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NEAR-CONFORMAL GAUGE THEORY
We study a general gauge theory model, and in particular how it changes
with the number of flavors [1]. We have calculated the beta functions to
two-loop order and conducted a thorough fixed point analysis. We find that
the model exhibits Miransky scaling and has distinct IR-free, conformal,
walking and asymptotically free phases.

THE AMS MODEL
The model under consideration is given by the Lagrangian [2]

LAMS = −1

4
TrF 2 + iλaσµDµλ̄

a + iq̄iσ̄
µDµqi + i¯̃qiσ̄

µDµq̃i + Tr|∂µH|2

+ yH q̃iHijqj + yH q̄iH
†
ij

¯̃qj − u1TrH†HTrH†H − u2TrH†HH†H, (1)

and its field content is neatly expressed in Table 1.
Table 1: The first three fields are Weyl spinors in the

(
1
2 , 0
)

representation
of the Lorentz group. H is a complex scalar and Gµ are the gauge fields.

Fields [SU(Nc)] SU(Nf )L SU(Nf )R U(1)V U(1)AF
λ Adj 1 1 0 1

q 1
Nf−Nc

Nc
−Nc

Nf

q̃ 1 −Nf−Nc

Nc
−Nc

Nf

H 1 0 2Nc

Nf

Gµ Adj 1 1 0 0

TWO LOOPS BETA FUNCTIONS
In terms of the rescaled couplings (6), the beta functions are

βag = − 2

3
a2
g

[
9− 2x+ (18− 13x) ag + 3x2aH

]
(2)

βaH = aH

[
2(x+ 1)aH − 6ag + (8x+ 5)agaH +

20x− 183

6
a2
g

− 8xz2aH −
x(x+ 12)

2
a2
H + 4z2

2

] (3)

βz1 = 4(z2
1 + 4z1z2 + 3z2

2 + z1aH) + 2
[
z1agaH + 2x2a3

H + x(4z2 − 3z1)a2
H

− 4z2
1aH − 12z2

2aH − 16z1z2aH − 48z3
2 − 20z1z

2
2

]
(4)

βz2 = 2
(
2z2aH + 4z2

2 − xa2
H

)
+ 2
[
5z2agaH − 2xaga

2
H + 2x2a3

H

− 3xz2a
2
H − 8z2

2aH − 12z3
2

] (5)

THE VENEZIANO LIMIT
Though this model contains Nc colors and Nf flavors (see Table 1), we only
consider the Veneziano limit where Nc → ∞ and Nf → ∞ with the ratio
x = Nf/Nc constant. In the this limit, we must use the rescaled couplings

ag =
g2Nc
(4π)2

, aH =
y2
HNc

(4π)2
, z1 =

u1N
2
f

(4π)2
, z2 =

u2Nf
(4π)2

. (6)

FIXED POINTS

Figure 1: Demanding that the beta functions all vanish yield these values
of the couplings and a conformal window from x ≈ 4.42 to x = 4.5.

BETA FUNCTION BELOW THE MERGER
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Figure 2: βag for values of x just below the merger.

MIRANSKY SCALING
When the beta function has a local maximum, but no fixed points (see Fig-
ure 2), the theory acquires a physical scale. As x moves away from the
critical value x∗, this scale increases and the rate at which it does this can
be computed by integrating the inverse of the beta function:

log
Λ

µ0
=

∫ ag(Λ)

ag(µ0)

dag
βag
≈
∫ ∞
a∗g

1

β0 +
β2(ag−a∗g)2

2!

dag (7)

≈ − π

c1
√
x∗ − x

, c1 = 2.99× 10−2 (8)
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Figure 3: The blue line is a numerical integration of the beta function, the
red line is equation (8).

DISTINCT REGIONS

Table 2: We have labeled the values of x where Miransky scaling holds the
walking window, and see four distinct regions.

x . 4.41 4.41 . x . 4.42 4.42 . x < 4.5 4.5 < x
Asymptotically Walking Conformal Infrared

free window window free
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