standard model as a function of

tlJ" dilept on mass. Fig. 2a shows Afb in the vicinity of the Z, and Fig. 2b shows A'b for

lnr aer dilept.on masses up to 4 TeV. Two features of A jb are worth emphasizing. First,

ill tho vicinity of the Z there is a prominent dip structure due to 1- /Z interference.

1.'11", minimum in A jb occurs near 70 Ge V, where the cross-section due to the tail of

t h" Z is comparable to that of the Drell-Yan background. As we will see later, similar

structure is associated with the Z"s we have studied. Second, at large dilepton masses

the asymmetry is quite large, in the 30-40% range, and increasing slowly with M/-+/-.

At the Z mass, the asymmetry is very small. We find a value Afb = 0.024 ±

0.004 integrated over the ra.nge Mz ± fz. For comparison, the CDF collaboration has

measured R value Alb:::: 0.052 ± 0.059 ± 0.004 in pp collisions at -IS = 1.8 TeV [4].

Wp have verified that the structure in the vicinity of the Z is unaffected by the

pr'?~<:'nc", of a (narrow) 2' of mass 1 TeV or above. Only an unnat.urally wide 2 ' could

h~,,'? an effect near the 2 mass.

3. Acceptance effects

The "generic" SDC detector will identify and measure leptons in the range 11/1 <'

2.[._ This limit ation is part.icularlv severe for the measurement of low mass lepton

pair~. Fig. 3 shows the dilept on mass versus the rapidity of the lepton pair. Simple
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kinematics dictates that the width of the rapidity distribution narrows significantly with

increasing dilept.on mass. Fig. 4 shows the acceptance for dileptons of mass M as a

funct ion ofthe maximumlept.on pseudorapiclity coverage, t1max (i.e. both leptons must.

have I'll < "7 max). It is dear that. most low mass lepton pairs can not be measured

with high efficiency in a realistic detector. Thus potentially large asymmetries, arising

from large rapidities regardless of the model, are substantially diluted by the detector

acceptance especially for low mass ( < 500 GeV) lepton pairs. This is shown explicitly

in Fig. 5, where we plot tIle theoretical asynuuetry curves of Fig. 2 together with the

corresponding "measured" curves for 117! = 2.5. The errors in the "data" of Fig. 5

reflect t.he statistical accuracy to be expected in one sse year (an integrated luminosity

"I' 1O~ / ph). The prominent structure in t.he vicinity of the Z is all hut. washed out

hy poor accept ance at forward angles. III the TeV region, on the other hand, large

tli",nr€tical asymmetries are easily detected, given sufficient statistics.

4. Asymmetries for the Z'

We now introduce a Z' of mass 1-4 TeV into the picture. Three distinct models

Ior the' Z' couplings are considered:

a) A Z' with standard model couplings to quarks and leptons ("heavy Z" model).

bl A conventional left-right symmetric model (LR) of Ref. 5. In addition to a Z",

this model contains anew, heavy right-handed HTI.

c ] An alternative left-right symmetric model (ALR) of Ref. 6. This model allows

for a light ( :::::: 300 GeV) right-handed W' with unusual properties (e.g. non-zero lepton

number} .

Table 1 shows the width of a 1 TeV Z' in the three models. The width of a Z' is

expected to scale as its mass. Also shown in Table 1 are the numbers of events produced

ill t he interval Alz' ± rZt in one sse year. The Z' production cross-section falls with

increasing mass approximately as 11Mi,·

Figs. 6-8 show the asymmetry Afb in the three models for a 1 TeV Z' as a function

,,1' th". dilept on mass. The standard model asymmetry curve is superimposed on each

ligHT'" S",verl'l.l points are of interest:

i) III all three cases A fb deviates very significantly from the standard model asym-
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metry in the immediate vicinity of the ZI. Off the resonance peak this deviation may

h", further enhanced by interference effects between the Z' and the "'('/ Z amplitudes in

the mass region below the ZI where the two amplitudes have comparable magnitudes.

This is the case in the "heavy Z" model in particular.

ii] The width of the observed structure in Afb is roughly proportional to r Z'. The

effect of the ZI is "felt." over a rather large range in M l+l - : in the "heavy Z" model

this range extends from se 500 GeV to ;:::: 1300 GeV. This makes it possible to study,

in principle, the nature of a Z' by making use of dileptons whose mass is well below the

r'?sonanee peak. and which therefore have a production cross-section much higher than

t hose adjacent to the peak.

iii) The tails of the asvmmetry curves in the three models coincide with the standard

11lnrlpi background on the low mass side since A,b is then determined entirely by l~ jZ

interference. On the high mass side A,b is determined by the interference of the Z' with

lit", st andard model background, and it then obviously depends on the nature of the ZI.

From tllese figures it is clear that extracting useful new information Itotu the mea­

sur ement of off-peak asymmetries is going to be difficult. Near the resonance peak event

r::l.tp~ ar e of course extremely low. In the mass range well below the peak event rates

rtf'':'' higher, and the asymmetry is quite large, but the large value of Afb merely reflects

known physics in the standard model and does not bear upon the nature of the Z'. One

must also keep in mind that limited acceptance for low mass lepton pairs dilutes the

I!lo;'or,:"tical asymmetry. As an example, Fig. 9 shows the "measured" Afb in the "heavy

Z" model, along with the theoretical curve and the standard model curve. The errors

<'IT'" for one sse year. Similar results are obtained for the two other models.

