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Motivation
Higgs Hierarchy Problem(Quadratic 
divergencies) 

Many solutions (SUSY, Composite Higgs, 
Extra dimensions,…) 

Focus on Non-Perturbative Gauge-Higgs 
Unification(Hint from: Nikos Irges and F.K. 
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HDO and SSB

Current work in progress with Nikos Irges(to 
appear) 

Main goal: SSB and Higgs mechanism 
including only HDOp’s 

Toy model:     -theory plus dim=(6,8) 
operators

ϕ4
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HDO and SSB

The Lagrangian is  

Performing a general field redefinition
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The redefined Lagrangian is 

Freedom to eliminate any kind of operator

ϕ0 → ϕ0 +
x
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HDO and SSB
Keep only HDO’s without derivatives  

Focus on dim=6 case with 

Renormalization procedure, with   -expansion, in 
DR

(ϕ6, ϕ8)

ℒ(6) = −
1
2

ϕ0 □ ϕ0 −
1
2

m̃2
0ϕ

2
0 −

λ̃0

4!
ϕ4

0 +
c̃(6)

3,0

6!Λ2
ϕ6

0

(x = c(6)
1,0, y = c(6)

1,0 −
λ
6

c(6)
1,0)

ε



Fotis Koutroulis

HDO and SSB

Eq. (4.20) and Eq. (4.21) respectively, with the replacements m2
! em2 and � ! e�. Here we

choose, for later use, to work at the On-Shell(OnS) scheme absorbing in the counterterm both

the divergent and the finite parts. Of course the �-function is not a↵ected from this kind of

renormalization prescription and we get that

� em =
e�em2

16⇡2

1

"
+W

0(µ, em2) and �1
em =

e�em2

16⇡2
, (7.14)

with

W
0(µ, em2) =

e�em2

16⇡2

✓
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2
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em2
+

1

2

◆
.

Notice that �� is still zero at one-loop order.

Next we deal with the four-point functions where things are a bit more complicated. Specifically,

the diagrammatic set is that of B� which, apart from the diagram above Eq. (3.25), includes

now also the extra contribution of �6-vertex, B2
�. This is parametrized by

p1 p3

k

p2 p4

= iB2,s
�

with all momenta getting in the vertex and p1 + p2 + p3 + p4 = 0.

Recall that there are three possible channels contributing to this diagram, given in Eq. (3.24),

but here we have written only the s-channel. Now, it is easy to check that B
2,s
� belongs to

the A0(m) integrals and its symmetry factor is SK� = 1/2, similarly with M� calculated in

Eq. (3.23). Therefore we can immediately write, using the coe�cient of the six-point vertex, for

the s-channel that

B
2,s
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ec(6)3,0
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"
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em2
0

+
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�
. (7.15)

Notice that there is no explicit external-momentum dependence in the above relation, so the

extra two channels have exactly the same contribution with B
2,s
� and hence the total correction

of this diagram gives

B
2
� = B

2,s
� + B

2,t
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2,u
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3ec(6)3,0
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With these in mind the 4-point Green’s function of Eq. (4.23) now gives

G(4)
0 (x1, x2, x3, x4) = �ie�0 + iB� + iB2

� )

G(4)
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� )

G(4)
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"
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6

�
� i

3ec(6)3

16⇡2

em2

⇤2


1

"
+

1

2
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�
.
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where F was defined below Eq. (4.23).

Now, the l.h.s. of the above equation is independent of µ so demanding that µ
dG

(4)
0

dµ should

vanish, we get in 4d that

µ
de�(µ)
dµ

= �1
e� =

3e�2

16⇡2
�

3ec(6)3

16⇡2

em2

⇤2
. (7.17)

In addition, the r.h.s. should be finite and this is fulfilled in OnS scheme by fixing the countert-

erm to be
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1

"
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"
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F
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#
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Last vertex is that of �6 which is corrected by two 1-loop diagrams, as we have already

mentioned. In particular there is a Triangle diagram, K�, and a specific kind of box diagram,

B�6 , with five channels. Starting with the former case, we get the following contribution

p1

p2

p5

p6

p3

p4

k

k0

k00 = iK�

where we defined that k0 = k + p1 + p2 and k00 = k0 + p3 + p5, while momentum conservation

here demands that p1 + p2 + p3 + p4 + p5 + p6 = 0.

The above correction is an irreducible diagram with symmetry factor SK� = 1, with only one

channel, and it is equal to

iK� = (�ie�0)(�ie�0)(�ie�0)

Z
d4k

(2⇡)4
i

k2 � em2
0

i

(k0)2 � em2
0

i

(k00)2 � em2
0

)

K� = e�3
0

Z
d4k

i(2⇡)4
1

[k2 � em2
0][(k

0)2 � em2
0][(k

00)2 � em2
0]

= e�3
0C0(P1, P2, em0, em0, em0) ,

with P1 = p1 + p2 and P2 = P1 + p3 + p5.

According to [5] this is a finite integral and has zero contribution to the �-function of the

six-vertex’s coupling. Its explicit form in DR is given by

K� = �

e�3
0

16⇡2

Z 1

0
D

3x
1

�C0

, (7.19)

with �C0 = �P 2
1 y � P 2

2 z + [P1y + P2z]
2 + (x+ y + z)em2

0.

On the other hand, the other kind of diagrams that has one-loop contribution here is diver-

gent. Specifically, defining the channels as s� with � = 1, 2, 3, 4, 5, this is given by
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p3

p4

p1

p2

p5

p6

k + P1

k

= iBs1
�6

where B
s1
�6 regards to the first channel of the above 6-point function and P1 = p1 + p2.

