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Counting - Sym2lnt
Op erat ors = 5 «Symmetries to Interactions»

A basis of operators
for a general EFT




Counting
operators




Rapid progress in recent years

Using the Hilbert series, it became possible to count all SMEFT
operators up to very high dimensions

Benvenuti, Feng, Hanany, He hep-th/0608050 Lehman, Martin 1503.07537, 1510.00372
Feng, Hanany, He hep-th/0701063 Henning, Lu, Melia, Murayama 1512.03433
Hanany, Jenkins, Manohar, Torri 1010.3161

Dim 5 EH L2 +6H 2L ? Sample

G +57L0Q +45d°d*+81ded e" +36e’e™*+G " +B*HH +G*HH +0BelLH +9BdQH +9dGQOH =

HE*H +HG *H +9eHLH *+9dHQH *+H H +81dLd L +8lele L +81dQe L +9HB e L™+
9H e  H L™ +45L° L% +81elLd Q +162dQd Q" +9HB d Q +81eQe Q" +9Hd G Q +9H d"H Q" +

162 LQL Q +90Q° Q  +57 L7077 +81L0Qd u +540Q0° " W +9B " H Q U +9G H Q U +9HH Q u +
162’ L' Q u" +162d QP u" +81ld e U +HBE H W +9He LW +0Hd Q"W s 0H Q u W s HH W-w’ +
9BHQU+9GHQuU+162elLQu+162dQ°u+9H QH u+81dL  Q u+54eQ u+162dd v u+8lee’ u u=+
81LL U u+162Q0Q uw u+8ldeu’ +45u U +BHH W+9elLH W+9dQH W+9HQuUUW+HH W +W +
9dHd H 8+9eHe H 8+18HLH L  8+18HOH Q 8+9dH  u d+9H d  ud+9HH wud+2H H &

a

Dim 6

Format of each term: (#operators) x (field combinations)

® The Hilbert series method counts operators
It does not build them explicitly
—@ This method also does not indicate where to apply the derivatives
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Rapid progress in recent years
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The traditional way

The Hilbert series (HS) gained prominence only in recent years

For decades, physicists have been building models and listing operators
taking all combinations of fields, and picking out the ones which are
gauge and Lorentz invariant (the traditional method)

Can it be used to reproduce the Hilbert series counting?
Yes. There are programs doing that.

BasisGen Criado 1901.03501 Sym2|nt RF 1703.05221, 1907.12584
AAAPANLDA

more on it later

B Viable to high dimensions

1010F il Works out of the box with
0l SMEFT 108 SMEFT any group, representations
105 - a = 3 [ .
wl  su -l shie) Yields more information than
e 10| just the number of operators,
o 107 | namely permutation
10 K ] . °
; i symmetries of flavor indices
2 5 10 15 2 5 10 15
Dimension Dimension Can’t tell where to apply
RF 1907.12584 derivatives (same as HS method)
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QQQL in SMEFT

Counting Lagrangian terms is not always simple

When the Standard Model is considered as an effective low-energy theory, higher
dimensional interaction terms appear in the Lagrangian. Dimension-six terms have
been enumerated in the classical article by Buchmueller and Wyler [3]. Although
redundance of some of those operators has been already noted in the literature, no
updated complete list has been published to date. Here we perform their classification

The culprit

once again from the outset. Assuming baryon number conservation, we find 15 + 19 + 70" 70"
25 = 59 independent operators (barring flavour structure and Hermitian conjugations), 68" 68"
as compared to 16 + 35 + 29 = 80 in Ref.[3]. The three summed numbers refer to 66" 66"

operators containing 0, 2 and 4 fermion fields. If the assumption of baryon number
conservation is relaxeq rise in the four-fermion sector. 64" 64"
6!2" 6’2"
Grzadkowski, Iskrzynski, Misiak, Rosiek, 1008.4884 60" w 60"

(13 o 99

: (“Warsaw paper”) 5'g"” - 58"
y3 in arXiv 56" 56"
When the Standard Model is considered as an effective low-energy theory, higher 54" — 54"
dimensional interaction terms appear in the Lagrangian. Dimension-six terms have 52" e :5’2"
been enumerated in the classical article by Buchmueller and Wyler [3]. Although 50" B\ 2 50"
redundance of some of those operators has been already noted in the literature, no 48" — 48"

updated complete list has been published to date. Here we perform their classification

. . . mn '6"
once again from the outset. Assuming baryon number conservation, we find 15 + 19 + 46 4

25 = 59 independent operators (barring flavour structure and Hermitian conjugations),
as compared to 16 + 35 + 29 = 80 in Ref.[3]. The three summed numbers refer to HOWGVGI‘ one can tackle
operators containing 0, 2 and 4 fermion fields. If the assumption of baryon number :

conservation is relaxerise in the four-fermion sector. thiS kiIld Of problem SyStematically
(but not with the HS, as far as I know)
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Operator Self  Number of Number of Repeated Permutation
type : conj.? operators terms fields symmetry
6 QQQL 6 False 57 @ Q E- - 1




Operator Self  Number of Number of Repeated Permutation
type : conj.? operators terms fields symmetry
6 QQQL 6 False 57 @ Q E- - 1

I’ll say more on this topic later (when discussing flavor)







GroupMath

A Mathematica package for the

group theory computations

RF 2011.01764

Basis-independent functions (} RO U P M A.‘. H

Adjoint | Casimir | Conjugatelrrep | Dynkinlndex | DimR |
PermutationSymmetryOfinvariants | ReduceRepProduct | Srop s E ko b
RepName | RepSU pTODimN | Weights | TriangularAnomalyvalue | GroupMath is a Mathematica package containing several functions related to Lie Algebras and the

permutation group. For now, it is still a work in progress, so it not fully documented.

Basis—dependent functions However, it inherits much of its code from the Susyno package @, so some of GroupMath's
function have already described in this link @. Over the years, group theory functions were added
. . to the Susyno program (whole aim is to calculate renormalization group equations), however it
IrrepInProduct | RepMatrices | Invariants Impg .
became clear at some point that such code would be interesting on its own, so GroupMath was
created.
Permutation group functions Note that the latest version of the Sym2int code @ requires GroupMath.

