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1 {a, b, ¢, d }::Indices.
2 A_{a b} B_{b c};
Aa By ;
3 @substitute!(%)( B_{a b} -> C_{a b c} D_{c} );
Ay Cy Dy;
T
on
C
W
1
I
ac
e
1 A_{\dot{a} \dot{b}}::AntiSymmetric.
2 A_{\dot{b} \dot{al}};
Aj s
3 Qcanonicalise! (%);
( 9%
He
t 3 t
W
ge
S
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1 { a_{1}, a_{2}, a_{3}, a_{4} }::Indices(vector).
2 V_{a_{13}} w_{a_{1}}:
3 @substitute! (%) ( V_{a_{2}} -> M_{a_{2} a_{1}} N_{a_{1}} );

My a5 Nay Ways

I
AntiSymmetrici
You
b

1 R_{a b ¢ d}::TableauSymmetry(shape={2,2}, indices={0,2,1,33}).
2 R_{a bcd} R_{d c a b}:
3  Qcanonicalise! (%);
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I
Depends p
1 \nabla{#}::Derivative.
2 \partial{#}::PartialDerivative.
3 A_{m n}::AntiSymmetric.
4 V_{m}: :Depends (\nabla) .
6 \partial_{m p}( A_{q r} V_{n} ) A~{p m};

am( an) p;
7 @canonicalise! (%);
0;

s \nabla_{m p}( A_{q r} V_{n} ) A~{p m};
9 Qcanonicalise! (%);

( m/( q V%) "

1 Q@unwrap' (%);

( q Vi VnAm 5

Not

2
S
p
t
t
p
1 {m,n,p,q,r,s,t#}: :Indices(vector).
2 \nabla{#}::Derivative.
3 R_{m n p q}::RiemannTensor.
4 \nabla_{m}{R_{p q r s}}::SatisfiesBianchi.



You 4 He

\nabla_{m}{R_{p q r s}} + \nabla_{p}{R_{q m r s}} + \nabla_{q}{R_{m p r s}}:
@young_project_tensor!2(%){ModuloMonoterm}:
Q@collect_terms! (%) ;

0
As
As
m
an m al m
Am Bm - m Bm =
w
1
T
1 {m, n, p, q }::Indices(vector).
2 { A{mn p}, B.{m n p} }::AntiSymmetric.
3 A{mn p}B_{mnq} - A {mn q} B_.{m n p};
Am Bm - m Bm )
I
t
gi
4 {m, n, p, q }::Integer(1..4).
5 @decompose_product! (%) :
6 Qcanonicalise! (%):
7 Q@collect_terms! (%);
AP Bq - q Bp )
1
T
T 1 A
w
5T _project_tensor!2(}) i
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{m, n, p, q }::Integer(1..3).
@decompose_product! (%) :
@canonicalise! (%) :
Q@collect_terms! (%);

0;

\tableau{#}::FilledTableau(dimension=10) .
\tableau{0,0}{1,1} \tableau{a,a}{b,b}:
@lr_tensor! (%) ;

OOaa+00aa|+00a|a|_|_00a+00a|+00;
1|1 |6 |b 101 (b 1|1 11 |b 1|1 1|1
L b |b o | a |b a |a
a a v [o
Q@tabdimension! (%) ;
70785 +
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{i,j,m,n,k,p,q,1l,r,r#}: :Indices(vector).
C_{m n p g}::WeylTensor.
\nabla{#}::Derivative.

\nabla_{r}{ C_{m n p q} }::SatisfiesBianchi.