Moreover its symmetry factor is SB�6
= 1/2, while it belongs to the B0(p,m,m) integrals, hence

B
s1
�6 resembles the case of Eq. (3.25). The di↵erence is that now we have five possible channels

instead of three. Therefore, the above diagram reads
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i
ec(6)3,0
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)
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1
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2⇤2
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Then, the full contribution in this case is given by summing over all the possible channels and

corresponds to

B�6 =
5X

�=1

B
s�
�6 . (7.20)

So with Eq. (7.19) and Eq. (7.20) in hand we can now renormalize, at one-loop level, the �6-

vertex through the six-point Green’s function which is given in DR by

G(6)
0 (x1, x2, x3, x4, x5, x6) = i
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⇤2
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where we have defined that

P =

Z 1

0
dx ln

µ10
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�(
p
s1)�(

p
s2)�(

p
s3)�(

p
s4)�(

p
s5)

with �(p) = �p2x(1� x) + em2
0 and µR an arbitrary renormalization scale.

The demand for G(6)
0 to be independent of µ, indicates that the �-function of ec(6)3 in 4d is defined

as

µ
dec(6)3 (µ)

dµ
= �1

ec(6)3

=
5e�ec(6)3

16⇡2
, (7.21)

while, for the r.h.s. of the six-point Green’s function to be finite we get at OnS that

�ec(6)3 =
5e�ec(6)3

16⇡2

1

"
+ P

0(µ, em2) , (7.22)
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Following the same steps with the previous case, the above relation is calculated using Eq. (A.30)

combined with Eq. (A.31), specified in the linear level for n = 4, with i = 2 and k, a = 1.

In that sense we get that

h�(x1)�(x2)�(x4)�(x3)O
2(y)i{c1} = (Z�1

O )21h�(x1)�(x2)�(x3)�(x4)O
1
0(y)i{c1}

+(Z�1
O )22h�(x1)�(x2)�(x3)�(x4)O

2
0(y)i{c1} .

(6.14)

The next step is to specify the interacting Lagrangian. According to the procedure of the App.

A, in this case Lint =
�m2

2 �2(z) and the first term on the r.h.s. of Eq. (6.14), reads

(Z�1
O )21h�(x1)�(x2)�(x3)�(x4)O

1
0(y)i{c1} = (Z�1

O )21N�1
h0|T [�(x1)�(x2)�(x3)�(x4)�

2
0(y)e

i
R
ddz�m2

2 �2(z)]|0i .

It is easy to check that at one-loop order the above relation gives only disconnected and bubble

diagrams. So, from the definition of Eq. (A.4) we know that this kind of diagrams is canceled

from the physical processes and this indicates that

(Z�1
O )21 = 0 . (6.15)

On the other hand for the second term of Eq. (6.14) things are di↵erent.

To be more specific, following the above discussion we get that

(Z�1
O )22h�(x1)�(x2)�(x3)�(x4)O

2
0(y)i{c1} = (Z�1

O )22N�1
h0|T [�(x1)�(x2)�(x3)�(x4)�

4
0(y)e

i
R
ddz�m2

2 �2(z)]|0i ,

and we notice that at one-loop order there is non-trivial contribution considering k = 1, 2 and

only for O(m0).

Actually, the k = 1 case gives a tree-level diagram multiplied by the counterterm, while for

k = 2 we get

(Z�1
O )22h�(x1)�(x2)�(x3)�(x4)O

2
0(y)i{c1} = (Z�1

O )22N�1
h0|T [�(x1)�(x2)�(x3)�(x4)

⇣
�i�

2 · 4!

⌘
�4
0(y1)�

4
0(y2)

⇥ei
R
ddz�m2

2 �2(z)]|0i ,

which, performing the appropriate contractions, corresponds to the known 4-point one-loop

diagram of Section 4.2. Diagrammatically the combination of k = 1 and k = 2 yields

⇥⇥

⇥⇥ � �22· ⇥⇥

where the first diagram has three possible channels, s, t and u, in accordance with Section 4.2.

Now for simplicity we evaluate the s-channel which is

⇥⇥

⇥⇥
p1

p2 p3

p4

k + P1 k = M
22

36

where F was defined below Eq. (4.23).

Now, the l.h.s. of the above equation is independent of µ so demanding that µ
dG

(4)
0

dµ should

vanish, we get in 4d that

µ
de�(µ)
dµ

= �1
e� =

3e�2

16⇡2
�

3ec(6)3

16⇡2

em2

⇤2
. (7.17)

In addition, the r.h.s. should be finite and this is fulfilled in OnS scheme by fixing the countert-

erm to be

�e� =
3e�2

16⇡2

1

"
�

3ec(6)3
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em2

⇤2

1

"
+ F

0(µ, em2) , (7.18)

with

F
0(µ, em2) =
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"
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�
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�
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#
.

Last vertex is that of �6 which is corrected by two 1-loop diagrams, as we have already

mentioned. In particular there is a Triangle diagram, K�, and a specific kind of box diagram,

B�6 , with five channels. Starting with the former case, we get the following contribution

p1

p2

p5

p6

p3

p4

k

k0

k00 = iK�

where we defined that k0 = k + p1 + p2 and k00 = k0 + p3 + p5, while momentum conservation

here demands that p1 + p2 + p3 + p4 + p5 + p6 = 0.

The above correction is an irreducible diagram with symmetry factor SK� = 1, with only one

channel, and it is equal to

iK� = (�ie�0)(�ie�0)(�ie�0)

Z
d4k

(2⇡)4
i

k2 � em2
0

i

(k0)2 � em2
0

i

(k00)2 � em2
0

)

K� = e�3
0

Z
d4k

i(2⇡)4
1

[k2 � em2
0][(k

0)2 � em2
0][(k

00)2 � em2
0]

= e�3
0C0(P1, P2, em0, em0, em0) ,

with P1 = p1 + p2 and P2 = P1 + p3 + p5.

