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Simple EFT expressions

(Maybe a more fitting cover slide)



Operators, Wilson coefficients and fields as tensors

Operators and Wilson coefficients (WC)

() (1) (2) ~(2) (3) ~»(3) e
Y wij'"oijk"' i wij'-'oijk"' L wij"'o'ijk"' it are often tensors in flavor space

Amplitudes in perturbation theory are polynomials in these WCs

The operators themselves are polynomials
in the fields, which in turn are tensors with several indices: gauge, Dirac, flavor

Therefore, in computations with functional methods the fields
are also extra tensors which appear in the expressions
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Wilson coefficients have symmetries

... and they become more complicated for high-dim operators

None of the Standard Model couplings have symmetries in flavor space
The WC w;; = wj; of the Weinberg operator L;,L;HH is the one with a symmetry

Nonetheless, this is still a ‘simple’ one.

The symmetries become more and more complicated as

the number of repeated (flavored) fields increases

e Ozjkl = Eaﬁﬂyenmepq (QzanCQg,@p) (Qz,quLl,m)

O,-jk;, -|— Ojik[ T (’)k,-,:,-;, 3 iju =) Wijkl —|— Wiikl — Wikil — Wkjil — (I describe the symmetry of this
interaction. Not unique!

This is one possible way to

the operator the coupling
£33
5= )
What is going one? Symmetry of group contractions Flavor symmetry of Flavor symmetry of
. (Lorentz, gauge) operator Wilson coefficient
propagates to propagates to
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Example of a complicated expressions
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Example of a complicated expressions
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B v X - b I L yh 7 -~
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Simplifies to a more manageable 14 terms
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Simplifying complicated tensors polynomials

The problem of simplifying complicated tensor expressions is two-fold:

Tli.a]U[a,j] aT;aUaj + BTiUjp
is not recognized as the same as only simplifies to
T[i,b]U[b,j] (o = B) TiaUa;

if, for example, U is antisymmetric

I will introduce a recent code, SimTeEx, to put tensor expressions
in canonical form, for arbitrarily complicated symmetries Sim Te EX
(It has other functions to analyze tensor symmetries) X

RF 2412.14390
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Origin of the code: Study of a general EFT

Decouple the task of calculating amplitudes (RGEs, evanescent shifts, matching,

regularization schemes issues, ...) from the details of a model, by studying a general EFT

(K
\ SMEFT-Todls
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Origin of the code: Study of a general EFT

Decouple the task of calculating amplitudes (RGEs, evanescent shifts, matching,

regularization schemes issues, ...) from the details of a model, by studying a general EFT

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

|

SLEL 00
2022 Zirich

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 Renato Fonseca Automatic generation of EFT operators 29
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Origin of the code: Study of a general EFT

Decouple the task of calculating amplitudes (RGEs, evanescent shifts, matching,

regularization schemes issues, ...) from the details of a model, by studying a general EFT

Why not do the for EFTs?

Matchmakereft

¢ . With José Santiago and using
s EF Tols Carmona, Lazopoulos,
[S(,( his t dlk] Olgoso, Santiago, 2112.10787

we are in the process of computing the general 1-loop RGEs up to dimension 6 EFT
57:“;%5790}5 [See also the talk by Mikolaj Misiak and Nalecz Ignacy tomorrow on this topic]
\ SMEFT- TOO PN
PAULI CENTER En lE'nIn
Zunch But one can go beyond |
| LS LTI

RGEs with this approach
i
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 Sym2Int to generate operators (main topic
Generate of this talk): run it once to get the results for a general EFT, and from
operators there just deal with gauge invariance on a model-by model basis
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What is this general RGE idea?

Collect all scalars, fermions and vector fields into 3 multiplets. Be agnostic
about the gauge group and how these fields transform under it

For a renormalizable model, this was done long ago Jack, Osborn (1982,1983,1985) : Martin, Vaughn, hep-ph/9311340 (1994)
: o9 Machacek, Vaughn (1983,1984,1985 Yamada, hep-ph/9401241 (1994)
together the the computation of its 2-loop RGEs Luo, Wang, Xiao, hep-ph/0211440 (2003) ) Sk