References
DecomposesnPrOdUCt ’ DraWYounngagram | GenerateStandardTableaux I GroupMath has not been described in any publication yet, however it inherits much of its code

HOOkCOﬂtentFormula | LittlewoodRichardsoncoefﬁcients ‘ Snclasscharacter from Susyno: Computer Physics Communications 183 (2012) 2298.
| SnClassOrder | SnlrrepDim | SnlrrepGenerators | ... Installing the code

GroupMath can be obtained from this page:

Symmetry breaking functions

Download

DecomposeRep | FindAlIEmbeddings | MaximalSubgroups |
RegularSubgroupProjectionMatrix | SubgroupEmbeddingCoefficients
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Sym2Int

«Symmetries to Interactions»

A Mathematica package to list the operators in a model
Works out of the box for any gauge group and representations

RF 1703.05221, 1907.12584

gaugeGroup [SM] ~= {SU3, SU2, Ul1};

31 1 R (LT PR e W e 37 S L el [

AT e L W e e Fe R R DL TR

fld3 = {"Q", {3, 2, 1/6}, "L", "C", 3};

flda = {el {1y 1y =1, TR, 35

Elgan EpE ey e o v s me Sy

i e T S e Lyl X Wl Sl L e

fields[SM] ~= (fldl, fld2, f1d3, fld4, f1d5, f1d6};

savedResults = GenerateListOfCouplings [SM, MaxOrder - 6] ;
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Sym2Int

«Symmetries to Interactions»

A Mathematica package to list the operators in a model
Works out of the box for any gauge group and representations
RF 1703.05221, 1907.12584
A name to the model
l (e.g. SM)

gaugeGroup [SM] ~= {SU3, SU2, Ul}; < The gauge group
(e.g. SU(3) x SU(2) x U(1)

fld1 = {"u", {3,

ey b R LR S )
fld2 = {"d", {3, 1
2
1

_1 /3}, "R", Ilclr, 3};

-

1 et e 0 gl i B 7 5 Sl g et B The fields, i.e. the irreps under the
R = T e ] e e R e e gauge and Lorentz groups,

§ I3 e b gt [y iyt [ e W M eph] Wi oo F including #flavors

e e Tt ph TR Rl L Gty S )t

fields[SM] ~= {fld1, fld2, f1d3, fld4, fld5, fld6}; J

savedResults = GenerateListOfCouplings [SM, MaxOrder - 6] ; } Max dimension of interactions

(e.g.: 6)
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Example: SMEFT up to dim 6

Operator Dim. Self Number of MNumber of Repeated Permutation
type conj.? operators terms fields symmetry
1 H= H 2 True 1 1
2 L= & H 4 False 9 1
3 Qs d H 4 False 9 1
4 u= Q H 4 False 9 1
5 H+ Hx H H 4 True 1 1 [Hs, H} I, [}
& LLHH 5 False 6 1 {L, H} (0, 13
7 F1 F1 F1 6 False 1 1 Fl 111
8 F2 F2 F2 & False 1 1 F2 [T
9 DD HsH«HH 6 True 2 2 H=, Hl 2[00, [0 +2 O=0., O=00) -2 (O=0,. OO
1a o H« L« L H & True 13 2
11 ' Hx ex e H 6 True 9 1
12 0 H+ Q+ Q H B True 18 2
13 T He d= d H 6 True 9 1
14 9 He us uH 6 True 9 1
15 F3+ L= e H 5 False 9 1
16 F3s« Q= d H & False 9 1
17 F2+ L+ e H 6 False 9 1
13 F2+ Q= d H & False 9 1
19 Fl= Q= d H 6 False 9 1
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Example: SMEFT up to dim 6

42 Tous d HH &  False 9 1 H O=0
43 us Q@ H F1 B False 9 1
44 u=s Q HF2 @ False 9 1
45 u= Q@ HF3 B Fal=e 9 1
46 uude 6  False 81 1 u - H
a7 udQlL @ False a1 1
48 uQg Qe B Fal=e 54 1 Q (|
49 0QQL &  False 57 1 0 HEF‘ I
E1E] H= L+ e HH B False 9 1 H 1
51  Hs Q= d HH &  False 9 1 H .|
52  Hs us Q HH 6 False 9 1 H Tl
53 Hs H+ H«r HHH & True 1 1 [Hs, H) 0T, OO}
Dimension # real operators # real terms # types of real operators
2 1 1 1
3 5] 8 =]
4 55 7 7
5 12 2 2
6 3845 34 72
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Extending Sym2int

Building operators explicitly




Known results for SMEFT

SMEFT Buchmiiller, Wyler NPB 268 (1986) 621 Wikshel
dim 6 Grzadkowski, Iskrzynski, Misiak, EOMs are not used
mm Rosiek, 1008.4884

(Green basis)

1986-2017

SMEFT

) Lehman 1410.4193
dim 7

2014

Murphy 2005.00059

Li, Ren, Shu, Xiao, Yu, Zheng, 2005.00008 )
R e ; SMEFT dim 6

Gherardi, Marzocca, Venturini, 2003.12525

2020

SMEFT : :
Li, Ren, Xiao, Yu, Zheng, 2007.07899

dim 9

SMEFT dim 8
2020 (bosons)

DEFT Gripaios, Sutherland 1807.07546 Chala, Diaz-Carmona, Guedes 2112.12724
ABCAEFT Li, Ren, Xiao, Yu, Zheng 2201.04639
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Operators = polynomials in many variables

Operators are just homogenous polynomials in many variables

The variables are field components

Once we have a (potential over-complete) basis of operators of
some kind, we can take each monomial to be a basis of a vector
space and covert operators into vectors

At this stage we have a Linear Algebra problem

EOMs and IBPs are linear relations among the operators; they define
directions (vectors) in this vector space