According to [5] this is a finite integral and has zero contribution to the �-function of the

six-vertex’s coupling. Its explicit form in DR is given by

K� = �

e�3
0

16⇡2

Z 1

0
D

3x
1

�C0

, (7.19)

with �C0 = �P 2
1 y � P 2

2 z + [P1y + P2z]
2 + (x+ y + z)em2

0.

On the other hand, the other kind of diagrams that has one-loop contribution here is diver-

gent. Specifically, defining the channels as s� with � = 1, 2, 3, 4, 5, this is given by
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where F was defined below Eq. (4.23).

Now, the l.h.s. of the above equation is independent of µ so demanding that µ
dG

(4)
0

dµ should

vanish, we get in 4d that

µ
de�(µ)
dµ

= �1
e� =

3e�2

16⇡2
�

3ec(6)3

16⇡2

em2

⇤2
. (7.17)

In addition, the r.h.s. should be finite and this is fulfilled in OnS scheme by fixing the countert-

erm to be

�e� =
3e�2

16⇡2

1

"
�

3ec(6)3
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em2

⇤2
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"
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0(µ, em2) , (7.18)

with
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0(µ, em2) =
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#
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Last vertex is that of �6 which is corrected by two 1-loop diagrams, as we have already

mentioned. In particular there is a Triangle diagram, K�, and a specific kind of box diagram,

B�6 , with five channels. Starting with the former case, we get the following contribution

p1

p2

p5

p6

p3

p4

k

k0

k00 = iK�

where we defined that k0 = k + p1 + p2 and k00 = k0 + p3 + p5, while momentum conservation

here demands that p1 + p2 + p3 + p4 + p5 + p6 = 0.

The above correction is an irreducible diagram with symmetry factor SK� = 1, with only one

channel, and it is equal to

iK� = (�ie�0)(�ie�0)(�ie�0)

Z
d4k

(2⇡)4
i

k2 � em2
0

i

(k0)2 � em2
0

i

(k00)2 � em2
0

)

K� = e�3
0

Z
d4k

i(2⇡)4
1

[k2 � em2
0][(k

0)2 � em2
0][(k

00)2 � em2
0]

= e�3
0C0(P1, P2, em0, em0, em0) ,

with P1 = p1 + p2 and P2 = P1 + p3 + p5.

According to [5] this is a finite integral and has zero contribution to the �-function of the

six-vertex’s coupling. Its explicit form in DR is given by

K� = �

e�3
0

16⇡2

Z 1

0
D

3x
1

�C0

, (7.19)

with �C0 = �P 2
1 y � P 2

2 z + [P1y + P2z]
2 + (x+ y + z)em2

0.

On the other hand, the other kind of diagrams that has one-loop contribution here is diver-

gent. Specifically, defining the channels as s� with � = 1, 2, 3, 4, 5, this is given by
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p3

p4

p1

p2

p5

p6

k + P1

k

= iBs1
�6

where B
s1
�6 regards to the first channel of the above 6-point function and P1 = p1 + p2.

Moreover its symmetry factor is SB�6
= 1/2, while it belongs to the B0(p,m,m) integrals, hence

B
s1
�6 resembles the case of Eq. (3.25). The di↵erence is that now we have five possible channels

instead of three. Therefore, the above diagram reads

iBs1
�6 =

1

2

⇣
�ie�0

⌘ 
i
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⇤2

!Z
d4k

(2⇡)4
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0

)
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Z
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1
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0]
= �e�0

ec(6)3,0

2⇤2
B0(P1, em0, em0) .

Then, the full contribution in this case is given by summing over all the possible channels and

corresponds to

B�6 =
5X

�=1

B
s�
�6 . (7.20)

So with Eq. (7.19) and Eq. (7.20) in hand we can now renormalize, at one-loop level, the �6-

vertex through the six-point Green’s function which is given in DR by

G(6)
0 (x1, x2, x3, x4, x5, x6) = i

ec(6)3,0

⇤2
+ iK� + iB�6 )
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+ i
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where we have defined that
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dx ln

µ10
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p
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p
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p
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with �(p) = �p2x(1� x) + em2
0 and µR an arbitrary renormalization scale.

The demand for G(6)
0 to be independent of µ, indicates that the �-function of ec(6)3 in 4d is defined

as

µ
dec(6)3 (µ)

dµ
= �1

ec(6)3

=
5e�ec(6)3

16⇡2
, (7.21)

while, for the r.h.s. of the six-point Green’s function to be finite we get at OnS that

�ec(6)3 =
5e�ec(6)3

16⇡2

1

"
+ P

0(µ, em2) , (7.22)
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The former seems like the diagram above Eq. (4.17), but it is a three point function contributing

in G(2)(x1, x2). The latter corresponds to a counterterm insertion.

Now the first diagram reads

⇥⇥

p1 p2

k + P1 k
= M

11

and gives

M
11 =

�i�

2

Z
d4k

(2⇡)4
i

k2
i

k2
=

��

2
B0(0, 0, 0) (6.9)

where we defined that P1 = p1 + p2 = 0.

Recall here that everything is renormalized and therefore finite, so this should also be the case for

Eq. (6.8). Hence the counterterm �11O should absorb the divergence of M11, which is a scaleless

integral of the form of Eq. (B.8). Therefore, using Eq. (B.9) for the IR case, we get in DR that

�11O = �
�

16⇡2

1

"
. (6.10)

For the second term in Eq. (6.7) we follow a similar path. The interacting Lagrangian is again

Lint =
��
4! �

4(z) and we get that

(Z�1
O )12h�(x1)�(x2)O

2
0(y)i{c2} = (Z�1

O )12N�1
h0|T [�(x1)�(x2)�

4(y)ei
R
ddz��

4! �
4(z)]|0i , (6.11)

which has 1-loop contribution only at O(�0). In particular, the above expression gives the

diagram

⇥⇥

and this is a two-point scaleless Tadpole integral, A0(0).

