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Ablltract 

We discuss the effects of realistic detector resolutions on the processes 

H - ZZ - e+e-e+e- and H ...:. ZZ - e+e-JJ+JJ- at the sse. The 

background from Zti where the ti system produces two isolated leptons 

in its decays is discussed. 

In this paper, we analyse the effects of detector res

olution. on attempts to extract the signal for a Higgs 

decaying via two Z's into four charged leptons, either 

electrons or muons at the SSC. Previous studies! of 

this decay mode have shown that the background to it 

arises from the production of two Z hosons via quark

antiquark2 or gluon-gluon annihilation.3 These stud

ies have demonstrated that, given a good determina

tion of the Z pair invariant mass, a convincing signal 

can be extracted and that Higgs bosons of mass in the 

range 2Mz to 800 GeV can be found in a canonical SSC 

year which corresponds to an integrated luminosity of 

104ocm-2. Here we shall investigate in detail what is 

meant by "a good determination" of the Z momenta 

and will indicate the effects of expected lepto~ momen

tum resolution. We will only consider Higgs bosons of 

mass 400 GeV. The reader is assumed to be familiar 

with the basics of Higgs boson production and detec

tion at the SSC. (These issues are reviewed in Ref. 1.) 

Higgs bosons are produced at the SSC via gluon

gluon4 and WW fusions. The rate from the former 

process depends on the top quark mass. We will as-

"This work was supported by the Director, Office of Energy 

Research, Office of High Energy l!LDd Nuclear Physics, Division 

of High Energy Physics of the U.S. Department of Energy under 

Contract DE-AC03-76SF00098. 

sume 40 GeV in our discussion unless otherwise stated. 

The rate for production of Higgs bosons with masses 

in the region 300-800 GeV increases as the top quark 

mass rises above this value. A Higgs boson in this mass 

range decays to Z Z with a branching ratio of approx

imately 1/3. The Z bosons can be reconstructed via 

their decays to JJ+ IJ- or e+ e-. The only important 

source of background Z pairs arises from the processes 

qq - ZZ and 99 - ZZ (the former dominates in 

the case of interest3 ). Figure 1 shows the distribution 

in Z Z invariant mass arising from the production of 

a 400 GeV Higgs boson. The final state leptons are 

required to have rapidity Iyl < 2.5 and are assumed 

to have their momenta measured with no error. The 

background shown includes only the process q'q - Z Z 

and we have used the scale Q = Mzz , the invariant 

mass of the Z pair, in evaluating the structure func

tions needed in estimating its rate. For a discussion of 

the scal'e dependence and the effect of the 99 - Z Z 

process, see reference Ij a more reasonable scale choice 

tends to decrease the rate from qq _ Z Z by about 

30-40%. 

It can be seen from Figure 1 that a clear signal is 

visible as a peak above the background. We will in

vestigate what happens to this peak as the momentum 

resolution on the leptons is degraded. 
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Figure 1. Histogram showing the invariant mass 

distribution of a pair of Z bosons. The events, which 

were generated with the PYTHIA event generator, cor

respond to an integrated luminosity of l040cm-l. The 

Z pairs arise from the production of a Higgs boson of 

mass 400 GeV and the process q~ -+ ZZ. The Z's 

are reconstructed in the decay modes Z -+ e+ e- and 

Z -+ ~+ ~-; all of the leptons All of the leptons are 

required to satisfy Iyl < 2.5, PI > 10 GeV. In addition 

the reconstructed Z's must have P, > 50 GeV. 

In the case of electron momentum determination, 

it is reasonable to expect6 that one will have an er

ror 6.E/E '" 15%/VE + 1%, where E is expressed in 

Ge V. In the case of muons the resolution is expected 

to be much worse, 6.E / E '" 10 - 20% if only the muon 

toroids are used7
• The muon resolution could be im

proved by including information on the muon track 

from close to the interaction point. We show in Figure 

2 the effect of resolution on the dilepton invariant mass. 

This Figure show clearly that the reconstructed Z no 

longer has a well defined mass when the resolution is 

poor. This gives rise to the first source of difficulty. 