E.g.:Ql Q2 Q3L

2500 e ek QAR S L P e e Q2AF 15 = 26 ki b Q3 1w Do Mt el R e {1195 20 s Q] b 2ok b s 50 e SO 2R 10 o B e 2 o] e ) 3 Do b il b ) S L K2 e b i) i Q) 2« M ik o) e Q2 A 55 S Ty e 3 1 512 £
PR . 0 0 e i (s Ny v il i e ) A o o e S Y S e e 00 ) U e ) [ e o ) D e e B e i i o o s g G e B e e S et A D 0 e e i
Vargry = 1 Lo P b L L [P T b2 L0 P PPt b= v Lo b R [ el b i o o L B0 B T OH I ol Bt P et 0 H il 0 [P ol o e A e U Bt It 2 ) 2 B2t U bt B [ G L i 1 e e ] e WL 7 o W e L L o 5 B
Porym L Ll B 8 I [ e P T e e L T T L o i L L I P P B e O Pl ol B o X S 2 T D e T A e O E e e e T S T B T el R T R E
B8 i e e O ey o 3ng 2 [P QR 25 X i ] R Q3 o 15 2}]'- B2 Qg M1 @ R iy 3 b Y QR 2% 25 2 e 203 P Wfiils o2 Y e e IE o2 o N 619 IQl'l, 22 Q2 25 3 I Q3 e S a2
ot L e o 0 . e Al o P dis e a ] K D S R e e e b g [ A [2 [ETER [1. .12 |1 87 ok b s o Pl B vl o o o0 Lo ool o S el s 21
2o L Db 2% |- s e[ 20 k3 Q2o s o e D] s Q3 D 1250 A3 Bl F 2% il R 25 Fplg 24 o e Qisf 0, 413 50250 021 P2 L L] b D3 Dot 2 e L.
P [ By P 01 R ! e s 206 251 et [ B P I o B0 2 B e e P g ] B il G Py i e s o e ) B e B P 6 P N e el b S P G B o B e
ol bl Lt 0 0 ] gl b et P i 070 B 11 e T R VB ) Pl o 0 e L BT L 0 i1t 1 L 0 W o D B B R M e 2 s R 02 6 b (7 A0
2 th e S Y s 2t s 1] QR i {35 25 03 [lr 22 | S 2 el i 4] 1 QMY S 2 JE 102 27 Ll w3 [ 2 e )it IR 2 5 SR 1 ] by QL e 5~ 3T JeenQ2rf ey P US 200 e Q3 w1 20 2
2 e O [ e e 2 ] o Q22 s 5T, L 1] 0003 15 25020 e il 52 8 ALl Rt QAL f ey b A2 [ 25 1 3 52 w3 [ of 2,0 2 e IR 2 g s b2} i Qs f2ge 2y s 1R i Q2 [ o 1 e 1o | LR D3 e sn f 3 00
Pt T oo .0, e 6 g et ey o g S ot 5 i o o okl g i o P 1 o ] e 11 e 10 7. o el 0 1 1 g 5 i 0 vt B 2ok ol I o, o 7 e B0 21 e 0P ol i i £ e
s e i R 0 (R L o e R PR o L T D G A TR R s WEE (=i I M I B T T e e o ] [ G 1 0 1 R (e i M A 6 O (= P W ) e o P I T R B P S R B L o Y O o M B RS o BT (1 vl

kit
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Lorentz contractions

' Distribute the derivatives by the fields in all possible ways

\

Vector indices: contract them in all possible ways with g’s and €’s

Explicitly build the expressions and check for redundancies

convert spinor indices into vector indices

Y
X
>
J
@ Place Weyl spinors in 4-D Dirac spinors
@® Form fermion bilinears
@® Use Dirac gamma matrices and C to
N i A L*R
)
= 0
s O p 0 7 v
X S e by ledrn i
b
R*L R*R
0
¥ 0_
R i e ] T

Renato Fonseca

Automatic generation of EFT operators

J

ErihnE
C
Chloyteo]
RL
C~H*
\_

LR

\




Gauge contractions (#1)

GroupMath can find the explicit gauge invariant contractions of a set
of representations of arbitrary Lie algebras

It works fine. However ... it might not be ideal.

-

Large tensors are passed

to other programs. Output
Priggram 2 ' ] Sym2Int does not need

to be easy to read

2.: FeynRules
Alloul, Chrlstensen, Degrande, Duhr, Fuks, 1310.1921

MatchMakereft
Carmona, Lazopoulos, Olgoso, Santiago, 2112.10787

Output of Sym2Int should
be human readable

No right /wrong answers here. But in the end, in both cases it is convenient that the
gauge contractions used are similar to what a human would write
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Gauge contractions (#2

To this of end, I’ve been extending GroupMath so that in the case of
SU(n) groups contractions are done via the tensor method.

The program outputs a tensor with the result, but also a string
identifying which type of contraction was made

{tensor, string} = SUNContractions[SU3, {15, 15, 15, 3, -3}][[{1, 3}11];
tensor
string // Column

%=L Specified elements: 8532
My Al e o {12, 15, 15, 15, 3, 3
l Eps[5a, 5b, 5c| phil(4, 2, 3] phi2[3, 4, 5a] phi3[2, 1, 5b] phi4[5c] phi5[1]
Eps[5a, 5b, 5c] phil[4, 1, 2] phi2[3, 4, 5a] phi3[2, 3, 5b] phi4[5c] phi5[1]
T EpsiESan s s cl L p s A e R e p i 2 3 e e Sl pha 3 2 e A s Sh R ph A BS e lRa phii 5l F] A a3
Eps[5a, 5b, Sc] phil[4, 1, 3] phi2[3, 2, 5a] phi3[2, 4, 5b] phi4[5c| phi5[1] Rt S
EfS S e s T L B e R e B e G TR O LS s R SRS e D RT S indices:
Eps|[5a, 5b, 5c] phil[4, 2, 5a] phi2[3, 1, 4] phi3[2, 3, 5b] phi4[5c] phi5[1]
contractions Eps[5a, 5b, 5c] phil[4, 1, 5a] phi2[3, 2, 4] phi3[2, 3, 5b] phi4[5c] phi5[1] 15***
Eps|[5a, 5b, 5c] phil[4, 3, 5a] phi2[3, 1, 2] phi3[2, 4, 5b] phi4[5c] phi5[1]
T Eps([5a, 5b, 5c| phil(4, 2, 5a] phi2[3, 4, 5b] phi3[2, 1, 3] phi4[5c] phi5[1] 3
T@ Eps[5a, 5b, 5c] phil[4, 3, 5a] phi2[3, 2, 5b] phi3[2, 1, 4] phi4[5c] phi5[1] §*
Eps|[5a, 5b, 5c] phil[4, 2, 5a] phi2[3, 1, 5b] phi3[2, 3, 4] phi4[5c] phi5[1]
Eps[5a, 5b, 5c] phil(4, 1, 5a] phi2[3, 2, 5b] phi3[2, 3, 4] phi4[5c] phi5[1]
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EOM/ IBP relations summary

@ EOM/IBP relations are calculated explicitly.

@ The program computes that some polynomials of the field
components are redundant, i.e. null for the present purposes.