Therefore, according to App. B this integral is zero and as a consequence

(Z�1
O )12 = 0 . (6.12)

Actually, this result is not a coincidence. In particular, someone can go back to the discussion

above Eq. (5.27) where the mass counterterm was determined. Recall that there, to properly

take the massless limit of V1�l(�), we first renormalized the massive action of Eq. (3.22) and

then we set m2
! 0. This forced �mD to vanish, which corresponds to M� ⇠ A0(0) = 0.

Here, we did exactly the same thing. Specifically, the algorithm that we follow suggests that the

renormalized mass should be zero and as a consequence contributions of the form of Eq. (6.11)

should vanish.

Let us now move on to the case of O2(x). Checking back to Eq. (6.4) it is easy to see that

this operator insertion has a quartic dependence on the fields, and hence, it contributes to the

renormalized four-point Green’s function. This is given by Eq. (A.29) for n = 4 and reads

G(4)(x1, x2, x3, x4) = h�(x1)�(x2)�(x3)�(x4)i{c1,c2} . (6.13)
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�

12
+

1

12

3�2

16⇡2

1

"
= C21m2 + C22 �

12
.

One of possible solutions is the following

Cij =

"
1 + �

16⇡2
1
" 0

0 1 + 3�
16⇡2

1
"

#

and it is identical with (Z�1
O )ij .

Actually, this is the only solution which also verifies the demand for renormalizability of the

theory, implemented by the relation Eq. (A.34).

Finally, in this toy example it is easy to determine the ADM. In particular, using Eq. (A.32)

combined with (Z�1
O )ij and Zij

O , we get that

�ij =

"
�11 �12

�21 �22

#
=

"
�

16⇡2 0

0 3�
16⇡2

#

which specifies that the anomalous dimensions of O1(x) and O2(x) are

�11 =
�

16⇡2
and �22 =

3�

16⇡2
(6.18)

respectively.

Since the ADM and the Cij are determined, the only thing left is to evaluate the RG flows and

the Phase Diagram(PD) of the O1
� O2 system. In that sense we need the general form of the

�-functions, given by Eq. (A.37). In this case we get

~�1
c =

"
�1
c1

�1
c2

#
=

"
�m2

16⇡2

3�2

16⇡2

#

which fixes the one-loop part of the c1’s and c2’s �-function. As a consequence, according to

Eq. (A.38), the full one-loop �-function matrix(BFM) for these couplings in d-dimensions yields

~� =

"
�2m2 + �m2

16⇡2

(d� 4)�+ 3�2

16⇡2

#

Now, for the RG equations we need here the solution of Eq. (A.39) for g = m2,�.

Notice that the form of the BFM allows us to consider the two �-functions independently from

each other, so we have

�c1(m
2,�) = �2m2 +

�m2

16⇡2
and �c2(�) = �"�+

3�2

16⇡2
, (6.19)

where the relation d = 4� " was used.

In that sense the RG equations will in general depend on the specific choice of the space-time

dimensions that the theory lives on. This is realized through the relation d = 4 � ", where "

can in principle be zero, positive or negative. Therefore for d = 4, d < 4 and d > 4, the Phase

diagram of the theory would be di↵erent and hence, to proceed in a concrete the above cases

should be distinguished.

In the following we evaluate the quantum nature of the toy example, through the RG flows and

the PD, for each one of these possibilities using as a guide the discussion of the last part of App.

A.

38

1-loop corrections to the ℒ(6)



Fotis Koutroulis

HDO and SSB

 In massless limit:  

The mass after SSB as a function of scale 

Phase diagram of the theory in

βλ̃ = − ελ̃ +
3λ̃2

16π2
and βc̃(6)

3
= − 2εc̃(6)

3 +
5c̃(6)

3 λ̃
16π2

d = 3,4,5

V(ϕ) =
λ̃
4!

ϕ4 −
c̃(6)

3

6!Λ2
ϕ6



Fotis Koutroulis

HDO and SSB
c̃(6)3 (µ)
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µL
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µL
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Phase diagram in d=3

�(µ)
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m2(µ)
<latexit sha1_base64="SvN5f6V6OdD+a9A39ms5kWpGQF8=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXspuK+ix6MVjBfsB7VqyabYNTbJrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9RpVkk780kpr7AQ8lCRrCxUkc8VMs9kZz3iyW34s6BVomXkRJkaPSLX71BRBJBpSEca9313Nj4KVaGEU6nhV6iaYzJGA9p11KJBdV+Or93is6sMkBhpGxJg+bq74kUC60nIrCdApuRXvZm4n9eNzHhlZ8yGSeGSrJYFCYcmQjNnkcDpigxfGIJJorZWxEZYYWJsREVbAje8surpFWteLVK9e6iVL/O4sjDCZxCGTy4hDrcQgOaQIDDM7zCm/PovDjvzseiNedkM8fwB87nDxm0j1o=</latexit>

µL
<latexit sha1_base64="MqjVSbvBecdLfkNpjhNftJw7YTQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiFw8eKpi20Iay2W7apbubsLsRQuhv8OJBEa/+IG/+G7dtDtr6YODx3gwz88KEM21c99spra1vbG6Vtys7u3v7B9XDo7aOU0WoT2Ieq26INeVMUt8ww2k3URSLkNNOOLmd+Z0nqjSL5aPJEhoIPJIsYgQbK/l9kQ7uB9WaW3fnQKvEK0gNCrQG1a/+MCapoNIQjrXueW5ighwrwwin00o/1TTBZIJHtGepxILqIJ8fO0VnVhmiKFa2pEFz9fdEjoXWmQhtp8BmrJe9mfif10tNdB3kTCapoZIsFkUpRyZGs8/RkClKDM8swUQxeysiY6wwMTafig3BW355lbQbde+i3ni4rDVvijjKcAKncA4eXEET7qAFPhBg8Ayv8OZI58V5dz4WrSWnmDmGP3A+fwCulI6Z</latexit>