If there is a source of dilepton pairs of invariant mass 

close to that of the Z, some of these pairs 'will have 

to be included in the background. These "fake Z's" 

will then increase the background shown in Figure 1. 

In the case of the final state with only e+e- pairs, the 

spread of the reconstructed Z mass shown in Figure 2 

is small, and this extra background will be irrelevant. 

The resolution in the ~+ ~- mass may be poor and this 

extra background must be considered. 

Where does the extra background come from? The 

leptons from the decay of a Z will be isolated and will 

have large invariant mass. The largest source of lep-
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Figure 2 Histogram showing the effect of lepton 

energy resolution on the reconstructed Z mass. Figures 

(a), (b) and (c) have 6.E/E = .15VE+0.Ol, 6.P/P = 
0.1 and 6.P/P = 0.2 respectively. 

tons at SSC will be from the production and decay of 

charm, bottom and top quarks since these quarks are 

produced by strong interaction processes. Of these, the 

leptons arising from top decay will be more isolated 

than those from charm and bottom. Consider the final 

state Z + Q7J + X which can arise from the partonic 

initial states gluon + gluon and quark + antiquark. 

We estimated these rates by using the known matrix 

elementsB for gg -+ Zq~ and q,? -+ Zq~, where q and 

q are massless quarks, together with the correct phase 

space for massive final state particles. The same ap

proximation applied to the process gg -+ Q7J is accu

rate to 30%. 

In Table 1, we show the rates from this process. 

In obtaining the values in this Table, we have required 

that the Z have transverse momentum greater than 

100 GeV. Table 2 shows the rates from Z +tl where we 

have required additionally that there be a lepton pair 

~i 



arising from the tt system with invariant mass between 

40 and 130 GeV and transverse momentum larger than 

100 GeV. The number of similar events from the back

ground process qq -- ZZ is also shown for comparison. 

Notice that the number of events from the ZQ?J fi

nal state is smaller than that from Z Z. This indicates 

that this additional source of background which will be 

present in the e+e-p.+ p.- mode is not large. The invari

ant mass distribution of the Z + fake Z system from 

ZQ?J is shown in Figure 3. It has no peaks and con

tributes a smooth background which falls rapidly with 

increasing Mzz. Figure 4 shows the transverse momen

tum distribution of the real and fake Z's. The real Z 

was required to have PI > 50GeV. This Figure shows 

that a cut requiring the fake Z also to have PI > 50 

GeV, is very powerful in reducing the background rate 

(approximately 70% of the events fail this cut). Th~ 

reduction in the number of signal events due to this 

cut is approximately 30%. Table 2 shows the effects 

of various cuts on the processes H -- Z Z, qq -- Z Z 

and the Ztt final state giving rise to Z and "fake" Z. 

This Table shows that the extra background is not a 

problem. 
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Figure 3, Histogram showing the invariant mass 

distribution of a Z and " fake" Z. The latter arises as a 

lepton pair from the final state Z +t+t; the lepton pair 

arising from the tt is required to have invariant mass 

between Mz-50 and Mz+50 GeV. The events, which 

were generated with the partonic generator discussed 

in the text, correspond to an integrated luminosity of 

104°cm-2 • All of the leptons All of the leptons are 

required to satisfy iyi < 2.5, Pt > 10 GeV. In addition 

the reconstructed Z's must have Pt > 50 GeV. 
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Figure 4, Transverse momentum distribution of 

the real and "fake" Z' oS arising from the process PP -+ 

Zt'l -+ 41 + X. The physical is required t'o have PI > 50 

Ge V, and the "fake" Z is defined to be a lepton pair 

with invariant mass between 40 and 130 GeV. All of 

the leptons are required to satisfy iyi < 2.5. PI > 10 

GeV. 

