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❖  The Standard Model is the most accurate description of the sub-atomic physics (known to us yet),

 but it’s not complete.

❖  

BSMs   to   SMEFT

Numerous BSM scenarios account for these phenomenon:  e.g. seesaw models (new particle/field),

 Left-Right symmetry models (particle ext. + enlarged gauge symm.), …

❖  Existence of new physics is supported by phenomena like neutrino oscillation,

 dark matter, baryon asymmetry, …

❖  Standard Model EFT provides a platform to compare among these models, using simultaneously

Top-down & Bottom-up approach.  

❖  CoDEx is a mathematica package that automatises the matching procedure, i.e. to create the SMEFT

for each BSM.
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Matching

SM SM

SM SM

SMEFT
+ ∑

j=5,...
∑

i

C( j)

i

Λj−4 Q( j)
i
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SM

Effective operators

+

Effective operators

✤ Input  BSM Lagrangian,  Output  Wilson coefficients→ →

SM SM

SM SM

SM

SM SM

SM SM
NP

UV theory
<latexit sha1_base64="O48CSMJpGfsTg8cofxDbayV6JFI="></latexit>
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BSM

pure  NP  processes

pure  SM  processes

+

+
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CoDEx: Wilson coefficient calculator
 connecting SMEFT to UV theory

  https://effexteam.github.io/CoDEx/

❖  Tree-level effective lagrangian

❖  1-Loop-level effective lagrangian

❖  Coefficients bases: Warsaw and SILH 

( SMEFT Dim-6 )

❖  RG Flow in Warsaw

❖  Operator identity implementations

Construction of:

https://effexteam.github.io/CoDEx/
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L(�,�) =�kin + �kin + �si + �si + (� ⇤ �)int
—   Heavy field� � —  Light field

(� ⇤ �)int =B(�) ⇤ �+ U(�) ⇤ �2 +O(�3)

Integrating out a heavy field at tree-level
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L(�,�) =�kin + �kin + �si + �si + (� ⇤ �)int
—   Heavy field� � —  Light field

(� ⇤ �)int =B(�) ⇤ �+ U(�) ⇤ �2 +O(�3)

Dµ
@

@(Dµ�)
L(�,�) = @

@�
L(�,�) Euler - Lagrange equation

Example - Scalar (real) heavy field 

(D2 +m2
� U(�))� = B(�) +O(�2)

Integrating out a heavy field at tree-level

<latexit sha1_base64="3NqWrVMQ5N6yQ4SFFp/2IlvuARM="></latexit>

⇡ 1

m2
B(�)� 1

m2
(D2 � U(�))

1

m2
B(�)

Leading order

<latexit sha1_base64="35zDDVSkRs8NJyunUOkLOMQDNrk="></latexit>

) �
(0)

c =
1

D2 +m2 � U(�)
B(�)

} Dependent only

on light fields

Substitution:
<latexit sha1_base64="v9hhaxPCSrOlxWYxjEZmxp4ZjWE="></latexit>

B(�) ⇤ �(0)

c = B(�)
1

m2
B(�)� 1

m2
B(�)(D2 � U(�))

1

m2
B(�)
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L(�,�) =�kin + �kin + �si + �si + (� ⇤ �)int
—   Heavy field� � —  Light field

(� ⇤ �)int =B(�) ⇤ �+ U(�) ⇤ �2 +O(�3)

Dµ
@

@(Dµ�)
L(�,�) = @

@�
L(�,�) Euler - Lagrange equation

: cut-off scale⇤

Integrating out a heavy field at tree-level

 : Wilson coefficientsc(n)
j

 : Operators of mass dimension ’n’O(n)
j

<latexit sha1_base64="NaFeMZ091+1wB1J5VE+RfH/xrY4="></latexit>

LSMEFT = LSM +
1

⇤

X

j

c
(5)
j O

(5)
j +

1

⇤2

X

j

c
(6)
j O

(6)
j + . . .
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Color singlet, isospin singlet & hypercharge = 0 

Term quadratic

in heavy field

Term linear in

heavy field

H : SM Higgs

SM + Real singlet heavy scalar Φ

Solution

Substitution

SMEFT Basis:  Warsaw (arxiv:1008.4884)