µL
<latexit sha1_base64="MqjVSbvBecdLfkNpjhNftJw7YTQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiFw8eKpi20Iay2W7apbubsLsRQuhv8OJBEa/+IG/+G7dtDtr6YODx3gwz88KEM21c99spra1vbG6Vtys7u3v7B9XDo7aOU0WoT2Ieq26INeVMUt8ww2k3URSLkNNOOLmd+Z0nqjSL5aPJEhoIPJIsYgQbK/l9kQ7uB9WaW3fnQKvEK0gNCrQG1a/+MCapoNIQjrXueW5ighwrwwin00o/1TTBZIJHtGepxILqIJ8fO0VnVhmiKFa2pEFz9fdEjoXWmQhtp8BmrJe9mfif10tNdB3kTCapoZIsFkUpRyZGs8/RkClKDM8swUQxeysiY6wwMTafig3BW355lbQbde+i3ni4rDVvijjKcAKncA4eXEET7qAFPhBg8Ayv8OZI58V5dz4WrSWnmDmGP3A+fwCulI6Z</latexit>
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<latexit sha1_base64="MqjVSbvBecdLfkNpjhNftJw7YTQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiFw8eKpi20Iay2W7apbubsLsRQuhv8OJBEa/+IG/+G7dtDtr6YODx3gwz88KEM21c99spra1vbG6Vtys7u3v7B9XDo7aOU0WoT2Ieq26INeVMUt8ww2k3URSLkNNOOLmd+Z0nqjSL5aPJEhoIPJIsYgQbK/l9kQ7uB9WaW3fnQKvEK0gNCrQG1a/+MCapoNIQjrXueW5ighwrwwin00o/1TTBZIJHtGepxILqIJ8fO0VnVhmiKFa2pEFz9fdEjoXWmQhtp8BmrJe9mfif10tNdB3kTCapoZIsFkUpRyZGs8/RkClKDM8swUQxeysiY6wwMTafig3BW355lbQbde+i3ni4rDVvijjKcAKncA4eXEET7qAFPhBg8Ayv8OZI58V5dz4WrSWnmDmGP3A+fwCulI6Z</latexit>

µL
<latexit sha1_base64="MqjVSbvBecdLfkNpjhNftJw7YTQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiFw8eKpi20Iay2W7apbubsLsRQuhv8OJBEa/+IG/+G7dtDtr6YODx3gwz88KEM21c99spra1vbG6Vtys7u3v7B9XDo7aOU0WoT2Ieq26INeVMUt8ww2k3URSLkNNOOLmd+Z0nqjSL5aPJEhoIPJIsYgQbK/l9kQ7uB9WaW3fnQKvEK0gNCrQG1a/+MCapoNIQjrXueW5ighwrwwin00o/1TTBZIJHtGepxILqIJ8fO0VnVhmiKFa2pEFz9fdEjoXWmQhtp8BmrJe9mfif10tNdB3kTCapoZIsFkUpRyZGs8/RkClKDM8swUQxeysiY6wwMTafig3BW355lbQbde+i3ni4rDVvijjKcAKncA4eXEET7qAFPhBg8Ayv8OZI58V5dz4WrSWnmDmGP3A+fwCulI6Z</latexit>



Fotis Koutroulis

HDO and SSB
c̃(6)3 (µ)

<latexit sha1_base64="TgX9IwZAU1BgRQifMk5Bczp8uj0=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IR2ktJWlGPRS8eK9hWaGLYbLbt0t1N2N0IJRT8K148KOLV3+HNf+O2zUFbHww83pthZl6YMKq043xbhZXVtfWN4mZpa3tnd8/eP+ioOJWYtHHMYnkfIkUYFaStqWbkPpEE8ZCRbji6nvrdRyIVjcWdHifE52ggaJ9ipI0U2EeepiwiEAeNh6xyXp1UPJ5WA7vs1JwZ4DJxc1IGOVqB/eVFMU45ERozpFTPdRLtZ0hqihmZlLxUkQThERqQnqECcaL8bHb+BJ4aJYL9WJoSGs7U3xMZ4kqNeWg6OdJDtehNxf+8Xqr7l35GRZJqIvB8UT9lUMdwmgWMqCRYs7EhCEtqboV4iCTC2iRWMiG4iy8vk0695jZq9duzcvMqj6MIjsEJqAAXXIAmuAEt0AYYZOAZvII368l6sd6tj3lrwcpnDsEfWJ8/WYSUcA==</latexit>

�̃(µ)
<latexit sha1_base64="TVS9Bnlt7rXmt/SkE5X9quuPo3Y=">AAAB/HicbVBNS8NAFNzUr1q/oj16WSxCvZSkCnosevFYwdZCE8pm89Iu3WzC7kYIpf4VLx4U8eoP8ea/cdvmoK0DC8PMG97bCVLOlHacb6u0tr6xuVXeruzs7u0f2IdHXZVkkkKHJjyRvYAo4ExARzPNoZdKIHHA4SEY38z8h0eQiiXiXucp+DEZChYxSrSRBnbV04yHgD1uMiGpe3F2NrBrTsOZA68StyA1VKA9sL+8MKFZDEJTTpTqu06q/QmRmlEO04qXKUgJHZMh9A0VJAblT+bHT/GpUUIcJdI8ofFc/Z2YkFipPA7MZEz0SC17M/E/r5/p6MqfMJFmGgRdLIoyjnWCZ03gkEmgmueGECqZuRXTEZGEatNXxZTgLn95lXSbDfe80by7qLWuizrK6BidoDpy0SVqoVvURh1EUY6e0St6s56sF+vd+liMlqwiU0V/YH3+AOZRlEc=</latexit>

