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❖  Dim-8 RGE effects and positivity bounds (restrictions on dim-8 WCs).
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 SMEFT Dim-8 RGEs
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arXiv:2005.00059 — C. W. MurphySMEFT Dim-8 on-shell basis :

arXiv:2112.12724 — M. Chala, Á. Díaz-Carmona, G. GuedesSMEFT Dim-8 Green’s/off-shell basis :
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Bosonic operators’ RGE:

arXiv:2001.0001 
— Craig, Jiang, Li, 

 Sutherland
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Divergences to RGEs, some details:

• Compute  1-PI  loop  diagrams.  Use  FeynRules, FeynARTs, and FormCalc  packages.

• Divergences are captured by the operators of off-shell/Green’s basis. arXiv:2112.12724

• Removing redundant operators using on-shell relations.

5

arXiv:2112.10787 
- A Carmona, A Lazopoulos, P Olgoso, J Santiago

• Cross-checks with MatchMakerEFT.   
      H^8 topologies are computed in MM primarily. 

arXiv:2106.05291

[on RHS we have Green’s basis]

arXiv:2108.03669 
- M A Huber, S De Angelis. 

• Cross-checks with arXiv:2108.03669 (on-shell amplitude methods).  



Bosonic-bosonic RGE:

• Loop generated operators that 
     are renormalised by tree-generated 
     operators are grey. 
     (unlike renorm. of dim-6 by dim-6).

• Blue entries contribute larger than  
     naive dimensional analysis expectations.

• Largest contribution from each 
     operator class is shown. Zeroes 
     are cross-checked and consistent.

Mixing induced by
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Fermionic-bosonic RGE:
Mixing induced by two-fermion operators
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• Dim-8 operators also induce running of dim-6, dim-4, dim-2 operators.
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RGEs of Dim-6,4,2

Lower dim. classes renormalised by bosonic dim-8 operators. 
Similar contributions from two-fermion dim-8 operators are computed.
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 is the squared  
Higgs mass in the SMEFT.
μ2
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Positivity bounds

• Restrictions on Wilson coefficients of dim-8 operators.

Unitarity, analyticity, crossing symmetry

d2ℳ(s, t = 0)
ds2

≥ 0

ϕi

ϕj

ϕi

ϕj
c(2)

ϕ4D4 ≥ 0

c(1)
ϕ4D4 + c(2)

ϕ4D4 ≥ 0

c(1)
ϕ4D4 + c(2)

ϕ4D4 + c(3)
ϕ4D4 ≥ 0ℳ(s)1,2→1,2 = − 2λ +

c(2)
H4

Λ4
s2

Tree-level scattering :

arXiv:1908.09845, 2110.01624

2  2→
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Dim-8 RGEs effects on positivity

<latexit sha1_base64="9ChcdD7rWE0NbmiE49xvJaJ2KqE="></latexit>

g21c
(1)
B2�2D2 + g22c

(1)
W 2�2D2 + 2g1g2c

(4)
WB�2D2  0 ,

g21c
(1)
B2�2D2 + g22c

(1)
W 2�2D2 � 2g1g2c

(4)
WB�2D2  0 ,

c(1)W 2�2D2  0 ,

g21c
(1)
W 2�2D2 + 2g1g2c

(4)
WB�2D2 + g22c

(1)
B2�2D2  0 ,

g21c
(1)
W 2�2D2 � 2g1g2c

(4)
WB�2D2 + g22c

(1)
B2�2D2  0 .