Φ

<latexit sha1_base64="9/kCXQVdfn3imr0iH4c8ZYHqPIM="></latexit>

L� = LSM +
1

2
(@µ�)

2 � 1

2
m

2
��

2 � ⌘|H|2�� 1

2
|H|2�2 � 1

3!
µ�3 � 1

4!
���

4

<latexit sha1_base64="SoJYrpVCuUrGuu3r+MmkfSRR0Tc="></latexit>

L�(�, H) ! L�(�c, H)
<latexit sha1_base64="SALEABlJByTpCOCKuK0C4caZDA0="></latexit>

�c = �(0)
c + �(1)

c + �(2)
c + ...

<latexit sha1_base64="xBqsjxVJ5gthPMYHumTPc4tO0jk="></latexit>

�(0)
c =

1

D2 +m
2
� + |H|2 (�⌘|H|2)

�(1)
c =

1

D2 +m
2
� + |H|2 (�

µ

2
(�(0)

c )2 � ��

6
(�(0)

c )3)

�(2)
c =

1

D2 +m
2
� + |H|2 (�µ(�(0)

c )(�(1)
c )� ��

2
(�(0)

c )2�(1)
c )

<latexit sha1_base64="61+rkE8NZLVEIZpeBZn5Gd9HF0M="></latexit>

QH (H†
H)3 � ⌘

2


2m4
�
+ ⌘

3
µ

6m6
�

QH⇤ (H†
H)⇤(H†

H) � ⌘
2

2m4
�

More on this: 1811.08878, 2003.05936Truncate for dimension-6 EFT !
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LBSM = LSM + |Dµ '|2 � m
2
'
|'|2 � �'

4
|'|4 + (⌘H |H̃|2 + ⌘'|'|2)(H̃†

'+ '
†
H̃)

� �1|H̃|2|'|2 � �2|H̃†
'|2 � �3

h
(H̃†

')2 + ('†
H̃)2

i

' Color singlet, isospin doublet & hypercharge �1

2

Term quadratic

in heavy field

Term linear in

heavy field<latexit sha1_base64="NDgy2oIZ6jliXHeD+4+wcGxMt9c="></latexit>

'(0)
c ⇡ 1

m2
B � 1

m2
(D2 � U)

1

m2
B

H̃ = i�2H
⇤

LBSM (H,') ! LBSM,eff (H,'c)

⌘H |H̃|2H̃†
' ! ⌘H |H̃|2H̃† ⇥ ⌘H |H̃|2H̃

m2
=

⌘
2
H

m2
|H̃|6

Effective operator

of mass


dimension = 6

Wilson

coefficients

m = mφ

SM + Heavy Scalar Doublet  φ

Couplings with

fermions suppressed

H : SM Higgs

Term linear in Heavy field :
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Non-local Local

⌘H |H̃|2H̃†
' 𝜼H

H
~

H
~

H
~

𝝋

† †Feynman Diagrams

1

p2 �m2
𝝋

m2 � p2𝝋
1

m2
𝝋

H
~

H~

H~

H~ †
H~†

H~†
𝜼H 𝜼H

𝝋

H
~

H~

H~

H~ †

H~†

H~†

𝜼H
2

m𝝋
2
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Non-local Local

Loop diagrams?⌘H |H̃|2H̃†
' 𝜼H

H
~

H
~

H
~

𝝋

† †Feynman Diagrams

1

p2 �m2
𝝋

m2 � p2𝝋
1

m2
𝝋

H
~

H~

H~

H~ †
H~†

H~†
𝜼H 𝜼H

𝝋

H
~

H~

H~

H~ †

H~†

H~†

𝜼H
2

m𝝋
2



Wilson Coefficients generated from 1 loop process
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S[�,�c + ⌘] = S[�,�c] + ⌘
�S(�,�)

��
|�=�c +

⌘2

2

�2S(�,�)

��2
|�=�c + O(⌘3)

Action

� = �c + ⌘
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Derivative expansion refs:



Wilson Coefficients generated from 1 loop process
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0

