
Sum
m

ary of Lecture-1

Physics of different energy scales:  m
ay be connected to each other or NO

T.

Two  approaches of EFT: Top-D
ow

n and Bottom
-Up

EFT Keywords: Integrating out, M
atching, Truncation,…

Construction of Com
posite operators: Sym

m
etry and IR D

O
F

Redundancy: IBP, EO
M

, Total D
erivative 



The Standard M
odel

But there are m
ore questions! 

—
—

 N
eutrino oscillation, dark m

atter, baryon asym
m

etry, …

(1) Predict new
 particles  

yet undiscovered
(2) Enlarge the underlying 

sym
m

etry

Beyond Standard M
odel scenarios

- in short BSM
 scenarios

The Standard M
odel of particle physics is successful.
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Particle content

Courtesy: Ferm
ilab
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Feynm
an PhysRev.76.769

G
ross, W

ilczek, Politzer   
PRL 30.1343, PRL 30.1343

W
einberg PRL 19.1264



H
igher m

ass dim
ension 

operators
L
B
S
M

!
L
S
M
+
h
igh

er
m
ass

d
im

en
sion

op
erators

<latexit sha1_base64="lbCa+zp4N2pm9lh1u0WXA4+/dtY="></latexit><latexit sha1_base64="lbCa+zp4N2pm9lh1u0WXA4+/dtY="></latexit><latexit sha1_base64="lbCa+zp4N2pm9lh1u0WXA4+/dtY="></latexit><latexit sha1_base64="lbCa+zp4N2pm9lh1u0WXA4+/dtY="></latexit> BSM
 scenarios

N
o clue about properties of new

 particles

N
o clue about underlying gauge sym

m
etry

H
int from

 history :
Ferm

i’s idea of four-ferm
ion vertex

BSM
 scenarios and Effective theory

Utility of EFT :
Param

eterising lack of inform
ation in term

s of higher m
ass dim

ension operators

M
oreover,

if the energy scale of new
 physics is beyond the reach of recent experim

ents

Use of EFT is desirable :

Study the relevant processes —
 no need to consider the full theory

G
eorgi ARNPS 1993 43:209-52

M
anohar  arXiv:1804.05863
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Standard M
odel 

vs
 Low

 Energy Effective Theory (LEFT)

Beyond Standard M
odel - A

 com
plete theory 

vs 
Standard M

odel E
ffective theory (SM

EFT) 

Energy scale for 4-Ferm
i theory of m

uon decay.
Low

 Energy Theory

Range of Scales



Global-EFT plan



EFT Pillars

A
lgorithm

TheoryA
nalysis 

In C
ollaboration w

ith Exp.



1.
O

ne-loop effective action up to any m
ass-dim

ension for non-degenerate scalars and ferm
ions including light–heavy 

m
ixing       

     Upalaparna Banerjee, Joydeep Chakrabortty, Shakeel Ur Raham
an, Kaanapuli Ram

kum
ar

     
Eur.Phys.J.Plus 139 (2024) 2, 169 • e-Print: 2311.12757 [hep-ph].

2.   O
ne-loop Effective A

ction up to D
im

ension Eight: Integrating out H
eavy Ferm

ion(s)          
     Joydeep Chakrabortty, Shakeel Ur Raham

an, Kaanapuli Ram
kum

ar
     

N
ucl.Phys.B 1000 (2024) 116488 • e-Print: 2308.03849 [hep-ph]

3.   O
ne-loop Effective A

ction up to D
im

ension Eight: Integrating out H
eavy Scalar(s)          

     Upalaparna Banerjee, Joydeep Chakrabortty, Shakeel Ur Raham
an, Kaanapuli Ram

kum
ar

     
Eur.Phys.J.Plus 139 (2024) 2, 159 • e-Print: 2306.09103 [hep-ph]

4.   EFT, D
ecoupling, H

iggs M
ixing and A

ll That Jazz          
     Upalaparna Banerjee, Joydeep Chakrabortty, Christoph Englert, W

rishik Naskar, Shakeel Ur Raham
an, M

ichael Spannowsky
     e-Print: 2303.05224 [hep-ph].