@ These formally null polynomials must be a linear combinations of
the basis of operators previously computed. Therefore,

I0Ms/EOMs

vectors (linear relations among operators)

Consider 4 operators: O1,2.3.4 (calculated explicitly by the code)

V
\ Suppose there are two O; + 703 ~ 0 (their existence and form computed by
&\ EOM / IBP relations: 02 ik (’)3 e ) 4~0 explicitly calculating the redundant operators)

(@ W At lati Valid basis of non-redundant operators:
S ity o e r.e nons 070 Any two vectors which, when added to this
to two vectors, which we s -

f 3 ) R o | matrix, make it full rank.
place as rows in a matrix ; q
Non-unique /a matter of choice.
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A major problem ... and its solution

The problem: Repeated fields

Operators with repeated fields (such as LLHH) are much harder to handle.

Even ignoring derivatives, just consider that
(# contractions) # (# gauge contr.) X (# Lorentz contr.)

The solution: Differentiate fields

LLHH — L,L>H;H, Side corr{ment: manipulation of Gras.smann
variables alone recommends this

Contains extra operators which are
null when fields are made equal

Permutations of equal fields = We add these to IBPs and
redundancies of the “super basis” EOMs relations

G Obtain a “super basis” of operators

Renato Fonseca Automatic generation of EFT operators 19



Grid of super basis of operators

I think it is very useful to picture all operators in a grid

Lorentz contractions
1 2 3 4 5 6 7 8

Gauge
contractions

mngH
S
o
o
fe
S
S
o

Operators are being displayed here as a grid, to emphasize the different gauge and
Lorentz representations. But in computer calculation, it is better to “flatten” this grid

IBPs, EOMs and equal-field relations are vectors in a vector space whose basis are all
the operators in the grid.

Renato Fonseca Automatic generation of EFT operators 20



Grid of super basis of operators

I think it is very useful to picture all operators in a grid

Lorentz contractions
1 2 3 4 5 6 7 8

Gauge
contractions

mngH
S
o
o
o
S
o
o

Operators are being displayed here as a grid, to emphasize the different gauge and
Lorentz representations. But in computer calculation, it is better to “flatten” this grid

IBPs, EOMs and equal-field relations are vectors in a vector space whose basis are all
the operators in the grid.

W Consider 6 O;; O12 O3 If for some reason O, ; + 7022, ~ 0, 1
then we should consider the vector 0

e {
\§\ operators: Oz1 025 Oa3 Fgni
s

(@ In this example, any 5 vectors which together with (1,0,0,0,7,0) form a
full-rank matrix, would represent valid non-redundant operators

Renato Fonseca Automatic generation of EFT operators 20



Grid of super basis of operators

I think it is very useful to picture all operators in a grid

Lorentz contractions
1 2 3 4 5 6 7 8

Gauge
contractions

mngH
S
9
S

Sy
&
&
9
S
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Grid of super basis of operators

I think it is very useful to picture all operators in a grid

Lorentz contractions
1 2 3 4 5 6 7 8

Gauge
contractions

S et e
e
e
&
: 5
&
A
S
&

Horizontal relations; the same for all rows (i.e. all gauge contractions)

Renato Fonseca Automatic generation of EFT operators 2i



Grid of super basis of operators

Gauge
contractions

Renato Fonseca

I think it is very useful to picture all operators in a grid

Lorentz contractions
1 2 3 4 5 6 7 8

mﬁwNH
S
9
S

Sy
&
&
9
9

Horizontal relations; the same for all rows (i.e. all gauge contractions)

; the (i.e. all gauge contractions)

Automatic generation of EFT operators
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Grid of super basis of operators

I think it is very useful to picture all operators in a grid

Lorentz contractions
1 2 3 4 5 6 7 8

Gauge
contractions

oot
&
S
=

P
=
5
=
>
S

EOM’s Horizontal relations; the same for all rows (i.e. all gauge contractions)

Repeated

fields Oblique relations in general! Not the same for each row

; the (i.e. all gauge contractions)

Renato Fonseca Automatic generation of EFT operators



Grid of super basis of operators

I think it is very useful to picture all operators in a grid

Lorentz contractions
1 2 3 4 5 6 7 8

Gauge
contractions

oot
&
S
=

P
=
5
=
>
S

EOM’s Horizontal relations; the same for all rows (i.e. all gauge contractions)

Repeated
fields

A nice fact: in order to know the “repeated field redundancies” it is not necessary to
know the details of the gauge contractions — only how permutation symmetries act on
them (elegant; one can change the group/reps and still reuse results)

Oblique relations in general! Not the same for each row

; the (i.e. all gauge contractions)
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Discriminate Example: D L Q Q QﬁH

the Q’s

SU3 gaug= contractions

1 @Qbarlal Qbar2 bl dcbar[al Der Q[b] H
2 @Qbarl’b] Qbar2 al dcbar[al Der Q[b] H

SU2 gauge contractions

1 Qbarla]l Qbar2[b] dcbar Der Q[al H[b]
2 Qbarl bl Qbar2[al dcbar Der Q[a] H[b]

Lorentz contractions

D (H) [Qly.Q] [Qbar2'C*dcbar]

DL (H) [Qlvz0Q] :Qbar'ET{C:ya,rlg:]*dcbar':
H [Q1y,D,(Q)] [Qbar2TC*dcbar]

H [QlyzD,(Q) ] [Qbar2T (Clvs,vel) *decbar’
H [D.(01) v.Q] [Qbar2'C*dcbar]

H [D.(01) vzQ] [Qbar2' (Cly,,vsz]) “dcbar]
H [QbarlTC*dcbar] [D,(0Q2] 7.0

H [QbarlT(C[y,,vs]) *dcbar] [T,(0Q2) vsQ’

W o~ o s W R e

H [Qbarl’C*Qbar2] [D,(dc) y.Q]
18 H :Qbar'lT{C::f'a,rlg:]*Qbar'z: [Dg (dc) veQ]

Renato Fonseca Automatic generation of EFT operators
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Discriminate Example: D L Q Q QﬁH

the Q’s

SU3 gaug= contractions

1 @Qbarlal Qbar2 bl dcbar[al Der Q[b] H 2 SU(3)
2 Qbarl[b] Qbar2[a] dcbar[a] Der Q[b] H contractions
1 Qbarla]l Qbar2[b] dcbar Der Q[al H[b] y) SU(2)
2 Qbarl bl Qbar2[al dcbar Der Q[a] H[b] contractions

Lorentz contractions

D, (H) [Qly.Q] [Qbar2'C*dcbar]
Da(H) [Q1yzQ] [Qbar2' (Cly,,vs]) “dcbar]
H [Q1y,D,(Q)] [Qbar2TC*dcbar]

