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Introduction and motivation

e QFT and the Background Field Method [Abbott 1981]

e functional Renormalization Group [\Wetterich 1993, Morris 1994
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Introduction and motivation
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Introduction and motivation
e QFT and the Background Field Method: Advantages

Linear splitting ¢ = ¢ + &
e No need to compute diagrams with external quantum lines
e In gauge theories, gauge invariance is maintained.
Exponential splitting ¢ = Exp,§
e Gives a covariant effective action [Vilkovisky 1984, DeWitt 1987].

Slel = ¢l
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For BFM with Exp parametrization



Introduction and motivation

e Functional Renormalization Group

<& Regards the scale (k) dependent 1P/ effective action I,

& Wilson's idea realized by: S — S + 5&(Ry);; &

o Ry (p®) monotonically decreasing function of p?
o Ri(p®) — 0 for p*/k? — o

o Ri(p*) — oo for k — oo
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Introduction and motivation

e Functional Renormalization Group

< Regards the scale (k) dependent 1P/ effective action Iy,

<& Wilson's idea realized by: S — S + %ﬁi(Rk)ij &

atrk - %Gmn(atRk)nm t= log k Gmn - F,mn + Rmn
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Introduction and motivation

e Applying FRG to QFT’s with BFM, usually not implemented
correctly

e Main question: What is the most general form
(background-quantum dependence) of the 1Pl effective
action?

e Single-field dependence of the UV action brings additional
constraints
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Splitting symmetry & its Ward identity

Sl¢] = Sy +¢]
© = p+0op
o—¢ = Slo]— S|
€ e by 9] (9]
Sle] = S[o(e, )]
o = p+op
€ Setoe T p—¢ = Slp| — S|

06 = Flp,&lop
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Splitting symmetry & its Ward identity

Qlp.€l,  Qu=68Q/0¢',  Q;=6Q/6¢

Splitting Ward identity
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Splitting symmetry & its Ward identity
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Splitting symmetry & its Ward identity

ONi = —5 (GRG)P(N;);pq

B
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Splitting symmetry & its Ward identity
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Splitting symmetry & its Ward identity

For the exponential splitting the Ward identity
Ri +Fy]< ]71 > - %Gmn(an)n _anRpm< ﬂalz >;n =0

is covariant
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Splitting symmetry & its Ward identity

e But this identity is divergent!

e This is overcome by following the BRS idea:
S—S+Ic¢=x

Cir:z' ""_Fjr;j - % Gmn Ci(an),i —anRmegi =0

IV =6T/81; = (c'€);)

e One can renormalize this equation:
> — Y, = X— counter-terms.

Ty +T9T,; =2 G ¢ (Rym )i —GIP Ry I = 0

rn
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Gauge theories

We use the covariant approach with the Vilkovisky connection:

Vk g’Lj -

95 = PP gun, P} =0 = Kiv* Kfgrjs vap = 95 KL K
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Gauge theories
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Gauge theories

In the adapted coordinates, Vilkovisky connection is given by

(Tv)5y = sh™H(Orhps+0shpr—0Lhrs), (Tv)E =0, dah1; =0

hryis gi# induced on .%
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Gauge theories

e Ultraviolet action is gauge invariant
Kllg]S,;=0,  Ki[¢]Si=0

e As a consequence, the 1Pl effective action satisfies:

Kile)(T;—3GVYR)=0,  Ki[¢]T; =0
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Gauge theories

Assuming gauge invariance of the ultraviolet action:

KL[g]VYR =0

e Background gauge invariance K’ [p]T; =0

e Gauge fixing independence
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Gauge theories

d¢t = d”qf)i + di¢’
= P;gzbi + K'de® de® = VaﬁKé gij d¢’
measure = (H d¢i> \/m
_ (H d6a> (H d@i) \Jdet g5\ /detras
<Hd€ ) ( ) \Jdet hy s (81)/detraa(6))




Gauge theories

= Pjo' + Kide®  de® =P K} g;j o/

measure = (H d(ﬁZ) det Jij
- (T ) (T ) s

() ()

can be dropped if the integrand is gauge invariant
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Gauge theories

dd)i = d”qf)i + di‘lsi
= Pl¢' + Klde®  de® ="K} gij d
measure = (H df#) det Gij
- (1) (L) oy
- (H dqu) \/det hIJ(¢I)\/det7aﬂ(¢I)
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Gauge theories

Ko [p]Rij =0

L —3GMN(Ryar). g A0 — GNP Rpa (€M1 )n =0
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Summary and Conclusions!

e We have introduced the "Splitting Ward identity” in the
presence of an infrared regulator, for general
quantum-background split, and for gauge and non-gauge
theories

e This is expected to prove important in FRG applications to
QFT's with the background field method.
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