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Dalitz plot
• A	Dalitz plot	is	a	visual	representation	of	the	phase	space		of	a	three	body	decay	

involving	only	spin-0	particles
• Named	after	its	inventor	Richard	Dalitz (1925-2006)	who	first	applied	it	to	the	

“t-q puzzle”		(strange	particles	that	decay	to	2	or	3	pions,	now	understood	as	
different	decay	modes	of	kaons)		R.H.	Dalitz,	Phil.	Mag	44	(1953)	1068

• For	a	3	body	decay				Mà1+2+3			there	are
– three	4-vectors	for	momenta	of	final-

state	particles
– 10	constraints
à only	2	independent	quantities

• Can	chose	the	two	most	convenient	variables
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• Choose	kinetic	energies	of	2	different	final	state	particles	(non	relativistic	regime)
Constraint:		T1+T2+T3	=	Q	energy	release	in	the	decay

Q	=	M-m1-m2-m3

• Choose	an	independent	set	of	Ti/Q
• Points	lie	within	boundary	of	circle	of	unit	radius		T1/Q+T2/Q+T3/Q=1	

The	original	Dalitz plot
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Three	bodies	decay										Mà1+2+3	
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or	any	other	two	variables	
• Therefore

• Decay	rate

• The	three	body	decay	is	described	by	the	square	of	an	invariant	Amplitude
• If	the	invariant	amplitude	is	constant	the	Dalitz plot	will	be	uniformly	populated

Non-uniformity	in	population	of	Dalitz plot	gives	information	on	final-state		
interactions.
– In	particular	2-body	resonances	show	up	

dN ∝ p1dp1p2dp2p3dp3
E1E2E3

∫ δ(E1 +E2 +E3 −M )

E
1

2 = p1
2 +m1

2 → 2E1dE1 = 2p1dp1
dN ∝ dE1 dE2∫ dE3δ(E1 +E2 +E3 −M ) = dE1 dE2∫

• Lorentz	invariant	phase	space	volume		
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Dalitz plot	Relativistic	Kinematics	
Màa+b+c
• Choose	invariant	mass	squared	of	two	different	pairs
• In	relativistic	regime	Qà∞		DP	shape	is	more	similar	to	triangle

B+àπ+π-π+

J/yàπ+π-π0

D+àπ+π-π+
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Dalitz plot	Relativistic	Kinematics	
In	CM	frame	of	Mà1+2+3	
• Boundaries	of	Dalitz plot	determined	by	kinematic	conditions.
• Maximum	m12 corresponds	to	p3 =	0

– Similarly	max	m13 (m23)	corresponds	to	p2=0	(p1=0	)
– For	a	given	p1	 and		p2	,	the	maximum	m12	 is	when		p1	 and		p2		are	in	opposite	

directions
• Constant	m13 line	correspond	to	constant	p2		and	constant	m12

2+m23
2	 line	

– Similarly	constant	m12 (m23)		line	correspond	to	constant	p3 (p1)
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If	G=0	events	from	the	resonance	appear	
in	the	DP	as	a	line	at	mab=Mr

• When	the	decay	has	one	intermediate	resonant	state	[ab]
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• If	a,b,c are	spinless particles	and	resonance	[ab]	
has	spin	S,	then	the	decay	amplitude	will	have	
zeros	corresponding	to	Legendre	Polynomials

• Spin-S	resonance	will	have	S	zeros	in	Dalitz plot.

• Helicity angle		(in	the	rest	frame	of	[ab]	pair)
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• When	the	decay	can	go	through	two	[ab]	resonant	states,	with	different	masses,	
width	and	phases,	interference	can	be	constructive	or	destructive.
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• Final	state	has	3	identical	particles:	the	DP	is	symmetric..
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