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Figure 4: MT2

distributions after the cuts of eq. (36). The chosen masses for the new particles
are mB0 = 800 GeV and m� = 100 GeV. The left panel is for the Z

2

signal while the right panel
is Z

3

(both in blue). In both cases, the background is Z + bb̄ (red). In both panels, the black line
represents the sum of signal and background. The black vertical dashed lines denote the theoretical
prediction for the endpoints.
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Figure 5: Energy distributions of the b quarks after the cuts of eqs. (36). The chosen masses for
the new particles are mB0 = 800 GeV and m� = 100 GeV. The left panel is for the Z

2

signal, while
the right panel is Z

3

(both in blue). In both cases, the background is Z + bb̄ (red). In both panels,
the black line represents the sum of signal and background. The black vertical dashed lines denote
the reference values extracted from the MT2

distributions of Fig. 4 using eq. (30).
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DECAY OF SECOYD iRZ' P4RTICLES  3 9 

i t  follows that, otr logarithmic plots of the rnergy spectra of these y-rays, 

tlre rest-system energy p will lie halfway bet-rveetl t h e  extrrmunl energies. 

We are particularly concerued with decays that are isotropic in the 

rest system of the decaying particle, such as  the .rrO andC" decays, which 

we have previously considered. For these decays, we  have already s l~own 

that the resultant y-ray energy distribution function is only a function 

of the momentum of the primary; indeed this function is a constant 

which is inversely proportional to this momentum for a given primary, 

within a range proportional to the monlelltum of the primary, and 

vanishes outside this range. Thus, for decays of parent particles with a 

wide range of primary energies, y-ray spectra are generated which are 

made up of a superposition of rectangular spectra, as  sholv~l in figure 

1-11. Higher energy primaries produce the y-rays at the extremes of the 

spectrum. We therefore deduce a second important kinematic property, 

which holds for two-body decays that produce y-rays isotropically in the 

rest system of the decaying primary; viz, 

The energy spectra of y-rays produced isotropically in the rest 

system of the decaying primary will be symmetric on a logarith- 

mic plot with respect to Ey=p and will peak at Ey=p. 

FIGURE 1-11.-Ideal superposition of y-ray energy spectra f'ronr rr" of 2" l~articles having 

discrete values of energy. 
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How special is this invariance?
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Peak is invariant, what about the shape?
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Shape of the energy spectrum
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Side-by-Side
top pair production at hadron colliders

disclaimer:
pictures may be quite different for heavy new physics
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Effect of ISR (LHC 7 TeV)

ISR messes up assumptions on the kinematics of the 
productions mechanism

Energy peak is invariant as long as:
1) there is an on-shell top

2) decay into 2 bodies
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Effect of ISR
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Sharpness of the peak
top and antitop

 at rest in the lab
top and antitop

 at rest in the tt-CoM

E~peak MR~peak

not true the converse! 
the tt-CoM can still move in the Lab

1) MR~peak has more phase space than E~peak
2) s~2m selects events for which MR is sharper than E
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Sharpness of the peak

peak 
sharpness
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What is in the peak of the other?
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What is in the peak of the other?
MR close to the peak Energy peak more sharp
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