1 155 1
Zi<a =~ ZFﬁzFB e Du%D“ﬁbb + i — 5 [(mf)iﬂ/)r-fc"mbj = h-C-]

abc a c
i §(m¢,)ab¢’a¢b iy [Eja¢?C¢j¢a + h.c.] T Padode — PaPbPcPa
S
Dyibi = Opbi —igt;; V), v, t*and 6 are Hermitian matrices
Dy¢a = upa — g0, V.2 0y (64 are also anti-symmetric)
In a particular model one must specify the In practice, this usually involves simply enforcing
shape of generic tensor coefficients shown here gauge invariance on these tensor coefficients

The RGEs were given

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

for these tensors

A In the SM, Y has 27 complex
%'Y’Ja’ i t z’-"'a " Baa' TJad 7= =9 degrees of freedom
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Dimension 5 Green basis

(a&5;)AzJ¢TCan¢J it (aifq{z)ijabzpfcwj PaPb + h.c.]

¢F

1 1 o

T R e g(a@)ABGFAWF,f;qsa 5 (05) apodebabsbetade
i
2

(1$2) e (DuD"$a) e + | 5(r2) (D)) TCDM 5 + (r50) . FiiBs b+ .

(5) (5)
(a’d)F)zg (a’lf)F)jz (agfq)ﬁg)ijab i (a'ffq)bz)jia.b T (afjiiz)ijba
ABa — B

(5) ( ) :
(@ar)g00 = (298] 5 (a08) ape = (58) .1 (059) sy = Flly symmetric
(o) = () o

Integration-by-parts (IBPs) equations of motion (EOM) redundancies may affect only

parts of these tensors (e.g. they can remove the symmetric part of some WC and leave untouched
the anti-symmetric)
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Dimension 6 Green basis
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_|_

D). (Dpda)(D ) betva+ = (a) . . Sabrbedatdeds
6! f

aéﬁ},)ijablzi’)/”@bj [PpaDpdp — P D, 0] + i(asﬁﬁi)ijkl(d;w“lbj)(lEk’mlbz)

+

s
S e B e

kel i bRl ol o N it

(6) v L (6
+ 15 (0pr) gija P i Co Vida + 515 (046) ijape i C¥iPadede

|

[ (agft)b)ijkz(wgcwj)(%bgctbl) +h.c.

|

_|_

re 1 v 1 [ 74
L5t = _(TLE?)AB(DMFA“ )(DPF;E») = i(TJ(fT?I)qu)Aab(DVFA’“ ) [(Duga) d — (a < b)]
1

6 1 6
(150 ap(DuD¥$a) (Dy D" $5) + 22(15D) 1pea(Du D" ba) Pocta

3!
s

These tensors also have flavor symmetries

Note: not exactly the basis we
used in the end
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Complicated symmetries

Here are the ones of dimension 6 operators:

(agﬁF)) apc = fully anti-symmetric, € R ( (6) iy
(6) e e . TﬁbD)zj o) (rlbD)gz
( ) apc = Mully anti-symmetric, € R ( ( 6)) ( ( 6)) 5
T r (3
(6) (6) (6) 7 D¢/ ab D¢/ ba
(aﬁb’ﬁb)zjab (a¢¢)zjba Pl [( ¢71b)3iab] (7"(6)) 14 (T(G)) cR
(6) (6) (6) i (6) L 2F/AB 2F /BA
(a qm)mkt ( mp)knz (a@w)zqu’ e [(a@w)nlk] (Tg?w)A b [(TJ(DGI)“_'”lP)A *
(6) (6) (6) (6) ] Jji
( GbD)abcd ( )bacd ( (bD)abdc . (a'qu)cdab and (rgfm)b)A i [(TESZJ)A ]*
(a’g—')ﬁé)abc o ( (6) )adbc ( gfg)acdb 0 (afbﬁg)abcd €R (6) & Y (6) * *
(CL(G)) - (CL(G)) e, (a(ﬁ)) eR (Tﬁ*w)Atj T [(Tﬁql;)Ajt]
¢F/) ABab $F/BAab  \"¢F) ABba (6) (6) R
Some of them are (a(ﬁl) = (a (6)) — (a (6)) cR ( FD(;"J*)Aab ks FDc,b)Ab 5
quite complicated pldeEBotias shaeh @iinaibo (6) (6) i esen) ek ks
((1(6)) all fluV S R (T¢¢$)zgab ( (j‘ﬁl,b:l:)gjba, G {(T(bd)m).?zab} orr=1,2
s ymmetric € ( (6)) s t (b d) e
¢ (6) (6) ) O) ToD) abeq = Lully symme ric in c:
) (@ ”%L”'P)zgkt (a ¢w)gmc (a¢¢)zjlk 5 (aww)kuj and (6) i (6)
(6) (6) (6) i S (T’lflqul)zga (T’Lb(ﬁ)Dl)jza
(@ ¢¢)zgkt + (a 1&1&);5;& (a’(,b’l/))ik:lj D (T(S) ), (r(ﬁ) 7
(a(ﬁ) ) i (a(ﬁ) ) YopD2/ija Yo D2/ jia
Staae R (7‘(6) ) = no restrictions
(6) YpD3/ija Tk :

