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Abstract 

The existence and physical properties of the Higgs boson H will be 

investigated experimentally in the proposed Asian Joint Linear Collider (JLC). 

In preparation for such future activity, we conducted a study presented in this 

paper:. 
There is a possibility of measuring the total Higgs decay width 

channel 
JLC using the (H° ’ X) at 

sO-called 6-jet Higgs 

Here We simulated the 
ete’z°H' ’ gg WW ’ qqgggg 
measurement of this process using the JLC Study Framework (JSF). We assumed 

a Higgs boson having a mass my = 120Ge. We set the JLC center-of-mass 

energy at Vs =300GeV and an integrated luminosity Ldt = 500fb. Only the 

following possible backgrounds were considered: ee-)Hbb), ete 

-ZZ, ee-wW, ete-qg, and ee ’evW* 

applied on both signal and background events. 
Several physical cuts were 

The obtained relative error in T(H') is ATo (H')/ToH°) =37.2%. 
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1 Introduction 

The advances in the,field of high energy physics in the last century has revolutionized our understanding of nature, particularly our knowledge of the 
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fundamental components of matter, which we call elementary particles, and their physical interactions. This understanding is mainly based on the theoretical framework known as the Standard Model (SM) [1]. The importance of the SM is very explicit in the fact that practically all observed high energy physics phenomena reasonably agree with the SM predictions. 
The Standard Model is thus a good, practical theory. As a theory, however, it also has its flaws. For example, it cannot explain why particles have mass. Or, put it another way, why do some particles have mass while others do not. This has led 

physicists to believe that there must be a theory which acts like a high energy 
superset of the SM, in the samne manner that Einstein's theory of relativity is to 
Newtonian mechanics when we deal with velocities comparable to the speed of 
light. 

The problem of why particles have mass made physicists theorize the 
existence of the s0-called Higgs field. In theory, this field interacts with other 
particles to give them mass. The existence of this field correspondingly requires the 
existence of a particle called the Higgs boson, H. This particle has not been 
observed yet, but the search is still going on. 

To discover and study the Higgs boson, the Asian Committee for Future 
Accelerators (ACFA) [2] proposed the construction of the Joint Linear Collider 
(JLC) [(3). The JLC is a linear electron-positron collider. A schematic diagram o 
this project is shown in Figure 1. and its accelerator parameters are given in (* 
Figure 2 shows the design of the JLC detector. In the first phase of its operation 
(JLC-1) it is expected to have a maximum center-of-mass energy vs =300Ge 
As such, JLC is expected to shed light into the still-unchartered physics beyond 
Standard Model. This paper presents the results of a preparatory study On one of the 

many possible physical scenarios at JLC, given this project's enormous sve 
physical importance. 

2 The 6-jet Higgs Channel at JLC 

the center of the JLC detector are shown in Figure 3 in termns of their cross 
sections. The expected processes to be produced from the high-energy 

ee 
collisions at 

focus on the so-called 6-jet Higgs channel. First of all, we assume that the Higgs The expected SM Higgs branching fractions are shown in Figure 4. In this paper we 

boson exists and has a mass m =. 120GeV. Also, we assume that the colliding e 

and e beams have a combined center-of-mass ener8Y 
=300GeV. In this 

process, the colliding electron and positron annihilates each other to 
create a z 
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boson and a H boson. Subsequently, the Z" decays into a quark-antiquark pair. n 
turn the qg pair fragments into two "sprays" of particles, having about the same 
directions as the q and q, called jets. The H, on the other hand, decays into a 
WI* boson pair. Each W boson then decays to a qg pair. Thus, we observe 6 jets 
in the final state. 
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In the region where the Higgs boson mass is greater than 100 GeV the 
fraction of events where the Higgs decays into WT* pair becomes significant. In 
fact, at Vs = 300GeV and H =120GeV, the branching ratio Br(H'Ww*) = 
13.3% [5]. It was also found that a precise measurement of Br(H’WW), given 
m, >100 GeV, allows also a precise measurement of the Higgs' total decay width 
given by Tioal(H’ )=Iota(H> WW*)Br(H’WT*) and therefore access to other 
important quantities such as Iotal(H’ bb ). Furthermore, the expected value of 
Br(H’ W') in the SM at m4 =120GeV differs significantly from the predicted 
value in the Minimal Supersymmetric Standard Model (MSSM), one of the possible 
extensions of the SM [6]. Thus, a significant deviation from the predicted SM value 
could give hints to physics beyond the SM. 
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Figure 1. The JLC Project [4). 
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Figure 2. The JLC Detector: 