H [Q1yzD,(Q) ] [Qbar2T (Clv,,vs]) "dcbar]
H [D.(01) v.Q] [Qbar2'C*dcbar]

10 Lorentz

H [D.(QL) v5Q] [Qbar2' (Clva,vs]) "dcbar] [ [UNSNN
H [QbarlTC*dcbar] [D,(Q2) v.Q]

H [QbarlT(C[y,,vs] ) *dcbar] [T, (Q2) v:Q]
H [Qbarl’C*Qbar2] [Ds(dc) vaQ

186 H [QbarlT(C[y,,vs]) Qbar2] [D,(dc)ysQ]

W o~ o s W R e

#
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Di:ﬁri%inate Example: D m Q Q QﬁH

SU3 gaug= contractions

1 2345678910
1 @Qbarlal Qbar2 bl dcbar[al Der Q[b] H 2SU(3) (1 1) 6 6 006 o 5 0 0
2 Qbarl[b] Qbar2[a] dcbar[a] Der Q[b] H contractions (1’2) 1 19500000080
; 2 4
O © © 6 0 © @ @ @ 0,
1 @Qbarlal Qbar2 b dcbar Der Q[al H[b] 2 SU(2) (2’2) ' '
2 Qbarl bl Qbar2[al dcbar Der Q[a] H[b] contractions 419 others

Lorentz contractions .
Lorentz contractions IBP redundancies

1 Dy (H) [Q1v.Q] [Qbar2'C*dcbar for each (i,j) (1 e1e1e 2 -2 -2 2
2 Di(H) [QLvzQ] [Qbar2T (C[v,,vz]) “dcbar] : h i [ o _41]
. H [QTy.D.(0)] [Qbar2TCrdcbar or each (i,j) |e 10101 -3 -2 3.2
4 H [QlveD,(Q) 1 [Qbar2T(Cly,,vsl ) *decbar]
S W DT (ber2TCdehan 10 Loty
6 H [Da(Q1)¥sQ] [Qbar2'(Clva,vs]) dcbar] [ ERSMIOMETRS (0200000010
7 H [QbarlTC*dcbar] [D,(0Q2] 7.0 0 00 000100 0
8 H [QbarlT(Clvs,vz]) dcbar] [D,(Q2) vsQ for each (ij) 4 |[e @@ e 1006000
9 H [Qbarl’C*Qbar2] [D,(dc) y.Q] © 0 1000000
18 H [QbarlT(C[ya,vs]) Qbar2] [D,(dc)vzQ! @ 0100000086
s
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Example: D,,QQQd“H
Full basis (no IBPs nor EOMs redundancies considered) -
gauge | Lorentz
{{1,1:,1 {{1,21:,2: {{1,1:,3: {{1,1},4} {{1,1},5)

1,1, e [ o, e 1,9 (41, 1), 10)
R, I

(R, I} {R, I} {R, I} {R, I} (R, I} (R, I} (R, I} (R, I} (R, I}
({1, 2,1} {01, 2}, 2} ({1, 2},3} {{1,2},4} {{1,2},5} {{1,2},6} ({1, 2},w} ({1,2},8} ({1,2},9} {{1,2}, 10}
(R, I} (R, I} (R, I} (R, 1} (R, 1} (R, 1} (R, 1} (R, I} (R, I} (R, I}

Basis removing EOMs redundancies Keep real and imaginary parts

({1, 13,1 ({1, 1}, 2 {1, 1},6} {{1,1},8; {{1,1},10; {{1,2;,1} {{1,2},2} {{1,2},6} {{1,2;,8: {{1,2},1@}
{R, T} {R {R, T} {R, T} (R, T} {R, T} {R, T} (R, T} {R, T} {R, T}

Basis removing IBPs redundancies

J ¥ I.'
(01, 13,1 {{1,1:, 2 ({1, 1:,3} {{1,12:,4} {{1, 1,5 {{1,1},6} ({1,1:,7; ({1,1;,8; ({1,2},1} {{1,2;, 2}
{R, I} {R, I} {R, I} {R, I} {R, I} {R, I} {R, I} {R, I} {R, I} {R, I}
{1, 23, 3y {{1,2},4} {{1, 2,5} {{1,2},6} {{1,2},7} {{1,2}, 8}
(R, (R, I} (R, I} {R, I} (R, I} (R, I}

Basis removing EOMs and IBPs redundancies

I
041, 13, 1y ({1, 1}, 2 {1, 1}, 6} {{1,2},1} {{1,2},2} {{1,2}, 6}

This is one possibility: sets of operators that work are picked automatically. With
the redundancies calculated, another conceivable scenario is to allow the user to ask
the code “Do the operators A,B,C form a basis?”.

Interface & output format require thinking (work in progress)
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Example: D,,D, B BHH

1 Hbar Der Der H B1 B2

SU2 gauge contractions

1 Hbar[a] Der Der H[a] B1 B2

Lorentz contractions

Dy, o (Hbar) H B1[5y] B2[5v]
Dy, z(Hbar) H Bl[oy] B2[5v]
€gyse Dg,n(Hbar) H B1[5y] B2[&=]

Symmetric under
exchange of B1 and B2

H, B could transform differently (even under some different group), but the
results would be the same as long as B1 and B2 are symmetrically contracted

This is all that matters

Full basis (no IBPs nor EOMs redundancies considered) |

(01,13, 17 ({1, 13, 2% ({1, 1}, 3} ({1, 1},4} {{1,1}
(R, I} (R, I} (R, I} (R} (R}
> 82 ({1, 1:,9F {{1,1},10} {{1,1},11} {{1,1},12} ({1,

(R, I} (R, I} (R, I} (R, I}

Keep real part only

, 50 (1, 1)
(R}
1, 1)

{11, 1}

{R}
{11, 1}, 15}
{R}
€gyse Dg,z(Hbar) H Blloy] B2[&=]
Hbar D, .(H) BLl[Fy] B2[AY) Basis removing EOMs redundancies
Hbar T, s(H} Bllay] B2[Ev]
€gyce Hbar Dy, (H) Bl[Sy] B2[&=]
€gyse Hbar Dy g(H) Bl[ay] B2[&g]
Hbar H D, ,(B1[3y]) B2[BY]
€gyse Hbar H Dy o (B1[5y]) B2[&=]
Hbar H Bllof] Dy, (B2[afB])
€gyce Hbar H B1[Ss] Dy o (B2[3y])
Dy (Hbar) Dy (H) BL[Ay] B2[A7]
D, (Hbar) Dg(H) Bl[ay] B2[5y]

eI I« Y VT I

=
@

=
B W

L ]
35 Hbar H D, (Bl[af]) Dy, (B2[A¥])
36 Hbar H D, (B1[5y]) Dy (B2[5y]) ,
Hbar H D, (B1[Bv]) D, (B2[5e] )|

