Analysis of Elementary Particle Reactions

In order to analyze elementary particle reactions at a beginning level you must consider conservation of charge, baryon number, electron number, muon number, and tau number.  Energy is also conserved, but may appear in a variety of forms, some of which forms are difficult to quantify.  Therefore you will need to examine kinetic energy before the reaction.  If there is only minimal initial kinetic energy (as in decays), then the rest energy (mass) total for the products should be less than the rest energy of the reactant.  In a strong interaction, strangeness also will be conserved.
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	Λ0
	p+
	e-
	?

	Charge
	0
	+1
	-1
	0

	Mass (MeV)
	1116
	938
	.5
	<177.5

	Baryon Number
	1
	1
	0
	0

	Electron Number
	0
	0
	1
	-1

	Muon Number
	0
	0
	0
	0

	Tau Number
	0
	0
	0
	0


In order to conserve the various properties, the unknown particle will need the properties indicated in bold italics.  Therefore it must be the electron antineutrino, 
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Now, that you have worked through the example, use the conservation laws to supply the missing particle(s) in each of the following reactions.  Put the symbol of the missing particle in the provided blank.
A.  WEAK, NON-LEPTONIC DECAYS OF HADRONS
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B.  WEAK, LEPTONIC DECAYS OF HADRONS AND LEPTONS
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C.  STRONG, HADRONIC REACTIONS  (Assume sufficient incident energy.)
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Baryons*
	Particle
	Symbol
	Rest mass (MeV)
	Charge
	Baryon
	Strangeness

	Proton
	p+
	938.3
	+1
	1
	0

	Neutron
	n0
	939.6
	0
	1
	0

	Lambda
	Λ0
	1115.6
	0
	1
	-1

	Sigma
	Σ+
	1189.4
	+1
	1
	-1

	Sigma
	Σ0
	1192.5
	0
	1
	-1

	Sigma
	Σ-
	1197.3
	-1
	1
	-1

	Delta
	Δ++
	1232
	+2
	1
	0

	Delta
	Δ+
	1232
	+1
	1
	0

	Delta
	Δ0
	1232
	0
	1
	0

	Delta
	Δ-
	1232
	-1
	1
	0

	Xi (Cascade)
	Ξ0
	1315
	0
	1
	-2

	Xi (Cascade)
	Ξ-
	1321
	-1
	1
	-2

	Omega
	Ω-
	1672
	-1
	1
	-3

	Lambda
	Λ+c
	2281
	+1
	1
	0



Mesons*
	Particle
	Symbol
	Rest mass (MeV)
	Charge
	Strangeness

	Pion
	π+
	139.6
	+1
	0

	Pion
	π0
	135
	0
	0

	Kaon
	K+
	493.7
	+1
	+1

	Kaon
	K0
	497.7
	0
	+1

	Eta
	η0
	548.8
	0
	0

	Rho
	ρ0
	770
	0
	0

	Phi
	φ
	1020
	0
	0

	D
	D+
	1869.4
	+1
	0

	D
	D0
	1864.6
	0
	0

	F
	F+
	1971
	+1
	+1

	J/Psi
	J/ψ
	3096.9
	0
	0

	B
	B-
	5279
	-1
	0

	B
	B0
	5279
	0
	0

	Upsilon
	ϒ
	9460.4
	0
	0


Leptons*
	Particle
	Symbol
	Rest mass (MeV)
	Charge
	Electron lepton number
	Muon lepton number
	Tau lepton number

	Electron
	e-
	0.51
	-1
	1
	0
	0

	Muon
	μ-
	105.7
	-1
	0
	1
	0

	Tau
	τ-
	1777
	-1
	0
	0
	1

	Electron neutrino
	νe
	<2.2 eV
	0
	1
	0
	0

	Muon neutrino
	νμ
	<170 keV
	0
	0
	1
	0

	Tau neutrino
	ντ
	<15.5
	0
	0
	0
	1


* Do not forget about the anti-particles.
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