Vertex Detector 
S=114(28.8 Pisn't 

(um) 

ui0S 

92 

Superçon. 
magnet Goi 
(2Tese) 

600 

vs (GeV) 

Muon 
Chamber 

2 

Neveivyear 
for 
50ft 

sOo,00 

s,000 

1000 

Figure 3. Cross sections of JLC processes. 
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Figure 4. Higgs branching ratios as a function of its mass. 

Some studies on how to measure the Higgs boson have been presented in [5, 
6,7, 8, 9, 10, 11, 12]. Many of these studies find it easy to use leptonic channels 

such as Z(-eei')H’X) for Higgs mass measurements, cross section, etc. due 
to their very clean sigmals. In fact, the total decay width of the Higgs boson can be 
measured to a relative error level of only 5% via leptonic or semi-leptonic modes of 
H’WW (5, 13]. However, Br(Z-r) 10% while Br(Z’ hadrons) 70%. The 

case is similar for W. Hence, we must investigate to what extent it is possible to 
make the 6-jet Higgs channel a feasible measurement option at JLC. 

3 Event Generation, Reconstruction and Analysis using JSF 

93 

For this study we use the JLC Study Framework [14], a software designed for 
uniied physics studies at JLC based on the object-oriented data analysis framework 
KOOT151. In this unified platform, the separate jobs of event generation, detector 

response simulation, event reconstruction and data analysis can be conveniently 
pertormed. A typical JSF analysis flow and a run session snapshot are shown in 
Figure S and Figure 6, respectively. 

e e events are generated using the Pythia Monte Carlo event generator 
nterface in JSF and by generators available in. the Physsim [16] libraries. For this Stuay the expected (actual) number of signal and background events are shown in lable 1. Also shown are the number of events we generated. The background Processes considered are only those that might mimic the 6-jet Higgs signal. 
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We assumed JLC beam paramcters and detector configuration as given in 
[41. These values are set in the JSF configuration file: 

Beam pipc: radius = 2cm, thickness = 0.15% radiation length (RL). 
Vertex: 4 layers (r = 2.4, 3.6, 4.8, 6.0cm), Jcos O| < 0.90, o, = o, = 4um, 

thickness = 1% RLlaycr. 
Support tube: r=40cm, thickness = 1% RL. 

CDC: r = 45cm ~ 230cm, (z < 230cm, Grs = 85um, o,= 3mm, Nsanpling 
100. 
Solenoid: 2 Tesla. 

Detector simulation and event reconstruction are done using the 

JSFQuickSim, the JLC Quick Simulator. To cluster jets we use the JadeEJetFinder 
in the Physsim library. In order to selcct the 6-jet Higgs signals and reject 

The total visible energy must be Eyjs 2 240GeV. 
The total transverse momentum must have magnitude P s 15Gel. 

The total momentum along the beam direction must be P < 60GeV. 
The number of charged tracks Neby > 42. 
The event thrust must be within the interval 0.6 to 0.8. 
After clustering tracks using ANLJadeEJetFinder with initial ycut = 0.01, 
the number of jets must be N;ets 6. Then force-cluster the remaining 
events into 6 jets. 
Each jet must have an energy Ejet S 15GeV. 
All jets must be directed at an angle (cos Ofel <0.9. 
Each jet must contain at least 5 tracks, i.e., Nuksict2 5. 

Find Z' jet pair that satisfies the following: 76GeVs Mys 106GeV and 
85GeV s| Pzsl20GeV. The combined mass of 2 of the remaining 4 

jets must obey 65 GeVs My s95GeV. 
The number of tracks with bnom>3 (off-vertex tracks) must be at most 
5. 