µL
<latexit sha1_base64="MqjVSbvBecdLfkNpjhNftJw7YTQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiFw8eKpi20Iay2W7apbubsLsRQuhv8OJBEa/+IG/+G7dtDtr6YODx3gwz88KEM21c99spra1vbG6Vtys7u3v7B9XDo7aOU0WoT2Ieq26INeVMUt8ww2k3URSLkNNOOLmd+Z0nqjSL5aPJEhoIPJIsYgQbK/l9kQ7uB9WaW3fnQKvEK0gNCrQG1a/+MCapoNIQjrXueW5ighwrwwin00o/1TTBZIJHtGepxILqIJ8fO0VnVhmiKFa2pEFz9fdEjoXWmQhtp8BmrJe9mfif10tNdB3kTCapoZIsFkUpRyZGs8/RkClKDM8swUQxeysiY6wwMTafig3BW355lbQbde+i3ni4rDVvijjKcAKncA4eXEET7qAFPhBg8Ayv8OZI58V5dz4WrSWnmDmGP3A+fwCulI6Z</latexit>

µL
<latexit sha1_base64="MqjVSbvBecdLfkNpjhNftJw7YTQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiFw8eKpi20Iay2W7apbubsLsRQuhv8OJBEa/+IG/+G7dtDtr6YODx3gwz88KEM21c99spra1vbG6Vtys7u3v7B9XDo7aOU0WoT2Ieq26INeVMUt8ww2k3URSLkNNOOLmd+Z0nqjSL5aPJEhoIPJIsYgQbK/l9kQ7uB9WaW3fnQKvEK0gNCrQG1a/+MCapoNIQjrXueW5ighwrwwin00o/1TTBZIJHtGepxILqIJ8fO0VnVhmiKFa2pEFz9fdEjoXWmQhtp8BmrJe9mfif10tNdB3kTCapoZIsFkUpRyZGs8/RkClKDM8swUQxeysiY6wwMTafig3BW355lbQbde+i3ni4rDVvijjKcAKncA4eXEET7qAFPhBg8Ayv8OZI58V5dz4WrSWnmDmGP3A+fwCulI6Z</latexit>

Phase diagram in d=5

�(µ)
<latexit sha1_base64="p9KTQKDnXSWOK3vrO/gTvfl40uo=">AAAB83icbVDLSsNAFL2pr1pfVZdugkWom5JUQZdFNy4r2FpoQplMJu3QmUmYh1BCf8ONC0Xc+jPu/BunbRbaemDgcM653DsnyhhV2vO+ndLa+sbmVnm7srO7t39QPTzqqtRITDo4ZansRUgRRgXpaKoZ6WWSIB4x8hiNb2f+4xORiqbiQU8yEnI0FDShGGkrBQGz0RjVA27OB9Wa1/DmcFeJX5AaFGgPql9BnGLDidCYIaX6vpfpMEdSU8zItBIYRTKEx2hI+pYKxIkK8/nNU/fMKrGbpNI+od25+nsiR1ypCY9skiM9UsveTPzP6xudXIc5FZnRRODFosQwV6furAA3ppJgzSaWICypvdXFIyQR1ramii3BX/7yKuk2G/5Fo3l/WWvdFHWU4QROoQ4+XEEL7qANHcCQwTO8wptjnBfn3flYREtOMXMMf+B8/gBkdJFC</latexit>

m2(µ)
<latexit sha1_base64="SvN5f6V6OdD+a9A39ms5kWpGQF8=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXspuK+ix6MVjBfsB7VqyabYNTbJrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9RpVkk780kpr7AQ8lCRrCxUkc8VMs9kZz3iyW34s6BVomXkRJkaPSLX71BRBJBpSEca9313Nj4KVaGEU6nhV6iaYzJGA9p11KJBdV+Or93is6sMkBhpGxJg+bq74kUC60nIrCdApuRXvZm4n9eNzHhlZ8yGSeGSrJYFCYcmQjNnkcDpigxfGIJJorZWxEZYYWJsREVbAje8surpFWteLVK9e6iVL/O4sjDCZxCGTy4hDrcQgOaQIDDM7zCm/PovDjvzseiNedkM8fwB87nDxm0j1o=</latexit>

µL
<latexit sha1_base64="MqjVSbvBecdLfkNpjhNftJw7YTQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiFw8eKpi20Iay2W7apbubsLsRQuhv8OJBEa/+IG/+G7dtDtr6YODx3gwz88KEM21c99spra1vbG6Vtys7u3v7B9XDo7aOU0WoT2Ieq26INeVMUt8ww2k3URSLkNNOOLmd+Z0nqjSL5aPJEhoIPJIsYgQbK/l9kQ7uB9WaW3fnQKvEK0gNCrQG1a/+MCapoNIQjrXueW5ighwrwwin00o/1TTBZIJHtGepxILqIJ8fO0VnVhmiKFa2pEFz9fdEjoXWmQhtp8BmrJe9mfif10tNdB3kTCapoZIsFkUpRyZGs8/RkClKDM8swUQxeysiY6wwMTafig3BW355lbQbde+i3ni4rDVvijjKcAKncA4eXEET7qAFPhBg8Ayv8OZI58V5dz4WrSWnmDmGP3A+fwCulI6Z</latexit>