Som
e recent References:

Theoretical  
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5.   EFT D
iagram

m
atica. Part II. Tracing the U

V origin of bosonic D
6 C

PV and D
8 SM

EFT operators                                                   
     W

rishik Naskar, Suraj Prakash, Shakeel Ur Raham
an,

        JH
EP 08 (2022) 190; 

e-Print: 2205.00910 [hep-ph].

6.  EFT D
iagram

m
atica: U

V R
oots of the C

P-conserving SM
EFT

     Supratim
 Das Bakshi, Joydeep Chakrabortty, Suraj Prakash, M

ichael Spannowsky, Shakeel Ur Raham
an.

     
JH

EP 06 (2021) 033; e-Print: 2103.11593 [hep-ph].

7.  C
lassifying Standard M

odel Extensions Effectively w
ith Precision O

bservables
     Supratim

 Das Bakshi, Joydeep Chakrabortty, M
ichael Spannowsky.

     
Phys.R

ev.D 103 (2021) 5, 056019; e-Print: 2012.03839 [hep-ph].

8.  Effective O
perator B

ases for B
eyond Standard M

odel Scenarios: A
n EFT com

pendium
 for discoveries

     Upalaparna Banerjee, Joydeep Chakrabortty, Suraj Prakash, Shakeel Ur Raham
an, M

ichael Spannowsky.
     

JH
EP 01 (2021) 028; e-Print: 2008.11512 [hep-ph].

Som
e recent References:

Theoretical  



1.
Integrating out heavy scalars w

ith m
odified equations of m

otion: M
atching com

putation of dim
ension-eight SM

EFT 
coefficients                                                                                                                                                                        
Upalaparna Banerjee, Joydeep Chakrabortty, Christoph Englert, Shakeel Ur Raham

an, M
ichael Spannowsky

     
Phys.R

ev.D 107 (2023) 5, 055007; e-Print: 2210.14761 [hep-ph].

2.  C
haracters and group invariant polynom

ials of (super)fields: road to “Lagrangian”
     Upalaparna Banerjee, Joydeep Chakrabortty, Suraj Prakash, Shakeel Ur Raham

an.
     

Eur.Phys.J.C 80 (2020) 10, 938; e-Print: 2004.12830 [hep-ph].

3.  H
ilbert Series and Plethystics: Paving the path tow

ards 2H
D

M
- and M

LR
SM

-EFT
     Anisha, Supratim

 Das Bakshi, Joydeep Chakrabortty, Suraj Prakash.
     

JH
EP 09 (2019) 035; e-Print: 1905.11047 [hep-ph].

4.  C
oD

Ex: W
ilson coefficient calculator connecting SM

EFT to U
V theory

     Supratim
 Das Bakshi, Joydeep Chakrabortty, Sunando Kum

ar Patra.
     

Eur.Phys.J.C 79 (2019) 1, 21; e-Print: 1808.04403 [hep-ph].

Som
e recent References:

Algorithm
s  



1.  Effective lim
its on single scalar extensions in the light of recent LH

C
 data

     Anisha, Supratim
 Das Bakshi, Shankha Banerjee, Anke Biekötter, Joydeep Chakrabortty, M

ichael Spannowsky,
     Sunando Kum

ar Patra;  Phys.R
ev.D

 107 (2023) 5, 055028;  e-Print: 2111.05876 [hep-ph].

2.  Effective connections of aμ, H
iggs physics, and the collider frontier

     Anisha, Upalaparna Banerjee, Joydeep Chakrabortty, Christoph Englert, M
ichael Spannowsky,  Panagiotis Stylianou.

    
   Phys.R

ev.D 105 (2022) 1, 016019; e-Print: 2108.07683 [hep-ph].

3.  Landscaping C
P-violating B

SM
 scenarios

     Supratim
 Das Bakshi, Joydeep Chakrabortty, Christoph Englert, M

ichael Spannowsky,  Panagiotis Stylianou.
     