Eij:=-C{imk1} C{jpkqgrC{lpmagt+1/4C{imk 1} C{jmpaqr C{klpqgl
-1/2C{ik j1} C{kmpaqgr C{lmp q}:

E:= C{jmnk}C{mpqgn}C{pjkqt+1/2C_{jkmn} C{pgmn} C{jkpqgl:

exp:= \nabla_{i}{\nabla_{j}{ @(Eij) }} - 1/6 \nabla_{i}{\nabla_{i}{ @(E) }}:

W
t

@distribute! (%) : @prodrule! (%):
@distribute! (%): @prodrule! (%):

@prodsort! (%) : @canonicalise! (%): @rename_dummies! (%) :
@collect_terms! (%) :

B

W

@substitute! (%) ( \nabla_{i}{C_{k i 1 m}} -> 0 ), \nabla_{i}{C_{km 1 i}} -> 0 );

G G VNG — i WG VO — i Vil VG
G Vav,G —ici C; VyVCh J&C" Vili VyCom

—%ci V.0, Vil +ic,- G V,;ViCn +%ci C; ViuV,Ch
+%Ci ViCp  VaC —%ci V0, VG +%CZ- C; V,;VCh (
+%Ci G VNG + i VG VG —ic,- C; VoVl

~5C VG Vil

T

u

@young_project_product! (%) :
@sumflatten! (%) :
Q@collect_terms! (%);

0; (
T
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{M, N, P}::Indices(space).
{m, n, p}::Indices(subspacel).
{a, b, c}::Indices(subspace?2).

A_{M N} B_{N P};
@split_index! (%){M, m, al};

AMBm+MBa;

1 1 -

1 1
+ Zaqu 0@ hm WP+ ZFm FE, ¢3hP |

{\mu, \nu, \rho,\signma, \kappa,\lambda,\eta, \chi#}::Indices(full, position=fixed) .

{m,n,p,q,r,s,t,u,v,m#}: :Indices(subspace, position=fixed, parent=full).

Not
as

\partial{#}::PartialDerivative.
g_{\mu\nu}: :Metric.
g”{\mu\nu}: : InverseMetric.
g_{\mu? \nu?}::Symmetric.
g”{\mu? \nu?}::Symmetric.
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h_{m n}::Metric.

h™{m n}::InverseMetric.
\delta"{\mu?}_{\nu?}::KroneckerDelta.
\delta_{\mu?}"{\nu?}::KroneckerDelta.
F_{m n}::AntiSymmetric.

W

S
C 61
d

RtoG:= R™{\lambda?}_{\mu?\nu?\kappa?} ->
- \partial_{\kappa?}{ \Gamma~{\lambda?}_{\mu?\nu?} }
+ \partial_{\nu?}{ \Gamma~{\lambda?}_{\mu?\kappa?} }
- \Gamma~{\eta}_{\mu?\nu?} \Gamma"{\lambda?}_{\kappa?\eta}
+ \Gamma~{\eta}_{\mu?\kappa?} \Gamma~{\lambda?}_{\nu?\etal}:

Gtog:= \Gamma"{\lambda?}_{\mu?\nu?} ->
(1/2) * g~{\lambda?\kappa} (
\partial_{\nu?}{ g_{\kappa\mu?} } + \partial {\mu?}{g_{\kappa\nu?} }
- \partial_{\kappa}{ g_{\mu?\nu?} } ):

Now m ¢

todo:= g_{ml m} R"{m1}_{4 n 4} + g_{4 m} R"{4}_{4 n 4};
Osubstitute! (%) ( @(RtoG) );

Osubstitute! (%) ( @(Gtog) );

@distribute! (%) ;

@prodrule! (%) ;

@distribute! (%) ;

@prodsort! (%) ;

W
t
d

Osplit_index!!(%){\mu,m1,4};
Q@canonicalise! (%) :

Osubstitute! (%) ( \partial_{4}{A??} -> 0 );
@substitute! (%) ( \partial_{4 m?}{A??} -> 0 );

I

@substitute! (%) ( g_{4 4} -> \phi ):

@substitute! (%) ( g_{4 m} -> \phi A_{m} ):

@substitute! (%) ( g_{m n} -> \phi**{-1} h_{m n} + \phi A_{m} A_{n} );
@substitute! (%) ( g"{4 4} -> \phi**{-1} + \phi A_{m} h"{m n} A_{n} ):
@substitute! (%) ( g"{4 m} -> - \phi h"{m n} A_{n} ):