(aqpqs)”abc fully symmetric in (2, 7) and also (a, b, c)

Renato Fonseca Simplifying complicated tensor expressions arising in the study of EFTs
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What do these tensors look like (in the SM)

¥ = (u[R], u¢[C], u¢[B], d°[R], d°[C], d°[B], Q[R, 1], Q[R, 2], Q[C, 1], Q[G, 2], Q[B, 1], Q[B, 2], €%, L[1], L[2])T

T T
= (11 1 12) Fuo = (GGG Gy G G G Gl Wi W2 W3, B

SU(3)
© 000 (00O O © 00 0 © 0 0 0 © 0 0 0 © 0 0 0
P O0O0O| 0000 © 00 0 © 0 0 0 © 0 0 0 ® 0 0 0
P 0O00| 0000 © 0 0 0 © 0 0 0 © 0 0 0 © 0 0 0
A ©000) (0000 © 00 0 © 0 0 0 © 00 0 © 0 0 0
6 R e S L el e e R By
© 00 0) (06000 L AR z s
pEEgR bt stgian<n gRiEg o s el @Erorbgtaet
scalar representation 60 000 9 000 2 2 2 2
matrices © 0 0 0 © 0 0 0 2 BT S e B, S e LR gt ey Aoy g i gy
000 (0000 ; . i T
T Bty QEiutg g et I
2 2 2
SU(3) SU(2) U(1)
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What do these tensors look like (in the SM

¥ = (u[R], u¢[C], u¢[B], d°[R], d°[C], d°[B], Q[R, 1], Q[R, 2], Q[C, 1], Q[G, 2], Q[B, 1], Q[B, 2], €%, L[1], L[2])T

T T
G iHs B PRI e e ey e e en el e el e I s T

[12%
26 0/0000000000 0 O
1
B 0 D119.:0..19,0110..9,.9.10: 0.9 @ 0 0 0 e 0000 000 ¢
1
Esaiiagl © 0.:.9..0:10: 0.:9:10:0.0.0 B 0 0 0 ¢ 000000 0 @
tA eeeeleeeeeeeeee EEERNERE DA A G et
© 0 06 06 000606000000 3
hapes © 0 0 061000000000 0
e e o6 -1 000006000000 hp
fermionrepresentation 0 @ 0 © © O 0 0 O 0 0 O 0O O 0 0 0 605 ST L L s 0
Matrices (1 flavor) 5. 9.6 9 o o SRR o o e o 6 0002000000 0 o
2 (XX ]
6 8 0 6 o o CEGECHISESER ) o LR e 6 o 6000 o000600 0 o
2
. 1 1
Nosurprlse: 9 © 9 © 93399@@@09@ 000000006000000
1
These are|block diagonal matrices 0 0 @ 0 o o EEEEEEIREE0 0 0 € 91180 0.0 EEE . 0P
L I e e © © 06 6 0 600606000060 e oo ‘o o ofEEEEEGEENE o o o
i : © © 0 0 6 00 0 0 000000 .
reducible representation of the L S e S sy L R 0 DD . 0. -2
gauge group R e e e e Y T © © © 60000000010 0
© © 0 0 0 00 0 0 000000 @@ @ b'6.0 0 000 0 00
© o 0 6 0000060000 B -1
i B 5 o e gD ik
A=1 [first SU(3) generator] A=12 [U(1) generator]
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What do these tensors look like (in the SM

¥ = (u[R], u¢[C], u¢[B], d°[R], d°[C], d°[B], Q[R, 1], Q[R, 2], Q[C, 1], Q[G, 2], Q[B, 1], Q[B, 2], €%, L[1], L[2])T
T
Cb:(H;Z_aHg{:H}l_:H?)T FMV:(Gl GG G G GG LG WiyaijwﬁwBuu>

(U il s e s Pl TS At T i 7 i Vi el 1

. . i
YLJ a M [Yijaqbfcquqba + h.c.