Process PYTHIA ISAJET PARTON (I.H.) 

gq,qq -+ Z + q,g 2.9 nb 3.5 nb 2.5nb 

Plz > 100 GeV 

q~ -- Z + 9 210 pb 295 pb not run 

P'z > 100 GeV 

gg,q~ -- Za n.a. n.a. 205 pb 

(q~ only) 15.7 pb 13.0 pb 9 pb 

gg,qq -- Zbo n.a. n.a. 204 pb 

(qq only) 9.2 pb 14.2 pb not run 

gg,q~ -- Ztt 

(mtOJ! = 100 GeV) n.a. n.a. 8.2 pb 

(q~ only) 0 <.7 pb not run 

gg,qq -- Zt'l 

(m,OJ! = 40 GeV) n.a. n.a. 40 pb 

(qq only) 0 1.8 pb 1.8 pb 

gg,q~ __ Ztt 

(mtOJ! = 5 GeV) n.a. n.a. 156 pb 

(q-q only) 0 13.6 pb 6.6 pb 

Table 1. Cross sections for various processes as given 

by PYTHIA9, ISAJETlo, and the parton calculation 

outlined in this paper. The Z is required to have Pt > 
100 GeV. n.a. means not available. 



Process NoCuts Pr" = 50 GeV Pto = 50 GeV 

(4lepton mode) 6. = 50 GeV 6. = 10 GeV 

H-+ ZZ 140 90 90 

qij -+ ZZ 1500 280 280 

Zt't large 43 14 

Table 2. The number of lepton pair events from vari

ous sources for an integrated luminosity of 1040 cm-l • 

The leptons are required to have Iyl < 2.5. The pairs 

of leptons are each required to from a «Z", i.e. are 

required to have invariant mass between Mz ± 6. and 

the Z's are required to have Pt > Pto· 

Isolation cuts on the leptons are not required to 

reduce this background to an irrelevant level. However 

such cuts may be required to eliminate the other lep

tonic backgrounds. For example, cuts requiring that 

the leptons be isolated from hadronic jets will be par

ticularly effective in reducing the background due to 

charm and bottom decays. We have not included the 

fake Z's from the production of charm and bottom fol

lowed by their leptonic decay. Such leptons are softer 

than those from top and are not isolated. 

For comparison purposes we have a.lso indicated in 

Table 1 the event rates arising from the Z + jet pro

cesses that are produced by the ISAJETlo and PYTHIA 9 

event generators. These generators produce first pro

duce the final state Z + parton, where the parton can 

either be a quark or a gluon. The parton then show

ers and the Q"Q pair can be produced as a compo

nent of this shower. An approximation to the Z + Q"Q 

rate is then obtained. Unfortunately the approxima

tion is not good as can be seen from the Table. The 

difficulty is as follows. There is no partonic process 

of the form gluon + gluon -+ Z + parton, hence the 

event generators are not including any approximation 

to gluon + gluon -+ Z + Q + '1.- The process qV -+ Zg 

followed by the "decay" 9 -+ Q"Q is present and, as 

"In principle, the process can be approximated from 99 - QQ 
if the Z is then radiated off an outgoing quark line. This is not 

likely to be an efficient way of simulating the rate. 

4 

Table 1 shows. provides a good approximation to the 

q7j -+ ZQ"Q process. However the 99 initiated process 

is dominant. 

Since the event generators do not accw'ately re

produce the rates for ZQ"Q final states they cannot be 

used in a background study. Nevertheless it is clear 

from our partonic analysis, that bad resolution in the 

JlJl system does not seriously increase the background 

in the mode H -+ ZZ -+ Jl+Jl-e+e-. 

In the case of the Jl + Jl- Jl + Jl- final state, there 

is another additional source of potential background, 

munely the Q"Q Q"Q, where all of the quarks decay. 

sernileptonically and two fake Z's are produced. We 

have not attempted to estimate this background here. 

The second difficulty caused by poor resolu·tion is 

that the peak in the reconstructed Z pair is smeared 

out. This effect is shown in Figure 5. It is clear from 

this Figure that in the 4Jl with 20% resolution, the 

peak has disappeared. However at 10% a peak is still 

clearly visible. In the 2e2Jl final state the signal is 

still observable. We have tried using the Z masa as 

a constraint in the reconstruction; the effect of this is 

shown in Figure 6. By comparison with Figure 5, it 

can be seen that the improvement is not significant. 