5A
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@substitute! (%) ( g"{m n} -> \phi h"{m n} ):

@distribute! (%) :
@prodrule! (%) :
@distribute! (%) :
@prodrule! (%) ;
@distribute! (%) ;
Qcanonicalise! (%) :

@substitute!! (%) ( h_{m1 m2} h"{m3 m2} -> \delta_{m1}"{m3} );

Q@eliminate_kr! (%) :

S

@substitute! (%) ( \partial_{m}{\phi**{-1}} -> -\phi**{-2} \partial_{m}{\phil} ):

Qcollect_factors! (%) :
@prodsort! (%) :

@substitute! (%) ( \partial_{p}{h"{n m}} h_{q m} -> - \partial_{p}{h_{q m}} h”"{n m} );

Q@canonicalise! (%) :

O@substitute! (%) ( h_{m1 m2} h~"{m3 m2} -> \delta_{m1}"{m3} );

Q@eliminate_kr! (%) ;

F

@substitute! (%) ( \partial_{n}{A_{m}} -> 1/2*\partial_{n}{A_{m}} + 1/2*F_{n m}

@distribute! (%) :
@prodsort! (%) :
Qcanonicalise! (%) :
@rename_dummies! (%) :
Q@collect_terms! (%);

+ 1/2x\partial_{m}{A_{n}} ):

1 1 1 1
*Z m¢ n¢_ +Zap¢ nhmhp *§am¢ ZFm Fn¢3hp

1 _ 1 1
+ Zap¢ q¢ hi WP — Z p@b qhm h? + Zap¢7 mhn WP

T
of
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::PostDefaultRules( @@prodsort! (%), @eliminate_kr! (%),

T
t
W

an

@Q@canonicalise! (%), @@collect_terms! (%) ).

{s,r,1,k,m,n}::Indices(vector).
{s,r,1,k,m,n}::Integer(0..d-1).
\Gamma_{#}: :GammaMatrix (metric=\delta) .
\delta_{m n}::KroneckerDelta.

T
i
an
Ne

\Gamma_{s r} \Gamma_{r 1} \Gamma_<{k m} \Gamma_{m s}:

@join! (%) {expand}:
@join! (%) {expand};

( ; — 1 d g d

@distribute! (%) ;
Q@join! (%) {expand};
@distribute! (%) ;
@factorise! (%) {d};
Qcollect_factors! (%) ;

Ly ( -9

GammaMatrix p

1) ok — kd  p — id

k ( 2+ 3
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{a,b,c,d#}: :Indices(spinor).

\Gamma_{#}: :GammaMatrix (metric=\delta).
(\Gamma_{m n})_{a b} (\Gamma_{n p})_{b c};
Q@combine! (%) ;

(an)a;

@join! (%) {expand}:
Qcanonicalise! (%) ;

(mén_ m5n+ p5m+m5n_m5n)a;

@distribute! (%) :
Qexpand! (%) ;

(m)a5n_ m)a5n+ p)a5m+ m5n)a_ m(sn)a;

_ _ 1 - _ )
= (PO ") U Te Y e (W™ ty) § T T e

o)

1 - S n s s N
= ﬁw[ Lype, (89 € 0 )
1 - s i
_ ﬁw[ | . wpeu (— 0 € 0
+ 5550 Do e (10778 g r e) .
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{\mu, \nu, \rho}: :Indices(curved, position=fixed).
{m,n,p,q,r,s,t#}: :Indices(flat).
{m,n,p,q,r,s,t#}: : Integer(0..10).
T~{#{\mu}}: : AntiSymmetric.
\psi_{\mu}::SelfAntiCommuting.
\psi_{\mu}::Spinor(dimension=11, type=Majorana).
\theta::Spinor(dimension=11, type=Majorana) .
\epsilon: :Spinor(dimension=11, type=Majorana).
{\theta,\epsilon,\psi_{\mul}}: :AntiCommuting
\bar{#}: :DiracBar.

\delta"{m n}::KroneckerDelta.

\Gamma ~{#{m}}: : GammaMatrix (metric=\delta) .