37 epgyee
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Example: D “,D,,WWHH

SU3 gauge contractions

1 Hbar Der Der H Wil Wi2

SU2 gauge contractions

1 Hbar[a] Der Der H[a] Wil[c,b] Wi2[b,c]
2 Hbar[c] Der Der H[a] Wil[a,b] Wi2[b,c]

Lorentz contractions

Dy,n(Hbar) H Wil[By] Wi2[3y]
Dy, z(Hbar) H Willoy] Wi2[5y]
€3yse D,z iHbar) H Wil[Sy] Wi2[de]
€gysz Dg,ziHbar) H Will[ay] Wi2[de]
Hbar D, (H) Wil[Gy] Wi2[5y]
Hbar Dy s (H) Willeoy] Wi2[&y]
€gyse Hbar Dy o (H) Wil[fSy] Wi2[de]
€gys: Hbar Dy z(H) Will[ay] Wi2[de]
Hbar H Dy, (Wil[By)) Wi2[Gy]
10 epyse Hbar H Dy o (Wil[By]) Wi2[Se]

11 Hbar H Wil[aB] Dy, (Wi2[aB])

12 epys: Hbar H Wil[Se] Dy o (Wi2[Fy])
13 D, (Hbar) Dy (H) Wil[By] Wi2[Bv]
14 D (Hbar) Dz (H) Willoy] Wi2[&y]

Lo T T B« ¥ B T N

L N N
35  Hbar H D, (WillaB]) D, (Wi2[Bv])

36 Hbar H Do (Wil[By]) D (Wi2[Ay])
37 ep,5c Hbar H D, (Wil[By]) Dy (Wi2[S5=])

Renato Fonseca

One contraction is symmetric (S) under exchange of

W1 and W2, and the other is anti-symmetric (A)

Written in this form, the S and A are mixed
(they are not cleanly separated)

For the symmetric (S) contraction the results on
the previous slide apply! For example, there are
12 operators after application of IBPs

For the anti-symmetric (A) gauge contraction,
there are an addition 7 operators in the Green
basis. Total: 124+7=19
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Example: D ND,,WWHH

SU3 gauge contractions B

[Ty Full basis (no IBPs nor EOMs redundancies considered)

m (41,13, 1 {{1,1}, 2  {{1,1},3: {{1,1},4; {{1,1},5 {{1,1;,6} {{1,1},7; {{1,1},8; {{1,1},9; {{1,1},18@;
{R, I} (R, T} (R, T} {R} {R} {R} {R} {R} {R, I} (R, I}

1 gE (01, 13, 11% ({1, 1}, 127 {{1, 1}, 13} {{1,

(R, I} (R, I} (R}

2 Ht L El f L k] i L f

({1, 23,11 {1, 2}, 12} {{1, 2}

(R, I} (R, T} {1}

Basis removing EOMs redundancies

Py 14 ({1, 1}, 15F ({1, 2},16} {{1,2},7} {{1,2},17; {{1,2},9; {{1,2},18;

1

{R} {R} {R, I} {R} {R, I}
21

I

(R, I} (R, I}

-
H

Lo T T B« ¥ B T N

PR Basis removing EOMs and IBPs redundancies

13 ({1, 1}, 2} {{1,1},6}; {{1,1},8}: {{1,2},7; {{1,2};,17} {{1, 2}, 16}
14 (R} (R} (R} g

35 Hbar H Dy (Wil[af]) Dy (Wi2[5y])
36 Hbar H D, (Wil[Sy]) Dy (Wi2[5v])
Hbar H Dy (Wil[3y]) Dy (Wi2[d=])

37 Egyee

T 2 %54 O
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Status of the code

Seems to All SMEFT operators, with 3 generations, can be
work well § computed up to dimension 10 in a couple of hours

@ How to present /export results?
Decide how

to interact
with users

@ Sclect automatically non-redundant operators vs
provide EOM/IBPs and let the user pick

@ Input: (1) compute gauge contractions or (2) user does it?
A viable and very interesting third alternative: user only needs to say
permutation symmetry of the gauge contractions [no need to know the
group /representations/Clebsch Gordons!]

Dealing (elegantly and automatically) with flavor: ongoing
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A basis of operators
for a general EFT




No repeated field = trivial flavor

For an operator type with no repeated fields, such as Q7 Q; Ly L;, whatever is
happening for a particular set of flavor indices (i,j,k,]) is independent of what is
happening for other values.

So...
(1) Run the code once for a particular (i,j,k,I)
(2) Analyze what non-redundant operators to keep
(3) Slap generic Wilson coefficients in front of them, with flavor indices.

At most, one might have to care about hermiticity of the WCs (real vs complex operators)

.. if it were not

for repeated fields
AND THEY

EVER AF TER

(villain which is still alive)
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Idea: remove the gauge structure

The problem of flavor is more acute if there are
few distinctions (other than flavor) among the fields

Best model to study flavor Model contains arbitrary number
(most stringent test): of copies/flavors of a left-handed
A model with no gauge symmetry Weyl spinors, real scalars, F},,,’s

This also describes the most general EFT one can have

SMEFT and other EFTs can be obtained from it by imposing
gauge invariant on the various Wilson coefficients

Renato Fonseca Automatic generation of EFT operators 29



Renormalizable terms

ik 1
A e ZF,ﬁ,FB MY + Du¢aD”¢b + 1pilDpy — = [(mf)zJTPTCTPJ il C]

— 53 )abbads — 3 [ Visa®? Cobsba +hc] — "2 ho fube — 28 g 61, 5cha

Coefficient B4

A A
Dythi = Outh; — igt;;V,, ¥ t?and 04 are Hermitian matrices
D, = Opda — 199‘4 VAqbb (64 are also anti-symmetric)

In a particular model one has to specify the shape of generic tensor coefficients
shown here

In practice, this usually involves simply enforcing gauge invariance on these
tensor coefficients

E.g.: in SMEFT one has 45 Weyl fermions and 4 real scalars: the t** are 45-dim;
the 8 are 4-dim. The Yukawa couplings are given by the most general Y tensor

obeying

A In the SM, Y has 27 complex
t }/z’ga i t Y'Ja T 9 "-7“ = degrees of freedom
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RGEs for a general model

In a series of classical papers, the 2-loop RGEs of a general model have been derived

Jack, Osborn (1982,1983,1985) Martin, Vaughn, hep-ph/9311340 (1994)
Machacek, Vaughn (1983,1984,1985) Yamada, hep-ph/9401241 (1994)
Luo, Wang, Xiao, hep-ph/0211440 (2003) (SUSY)

The job of getting the RGEs of a specific model is not over, but a significant amount
of work was done once and for all.