Finally we note that in the mass region well above the Z mass, Alb exhibits scaling

behavior , i.e. Afb depends only on the ratio :M/+I-/JrIZ', and not on the two masses

separat elv (see Fig. 10). This is a direct consequence of the fact that r z ' is proportional

hIM7'. Thus our discussion above applies equally well to any Z', regardless of its mass.

For low mass lepton pairs scaling does not hold, of course, since M z becomes a relevant

variable
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5. Detector implications

What about on-peak asymmetry measurements? Would something be gained by

increasing the rapidity coverage for leptons beyond 1171 = 2.5? The answer is not really,

since the acceptance for a ZI of mass M > 1 TeVis already quite good. The present

lower limit on the Z' mass, assuming standard model couplings, is 380 GeV Ii]. Table 2

ghes the "measured" Alb and its error for a 1 TeV Z' in the three models for 17 max = 2.5

and 7]max = 3.0. The errors correspond to one sse year and Atb is integrated over the

mass range M z' ± r z'· There is little advantage in increasing the forward acceptance

for leptons. For a heavier Z' the gain is even smaller.

6. Summary

We have studied the utility of leptonic asymmetry measurements associated with

:'l 2 ' of mass 1-4 TeV. We conclude that the planned pseudorapidity coverage of the

SDC detector for leptons, IT}I < 2.5, is sufficient for a good measurement of on-peak

asvnunetries. Off-peak asymmetry measurements, of course, suffer from low statistics.

An exception is the mass region well below the resonance peak, but then the asymmetry,

A fb (ill the three models we have studied}, is only marginally different from that in the

st.andard model. Poor acceptance for low mass lepton pairs makes it even harder to

distinguish among models. 'Ve conclude that off-peak asymmetry measurements may

not bl? terribly helpful, mostly because the rates are reasonable only in the low mass

region where the physics is not of overwhelming interest.

'Ve thank Paul Stevenson for helpful conversations. This work was supported in

part bv U.S. Department of Energy Contract DE-AS05-i6ER05096.
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TABLE CAPTIONS

Tal"" I. Tho width. r, and the number of events produced in the interval Mz. ± rz, in one sse
vear for each of the three models studied.

Tald":2. Aji, integrated oyer the interval .Mz. ± rzr for a 1 TeV Z' in the three models studied.

Th'" first column corresponds to perfect acceptance, the second column to 17max ;;::: 2.5,

an .l the t hir d column to 11111ax ;;::: 3.0. The errors are for one sse year.
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FIGURE CAPTIONS

Fig. I. Aib versus Iyl in the standard model for low mass (.M~+~- ~ 200 GeV) and high mass

(M.-+~- :::: 2 TeV) lepton pairs.

Fig.:2. a) A i b versus Al~+~- in the standard model for 20 < Me+~- < 200 GeV.

h) A ib versus M e+.- in the standard model for 1If.+~- < 4 TeV.

Fig.:t Dilepton mass versus the rapidity of the lepton pair. The events were generat.ed such

that the number of events per unit log AI is constant.

Fj~. J. Til", acceptance for lepton pairs versus TJ max. Both leptons are required to have

11/1 - 1/lIHIX. M~-+~- varies from M z (lowest curve) to 4 TeV (highest curve).

Fiu. t.. !I) The effect of acceptance on the measurement of Aib versus 1I{~+.- for 20 < 111.+.- <

200 G",Y. The solid cur-ve represents the standard model A ib from Fig. 2a. The error

bars correspond to one sse year.

b I SA-me as a) except for 111.+ c < 4 TeV.

J"jg. rio Afl' versus 1J1~-+._ for a 1 TeV Zl with standard model couplings. The solid curve is the

staud ard model Aib from Fig. 2b.

Same A-S Fig. 6 except with ALR couplings.

Same as Fig. 6 except with LR couplings.

The effect of acceptance on the measurement of Alb versus lvI.+.- for a 1 TeV Z' with

standard model couplings. The heavy solid curve is the standard model Aib from Fig.

2b. The lighter curve is the predicted Ai b for a 1 TeV Z' from Fig. 6. The error bars

correspond to one sse year.

Fi~.
-
I.

Fig R

Fig. tl.

Fig HI. Alb versus M.+.-I}'fz' for a 1, 2, and 4 TeV Z' with standard model couplings. Alb

exhibits scaling behavior.
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Table 1

Z'/Zh~ - e+e- Mz' = 1 TeV

Number of events in Mz' ± r z'
Model rz,(GeV) in one sse year

Standard model 31.0 22.6 x 103

couplings

LR 11.9 8.3 X 103

ALR 8.3 15.1 x 103

Table 2

Z'IZh~ - e+f- M z , = 1 TeV

Afb Afb Afb
:Model perfect acceptance 1]max = 2.5 '7max = 3.0

Standard model .044 .030 ± .010 .036 ± .009
couplings

LR .095 .056 ± .01i .Oi2 ± .015

ALR -.21 -.14 ± .01 -.li±.OI



Table 1

Mz' = 1 TeV

Number of events in M z: ± r z:
Model rz,(GeV) in one sse year

Standard model 31.0 22.6 x 103

couplings

LR 11.9 8.3 X 103

ALR 8.3 15.1 x 103

Table 2

ZIZ , - (---C- Mz' :::: 1 TeV

Alb Alb Alb
l\lod",l perfect acceptance I} max =: 2.5 I} max =: 3.0

Standard model .044 .030 ± .010 .036 ± .009
couplings

LR .095 .056 ± .01t .072 ± .015

ALR -.21 -.14 ± .01 -.li ± .01
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