Yukawa couplings

gﬁ
O

[ ) 0 0 ) 0 0 ) “Yu[f2, f1] ) 0 ) ) 0 0 0
) 0 0 ) 0 0 ) 0 ) “Yu[f2, f1] ) ) 0 0 0
) 0 0 ) 0 0 ) 0 ) 0 ) “Yu[f2, f1] 0 0 0
) 0 0 ) 0 0 Yd (2, f1] 0 ) 0 ) ) 0 0 0
G hAEra ) 0 0 ) 0 0 ) 0 Yd[f2, f1] 0 ) 0 0 ® °
) 0 0 ) 0 0 3¢ ) 0 ) 0 Yd[f2, f1] 0 0 0 °
1 2 uQ ) 0 0 Yd[f1, f2] ) sl ), 0 ) 0 ) 0 0 0 0
et 1 y _Yu[f1, 2] 0 0 ) 0 0 ) 0 ) 0 ) 0 0 0 0
\/E vl ) 0 0 ) Yd[f1, f2] 0 ) 0 ) 0 ) 0 0 ° 0
) “Yu[fl, f2] 0 ) ) 0 ) 0 ) 0 ) 0 0 0 0
i.e. the interactions e 0 0 Z e Yd[f1, £2] 2 0 7 ) 7 0 o 0 0
of Hi ) 0 “Yu[f1, f2] ) 0 0 ) 0 ) 0 ) 0 0 0 0
) 0 0 ) 0 0 ) 0 ) 0 ) 0 0 Ye[f2, f1] ©
) 0 0 ) 0 0 ) 0 ) 0 ) 0 Ye[f1, f2] 0 0
) 0 0 ) ) 0 ) 0 ) 0 ) 0 0 0 0
\
e‘L

Flavor is unexpanded (f1,f2 indices); otherwise, Y would be a 45x45x4 tensor
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Our work

Write down a basis of operators for a general EFT up to
dimension 6 (for now).

Derive the 1-loop (for now) RGEs for the physical Wilson
coefficients

With these results, there will be no need to Only some algebra is needed in order to
ever do physics again (calculate amplitudes of compute the the Wilson coefficient
diagrams) to compute RGEs for a specific EFT tensors (Y;ja » Aabeds €tc)

RGEs of the bosonic
Renormalization of general Effective Field Theories: | U Ui R i8R 0 (8
Formalism and renormalization of bosonic operators

Renato M. Fonseca, Pablo Olgoso, José Santiago

2501.13185 [hep-ph] We describe the most general local, Lorentz-invariant, effective field theory of scalars, fermions and

gauge bosons up to mass dimension 6. We first obtain both a Green and a physical basis for such an Llligi Carlo Bresciani Will also talk
effective theory, together with the on-shell reduction of the former to the latter. We then proceed to

compute the renormalization group equations for the bosonic operators of this general effective theory at ab out thlS tOplC on WedneSday
one-loop order.
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The package SimTeEx
Sim Te Ex

ssssssssssss



CanonicalForm

Main function of the program: Puts tensor polynomials in a canonical form

, , - #A 1 1EAN & QA [a 4[B A] -5[A E] +B8 4[B A] - 5[Et At {5[@ L] +5[U @}]
With symmetries \

out[]= (a-pR) 4[B A] x5[A E]

[ - #AL1 1 EAA & Q [4[Et A] ~5[A E] + 4[Et A] ~5[A E]]
No symmetries MRt i
oull - 4B Al 5[A E]

U:r:y e Uya: =0

Format for the symmetries is a list of expressions which are =0
(but no need to write the “=0")

Renato Fonseca Simplifying complicated tensor expressions arising in the study of EFTs 20




Renato Fonseca

Fully general and simple input

Arbitrarily complicated symmetries can be fed into

this function. I.e. fully general in this aspect.