Euler-Lagrange

equation

}

tree

diagrams }

loop

diagrams

S[�,�c + ⌘] = S[�,�c] + ⌘
�S(�,�)

��
|�=�c +

⌘2

2

�2S(�,�)

��2
|�=�c + O(⌘3)

Action

� = �c + ⌘
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Derivative expansion refs:



Wilson Coefficients generated from 1 loop process

10

0

Euler-Lagrange

equation

}

tree

diagrams }

loop

diagrams

S[�,�c + ⌘] = S[�,�c] + ⌘
�S(�,�)

��
|�=�c +

⌘2

2

�2S(�,�)

��2
|�=�c + O(⌘3)

Action

Summing over all configurations :

) Se↵[�,�c] = S[�,�c] +
i

2
Tr log

✓
��2S(�,�)

��2
|�=�c

◆

} Dependent only

on light fields

Numerical factor

dependent on


heavy field property

Se↵,1-loop = i c Tr log
�
D2 +m2 + U

�

Covariant Derivative, mass and 
quadratic terms in the 

Lagrangian for the heavy field

eiSeff[�] =

Z
D� eiS[�,�] =

Z
D⌘ eiS[�,�c+⌘]

<latexit sha1_base64="5DJPkdeJg0C6rR4uuTKDTBTE0Ws="></latexit><latexit sha1_base64="5DJPkdeJg0C6rR4uuTKDTBTE0Ws="></latexit><latexit sha1_base64="5DJPkdeJg0C6rR4uuTKDTBTE0Ws="></latexit><latexit sha1_base64="5DJPkdeJg0C6rR4uuTKDTBTE0Ws="></latexit>

