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Recall the model

1. In-family mixing bigger than between family mixing
2. D quark is the lightest, like SM: most accessible in LHC
3. E6 gauge bosons heavy & don’t interact w/ SM bosons
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D, S, B: New iso-singlet quarks (Q=−⅓) 

Assumptions:

The measured values of CKM elements & unitarity 
of the 3x4 CKM rows constrains ϕ :  sin ϕ < 0.07 . 

θ : CKM mixing angle 
ϕ : d - D mixing angle
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Mixing angle with SM quark
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•d-D mixing angle can only be extracted from the single production 
of D quark since the cross section depends linearly on ( sinΦ )2

•Cross section for pp→D+jet 
as a function of mD and for 
various values of the mixing 
angle (0.015 ... 0.065) 

➡D quark + jet production and 
decay @ LHC should be studied



Single D quark production
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Figure 1: Cross section in single D production as a function of D quark mass for different sin φ values.
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Figure 2: The main tree level signal processes
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• Decays involving Z would be easiest to reconstruct:

➡mD = 400 ... 2000 GeV cases are considered using generator 
level MC (CompHEP) with 2j+Z as the signal (sinΦ=0.045)

‣All SM processes yielding 2j+Z are also considered as 
background events where j can be any light jet. 



Event selection
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Figure 3: The transverse momentum distribution of the parton with the highest energy for the signal case.
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The cross section for single production of the D quark for its mass up to 2 TeV and for various mixing angles is given in

figure 1. The main tree level signal processes with their neutral current decays are given in figure 2. The remaining processes

originating from the sea quarks contribute about 20 percent to the total signal cross section.

Although this note considered a generator level study, various parameters of the ATLAS detector [9] such as the barrel

calorimeter geometrical acceptance, minimum angular distance for jet separation and minimum transverse momentum for

jets[10] were taken into account. Four mass values (400, 800,1200, 1500 and 2000 GeV) were studied to investigate the mass

dependence of the discovery potential for this channel. The cuts common to all considered mass values are:

PTp > 15GeV

|ηp| < 3.2

|ηZ | < 3.2

Rp > 0.4

MZp = MD ± 20GeV

where p stands for any parton; R is the cone separation angle between two partons; ηp and ηZ are pseudorapidities of a

parton and Z boson respectively; and PTp is the parton transverse momentum. The main property that allows discriminating

between the signal and the background is the transverse momentum distribution of the parton with the highest energy. In

figure 3, the transverse momentum distributions of the partons that survive the common cuts are shown for the signal case.

One can observe that the distribution peaks at about one half of the D quark mass value. The same distribution for the

background is given in figure 4, which shows rapidly decreasing differential cross section as a function of parton PT since

the final state partons are originating directly from the initial partons.

3.1 The discovery potential

The results from the scanning of the signal significance for the hard jet PT are given in figure 5 for D quark mass

values under study. For each case, the optimal value is found by maximizing the significance (S/
√

B) and it is used for
calculating the effective cross sections presented in table 1. To obtain the actual number of events for each mass value, the

eē and µµ̄ decays of the Z boson were considered for simplicity of reconstruction. Table 2 contains the expected number

of reconstructed events for both signal and background for 100 fb−1of data taking. Although the lepton identification and

reconstruction efficiencies are not considered, one can note that the statistical significance at mD =1500 GeV, is above 5σ
after one year of nominal luminosity run.
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•Trigger and detector driven common cuts for all mD values:
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✓Signal & Bg can be separated using the PT of the most energetic jet:

Signal Background



Further details
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Figure 4: The transverse momentum distribution of the parton with the highest energy for the background case.
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Figure 5: Dependence of the signal significance on hard jet PT for differentD quark mass values
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Table 1: The signal and background effective cross sections before the Z decay and after the optimal cuts, together with the

D quark width in GeV for each considered mass.

MD(GeV) 400 800 1200 1500 2000

Γ(GeV) 0.064 0.51 1.73 3.40 8.03

Signal (fb) 100.3 29.86 10.08 5.09 1.92

Background (fb) 2020 144 18.88 6.68 1.36

optimal PT cut 100 250 450 550 750

Table 2: Expected number of reconstructed events using electron and muon decays of the Z boson and signal significance for

100 fb−1 of data taking.

MD(GeV) 400 800 1200 1500 2000

Signal Events 702 209 71 36 13.5

Background Events 14000 1008 132 47 9.5

Signal significance 5.9 6.6 6.1 5.2 4.37
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Figure 4: The transverse momentum distribution of the parton with the highest energy for the background case.
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Figure 5: Dependence of the signal significance on hard jet PT for differentD quark mass values
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Table 1: The signal and background effective cross sections before the Z decay and after the optimal cuts, together with the

D quark width in GeV for each considered mass.

MD(GeV) 400 800 1200 1500 2000

Γ(GeV) 0.064 0.51 1.73 3.40 8.03

Signal (fb) 100.3 29.86 10.08 5.09 1.92

Background (fb) 2020 144 18.88 6.68 1.36

optimal PT cut 100 250 450 550 750

Table 2: Expected number of reconstructed events using electron and muon decays of the Z boson and signal significance for

100 fb−1 of data taking.

MD(GeV) 400 800 1200 1500 2000

Signal Events 702 209 71 36 13.5

Background Events 14000 1008 132 47 9.5

Signal significance 5.9 6.6 6.1 5.2 4.37
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•Cut values were optimized by 
maximizing the signal significance, 
σ =S/√B

•effective signal and bg cross sections 
for 2j+Z:

‣number events from Z leptonic 
decays after 100fb-1 ∫luminosity:



Mixing angle reach
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• cross section at a given mD 
depends linearly on (sinΦ)2

•the signal significances 
obtained at the example 
sinΦ=0.045 can be converted 
to 3σ exclusion plots for  
angular reach at fixed mass 
values



Mixing angle reach
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• cross section at a given mD 
depends linearly on (sinΦ)2

•the signal significances 
obtained at the example 
sinΦ=0.045 can be converted 
to 3σ exclusion plots for  
angular reach at fixed mass 
values

BUT: gluon jets 
were forgotten σBG should 

be ~ *3.4 



Outlook

•Fix the BG problem, re-optimize, recalculate

•We can use the jet associated production of the D 
quark to make a measurement on its mixing angle to 
the SM quarks.

•If there is no signal observation a limit curve on the 
sin Φ vs mD plane can be imposed.

•If the mixing angle is not so small, the single 
production might become more efficient than the 
double production for the discovery as well.
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