Input needed is as
intuitive as it gets

in my opinion

No need to figure out what
are the Young projectors

No need to declare tensors

No need to declare indices used

(important aspect; more on this later)

Simplifying complicated tensor expressions arising in the study of EFTs
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On the generality

Box symmetry
Riemann tensor symmetries Rainr=— Ry R = = Ranand Repr = Rpis A~ Rapg ==

Known quartic relation

Peeters 2018

Possible input

qurs Rptr'u, Rtvqw Ru'usw p qurs qutu R’r'ut'w Rsvu'w

1
_RmnabRnpbcRmscdRspda ‘I’ ZRmnabRpsbaRmpcansdc =0

[ |- AZDOAOCEI | 4IBEIBIEAE=2[BF NN O O »2[BF G G O ~2[G O N x]«2[G O O x] -
2B G O 2Bt NG O 2[00 G G x122[ & & %] -
2004 T+ A Ay 201+ &t A Al < 2[i+ O A A1 221G B A A] +
@ 2[00+ 1t A Al -2 G A Al ~2[1t Bt A A1 21t G A AIK
QU [ ACCERO = (2[4t Aft ARt /R) + 2[AGt A At ARt 2[AR At At AR + 2[4 At AR ARt
2IAR At A AR + 2[4 A AR A + 2[ AR A At A 1K
#AI 11T EAAl & O [AZBQAOCEI T 41 3E B EAEF QU | ACCEAQ)
ls(—lj+:®)2[l"rT+A+A] 21t Bt A Al 2[1+ G A A 2[BF G A A

]
m

Out[e]=

Even symmetries

which make little
sense can be given

Renato Fonseca

nl 1= #A1TEAA & A [ES([EB E] “4[H E] + A ([B A] <4[H Alt {4[A Al -4[A Al}]

Out[<]= dz Top — 2Ty, = 0 implies that T is identically 0
The algorithm used is sufficiently robust to deal with even these cases (no special code was needed)

Simplifying complicated tensor expressions arising in the study of EFTs
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On the simplicity

Other codes don’t allow the user
. . Hymal e ey el R s an d A R e T e e e i)
to give symmetries directly as
equations

Users must first figure out the associated Young tableaux
(non-trivial and in fact not always possible)

If th ival f i ,
there ar,e equivalent S It is up to the you, the user! SimTeEx doesn’t care. Any
a tensor’s symmetry which one is the

appropriate one for SimTeEx? equivalent set of equations is the same for the program

OU | ACCEAQY = {2 [/ /Bt [ /&) + 2[/Ed /&) A A

2 [ At A Am) + 2[AR AR AR A + 2[AR AR ARt AR 3K
#A 11 EAAl & O [AZbQRAGCE T 41 36 B EAX QU | ACCEAG ]

Same example with the Riemann tensor
as in the last slide, but using an

equivalent set of symmetry equations

Out[«]=

(-f+n@ 2[1+ Tt A A 2[i+t Bt A A 2[1tG A A 2Bt G A A

11|
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Program also works for

‘Grassmann tensors’

Anti-commuting tensors

Just think for example of fermions,

But why?
% which can have many indices

SM(EFT) as an example:
i=Dirac/Weyl; c=color; o =isospin; f=flavor

Necessary to declare the list
of ‘fermionic tensors’
[ 1= B#AI 1 l EAAL & A &AA El | O= {¥}K

. Necessary to use non-commutative
Very simple example o AT ; R multiplication
APDOROCE Tts= e[at B] ~y[at E] »=y¢[Bt E] <1 [B E]K

Majorana mass for gauge
singlets is symmetric

mi; ] Cp;

Renato Fonseca

ACDORCOE T = e[at B] ~¥[at E] »*x ¢ [Bt E] <1 [B E]IK
#A 11 EAAl & O [ACDQROCE Tts- ACDQAOCEI Tt (e[4S A] + e [At AS]}]

Out[«]= dz

Simplifying complicated tensor expressions arising in the study of EFTs



Lies

Simplifying complicated tensor expressions . . . Subjective; could involve for example
arising in the study of EFTs Simplify expression minimizing the number of terms

Renato Fonseca

renatofonseca@ugr.es

High-Energy Physics Group, University of Granada

SHEFT-Tools 2025 MITF,
Mz, January 2025

Should involve a function ¥ which for two

’ hifs” . equivalent expressions expr, and expr
. : ~ Canonical Form P Py
P Y. €I e - R ::::;ﬂ::‘::f;;:::;.