Gaillard M.K. Nucl.Phys. B268 (1986) 669-692

Cheyette O. Nucl. Phys. B 297 (1988) 183 

� = �c + ⌘
<latexit sha1_base64="ujcrrLfWYK0xP4rI4T+xZgGDnxs=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARBKEkbaBxIRTduKxgH9CEMJlO2qGTBzMTocQu/BU3LhRx62+482+cpBVU9MDlHs65l7lz/IRRIQ3jQystLa+srpXXKxubW9s7+u5eV8Qpx6SDYxbzvo8EYTQiHUklI/2EExT6jPT8yWXu924JFzSObuQ0IW6IRhENKEZSSZ5+4LTHFJ7DvHkZnsFT6BCJPL1q1Oy6ZdZNaNRM27IaBTlrWE0bmjWjQBUs0Pb0d2cY4zQkkcQMCTEwjUS6GeKSYkZmFScVJEF4gkZkoGiEQiLcrLh/Bo+VMoRBzFVFEhbq940MhUJMQ19NhkiOxW8vF//yBqkMbDejUZJKEuH5Q0HKoIxhHgYcUk6wZFNFEOZU3QrxGHGEpYqsokL4+in8n3TrNVPxa6vauljEUQaH4AicABM0QQtcgTboAAzuwAN4As/avfaovWiv89GSttjZBz+gvX0CSl+VAA==</latexit><latexit sha1_base64="ujcrrLfWYK0xP4rI4T+xZgGDnxs=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARBKEkbaBxIRTduKxgH9CEMJlO2qGTBzMTocQu/BU3LhRx62+482+cpBVU9MDlHs65l7lz/IRRIQ3jQystLa+srpXXKxubW9s7+u5eV8Qpx6SDYxbzvo8EYTQiHUklI/2EExT6jPT8yWXu924JFzSObuQ0IW6IRhENKEZSSZ5+4LTHFJ7DvHkZnsFT6BCJPL1q1Oy6ZdZNaNRM27IaBTlrWE0bmjWjQBUs0Pb0d2cY4zQkkcQMCTEwjUS6GeKSYkZmFScVJEF4gkZkoGiEQiLcrLh/Bo+VMoRBzFVFEhbq940MhUJMQ19NhkiOxW8vF//yBqkMbDejUZJKEuH5Q0HKoIxhHgYcUk6wZFNFEOZU3QrxGHGEpYqsokL4+in8n3TrNVPxa6vauljEUQaH4AicABM0QQtcgTboAAzuwAN4As/avfaovWiv89GSttjZBz+gvX0CSl+VAA==</latexit><latexit sha1_base64="ujcrrLfWYK0xP4rI4T+xZgGDnxs=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARBKEkbaBxIRTduKxgH9CEMJlO2qGTBzMTocQu/BU3LhRx62+482+cpBVU9MDlHs65l7lz/IRRIQ3jQystLa+srpXXKxubW9s7+u5eV8Qpx6SDYxbzvo8EYTQiHUklI/2EExT6jPT8yWXu924JFzSObuQ0IW6IRhENKEZSSZ5+4LTHFJ7DvHkZnsFT6BCJPL1q1Oy6ZdZNaNRM27IaBTlrWE0bmjWjQBUs0Pb0d2cY4zQkkcQMCTEwjUS6GeKSYkZmFScVJEF4gkZkoGiEQiLcrLh/Bo+VMoRBzFVFEhbq940MhUJMQ19NhkiOxW8vF//yBqkMbDejUZJKEuH5Q0HKoIxhHgYcUk6wZFNFEOZU3QrxGHGEpYqsokL4+in8n3TrNVPxa6vauljEUQaH4AicABM0QQtcgTboAAzuwAN4As/avfaovWiv89GSttjZBz+gvX0CSl+VAA==</latexit><latexit sha1_base64="ujcrrLfWYK0xP4rI4T+xZgGDnxs=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARBKEkbaBxIRTduKxgH9CEMJlO2qGTBzMTocQu/BU3LhRx62+482+cpBVU9MDlHs65l7lz/IRRIQ3jQystLa+srpXXKxubW9s7+u5eV8Qpx6SDYxbzvo8EYTQiHUklI/2EExT6jPT8yWXu924JFzSObuQ0IW6IRhENKEZSSZ5+4LTHFJ7DvHkZnsFT6BCJPL1q1Oy6ZdZNaNRM27IaBTlrWE0bmjWjQBUs0Pb0d2cY4zQkkcQMCTEwjUS6GeKSYkZmFScVJEF4gkZkoGiEQiLcrLh/Bo+VMoRBzFVFEhbq940MhUJMQ19NhkiOxW8vF//yBqkMbDejUZJKEuH5Q0HKoIxhHgYcUk6wZFNFEOZU3QrxGHGEpYqsokL4+in8n3TrNVPxa6vauljEUQaH4AicABM0QQtcgTboAAzuwAN4As/avfaovWiv89GSttjZBz+gvX0CSl+VAA==</latexit>

Derivative expansion refs:
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1-loop processes in EFT : Truncation

Where to truncate :

: mass dimension         1

U   : mass dimension 1 or 2

m : mass dimension 1

In the expansion, succeeding terms are higher in mass dimension

Effective operators upto mass dimension-six only:For example:

L(dim�6)
1�loop [�,�c] =

c

(4⇡)2
tr

(
m2

✓
1 + log
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m2

◆
U +m0


1

12
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1 + log
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◆
G02

µ⌫ +
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2
log
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m2
U2

�

+
1
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"
� 1

60

�
PµG

0
µ⌫

�2 � 1

90
G0

µ⌫G
0
⌫�G

0
�µ � 1

12
(PµU)2 � 1

6
U3

� 1

12
UG0

µ⌫G
0
µ⌫

#
+

1

m4

"
1

24
U4 +

1

12
U
�
PµU

�2
+

1

120

�
P 2U

�2
+

1

24

⇣
U2G0

µ⌫G
0
µ⌫

⌘

� 1

120

⇥
(PµU), (P⌫U)

⇤
G0

µ⌫ � 1

120

⇥
U [U,G0

µ⌫ ]
⇤
G0

µ⌫

#
+

1

m6

"
� 1

60
U5 � 1

20
U2

�
PµU

�2

� 1

30

�
UPµU

�2
#
+

1

m8


1

120
U6

�)
.

