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Supersymmetric corrections

Motivation:

String theory

00
Seff — Z g
g=0

|

29—2
S

M-theory

|

11D Supergravity
+ high energy corrective terms:

£11D sugra + Z lzﬁt

1=1



N | 110 persraviy & Superspac
_ I I Action Principle & Supersymmetric Corrections
_ I I I Computational Tools (Mathematica Package)



S R ——



11D Supergravity - Cremmer Julia Scherk
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11D Supergravity - Cremmer Julia Scherk

- _ ﬁ R(w) Scalar curvature R

Gravitinos wm

Field strength: G0 = a[ucypa]
Counter term

Chern-Simons



11D Supergravity - Algebra

m Supersymmetric transformations: 00Cmnr = € (.
0QUm =  Dpe €Gabed
5@67?; — € wm

m Closure of the 11D sugra algebra:

[56217 6@2] O’mnr = (55 + 6@ + 5C) Cmnr

> On-shell closure

1001, 002] Ym = (0¢ + dg + dA + €.0.m) Yy,



11D Supergravity - Superspace

m B v ((@)m=1...11
®  From space to (z"™)m=1...11 — 2" = ((9#) w=1...32
superspace:
m  Superspace fields: e’ — FA \
T..¢ —s Tag® » —> New Bianchi identities
Gabed — GaBcD

= pAEP Hup = E°.E’'H,, + E“E*H,, + E°.E® H,g4

\» Hap(z,0) = Hap(z Z — 0410 (Hpy ) AB



Tog® = —i(7")as

11D Supergravity - Superspace
s

conventionnal constraints  <— Gagab = 1(Vab)as
®m Simultaneous resolution of

Bianchi identitites +— DT4 = Fp A R45
U/ ™ DG apep =0

11D sugra e.o.m

1 1
= 5= [ (Re1- 5 GisGi- 5CaGunGa)
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0=0 Tmn - meg _ an%

m From the flat superspace basis to the non-superspace coordinate basis:
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_ Action Principle & Supersymmetric

Corrections

Soueres & Tsimpis - Phys. Rev. D 95, 026013 (2017)



Action Principle - Chern-Simons Term

SChern—Siméﬁs:/ dxll |: _ﬁR(w)
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Action Principle - Method

2K
SChern-Simons :/ dmll |: @ €p1...p4q1...q4mn'er1_“p4Gq1mq4CmnT] N/ CS/\G4/\G4

N 7~

“
Z11 not gauge-invariant

| (C — C +dA)
globally defined not globally

defined
m Let'sdefine K41 suchthat d K =d Zq;

mm Then 7y, — K;; isaclosed superform d(Z;; — K11) =0

mmm Thentheaction S = /(le — Ki1)|p_o is superinvariant



Action Principle - Method

m Diffeomorphism in superspace: 55 =L ¢ with 4= (?)

m SuperLie derivative of Z17 — Ki1: Le(Z1n — K1) = (die —ig d)(Z11 — Ki1)

{

555 = /ﬁg(ZH—KH”
— ) =0

[ac.

=d ig(le — Kll)



_ First Test - Original action



First Test - Original Action

u SChern-Simons — Z11 = OSAG4AG4

® Looking for: dK;; = G4rG4rG4  (superspace equation)

!

11 11!
B Dig, Ko, a,,)+ 5 T[A1A21|? Kria,.. A1) = APIE Gla,..Aa, Gas..as Gag. Ay

Al c. All =Q01...0011 — Kalal--ﬂlo
Al v All — Ofl e - 0510 a’l _> Ka,lagaq...ocg

etc.

1 1
m After 13 equations: S = / (Rx1— 5 Ginx Gy — 6 C3,G4nGy) |9:0



_ First Superinvariant



10/15 First Superinvariant

m Modified Chern-Simons term: Z11 = 12 C3.GyrtrR?

| Looking for: dKll = lel — G4/\G4/\Rab/\Rba

11 o 11!
— D[Al KA2---A12)+? T[A1A2| Kp|as..Ap) = 4(41)2 R, Azeies R|4‘13A4|C201 GlAS-“AS GAQ---A12)

[ | After 13 equations: AlS = l3 / (CgAG4/\tI‘R2 —+ 2 G4/\ * G4/\tI‘R2) ‘920






11/15 Second Superinvariant

X (8)

7 N

m Modified Chern-Simons term: 11 = [ C3nGan (trR4 — i(trR%z)

| LOOking for: dKll = dZ].]_ = G4/\G4/\X(8)

m Mainobstacle: X C(i)...ag X ’)/(f ar 0| G flas..05) — Probably the hardest part

The rest should follow « easily »
(T-exact)



(8) N
u Xal...ag 7(a1a2| f|0£3 Oﬁg) ?
12 terms ~ yyyyGGGG with symmetrized fermionic
indices...

\b (’Yuomugyom)(700.“”3%7;0)(’onmw?’ylzl)(’Ya:o...:rzgzOZ1) Gug...fdgGvo---UBGwo---WSGxo'“x?' T

m Huge fierzing: Xcgsl)._.as = 7(2)7(2)7(2)’7(2) (GGGG + ... ) (
+ 7@y @N B (GGGG +...) (2)
+ 722500 (GGGG +...) (3)

f—t
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13/15 Second Superinvariant

X® o =71 D@52 (GeGa + ...)
+ 7By 2ENE) (GGGGE .. .)
+ 45Dy BNB) (GGG +...)

m (00001)®+® contains 48 irreps, only 3 non T-exact: (04000) (02004) (03002)
M M M

m Those 3 representations must vanish:

I I : i Mi 1 llation d di th
H (1)=0 (3) =0 I I ((2) + (3)) 2 0 faiiiiul?is cancellation depending on the
- = | T :

1
: b X® = trR* - n (trR*)?







Computational Tools: Mathematica Package Superspace GAMMA

IrrYT[{1, 1, 1}, {2, 1}, 1]

1|a 1jaja 1a

. . . . llala 1

® Basic Young diagrams manipulations: Il I I = e i Lo N 8 R

b 1 1 kd

i 2 B P~ I s

Al b

m Tensorial representation of Young diagrams:
— 4 1 1
Ta1a2§b1b2 — 3

(E (Ta1,a2,a3,a4 — Tal,a2,a4,a3) + 16 (-Ta1,a3,a4,a2 + Ta1,a4,a3,a2) + (-Ta2,a1,a3,a4 + etcC.

16



Computational Tools: Mathematica Package Superspace GAMMA

= Highly non-trivial Fierzing: ~ (00001)®9°% = 1(00012) @ ...

(fyal...a461)(ala2 (fy[bl...b3|616263)a3a4 (fy|b4.“b6]6263)a5a6) CX 15 (’Y[a1a2|)(a10¢2 (,}/|a3a4])a3a4 (fybl.“bS)Oég,OlG)

11

® High number of anti-symmetrized indices: Dia, Ka,.. A,,) + 9 [AlAQf Kp|as..App) = -+

m Superspace fields (bosonic & fermionic indices): Do, Kay...a5)[ar...ag] T -
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