A : F (expr;) = F (expr,)

Second comment: the function I presented you

does not have this property! However, it does obey the property

n[ 1= #A 1 1 EAAI & A [4[E] ~4[E] ] F (expr; — expry) =0

#AITTEAA & O [4[E] < 4[E - : ] : :
For example, since it (4051 <405 ] A function with this property is called in
% === %%

preserves the dummy index the literature a normal form

labels given by the user ... 0ut[ |- 4[E]
e

Renato Fonseca Simplifying complicated tensor expressions arising in the study of EFTs 2
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Reason for this: convenience of the user

This behavior of the function CanonicalForm in SimTeEx was deliberate.

In order not to introduce new symbols, it reuses Ensure that the result never has more

dummy index labels given by the user monomials than the input

A canonical function F, as sometimes defined,
does not need to have this property

Want a ‘true’ canonical function? Use the flag $TrueCanonicalForm

Inl - BACOM#AI | | EAAl 81 O = 400K
QU = (4[AA A Al +4[A A Al +4[AF A A11K

Dummy indices (f1,f2,...) are

#AITTEAA & O [4[AF A A] ~8[A Alt AU ]
#AITTEAA &I O [ (-4[A AF A] -4TAt A A]) 8[AH A1t AU ]

=== %%

re-labelled by the code

o®

out[ ]- -4 At A S[AS A -4] 8 [ At /B

Output may have more

A A A
A A A

monomials than the input

out[+]= -4 [AR At A) <8 [AE VA - 4] 8 At As)

out[~]= 400A

Renato Fonseca Simplifying complicated tensor expressions arising in the study of EFTs
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Some extra tools in

Sim Te Ex

Simplify Tensor

(Functions beyond CanonicalForm)



Renato Fonseca

Analyzing tensors with symmetries

SimTeEx

YoungSymmetrize Tensor

SnlrrepsinTensor

SingleProjector

SameEquationsQ

comes with the following extra functions (GroupMath is needed)

Applies Young symmetrizer to a tensor

Returns the S irreps associated to a particular tensor symmetry

Returns an Hermitian projector which contains the same symmetry
as an input set of equations (condenses many conditions with one)

Compares two sets of symmetry relations, symmetries 1 vs symmetries 2

Extracts a set of equations which describes the

Simplifying complicated tensor expressions arising in the study of EFTs
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YoungSymmetrizeTensor and SymmetriesOfNumericalTensor

1|3
v 2
[ ]- 91 C3U | ACCEUMAI Q O[9[Bt Nt Ot {{t te}t {t}}]
s g s " . s e ib s ohid o
outl - — 9Bt Nt O] - —9[ft B O - =9[Rt & B] + — 9[C (& P
tc tc tc tc e YoungSymmetrize Tensor

v
[ ]- 91 A C3U | ACCEURMAT G O[3[@s A1+ {{ t}}]
out[«]= %53[213} A +§3[ﬂ_{+ s]

in[-]= 3U | AOCEAQ /E O ACEAAI 4A1 O Of, ACE#ECEQMAI A O[tg] ]

out[ - {ON O O[EAS EAft Ehte) + ON 0 O[EAd EAft EAs)t SymmetriesOfNumerical Tensor
QA G O[EA= EAwd EAf] - QA G O[EAtd EAft EAfs) )

il = 3Ul | AGCEAQ A£G ACEAAl 4A1 A O[4AT A (DA AQAOL, ACEHECEQMAT A O 1t , ACBHECEQMAT A O[f11]]
out[ ]- {OA O O[EA EAft EAtd EAf - QN O O[EAfrt EAid EAft EAs)t

QA G O[EA= EAft EAfrf EAte] + OAl O O[EAfr} EAtd EAft EA]t

QA O O[EAS EAfF EAft EAte] - QAI G O[EAR} EAYt EAtd EAs] + QA O O[EAf} EAtd EAft EAf] }

Tries to return a set of simple equations which together completely characterize the symmetries of a numerical tensor
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g\_quick . SnirrepsinTensor

E.g.: general 3-index tensor

Irreps of S, can be identified with A general tensor with n equal indices, (with | |
partitions X of n, or graphically with  no symmetries at all) can be split into d(\) B o it
. . . \-/
Young diagrams with n boxes parts transforming as A ~

A tensor with symmetries is obviously not a general one; It will contain only some of these components

o[ - 31)CORBO) | 4AI O O[ (2 [ AT+ AR ARt /BY) + 2[AES /Gt ARt /Bt
2 [ A At A A + 2[AR At ARy At 2[AR At Al Ar - 2[Ad AR AR At Riemann tensor:
DA At AR AR + 2[AR AR AR} A + 2[R AR} A AR} has a box symmetry

outl+]= { {1t 5} }

[ 1= 31) RO T4AI G O[ {91 A GBU | ACCEUMAI G o[9[ Nt Ot {{t= 3+ {te}31}]