Henning et. al. JHEP01(2016)023

Drozd et. al. JHEP03(2016)180

Fuentes-Martin et. al. JHEP 09 (2016) 156

del Aguila et. al. Eur.Phys.J.C 76 (2016) 5, 244

Kramer et. al. JHEP 01 (2020) 079

Eff. action : DR + MS-bar,

 is the matching scale,μ
<latexit sha1_base64="95E3+sXptr91M7k5wrYGdGqoiJ8="></latexit>

Pµ = iDµ

<latexit sha1_base64="+CFZrcIFOoX5x41Jwl9NbFwHa2A="></latexit>

Dµ

<latexit sha1_base64="FZPjoyqFa/vcUqUerfjvvt9E+bQ="></latexit>

G0
µ⌫ = [Dµ,D⌫ ] = �igFµ⌫



CoDEx: Extra Scalar Doublet

Heavy field properties


{Name, Color, Isospin, Hypercharge, Spin, Mass}

 

   list = { hf,     1,      2,    -1/2,       0,     mH2} 

Heavy field representation


𝜑 =  defineHeavyFields[ list ]

BSM Lagrangian


<latexit sha1_base64="0r73HutaucpgN3ekSVBJWcLY98c="></latexit>

LH2 = LSM + |DµH2|
2
�m
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n
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(e)
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eH2eR + Y

(u)
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qLH2 uR + Y
(d)
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qL
eH2 dR + h.c.

o
12



BSM Lagrangian


    

         


<latexit sha1_base64="0r73HutaucpgN3ekSVBJWcLY98c="></latexit>

LH2 = LSM + |DµH2|
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( eH†

H2)
2 + (H†

2
eH)2

i

�

n
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(e)
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eH2eR + Y

(u)
H2

qLH2 uR + Y
(d)
H2

qL
eH2 dR + h.c.

o

12
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Tree-level Wilson coefficients


In[4]:   codexOutput[ LH2, list, model —> “2HDM”, outRange —> ”Tree”, operBasis —> “Warsaw” ]


      Out[4]:


SILH

Matching scale  =  mass of heavy field  =  mH2
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1-loop level Wilson coefficients


In[5]:   initializeLoop[ “2HDM” , list]


In[6]:   codexOutput[ LH2, list, model —> “2HDM”, outRange —> ”Loop”, operBasis —> “Warsaw” ]


Out[6]:
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Warsaw basis SILH  basis

Matching scale = heavy field mass

*1-loop processes involving 

only heavy propagators in the loop.

Contributions from heavy-light diagrams? RG Flow?
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RGFlow of the Wilson coefficients


In[7]:   RGFlow[ Wilson coefficients,   mH2,    𝝻 ]


Out[7]:

37 operators 48 operators
RGFlow

The RGE on tree + 1loop 2HDM matching result available:

Partial cross-checks with DSixTools done, found agreement!

In Warsaw basis

Jenkins et. al. 

arxiv:1308.2627

arxiv:1310.4838

arxiv:1312.2014

https://github.com/effExTeam/Precision-Observables-and-Higgs-Signals-Effective-passageto-select-BSM/blob/main/rgTHDM_d6.m

DSixTools

arxiv:1704.04504

arxiv:2010.16341



17Tree-level (T),   Heavy-loop (HH),   Heavy-light-loop (HL)

SM SM

SM SM
NP

SM SM

SM SM

Tree-level effective operatorsT  —  

Only heavy field propagator in the loopHH  —  

Both heavy and light field propagators

in the loop

HL  —  

SM SM

SM SM

NP

NP

NPNP

SM SM

SM SM

NP

NP

SM SM

NP (New Physics) — Heavy field propagators
SM (Standard Model) — Light field propagators
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Heavy-light mixed propagators in loop

<latexit sha1_base64="tKSvGe0QwT/yda9g8GVB6y2f93c="></latexit>

Gµ⌫ =

"
G(H)

µ⌫ 0

0 G(L)
µ⌫

#

Zhang  arxiv:1610.00710

<latexit sha1_base64="aLozPl8Wb8PkTvY0pJTVRLIRTG8="></latexit>

U =
�2LUV

�{�,�}2 =
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ULH UL

�

<latexit sha1_base64="bSILePUXbLSxKbrc0KnBrYdxkQY="></latexit>

Dµ =


DHµ 0
0 DLµ

�

… more terms …

Ellis et. al.  arxiv:1706.07765
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HL Wilson coefficients - 2HDM