There is no need to go back and calculate divergences from diagrams for every new
model. One only needs to compute the specific gauge invariant Lagrangian of a model,
and apply the general RGEs [i.e. the work is no longer about the RG but rather about

gauge invariance = group theory/linear algebra essentially.]

The model-specific work is still non-trivial and there are programs to help

SARAH Susyno PyROTE
Staub (2010, 2012,...) R.F. (2011) Lyonnet, Schienbein, Staub, Wingerter
(2014) | Lyonnet, Schienbein (2017) |
ARGES RGBeta Sartore, Schienbein (2021)
Litim, Steudtner (2020) Thomsen (2021)
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Why not do the same for EFTs?

/ x With José Santiago and using Matchmakereft
'i SMEFTTools i e Carmona, Lazopoulos,
Lo/ [see his talk] Olgoso, Santiago, 2112.10787

we are in the process of computing the general 1-loop RGEs up to dimension 6 EFT

\ 5121%015 [See also the talk by Mikolaj Misiak and Nalecz Ignacy tomorrow on this topic]

ki H/
}"g\ _ Flus "LTRI“
£l pmFINITY 8

AHDBEY°“D
SR -

But one can go beyond

RGEs with this approach

In the same spirit, why not calculate the matching for a general
Matching light+heavy set of fields? (Diagrammatic vs functional vs ‘do the
matching once and for all’ method?)

Maybe one do the same with Symint to generate operators (main topic of
this talk): run it once to get the results for a general EFT, and from
there just deal with gauge invariance on a model-by model basis

Generate

operators

Renato Fonseca Automatic generation of EFT operators 1



Dimension 5 Green basis

h 1 5 v 1 5
gy _ [i(afpgﬂ)mgwcw W F? 4(afp;2)z.jabw’§ Co; oty —|-h.c.]
1, (5 A B (5) A pv 2B L),
:: §(a¢p)AB el 2t e (%F)ABG HEFS Ba 5,( )abcdeqbaqbbqbcque
1
g\

The Wilson coefficients have important symmetries (in some cases non-trivial)

RS E i (5)
(@gr)is = —(agr)si  (a32)iyap = (o f,iz,z)mb - (azﬂ,z)ijm
(aq’)F)ABa o (aEb )BAa, (aqu)ABa, = ) (ag))abcde = fully symmetric
(r®), = (=) (+®) ?’ &)
v Jt @] abe

IBPs/EOMs may act only on some subspaces (e.g. they can remove the symmetric
part of some WC and leave untouched the anti-symmetric)

To understand in a systematic way what is going on we need to discuss the
ermutation group, its representations, and how it acts on tensors

Renato Fonseca
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phys __
e =

g

(6)

_|_

+ o+
[Nl e N e

B | = /—\ /—\ —

(6)

_+_

o
S

+

r-l=|>_x

gred E( (6))

EletaDs 51 (’Pg?b)

it

Renato Fonseca

Aor ) ABab pv

0$D) spea(Dutsa) (D $0)betba + = (a (6>)abcdef¢acbb¢c¢d¢e¢f
a$)) ;s i7" Vs 0aDpuds — PpDudal + (gf;)zgkl(wiyuwj)(;zkvulbl)

‘PF)Azja }LV,"[J

Dimension 6 GGreen basis

1

(Ssplan st BN PSR b s i) S R AR

3F

3 1, (e 4
F F2 1 ¢ty + - (a SRR e Tl

1
FCoM i+ 5 (a40) 1 ape ] Cthjbadvde

! ( ) )zgk:l (TPTCIPJ)(/’:D qubl) + h.c.

D Ete DRy (i?éqb)Aab(DuFA’““) [(Dyda) @5 — (a ¢ b)

o(DuD"¢a) (DuD"¢y) + o5 = (D). (DD ,) ppdepa

So let us talk about flavor and

permutation symmetries

Automatic generation of EFT operators
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Flavor tensors with symmetries

The flavor symmetry of WC is dictated by the symmetry of the
Lorentz and gauge contractions under permutations of same fields

From these symmetries one can compute everything (number of D e da
operators = free parameters in the WC; number of terms, ...) be problematic

However, these symmetries might be complicated (mixed symmetries

= irreps of the permutation group with dimension >1)




Flavor tensors with symmetries

The flavor symmetry of WC is dictated by the symmetry of the
Lorentz and gauge contractions under permutations of same fields

From these symmetries one can compute everything (number of et ae da
operators = free parameters in the WC; number of terms, ...) be problematic

However, these symmetries might be complicated (mixed symmetries

= irreps of the permutation group with dimension >1)

Operator Dim Self Number of Number of Repeated Permutation

type conj.? operators terms fields

4 contractions: 1 totally sym; 1 totally anti-sym; two of them form a
2-dimensional irrep of the permutation group S3

nLng (2?7,2Q —+ 1)
3

6 QQQL 6 False 57 1 Q

From this data:

operators; 1 term.



An example: D?¢*

Consider 4 distinct scalars: phi[l], phi[2], phi[3], phi[4] (don’t think about flavor for now)

10 distinct operators
e

1 Dg,q (Phi[1l]) phi[2] phi[3] phi[4]
2 phi[l] Dg,(phi[2]) phi[3] phi[4] 10000 1 40 0 10000000600
3 phi[l] phi[2] Dg,q(phi[3]) phi[4] (o M Lol R A Y B3 Tl e b %, bt % T 4 bt e o ) o % M 7 L ¢
4 phi[1] phi[2] phi[3] Dg,q(phi[4]) Q.20 150010 =) - - D QN 90 100000020
S5 De(phi[l]) Da(phi[2]) phi[3] phi[4] % R Hel 2 i 2 Pl % e el £ i e (ot (5 e bt P ey ol i b )
6 MDg(phi[l]) phi[2] Dg(phi[3]) phi[4]
7 Dg(phi[l]) phi[2] phi[3] D, (phi[4]) 2 b : : 1.
8 phi[1] Dg(phi[2]) Da(phi[3]) phi[4] So for D? phi[1] phi[2] phi[3] Iffh'[4]- /
9 phi[l] Dg(phi[2]) phi[3] D, (phi[4]) 6 Green operators; 2 Physical.
10 phi[l] phi[2] Dg(phi[3]) Dg(phi[4])
Now add flavor. The phi[i] are flavors of a common scalar,
and we add WCs with flavor indices (summed over)
(1) o it ] 1 & (5 AT (4) (4)
Wczgklozgkl zgklozgkl zgklozgkl zgklozjkl

(same for operators 5 to 10)

What were 10 different operators., seem to reduce to only 2
(e.g. we can keep #1 and #5).