µL
<latexit sha1_base64="MqjVSbvBecdLfkNpjhNftJw7YTQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiFw8eKpi20Iay2W7apbubsLsRQuhv8OJBEa/+IG/+G7dtDtr6YODx3gwz88KEM21c99spra1vbG6Vtys7u3v7B9XDo7aOU0WoT2Ieq26INeVMUt8ww2k3URSLkNNOOLmd+Z0nqjSL5aPJEhoIPJIsYgQbK/l9kQ7uB9WaW3fnQKvEK0gNCrQG1a/+MCapoNIQjrXueW5ighwrwwin00o/1TTBZIJHtGepxILqIJ8fO0VnVhmiKFa2pEFz9fdEjoXWmQhtp8BmrJe9mfif10tNdB3kTCapoZIsFkUpRyZGs8/RkClKDM8swUQxeysiY6wwMTafig3BW355lbQbde+i3ni4rDVvijjKcAKncA4eXEET7qAFPhBg8Ayv8OZI58V5dz4WrSWnmDmGP3A+fwCulI6Z</latexit>



Fotis Koutroulis

HDO and SSB

The scalar mass in this case runs as 

4-6, d=4

μ

m̃φ
2 (μ)

Running of the physical scalar mass. There is 
LP



Fotis Koutroulis

HDO and SSB
Same procedure for the case of                      in 
the massless limit with   

The Lagrangian is  

The new potential is  

dim = (6,8)
λ̃ → 0

ℒ(6,8) = −
1
2

ϕ0 □ ϕ0 +
c̃(6)

3,0

6!Λ2
ϕ6

0 +
c̃(8)

4,0

8!Λ4
ϕ6

0

V(ϕ) = −
c̃(6)

3,0

6!Λ2
ϕ6

0 −
c̃(8)

4,0

8!Λ4
ϕ6

0

βc̃(6)
3

= − 2εc̃(6)
3 βc̃(6)

3
= − 3εc̃(8)

4 +
7(c̃(6)

3 )2

16π2



Fotis Koutroulis

HDO and SSB
c̃(8)4 (µ)

<latexit sha1_base64="+Q2u3ul9LNgcI7R90gFO9EB/IsI=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR2k1JasEui25cVrAPaGKYTCbt0JkkzEyEErLxV9y4UMStn+HOv3HaZqGtBy4czrmXe+/xE0alsqxvY219Y3Nru7RT3t3bPzg0j457Mk4FJl0cs1gMfCQJoxHpKqoYGSSCIO4z0vcnNzO//0iEpHF0r6YJcTkaRTSkGCkteeZp5ijKAgJx7jUfsmqrllcdntY8s2LVrTngKrELUgEFOp755QQxTjmJFGZIyqFtJcrNkFAUM5KXnVSSBOEJGpGhphHiRLrZ/IEcXmglgGEsdEUKztXfExniUk65rzs5UmO57M3E/7xhqsKWm9EoSRWJ8GJRmDKoYjhLAwZUEKzYVBOEBdW3QjxGAmGlMyvrEOzll1dJr1G3L+uNu2alfV3EUQJn4BxUgQ2uQBvcgg7oAgxy8AxewZvxZLwY78bHonXNKGZOwB8Ynz80W5V/</latexit>

c̃(6)3
<latexit sha1_base64="cACIcoAhnquJH2Cdbra8qjoSY/o=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQNyVpRV0W3bisYB/QxjCZ3LZDJw9mJmIJ+RU3LhRx64+482+ctllo64ELh3Pu5d57vJgzqSzr2yisrW9sbhW3Szu7e/sH5mG5I6NEUGjTiEei5xEJnIXQVkxx6MUCSOBx6HqTm5nffQQhWRTeq2kMTkBGIRsySpSWXLOcDhTjPmCauY2HtHpxlrlmxapZc+BVYuekgnK0XPNr4Ec0CSBUlBMp+7YVKyclQjHKISsNEgkxoRMygr6mIQlAOun89gyfasXHw0joChWeq78nUhJIOQ083RkQNZbL3kz8z+snanjlpCyMEwUhXSwaJhyrCM+CwD4TQBWfakKoYPpWTMdEEKp0XCUdgr388irp1Gt2o1a/O680r/M4iugYnaAqstElaqJb1EJtRNETekav6M3IjBfj3fhYtBaMfOYI/YHx+QP2NpO7</latexit>

Phase diagram in d=3



Fotis Koutroulis

HDO and SSB
c̃(8)4 (µ)

<latexit sha1_base64="+Q2u3ul9LNgcI7R90gFO9EB/IsI=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR2k1JasEui25cVrAPaGKYTCbt0JkkzEyEErLxV9y4UMStn+HOv3HaZqGtBy4czrmXe+/xE0alsqxvY219Y3Nru7RT3t3bPzg0j457Mk4FJl0cs1gMfCQJoxHpKqoYGSSCIO4z0vcnNzO//0iEpHF0r6YJcTkaRTSkGCkteeZp5ijKAgJx7jUfsmqrllcdntY8s2LVrTngKrELUgEFOp755QQxTjmJFGZIyqFtJcrNkFAUM5KXnVSSBOEJGpGhphHiRLrZ/IEcXmglgGEsdEUKztXfExniUk65rzs5UmO57M3E/7xhqsKWm9EoSRWJ8GJRmDKoYjhLAwZUEKzYVBOEBdW3QjxGAmGlMyvrEOzll1dJr1G3L+uNu2alfV3EUQJn4BxUgQ2uQBvcgg7oAgxy8AxewZvxZLwY78bHonXNKGZOwB8Ynz80W5V/</latexit>