• For  process:V1V2 → V1V2

arXiv:1902.08977

 operators are not generated at tree-level matching of weakly coupled UV completion 
 of the SMEFT.
X2ϕ2D2
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Dim-8 RGEs effects on positivity

<latexit sha1_base64="zbR62eq+HQgbMB772UWJHg/6LTI="></latexit>

c(1)W 2�2D2(µ̃) = c(1)W 2�2D2(⇤)�
1

16⇡2
ċ(1)W 2�2D2(⇤) log

⇤

µ̃
< 0

) 1

6
g22


2c(1)�4 + 3c(2)�4 + c(3)�4D4

� 16

3

⇣
c(1)l2�2D3 + c(2)l2�2D3 + 3c(1)q2�2D3 + 3c(2)q2�2D3

⌘

↵1,↵1

�
log

⇤

µ̃
> 0 ,

• RGE of  operators:X2ϕ2D2
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Sufficient conditions :

<latexit sha1_base64="p/N/7KLsty2HwJsIT2NdQ0h7WV4="></latexit>

2c(1)�4 + 3c(2)�4 + c(3)�4 � 0 ,

c(1)�4 + 2c(2)�4 + c(3)�4 � 0 ,

c(1)�4 + c(2)�4 � 0 ,
h
c(1)
 2

R�
2D3 + c(2)

 2
R�

2D3

i

↵1,↵1

 0 ,
h
c(1)
 2

L�
2D3 + c(2)

 2
L�

2D3 + c(3)
 2

L�
2D3 + c(4)

 2
L�

2D3

i

↵1,↵1

 0 ,
h
c(1)
 2

L�
2D3 + c(2)

 2
L�

2D3 � c(3)
 2

L�
2D3 � c(4)

 2
L�

2D3

i

↵1,↵1

 0 ;

• Putting the RGEs of the operators.

• Derive relations among operators of same class.

• Wilson coefficients generated from UV theories 
matched to SMEFT Dim-8 at tree-level are bounded by 
these positivity (or negativity) constraints.



Summary
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• Tree-generated ops. mix with loop-generated ops. 

• Mixing induced terms larger than naive dimensional analysis. 

• Dim-8 ops. induced running of lower dimensional ops. are computed 
    (loop-generated dim-6 ops. have non-zero mixing). 

• Positivity bounds on  hold at sufficiently small scales at one-loop accuracy.X2ϕ2D2

• Renormalization of bosonic SMEFT operators by dim-8 tree-level generated operators 
 are discussed.



Upcoming…
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<latexit sha1_base64="vZiv5wQID7pUIW5qbIpGw3MiEzE="></latexit>

d5 d25 d6 d35 d5 ⇥ d6 d7 d45 d25 ⇥ d6 d26 d5 ⇥ d7 d8

d4 (bosonic) X X This work
d4 (fermionic) X X X
d5 X X X
d6 (bosonic) X X X X X This work
d6 (fermionic) X X X X X X
d7 X X X
d8 (bosonic) X X X X This work
d8 (fermionic) X X X X X

Blank entries vanish; a tick X represents that the complete contribution is known; the
X implies that only (but substantial) partial results have been already obtained; the X
indicates that nothing, or very little, is known. The contribution made in this paper is
marked by .

— SDB, A. Díaz-Carmona
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Thanks for your attention ! 



<latexit sha1_base64="6RLaGOUxt5NsLohEVmyhJXss4IE="></latexit>

 2B�3  2W�3  2G�3  2�2D3  2�5  2�4D  2B�2D  2W�2D  2G�2D  2�3D2

�2 0 0 0 0 0 0 0 0 0 0

�4 0 0 0 µ4|yt|2 0 0 0 0 0 µ4yt

B2�2 0 0 0 0 0 0 0 0 0 0

W 2�2 0 0 0 0 0 0 0 0 0 0

WB�2 0 0 0 0 0 0 0 0 0 0

G2�2 0 0 0 0 0 0 0 0 0 0

�4D2 0 0 0 µ2|yt|2 0 0 0 0 0 µ2yt

�6 0 0 0 �µ2|yt|2 µ2yt µ2|yt|2 µ2|yt|2 µ2|yt|2 0 µ2yt|yt|2

Lower dim. classes renormalised by the fermionic dim-8 operators.

RGEs of Dim-6,4,2

• Fermionic dim-8 operators also induce running of dim-6, dim-4, dim-2 operators.
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