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Study of new variables for the search of the Higgs boson coupled

to top quarks in the four b jets final state

Motivation to study
After the discovery of Higgs boson,the final particle in Stand Model was

discovered.Now we want to know the property of the Higgs boson. ATLAS and CMS
experiments have exactly measured the mass of Higgs boson which is 125.7±0.3
(stat.) ±0.3 (syst.)Gev/c2.Up to now,the property of Higgs boson is compatible with
the Stand Model.

We are interested in the coupling between Higgs and Top quark.Because the Top
quark have the largest mass in SM.We now have a indirection way to measure the
coupling but it is on the strength of no influence beyond Stand Model.We want to get
the coupling in direction way.If there are some deviations,we can find the new
physics.

But there are still some challenge in experiment.Because the cross-section of
top-Higgs is very small.It’s only 0.5pb in 13TeV,but the main background of tt+jet is
830pb.

The ttHbb production and decay
Now we know the Higgs was produced by ttH,the Higgs can decay into

ZZ,WW,  and bb .The top quark decay into one b quark and one W boson.The

Feynman diagram is in Figure 1.We main research the channel which the final state is
four b jets
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Figure1.the ttHbb production and decay

How to discriminate the background from signal
There are many backgrounds in Figure 2,such as tt+cc,tt+bb,tt+2b,tt+b,tt+lf.But

the tt+light flavor jets is the main background,so it's important to distinguish the
tt+light flavor jets.

Figure 2.the background

In order to searching for this decay,we must reduce the main background.We
must know how to discriminate the b jet events from light-flavor jets first. In Figure 3
the b quark has a non-negligible lifetime so the b jets are from Secondary vertex.But
the light-flavor jets are come from the Primary vertex .

Figure 3.events with 2 light-avor jets and events with 2 b jets
In the Figure 4 We show the signal event and background event respectively.

The background have more flavor jets and less b jets than signal.So we can define
discriminating variables depend on this.

Figure 4.The signal event and background event



In Figure 5 take projection of the track,the Impact Parameter(IP) indicate the
minimum distance of the track to the primary vertex(PV).If the track belong to PV,the
IP is lower .If the track don't belong to PV,the IP is higher.

Figure 5.Picture illustrating the IP and the signed IP.

Comparison between Monte Carlo expectation and data
We can rely on the principle explained in the last chapter to define new variable

to discriminate the signal from background.

Define the variable of Average value of the IP in xy plane 
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(n is the number

of tracks in the events) .So The variable is lower for background and higher for signal.
Define the average of track pairs not coming from the same vertex in one event.If

the variable is higher,the event is signal. If the variable is lower,the event is
background.

Define the ratio of energy coming from PV and SV. The ratio is high for the signal
and is lower for the background.

In the Figure 6 shows the variables for MC simulated processes and data.As we
expert the variable are lower for background and higher for signal.

Figure 6.Left:Variable of value of the IP.Center:Variable of average of track pairs not coming from the same

vertex.Right:The ratio of energy coming from PV and SV.

Conclusion and symmetry
ttHbb process represents a golden mechanism to study the coupling of the

Higgs boson to top quarks.The current analysis uses already the three new variable
to distinguish ttHbb events from tt+jets background events.comparison between MC
simulation and data show a better discrimination using these variable.This
encourages the use of these variables in the analysis.


