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Large volume lattice simulations	


									Gluon	propagator	(in	the	Landau	gauge)	saturates		in	the	deep	infrared	
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Satura.on	explained	through		
dynamical	gluon	mass	genera.on	
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Non-perturbative explanation in the continuum : Schwinger-Dyson equations	



Dynamical	equa.ons	for	off-shell	Green's	func.ons	
Infinite	system	of		coupled	non-linear	integral	equa.ons	

Photon	propagator	

Gluon	self-energy		
in	linear	covariant	gauges	

Switch		from	the	linear	covariant	gauges	to	Background	Field	Method	



BFM reminder: Basic concepts	


¥  The	BFM	is	a	special	quan.za.on	scheme:	Split	the	gauge	field	
			
	
										à	background	field;																		à	quantum	(fluctua.ng)		field;		
	
¥  In	the	genera.ng	func.onal	integrate	only	over			
¥  	The	gauge	fixing	condi.on														is	chosen	to	be	à	
						where 																													instead	of	the	“standard”à	
	
¥  The	gauge-fixed								is	invariant	under	the	transforma.ons:	
	
	
¥  									carries	the	local	gauge	transforma.on		
¥  									transforms	as	macer		field	in	the	adjoint.		
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																					Abelian-like  Slavnov-Taylor identities	
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											:	Ghost	dressing	func.on				F (q2)
																																													
																																								:	Ghost	propagator		D(q2) = F (q2)/q2

:		Ghost-gluon	kernel	Hµ⌫(q, r, p)

																										INSTEAD 

Abelian-like (“ghost-free”)	
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Known	func.on	in	the	Landau	gauge	

Background	and	quantum	propagators	are	related	!	



SDEs in the BFM framework	



Transversality	is	enforced	separately	for	gluon	and	ghost	loops,	and	
order	by	order	in	the	“dressed-loop”	expansion!	
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From Takahashi to Ward identities 

Taylor	expansion	around	 q = 0
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1/q2assuming	no	poles		 !	



Seagull identity	
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In	dimensional	regulariza.on,		any	func.on		that	sa.sfies	the	criterion	of	Wilson		
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One-loop	example:	 ⇧µ⌫(q) =

Seagull	iden.ty	

Scalar	QED	

Seagull	
iden.ty	



Gluon propagator at the origin	



	

	
	

	
	

BFM	
Ward	iden.tes		 Seagull	iden.ty	

			Ward	Iden**es	(No	poles)											 Seagull	iden*ty	

��1(0) = 0

No “ gluon mass”	
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Exact result from BFM Schwinger-Dyson equation !	
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Vertices with massless poles	
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Explicit	implementa.on	of	the	famous	Schwinger	mechanism	in	Yang-Mills	theories	
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Ward identities in the presence of poles	
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Same	ST	iden.ty	!	



Evading the seagull identity	
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Triggers	seagull	iden.ty	exactly	as	before	
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Dynamical formation of massless poles	
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for	the	full	vertex	

= + +

+ +

K

(a) (b)

(c) (d)

Subs.tute:	

K

K

p
q

r

p

p

Dynamical equation for massless pole formation 
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Homogeneous	integral	equa.on		coupled	with		



Falsifiable	mechanism:	can	be	tested	on	laqce	
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e�µ↵�(q, r, p) =
14X

i=1

eAi(q
2, r2, q · r) bµ↵�i

bµ↵�1 = qµg↵� ; bµ↵�2 = qµq↵q� ; bµ↵�3 = qµq↵r� ; bµ↵�4 = qµr↵q� ; bµ↵�5 = qµr↵r� ,

bµ↵�6 = rµg↵� ; bµ↵�7 = rµq↵q� ; bµ↵�8 = rµq↵r� ; bµ↵�9 = rµr↵q� ; bµ↵�10 = rµr↵r� ,

bµ↵�11 = q↵g�µ; bµ↵�12 = q�g↵µ; bµ↵�13 = r↵g�µ; bµ↵�14 = r�g↵µ.
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No	poles	
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