N
ucl.Phys.B 975 (2022) 115676; e-Print: 2103.15861 [hep-ph].

4.  Extended H
iggs boson sectors, effective field theory, and H

iggs boson phenom
enology

     Anisha, Upalaparna Banerjee, Joydeep Chakrabortty, Christoph Englert, M
ichael Spannowsky. 

    
Phys.R

ev.D 103 (2021) 9, 096009; e-Print: 2103.01810 [hep-ph].

5.  A Step Tow
ard M

odel C
om

parison: C
onnecting Electrow

eak-Scale O
bservables to B

SM
 through EFT and B

ayesian Statistics
     Anisha, Supratim

 Das Bakshi, Joydeep Chakrabortty, Sunando Kum
ar Patra.

     
Phys.R

ev.D 103 (2021) 7, 076007; e-Print: 2010.04088 [hep-ph].

Analysis  
Som

e recent References:



Theory &
 Algorithm



Low
 Energy Theory

H
igh Energy 
Theory

Bottom
-Up

H
igher m

ass 
dim

ensional  
Effective operators

Independent set 
of operators

Equation of 
M

otion (EO
M

)

Integration by 
Parts (IBP)
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Subtleties of building effective operators

M
ass dim

ension of various types of fields:

M
ass dim

ension of an operator:

M
ass Dim

ension:



●Standard M
odel Gauge Sym

m
etry:

●Space-tim
e Sym

m
etry:

An operator constituted using various fields is invariant under all the underlying sym
m

etries.

Transform
ation of various field under the Lorentz sym

m
etry:

�Exam
ple

:    

Lorentz Scalar

N
ot gauge-invaraint
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Low
 Energy 

Theory
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S
M

SM
SM

SM
SM

Effective operators

SM
+

Effective operators

★
K

now
ledge of exact nature of new

 physics is not required 

✤
W

ilson coefficients are free param
eters: origin-less 



A
utom

ation
G

rIP: https://team
grip.github.io/G

rIP

M
athem

atica based package w
ith a user friendly interface: 

•
M

odel info (sym
m

etry inform
ation, field content) read through an input file

•
C

om
m

ands entered through a notebook file

•
R

esults displayed on the sam
e notebook file

•
Fam

iliarity w
ith the G

roup-theoretic backbone is not required 

•
Input files for a plethora of popular m

odels are available w
ith the tarball

package

contents

G
rIP

.m
 

G
rpIn

fo.m
 

E
xam

ple_S
M

.n
b 

M
O

D
E

L
 

Sym
m

etries 
containing SM

SM
 extended by

Real singlet scalar
Singly and D

oubly charged scalars
SU

(2) N
-plet scalars w

ith various hypercharges
Scalar Lepto-quarks (w

ith non-trivial color charges)

Scalars

Sterile N
eutrino

Left-handed SU
(2) triplet ferm

ion
Right-handed singlet ferm

ion

Ferm
ions

B
elow

 electro-w
eak scale m

odels

Singlet Scalar
Vector-like ferm

ion pair

Light DM
 candidates

Pati-Salam
 m

odel
G

eorgi-G
lashow

 SU
(5) m

odel
M

inim
al Left-Right Sym

m
etric m

odel 

U
 Banerjee, J C

hakrabortty, S Prakash, SU
 R

aham
an

EPJC
 80 (2020) 10, 938
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E
xam

ple_M
S

S
M

.n
b 

E
xam

ple_C
H

aar.n
b 

C
H

aar.m
 

+
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G
rIP user interface and com

m
ands
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SM
E

FT
 ( d = 6 ) operator basis

B G
rzadkow

ski, M
 Iskrzynski, M

 M
isiak, J R

osiek (2010), arX
iv:1008.4884



SM
E

FT
 ( d = 6 ) operator basis continued …

B G
rzadkow

ski, M
 Iskrzynski, M

 M
isiak, J R

osiek (2010), arX
iv:1008.4884

O
nly B-, L- 

C
onserving