Renato Fonseca Automatic generation of EFT operators 36



An example: D?¢*

Consider 4 distinct scalars: phi[l], phi[2], phi[3], phi[4] (don’t think about flavor for now)

10 distinct operators
e

1 Da,qa(phi[l1]) phi[2] phi[3] phi[4]

2 phi[l] Dg,q(phi[2]) phi[3] phi[4] A A0ea L 100 0 1000000000
3 phi[l] phi[2] Dg,q(phi[3]) phi[4] R [ Ut L L T R bl ©1000000@020
phi[1] phi[2] phi[3] Dg,q (phi[4]) Q.20 150010 =) - - D QN © 01000000 0
Dy (phi[1l]) Dy(phi[2]) phi[3] phi[4] W2 R ol ol 2 il i & el £ et bl £ ik i By o e B S 5 e R e b ()
6 Dg(phi[1l]) phi[2] Dg(phi[3]) phi[4]
7 Dg(phi[l]) phi[2] phi[3] D.(phi[4]) et : : cr 1.
§ Pphi[l] Dq(phi[2]) Da(phi[3]) phi[4] So for D?phi[1] phi[2] phi3] Iffh'[4]- /
9 phi[l] D, (phi[2]) phi[3] Dg(phi[4]) 6 Green operators; 2 Physical.
10 phi[l] phi[2] Dy (phi[3]) Dy(phi[4])
Now add flavor. The phi[i] are flavors of a common scalar,
and we add WCs with flavor indices (summed over)
(1) o Fpt (Y e () i R s )
zgklozjkl zgklozgkl zgklozjk:l zgklotjkzl

(same for operators 5 to 10)

So what do the IBP’s/EOM’s remove then?

WE HAVE A PROBLEM
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An example: D?¢*

Study the effect of permuting the 4 scalar

phi[1] <-> phi[2]
induces this linear transformation

phi[1] -> phi[2] -> phi[3] -> phi[4] -> phi[l]

induces this linear transformation

e e S B 7 e e R e

Q0106000000
[ e 2 A T R Rt S o )
LT T LR T (T )
et Rl el it 2t

L s s R e s e e

[ JoR A T Bl T R AT T
IR R B e e e e

£ Jn R < R T i B J s T o R )

All 4! permutations can be

obtained from these two

L e e o T R S Bl I

LG T o e S I R R R
01015079100 0.0 0
a1 b R T
% e et 5 e (% R A

0--0r10-0.-058:0- 1 050

B 050 -0 0L 0505 f

© 000010000

O+ 0010 g Bl 0 0
e I T o s T R o 2 < o T o e

L o T o e R e s

We’ve got

With a change of operator basis these become

2 [1T171]

28

O SENE 00 0101000 010

0
0

R0 ' 090 .00 60 .0\
0

st 0. .00 090

0
0
0

LGN 00000

JEEERON . 0.0 990

b b e R

5 i % ] i o
-85 8500
5 e (5 e

Sl e R

il o e B

(%]
e A

1
1

5l et Rl e el e B
L - e s s R R B

N0 00000000
O SIN0 . '0.0/.0:0/":0:-0 0

0.0 HNe
0.0 .

g 00,0 .0-10
L L R RS R
i R R

005 e

(%]
(%]
(%]

Q
Q
Q

14
14
1

0.:0:°0 0 0. e

00000 Bk

0..0:-0. 0.0 G5

1

0.:0:-0.0".0:.09.-0. 0" &

&1

0000 06 00 0 @
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( QYO OO AEEEE]

O5_|_06_|_O7_|_08_|_09_|_010 EEED
03_02
0t — O? ]
01_02 L]
basis O5 — O7 + O — O10 %
_OG_O7+08+09 feiind
05_07_08+010
\ 06_07_08+09 )

In the new basis:

e

12000 06 © 0 00 F ol o T I R

ol sl e i e e e T B 9 00 190 0.0

090010 0 1 0 060 © 0010000020

ol e e e T e o e S e TR B
Remove one of the [T [ ] Remove the remaining [T ] ]
and one of the 3-plet [T T ] and also the remaining 3-plet [ ] ]
IBPs and EOMs remove all but the = physical basis

Renato Fonseca Automatic generation of EFT operators
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ol_|_02_|_03+04

188 S

OB 4L O £ O7T 108 + O% 4 O° T T
OS o 02
0t — 02 T[] <=
O — 02 Ll
The I.leW 05 — 06 4+ 09 — O
basis O5 — O7 4 O8 — OO ]
o L e e S ey
\ O — O7 — 0 + O° <
ED:D * l ] (ng])j)r1;1)(:rl(Dﬁ‘4D#¢G) qbb@c(/bd
(rgg)ab(:d = fully Symmetric j_l'l (ba C, d) < R

_|_

(a’g%)u_‘bcd_[(Duqba)(Duqbb)chﬁbd + (Cbb > Cd) —

o (G((‘f}_))) chad — ( OD) adeb (
(6) (

QBD) adbe + (a((:}))) acdb

((]Sl)) ) abed

(a(()b]))) abed + (CL

UU)(dab

(b d) —

(a < )]

and

0 ( I)j)(rb(d' € R

Renato Fonseca

Automatic generation of EFT operators
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Summary

From a list of fields and some symmetries,
we want to get a basis of EF'T operators.
Maybe also tweak them (change basis)

I’'ve described the possibility of making GroupMath
+ Sym2Int not just list, but also build explicitly EFT
operators. Flavor & interface: ongoing work.

Interesting application: generate the most general
EFT (up to some mass dimension) and study, for
example, its RGEs. This can be done once and for
all, so that obtaining the RGEs of specific models
would only require group theory/algebra.
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