The result of the application of these cuts are given in Table 2, showing cut 
yeld valucs, and Figure 7, Figure 88, Figure 9, showing arbitrarily scaled 
nistograms (for easily locating the cut values) of physical variables used in the event 
Selection process. Note that ev W events are no longer included as they are totally 
eliminated right after the second cut. From this we can calculate the relative error 
AT/Ty of total Higgs width. 

95 

background events we came up with the following event selection criteria: 
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We now discuss the calculation of I totaH)) following the one given by A. Miyamoto in [17]. In the Higgsstrahlung process e *e>ZH, where H’ WW*. 
where N°w is the number of observed events in WW* mode. Onal is the totol section of the Higgsstrahlung process, Br(HWr*) is the branching ratio of H’W, and Co is a constant. Oinlal and Br(H’WW*) can be expressed by the partial widths of H’22 and of H’WWand the total width of HXas 

Ototal C THzz and Br(H’WW) THww/ TH2Z 
where C is a constant. In the SU(2)xU(1) model of gauge bosons there is a relationship between IHwy and Izz from which we may write 

No cut 

Table 2. Final cut yields. 
Cuts 

E, 240GeV 
Ps 15GeV 
Ps 60GeV 

Nehg 42 

4 Measurement of ItotaH ’X 

where Cz = THz / IHWy. Thus we can obtain Ttolal from the observed number of 
events, if ototal is known. 

Thrust [0.6,0.8) 
Njes 6 

Ototal 1S obtainable in many vways. To mention one, we can measure ee 
’Z(’rDH. Here we only have to measure the leptonic pair from the Z boson and 

the production of H is identified from the recoil mass of the T system. This 

procedure does not rely on the decay mnode of H and is therefore suitable to search 
for Higgs bosons without any model dependence of the Hdecay mode. If Grual 
150Jb and the detection efficiency of 50% is achieved, then we can expect ZZD0 
events in the e'elñ'u channel for 500fb of integrated luminosity. In this case ie 
statistical error of oiotal is 2% and would be good enough to compare to he cu 

Br(H> WW*). 

Ejn S l5 Gel' 
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69 
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69 

96 

ZZ 

515000 
278125 
256736 
256297 
63948 
24365 

2853 
2460 
1122 
879 
128 
102 

Co o' 

102 

otal 

102 

2860000 
1609105 

1205935 
1202724 
194448 
21540 
3749 
3288 

Vol. XV. No.2 

1473 
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Note now that the above analysis assumes the correctness of the SM, 
which means there exists a SM Higgs boson. However, even if we do not assume 

an SM Higgs particle, provided that the coupling of H to WW and the coupling of H 
to ZZ are universal, it can be shown that 

A.L.C. SANCHEZ, A. M. BACALA, A. MIYAMOTO, K. FUJII 

total 

total 

total 

AN yw 

Nyy 

where n is the detection efficiency (the ratio of observed events to the generated 
events). HWp and o are the partial width of H’W* and the total 
Higgsstrahlung cross section, respectively, according to the Standard Model. o is 
the Higgsstrahlung cross section without the SM assumption and will be measurable 
after Higgs discovery at the collider. 

N yw" 

In any case, the actual value of ToaH-’X) will be determined by experiment. 
From the extrapolated values observed H events (plus background) in table 
Ireffcutres} we can calculate the relative error in the measurement of IoaH’X): 

rSM 

SM -(o")? 

/s+B 72+69+102 + 242+ 234 
72 

5 Summary 

where S is the number of 6-jet signals observed after the cuts and B is the number of 
background events mimicking the signal. Only Nyy is considered to be the main 
contributor of statistical error since o's and Iwy can be measured quite accurately. 

As mentioned earlier, the best possible measurement is at the level of 5% 
relative error with the use of the leptonic H’WW decay modes. Therefore, the 
above method for measuring the 6-jet Higgs channel must be improved to make it a 
teasible Higgs measurement at the linear collider. 

97 

37.2% 

We have investigated the possibility of using the fully hadronic 6-jet Higgs 
channel at JLC to measure the total decay width of the Higgs boson using the JLC 
udy Framework. The value of the relative error of I otaH-’X) obtained through 

method is quite large compared to the superior measurement using leptonic or 
semi--leptonic channels of H’WW*, Nevertheless, efforts could be made to 
Improve the technique for dealing with the 6-jet channel. 
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