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FLOW EQUATIONS FOR THE RELEVANT PART
OF THE PURE YANG-MILLS ACTION

Abstract

Wilson’s exact renormalization group equations are derived and integrated for the rele-

vant part of the pure Yang—Mills action. We discuss in detail how modified Slavnov—Taylor
identities controle the breaking of BRST invariance in the presence of a finite infrared cutoft

k through relations among different parameters in the effective action. In particular they

imply a nonvanishing gluon mass term for nonvanishing k. The requirement of consistency

between the renormalization group flow and the modified Slavnov—Taylor identities allows

to controle the self-consistency of truncations of the effective action.




May 1995 95-39

- 5O
FLOW EQUATION ?o’ﬁe““a, (*,to‘“)
OF T*™ “ag\§ \; q,a’ﬁ‘o
eﬁﬂg Q “Ot“‘a 5‘)
e ¥ e SR o
S

_: truncations of the effective action.



May 1995 95-39

FLOW EQUATION® A
OF T™

particular they

2quirement of consistency

ed Slavnov—Taylor identities allows

of the effective action.






Epsilon expansion for infrared Yang-Mills theory in Landau gauge

Axel Weber
Instituto de Fisica y Matemadticas, Universidad Michoacana de San Nicolds de Hidalgo,
Edificio C-8, Ciudad Universitaria,
A. Postal 2-82, 58040 Morelia, Michoacdn, Mezxico
(Dated: November 19, 2018)

The study of the Dyson-Schwinger equations of Landau gauge Yang-Mills theory has revealed

two types of solutions for the gluon and ghost propagators, with a scaling and a massive (decou-

pling) behavior in the extreme infrared, respectively. We show that both types of solutions are

quantitatively reproduced by applying renormalization group equations of Callan-Symanzik type in

-th] 27 May 2012

an epsilon expansion to the infrared limit of Landau gauge Yang-Mills theory when a mass term for

the gluons is added to the action. Only the decoupling solution corresponds to an infrared-stable

fixed point in three and four space-time dimensions and is hence expected to be physically realized,

in agreement with the results of recent lattice calculations.
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Epsilon expansion for infrared Yang-Mills theory in Landau gauge

Axel Weber

Instituto de Fisica y Matemadticas, Universidad Michoacana de San Nicolds de Hidalgo,

two types of solutions for a scaling and a massive (decou-
pling) behavior in the extreme infrared, respectively. We show that both types of solutions are
quantitatively reproduced by applying renormalization group equations of Callan-Symanzik type in
an epsilon expansion to the infrared limit of Landau gauge Yang-Mills theory when a mass term for
the gluons is added to the action. Only the decoupling solution corresponds to an infrared-stable
fixed point in three and four space-time dimensions and is hence expected to be physically realized,

in agreement with the results of recent lattice calculations.
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running couplings

quantum fluctuations modify interactions
couplings depend on energy

dov fluctuations j
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running couplings

quantum fluctuations modify interactions
couplings depend on energy

doy fluctuations j
p=—=0
d energy scale u
‘ couplings o fh)

weakly coupled fixed points
provide us with

Polchinski ’88

(unitary) conformal field theories ..., rochinsi Rattazi: 12



4d QFTs

fields vectors A7, fermions v;, scalars ¢

path integral
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4d QFTs

fields vectors A7, fermions v;, scalars ¢

path integral
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Yukawa quartics
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4d critical points

YES NO
couplings non-abelian abelian
gauge Y Y Y N N Y Y Y
Yukawas N N Y N Y N N Y
quartics N Y Y Y Y N Y Y
weak FPs IR nNO ho no NO no
/ UV / \
Banks Banks
Zaks gauge scalar Zaks
Yukawa Yukawa gauge

Yukawa

AD Bond, DF Litim, Price of Asymptotic Safety, PRL 122 (2019) 211601 [1801.08527]
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asymptotic freedom
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asymptotic safety
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infrared freedom
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Caswell —Banks-Zaks

gauge coupling
2
o= B=—-Ba*+Ca’+ O(a*)

(47)? S /!
1-loop 2-loop

weakly coupled IR fixed point 0<a™=B/C <« 1
competition between matter and gauge fields Caswell 74

Banks, Zaks, ‘82

Can this be UV? B <0,0 <0

necessary ~ min Cy(R) 1
condition X Cs(adj) 11 No.