c̃(6)3
<latexit sha1_base64="cACIcoAhnquJH2Cdbra8qjoSY/o=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQNyVpRV0W3bisYB/QxjCZ3LZDJw9mJmIJ+RU3LhRx64+482+ctllo64ELh3Pu5d57vJgzqSzr2yisrW9sbhW3Szu7e/sH5mG5I6NEUGjTiEei5xEJnIXQVkxx6MUCSOBx6HqTm5nffQQhWRTeq2kMTkBGIRsySpSWXLOcDhTjPmCauY2HtHpxlrlmxapZc+BVYuekgnK0XPNr4Ec0CSBUlBMp+7YVKyclQjHKISsNEgkxoRMygr6mIQlAOun89gyfasXHw0joChWeq78nUhJIOQ083RkQNZbL3kz8z+snanjlpCyMEwUhXSwaJhyrCM+CwD4TQBWfakKoYPpWTMdEEKp0XCUdgr388irp1Gt2o1a/O680r/M4iugYnaAqstElaqJb1EJtRNETekav6M3IjBfj3fhYtBaMfOYI/YHx+QP2NpO7</latexit>

Phase diagram in d=4



Fotis Koutroulis

HDO and SSB
c̃(8)4 (µ)

<latexit sha1_base64="+Q2u3ul9LNgcI7R90gFO9EB/IsI=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR2k1JasEui25cVrAPaGKYTCbt0JkkzEyEErLxV9y4UMStn+HOv3HaZqGtBy4czrmXe+/xE0alsqxvY219Y3Nru7RT3t3bPzg0j457Mk4FJl0cs1gMfCQJoxHpKqoYGSSCIO4z0vcnNzO//0iEpHF0r6YJcTkaRTSkGCkteeZp5ijKAgJx7jUfsmqrllcdntY8s2LVrTngKrELUgEFOp755QQxTjmJFGZIyqFtJcrNkFAUM5KXnVSSBOEJGpGhphHiRLrZ/IEcXmglgGEsdEUKztXfExniUk65rzs5UmO57M3E/7xhqsKWm9EoSRWJ8GJRmDKoYjhLAwZUEKzYVBOEBdW3QjxGAmGlMyvrEOzll1dJr1G3L+uNu2alfV3EUQJn4BxUgQ2uQBvcgg7oAgxy8AxewZvxZLwY78bHonXNKGZOwB8Ynz80W5V/</latexit>

c̃(6)3
<latexit sha1_base64="cACIcoAhnquJH2Cdbra8qjoSY/o=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQNyVpRV0W3bisYB/QxjCZ3LZDJw9mJmIJ+RU3LhRx64+482+ctllo64ELh3Pu5d57vJgzqSzr2yisrW9sbhW3Szu7e/sH5mG5I6NEUGjTiEei5xEJnIXQVkxx6MUCSOBx6HqTm5nffQQhWRTeq2kMTkBGIRsySpSWXLOcDhTjPmCauY2HtHpxlrlmxapZc+BVYuekgnK0XPNr4Ec0CSBUlBMp+7YVKyclQjHKISsNEgkxoRMygr6mIQlAOun89gyfasXHw0joChWeq78nUhJIOQ083RkQNZbL3kz8z+snanjlpCyMEwUhXSwaJhyrCM+CwD4TQBWfakKoYPpWTMdEEKp0XCUdgr388irp1Gt2o1a/O680r/M4iugYnaAqstElaqJb1EJtRNETekav6M3IjBfj3fhYtBaMfOYI/YHx+QP2NpO7</latexit>

Phase diagram in d=5



Fotis Koutroulis

HDO and SSB

6-8, d=4

μ

m̃φ
2 (μ)

Running of the physical mass. Inverse LP



Fotis Koutroulis

Reg’s
Give polynomial HDO and HDOp’s equivalent 
picture? 

The answer through the Phase diagram  

An other field redefinition to go to the original 
basis is ϕ′�0 = ϕ0 +

x
Λ2

□ ϕ0 +
y

Λ2
ϕ3

0

ℒ(6) = −
1
2

ϕ0 □ ϕ0 −
1
2

m̃2
0ϕ

2
0 −

λ̃0

4!
ϕ4

0 +
c̃(6)

3,0

6!Λ2
ϕ6

0



Fotis Koutroulis

Reg’s

Illegal step unless considering the path 
integral 

Insertions of Reg’s and Og’s

𝒵′�[0] = ∫ 𝒟ϕ0
dϕ′�0

dϕ0
eiS[ϕ0+ x

Λ2 □ϕ0+
y

Λ2 ϕ3
0]

𝒵′�[0] = ∫ 𝒟ϕ0𝒟χ̄′�0𝒟χ′�0 eiS[ϕ0+ x
Λ2 □ϕ0+

y
Λ2 ϕ3

0]−i ∫ d4xχ̄′�0F(ϕ0)χ′�0



Fotis Koutroulis

Reg’s

Renormalization gives  

Unphysical d.o.f. cancel each others 

 What about different basis with HDO in 
Standard Model?(Warsaw-basis…) 

ℒ(6) = −
1
2

ϕ0 □ ϕ0 −
1
2

m2
0ϕ2

0 −
λ0

4!
ϕ4

0 +
c(6)

1,0

4!Λ2
ϕ2

0 □ ϕ2
0 +

c(6)
2,0

2Λ2
ϕ0 □2 ϕ0

+
c(6)

3,0

6!Λ2
ϕ6

0 − χ̄0 □ χ0 +
2Λ2

c(6)
2,0

χ̄χ −
λχ

2
χ̄χϕ2

δϕ, δχ, δm, δc(6)
(1,2,3), δλχ

(δϕ, δχ)



Fotis Koutroulis

Outlook

Alternative solution to Higgs Hierarchy 
through HDOp’s 

Is it true that HDOp’s     HDO’s? 

Are the HDO-basis(Warsaw-basis, etc) in 
Standard Model consistent with ghost 
insertions?

≡



Fotis Koutroulis

THANK YOU