In conclusion, we have investigated the effect of 

detector resolution on the four lepton decay mode of 

the Higgs boson at the sse. The bad resolution charac

teristic of a muon system with resolution of order 20% 

does not cause an appreciable increase in background 

due to "fake" Z's in the 4e or 2e2Jl channels. However 

it does degrade the resolution in the Z pair invariant 

mass to such an extent that the peak due to Higgs 

boson of mass 400 GeV is no longer visible in the 4Jl 

channel and the 2e2Jl channel is compromised. A res0-

lution of order 10% or better is required if the peak is 

to survive. We have only considered backgrounds due 

to real leptons. It is possible that in a more realistic 

detector simulation, backgrounds due to misidentified 

particles or other detector related sources could be sig-

nificant. 
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Figure 5. The reconstructed invariant mass dis

tribution for Z pairs from the final states Z Z ..... 1-'+ 1-'- 1-'+ 1-'

The cuts are the same as in Figure 1 In 5a) we have 

taken ~P/P = 0.1 for muons and in 5b) ~P/P = 0.2 
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Figure 6. As Figure 5 except for the final state 

ZZ ...... e+e-I-'+I-'-. We have taken ~E/E = .15vE + 
0.01, for electrons and ~P/P = 0.1 for muons. The 

dashed histogram shows the effect on resolution if the 

Z mass is used as a constraint in the fit. 

References 

1. R.N. Cahn et al., Ezperimenu, DetectorJ and Ex

perimental Areu for the Supercollider Ed. R. 

Donaldson M.G.D. Gilchriese, World Scientific 

Publishing, Singapore (1988) and references therein. 

2. R. W. Brown and K. Mikaelian, PhYJ. Rev. D19, 

922 (1979). 

5 

3. D.A .. Dicus. C. Kao. and W. Repko, PhYJ. Rev. 

D36, 1680 (1987). 

4. H. Georgi, et al.. PhYJ. Rev. Lett. 40, 692 

(1979). 

5. R. N. Cahn and S. Dawson, PhYJ. Lett. 136B. 

196 (1977). 

6. C. Baltay e/ al .• ProceedingJ of the 1986 Summer 

Study on PhYJicJ of the Superconducttng Super 

Collider Ed. R. Donaldson. J. Marx. Snowmass 

(1986). 

7. D. Carlsmith et al., ProceedingJ of the 1986 Sum. 

mer Study on PhYJicJ of the Superconducting Suo 

per Collider Ed. R. Donaldson, J. Marx, Snow

mass (1986) or G. Hanson et al., EzperimenIJ, 

DetectorJ and Experimental A reaJ for the Super. 

collider Ed. R. Donaldson, M.G.D. Gilchriese, 

World Scientific Publishing, Singapore (1988). 

8. S. Ellis and J. Stirling, J. Gunion and Z. J<un
szt, K. Ellis and R. Gonsalves in Supercollider 

PhYJicJ Ed. D. Soper, World Scientific Publish

ing, Singapore (1986). 

9. H.-U. Bengtsson and T. Sjostrand,in Monte Carlo 

Simulation and Detector Cap4bilitieJ Ed H.-U. 

Bengstsson, C. Buchanon, T. Gottschalk and A. 

Soni, World Scientific Publishing, Singapore (1986). 

10. F. Paige and S. Protopopescu,in Monte Carlo 

Simulation and Detector CapabilitieJ Ed H.-U. 

Bengstsson, C. Buchanon, T. Gottschalk and A. 

Soni, World Scientific Publishing, Singapore (1986). 

, . ;~ 

.,. 
_r" 



., ...... -..." 

LAWRENCE BERKELEY LABORATORY 
TECHNICAL INFORMATION DEPARTMENT 

1 CYCLOTRON ROAD 
BERKELEY, CALIFORNIA 94720 

,..~""'" 

, 