19
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The  SM  equations of motion
Gauge fields: Fermions:

Scalars:
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Operator identities

Gauge-invariant operators to SMEFT bases
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Fierz identities:
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Evanescent operators !!

https://arxiv.org/abs/1508.05895
https://arxiv.org/abs/2202.01225
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Operator identities

Gauge-invariant operators to SMEFT bases
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Matching, mapping, running packages for EFTs:

SmeftFr 1904.03204,

MatchingTools 1710.06445,

SMEFiT 1901.05965,

DSixTools 1704.04504,

wilson 1804.05033,

smelli 2012.12211,

SMEFTsim 1709.06492,

Matchmakereft 2112.10787 

Aebischer et. al. JCPC 2018.05.022

Wilson coefficient exchange format — wcxfIn ,  wcxfOut
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Wilson coefficient exchange format — wcxfIn ,  wcxfOut
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Single heavy scalar extensions of SM❖  

Applications:

https://github.com/effExTeam/Precision-Observables-and-Higgs-Signals-Effective-passageto-select-BSM

https://github.com/effExTeam/Precision-Observables-and-Higgs-Signals-Effective-passageto-select-BSM
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BSMs
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⇥2
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⌦
<latexit sha1_base64="3Z0J9KfKl8aTkBQGi6D100WWzt8="></latexit>�1
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G3,2,1

Tree-level (T),   Heavy-loop (HH),   Heavy-light-loop (HL)

https://github.com/effExTeam/Precision-Observables-and-Higgs-Signals-Effective-passageto-select-BSMMatching result for these BSMs:

arxiv:2012.03839, arxiv:2111.05876More on this:

https://github.com/effExTeam/Precision-Observables-and-Higgs-Signals-Effective-passageto-select-BSM
https://arxiv.org/abs/2012.03839
https://arxiv.org/abs/2111.05876
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Summary  &  Future directions

❖  Matching using functional methods:    Effective action formulae, implementation

•   Model implementation in CoDEx:  Tree-level, 1-loop-level WCs and RGEs.

•   15  scalar extension of the SM

❖  Fermions at 1-loop.

❖  1-loop-level WCs from mixed statistics loops.

❖  Open sourcing and benchmarking models with other packages.

❖  Multiple heavy fields at 1-loop with non-degenerate mass.

Features in upcoming releases:



Thanks for your attention!
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https://effexteam.github.io/CoDEx/html/tutorial/CoDExOverview.htmlCoDEx web-documentation

https://effexteam.github.io/CoDEx/html/tutorial/CoDExOverview.html


Backup slides
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Take trace and use BCH formula -
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eBAe�B =
1X
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Integral :
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Ũ =
1X

n=0

1

n!
[Pa1 , [Pa2 , [... [Pan , U ]]]]

@n
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Henning et. al. JHEP01(2016)023
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Idea proposed by Gaillard (1986) and Cheyette (1988) and later adapted by Henning et. al. (2016)

1-loop processes in EFT

Gauge invariant higher dimension operators.

Goto
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Gaillard M.K. Nucl.Phys. B268 (1986) 669-692

Cheyette O. Nucl. Phys. B 297 (1988) 183 
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1X
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[Pa1 , [Pa2 , [... [Pan , [P⌫ , Pµ]]]]]
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Ũ =
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@qa1@qa2 ...@qan

tr : over internal indices like gauge and spinor indices
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Idea proposed by Gaillard (1986) and Cheyette (1988) and later adapted by Henning et. al. (2016)

1-loop processes in EFT

Gauge invariant higher dimension operators.

Goto

Se↵,1-loop = i c

Z
d4x

Z
d4q

(2⇡)4
tr log


�(qµ + G̃⌫µ

@

@q⌫
)2 +m2 + Ũ

�

Expand the denominator in binomial series.

log[x2 � a2] !
Z

dx2 1

x2 � a2

Terms in series are suppressed by the mass of the heavy field.

Gaillard M.K. Nucl.Phys. B268 (1986) 669-692

Cheyette O. Nucl. Phys. B 297 (1988) 183 

tr : over internal indices like gauge and spinor indices


