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This	triangle	diagram	can	also	create	a	resonance-like	spectrum	shape		

if	a	special	kinemaMcal	condiMon	is	saMsfied		

(The	peak	is	not	necessarily	due	to	resonance)	

H	à	abc		decay	process	
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All	verMces	are	s-wave		
and	coupling	=	1	
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Logarithmic	singularity	
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Logarithmic	singularity	occurs	at	a =	±	1	

⇔ q̂ ⋅ p̂c = ±1 and		 E = E2 +E3 +Ec
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on-shell	

Momenta	of	parMcles	1,	2,	3,	c	are	collinear	
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E = E2 +E3 +Ec
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At	q = qa  or		qb  ,	 E = E1 +E2
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At	q = q0 ,	
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E = E2 +E3 +EcAt	q = qa  or		qb  ,	 E = E1 +E2At	q = q0 ,	

At	special	kinemaMcal	condiMon		q = qa = q0  ,	all	intermediate	states	are	on-shell	simultaneously	
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and	F1(q)	and	F2(q)	are	singular	simultaneously		



qb = q0 	case:		no	TS	occurs	:	classically	forbidden	kinemaMcs	(Coleman-Norton	theorem)	
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At	special	kinemaMcal	condiMon		q = qa = q0  ,	all	intermediate	states	are	on-shell	simultaneously	

A(mab )∝ q2 dq
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Triangle	singularity	

all	intermediate	states	are	on-shell,	but	parMcle	3	cannot	catch	up	with	parMcle	2	

at		 mab =m
TS
ab (where qa = q0 )	

and	F1(q)	and	F2(q)	are	singular	simultaneously		
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q-path	(loop	integral)	in	complex	momentum	plane	
and	singulariMes	from		F1(q)	F2(q)		

No	singularity	 Threshold	cusp	 Triangle	singularity	

qa,  qb : logarithmic	singularity	points	of		F1(q)	
   q0    : 	pole	of		F2(q)	

Triangle	amplitude	gets	singular	only	when	the	q-path	is	pinched	by	two	singulariMes	
ß	no	deformed	path	available	to	avoid	singulariMes			
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In	reality,		

parMcle	1	decays	to	parMcles	3	and	c			

à		parMcle	1	has	a	finite	width	
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↑ Spectrum	width	
	due	to		finite	Γ1	
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Short	summary	of	TS	
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TS	occurs	in	small	kinemaMcal	window			
where	the	process	is	kinemaMcally		allowed	at	classical	level	

Triangle	amplitude	is	significantly	enhanced	!	

•  All	intermediate	states	are	on-shell	
•  All	internal	momenta	are	collinear	(for														)	
•  ParMcle	3	catch	up	with	parMcle	2	

!pH = 0


