The most “classic” way of discovering a new particle is by measuring
the energy/momentum of the decay products, and reconstructing the
invariant mass

Suppose that particle A is produced in the lab and particle A decays
into particle Band C. A>BC

In the experiment one may have particles B and C produced at the
same time. Not necessarily all from the decay of particle A.

We can take the 4-momentum sum p = pp + p in the lab frame.

In the frame S” where the total momentum of B and Cis zero, IF
particles B and C arise from the decay of particle A: p'= ((_)>,mAc) and
therefore p'? = —m%c?.
— The square root of —p'? (divided by ¢?) is called the invariant mass of B and C.
— Invariant because it’s the same in all frames (including the lab frame, of course)

So if a BC particle pair comes from the decay of the A, its invariant
mass will be = m, (within measurement error). If not, it will be
something else.
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2013 Nobel Prize
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On the left, the peak at =~ 125 was new. We interpret as :
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On the right, thepeak at ~ 91 is from a known particle decay :
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The peak at ~ 125 was new. We interpret as :
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Since the 2012 discovery....

Over an order of magnitude more data has been
collected by Atlas and CMS.
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