T
S

T~{\mu\nu\rho} e_{\nu}"{s}
\bar{\theta} \Gamma"{r s} \psi_{\rho}
\bar{\psi_{\mu}} \Gamma~{r} \epsilon;

@fierz! (%) ( \theta, \epsilon, \psi_{\mu}, \psi_{\nu} );

1 _ _ 1 _ _
R LA TR A/ i AT S
1 _ _ 1 _ _
— It el T ey by — T el T T,
1 _ _ _ _
— eI T Ty e T e T T T,
T
T

@join! (%) {expand}:
@distribute! (%) :
Qeliminate_kr!(%):
@join! (%) {expand}:
@distribute! (%) :
Qeliminate_kr! (%) :
Q@collect_terms! (%) :
Qcanonicalise! (%) :
@rename_dummies! (%) :
Qcollect_terms! (%);

1
16

1 _ _ 1 _ _
+ ZT“ €u R "6%1% T/Jp + @Tﬂ €u "o eIy, %;
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\psi_{\mu}::SelfAntiCommuting.
{ \chi, \psi_{\mu} }::AntiCommuting.

\chi A"{\mu\nu} \psi_{\mu} \chi \psi_{\nu};

X " bux w

@substitute! (%) ( \psi_{\mu} \psi_{nu} -> B_{\mu\nu} );

( a 1%1 X

B ot
b

I

m

@pop (%) ;

X M ux v

Now Eog

A~{\mu\nu}: : Symmetric.
Qcanonicalise! (%) ;

0;

B
s

pthy 1

16



[ e e e

1

®w N o os W N

::PostDefaultRules( @@eliminate_kr! (%), @@prodsort! (%), @0collect_terms! (%) ).

D{#}: :Derivative.

\bar{#}: :DiracBar.

\delta{A??}: :Derivative.
{m,n,p,q,r,s,t,u,m#}::Indices(flat).
{m,n,p,q,r,s,t,u,m#}::Integer(0..3).
{\mu, \nu, \rho,\signma, \kappa, \lambda,\alpha,\beta}::Indices(curved,position=fixed) .
{\mu,\nu, \rho, \sigma, \kappa, \lambda,\alpha, \beta}: : Integer(0..3).

D

e"{m \mu}::Vielbein.
e_{m \mu}::InverseVielbein.
g~ {\mu\nu}: :InverseMetric.
g_{\mu\nu}: :Metric.

D

{ \epsilon,\psi_{\mul},\psi_{\mu\nu} }::Spinor(dimension=4, type=Majorana).
\Gamma_{#{m}}: :GammaMatrix (metric=\delta) .

{ \psi_{\mu\nu}, \psi_{\mu}, \epsilon }::AntiCommuting.

{ \psi_{\mu}, \psi_{\mu\nu} }::SelfAntiCommuting.

{ \epsilon, \psi_{\mu}, \psi_{\mu\nu} }::SortOrder.

\Gamma_{#3}: :Depends (\bar) .

\psi_{\mu\nu}::AntiSymmetric.

L:= -1/2 e e"{n \nu} e"{m \mu} R_{\mu\nu n m}
- 1/2 e \bar{\psi_\mu} \Gamma~{\mu\nu\rho} D_{\nu}{\psi_{\rho}}:
@rewrite_indices! (%) { \Gamma"{m n p} }{ e {n \mul} };

1 1-
L §Ru e ™" — ?vburm Dyype ™ e e (

susy:= { e"{n \mu} -> -\bar{\epsilon} \Gamma"m \psi_\nu e”{m \mu} e”{n \nul},
e -> e \bar{\epsilon} \Gamma"n \psi_\mu e~ {n\mu},
\psi_\mu -> D_{\mu}{\epsilon} }:

Var

@vary! (L) ( @(susy) );

17
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http://fy.chalmers.se/~gran/GAMMA/

http://www.stanford.edu/~headrick/physics/index.html.

http://metric.iem.csic.es/Martin-Garcia/xAct/index.html.
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