Rank-3 tensor with a mixed
symmetry component removed
t ) {H’r s} |

outf+]= { (LTIt tsH {
[ ]- 31) 00D | 4Al A O[ {91 O C3Ul | ACCEUMAI A O[S[Bt Nt Ot {{t 1}t {tg}}]+ 91 Q C3U | ACCEUMAI O O[8[BX Nt Ot {{t= tgt {U}}])}]

Out[«]= { {11t s {ij 13}} Rank-3 tensor with both mixed symmetry components removed

With this info it is trivial, for example, to compute the number of independent tensor components
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Imagine having a set of equations E={eq;, eq,, ..., eq;} describing
what you think are the symmetries of a tensor. Someone else comes
along with a different set of equations, E’={eq’;, eq’y, ..., €q’;}.

Are they the same? Maybe E contains all of the restrictions in E’
and more, or vice-versa. Ou maybe they are just different.

Out[«]=

Outf[e#]=

Renato Fonseca

SameEquations
s Q

ANCs = {O[Et Ef] - 1[Edt Ef]}K

AN = {O[Etst Ef] + O[Eft Ets] - (L[E Ef] + 1[Eft Es))t
O[ES Ef] - O[Eft ES] - (1[Es EBf] - 1[Eft ES]) }K

ANGc = {O[Est Ef] + O[Eft Ets] - (L[Et Ef] + 1[Eft Ets]) }F

ANGI = {O[Est Ef] - 1[Eft Ets]}K

3AI AMOACE T QL [ANGs ANCY ]
3AI AOACET T QL [ANGE ANCGIg]
3AI AUNOACET T O [ANGst ARG This function is a bit more general than others in SimTeEx
3AT A CLOMAT T & ARGACE T O in the sense that it allows symmetry conditions between
different tensors (P and Q in this example)

s AN s~ A s s

oNOACET 1O s Al A 1f AQA AEAERRQAT O

Simplifying complicated tensor expressions arising in the study of EFTs
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SameEquationsQ
I

2EAI Al 3U Cs = {2[Aft A Ad A + 2[ AR Aft A At
2[4 At A AR+ 2[AR AQt AR} ARt 2[AR AR AR AR - 2[ AR AR AR AR
2[4 At A AR o+ 2[AR A AR A + 2[4 AR AGt AE] 1K

2EATAIT3U O = (2[4 At Ad An + 2[ A Ajt AR ARt
2 (A0 AR AR AR + 2[4 A AR AR + 2[R ARp AR AR 3K

3AI AANOACET 1 QL [2EAT AT 13U Gt 2EAT AT 13U O]

3AIA QUA TAEANAE 10

E.g.: Riemann tensor

¥y ey s s s s s
2E/SJA||3uou;,={Ej 2 [ AR /H+/Ed/ﬁ]]+gj 2 [ AR ﬁﬂ’rﬁE’j/EG]—ﬁnZ[/BﬁEdAﬁ+ﬁﬂ+%2[ﬁﬁﬁﬁﬁﬁjﬁ]+ﬁn2[/@ﬁﬁj£+ e -

ts ts ts ts ts ts
— AR A A ] — 2[ A A M) - — 2[4 A M M) - — 20/ Al A A - — 2[4 A AR - — 20/t AP A AR+
ffn i = " = 5 ffn i ffn o Uhis] i

ts ts ts ts s ts
— 2[4t A AS] + — 2[Ad A At -— 2[Ad A ] -— 2[Ad At A + — 2[ /A At AS) - — 2[ /A Al AT +
" Agt At " Agt A " At A i il A " Agt At o At A

5 s s s S s
— 2[ /A b AB] - — 20/ AR A M)+ — 2[4 AR Al AL+ — 2] bR AR - — 2[ b A AR+ — 2[ AR AR AR AR -
& Aet A i Aa} A A " i} A i Aa} A i Aa} A o A} A

é 2 [ MR A /B]}K
3A] AOACET T L [2EAI Al 13U Ot 2EAT Al 13Ul Gig One can always condense the information in a list of symmetry conditions
AT A GUOON T £ ARGACE T 6 into just 1. This leads me to a final function included in SimTeEx.