Bond, DL 16
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here’s why.

- min Cy(R)

Cg(adj)

SO(N)

S Sum s

Gy U(N
7:f ? Sp(N)

Bond, DL 16



can other couplings help?

more gauge couplings No (same sign)
scalar self-couplings No (start at 3- or 4-loop)

Yukawa couplings Yes! (start at 2-loop)

Bond, DL 16



why Yukawas?

. p 2 3 2 _
Orary = Ba,+Ca, — Da,a, t=1Inp/A

P

one loop gauge Yukawa



W here’s why.

$

Oty = —B ozf] + C'ozg — Da?] Q, t=1Inp/A

Y

one loop gauge Yukawa

=) Yukawas uniquely slow down the
running of gauge couplings



here’s why.

Orary = —Boz?]—l—C'ozg—Da?]ay t=1Inp/A

@tozy:Eozz—Fozgay a, < 1

=) interacting UV fixed point provided that




template

Lagrangean Fields Interactions
1 o
Lym = —5Tr FIUF, gauge gauge
Lr=Tr(QiPQ)  fermions
Ly =yTr (Q HQ) Yukawas
Ly=Tr(0,H 0"H) scalars
Ly=-uTr (H'H)’ quartics

Ly=—v(TrH'H)?.

scalars are “meson-like”

Can do all types of UV and IR fixed points



US — templates with SU/SO/Sp

\.«
02 SU(N) + Diracs
g x$ + mesons
8| |
~ uv SO(N) + Majoranas
; + mesons
<
Sp(N) + Majoranas
+ mesons
G -« ———

gauge

DF Litim, F Sannino, Asymptotic safety guaranteed, 1406.2337

AD Bond, DF Litim, G Medina Vazquez, T Steudtner, Conformal window for asymptotic safety, 1710.07615
AD Bond, DF Litim, T Steudtner, Asymptotic safety with Majorana fermions and new large N equivalences 1911.11168



4d critical points

Case Condition Fixed Point

) gi = YfK = Aapcp =0 (Gaussian
i1) some g; # 0, all Y4, =0  Banks-Zaks
ii1) some g; # 0, some Y‘}K # 0 gauge-Yukawa,

AD Bond, DF Litim, Price of Asymptotic Safety, PRL 122 (2019) 211601 [1801.08527]



iImplications

@ particle physics: UV complete 4D theories (free
or safe) require non-abelian gauge fields

=) asymptotic freedom and asymptotic safety
are two sides of one and the same medal
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@ particle physics: UV complete 4D theories (free
or safe) require non-abelian gauge fields

@ statistical physics: universality class of any
weakly coupled 4D critical point contains non-
abelian gauge fields

systematic classification of
weak critical points in 4D

=



iImplications

@ particle physics: UV complete 4D theories (free
or safe) require non-abelian gauge fields

@ statistical physics: universality class of any
weakly coupled 4D critical point contains non-
abelian gauge fields

@ conformal field theory: any weakly-coupled
4D CFT contains non-abelian gauge fields

“any QFT under perturbative control in the deep UV
or IR asymptotes to a conformal field theory” . .

Luty, Polchinski, Rattazzi, ‘|2



iImplications

@® particle physics: UV complete 4D theories (free
or safe) require non-abelian gauge fields

@ statistical physics: universality class of any
weakly coupled 4D critical point contains non-
abelian gauge fields

@ conformal field theory: any weakly-coupled
4D CFT contains non-abelian gauge fields

infinitely many 4D CFTs
> access to CFT data
complementary to bootstrap



outlook: strong coupling

supersymmetry
N=1: fixed points exist non-perturbatively

Bond, DL 22

general particle theories

fixed points at strong coupling?
chiral symmetry breaking?
scaling vs decoupling?
confinement?
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