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From Supersymmetry to Supergravity

e Haagetall. : g=1is0(1,3) ® gc ® {Qu, @%}.
e Supersymmetry transformations generated by spin—% operators @,
and Q.

e Anticommuting parameters : € and €.

Composition of two Susy transformations : J

[€*Qu, €, QY] = 2ie®a" E¥P, = space time translation.

e Promoting global Susy to local : € — ¢(x) :
* Composition of two Susy transformations generates a Local
translation.
* Local Supersymmetry = Supergravity
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The Equivalence Principle

Equivalence Principle
The local equivalence of inertial and gravitational force

e In the instantaneous local referential frame Ro(p) where gravity is
eliminated : we recover local Lorentz symmetry !

e Span a Flat tangent superspace at each point of the curved
superspace
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Dynamical Gauge Superfields

e Superconnection : QMMN —
* Lsugra Invariance under local Lorentz transformations
* Covariant derivatives : D,\;,XM = BA;,XM + QMNMXN
e Vielbein : E;M —
* Lsugra Invariance under superdiffeormorphism
* EA;,"f Curved superspace — Flat tangent space
EMM Flat tangent space — Curved superspace

Example

Dy XM — DyXM = E, MD XM
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The Covariant Derivatives, the generators of Supergravity

Generators of the Supergravity superalgebra
[Dum, Dnlimivy = T Do + %:’:\’/\//NQQJég J

e Torsion and Curvature tensor EMM and Q,\;,MN

e Closes under Superdiffeomorphism + Lorentz group transformation
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The Bianchi Identities

e Bianchi Identities :

0 :(_)|M1||M3| [D/Vh’ [DM27DM3]|M2||M3|] My (| Mo+ Ms)])
_|_(_)|M2||M1| [Dsz [DM3,DM1]|M3IIM1|]|M2|(|’V’3|+|’V’1|)

Ms || M.
+(—)MsllMel [ Dy, (Dt Dot ity 1021 s 1)

o M; =a,a,u, i=1,2,3 — 40 Bianchi identities
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The Supergravity Constrains

Violation of the Equivalence Principle
e 3 R such that QMMN =0 = () Curvarture
o [DMaDN]|M||N| = TMN QDQ ;éSusy Algebra

° TMNQ violates the Equivalence Principle !

Supergravity Constrains

Tad” = To'zau = _2ioﬂad7

Y _ B B
T, =0, T,o"=T,"=0,
TQNV: T,ugV:O, Tm,pzo.
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Bianchi Identities + Supergravity constrains — Reduction
of the Bianchi identities :

By

(1) IO'LB,U.V : dB,uV = 2i0—uwd¢ TB#’Y + 2iUV’YB leu'y,

(2) Iaﬂ%/S: a,B*/S:zia-“ﬁ"yTa,ué—i—ziaua'yTBp,é’

BV

() lapss * Ragss T Rasas + Ryaps =0,
(4 apys * Rapre T Rivas = 2ig" B Tyus + 2"UH,Y5‘ Taps

By

(5) ot * Rappn =200, 5 Tap” — 2iovay TB/«LW
(6) lipn i DTy + Dy Tapy =0,
(7) Iauyp H Ra/,“/p + Ruaup - 2’0';,@,@ Tuuﬁ7

(8) lappy : Rappy + Rapay = PaTpuy + Dg Tapy,

9 uaps t Ruapy = —DaTs = Dy Taps — 200" 5 Tops,
5
(1) s Ruvas = ~PuToap = PoTaps = PaTuns + Toa” Tous + Tan” Touss

(11) I;uzpo' : Rp.upa + Rup/,tu' + Rpp,uo’ =0,
(12) qudﬁ : —D,_L Tudﬁ —D, Tdu,B e 'Dd Tuyﬁ + Tyleng + To'zulTlVﬁ =0,
(13) Ip,upa . _Dp Tl/pa - DU Tpp,oz - Dp Tuua + Tulelpa + Tl/plTlua + TpulTlua = 07
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Resolution of the 13 Bianchi identities :

1) Vector - Bispinor Isomorphism : v, = va4

2) Decomposition of the curvature and torsion tensor in SL(2,C)
irreducible representations

— The equations splits in different symmetry classes !

* Result : Rynpg and Tynp o< 3 superfields only : R, Guq, W(QBW).
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Explicit Supergravity Algebra

1
{Daapﬁ} = 5 a/B'yéJa’y,

{Da, Dy} = - %Rdﬁ-wﬁ&,
{Da,Da} =T,," Dy — 1/Eemmﬁﬂ - %Ra s,

Do, Dyl =T, "Dy — T, /D, - %Ramj Ry
[Da D, =T, Dy + Ty, "Dy —RC,MJ & %Rdmﬁﬁ
[Du D] =T,,°Ds — T,,,° —% gy d” — %Rﬂymﬂﬁ :
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The Physical degrees of freedom of Supergravity

° EMM has 8 x 8 x 16 = 1024 components

General Change of Coordinates

zM — zM + SM(Z),

- zM . Cordinates of the curved superspace

- Transformations parameters §’\7’(z) : superfields depending on the

coordinates zM.

* Physical degrees of freedom :

Graviton : eﬂ“

Gravitino : (%&,%d)
e R, Gug give us the two auxilliary field b, and M to close the
supermultiplet off shell.
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Annexe A : How do we get the Supergravity Constrains ?

* In the referential frame where QMMN = 0 = ) Curvarture because

RMNSQ :(_)|M|(|N|+|NI)EMMENN[aMQ/\"/SQ _ QMSRQNRQ
M||N Q R Q
- (=™ ‘(81\791\?15 = Q" Q)

* The covariant derivatives reduce to D = 8,\;,.

Introducing the Lorentz indices, we obtain the Covariant derivatives of Susy :

Mo _
E, "0 =D,=0,
Mo _ uopo
E, "0 =Dy =04 +ic 070,
My. —_ p. — 5. "
E," 0y = Dy = 05 — i0%0}, .04,
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Annexe A : How do we get the Supergravity Constrains ?

* The superalgebra reduces to

Do,Ds}=T,,"Ds+ T, D5+T o,
B

{Da:Dg} = T,3"Dy+ T4 D + T,5" 0

{Ds, Dy} =T, 5D5+T DY+ T, “a

* Algebra of the covariant derivatives in Supersymmetry :

{Dy, Dy} = — 2ic” 0y
{Da, Dg} —{ ¢ ﬁ} =0.
= Constrain the Torsion tensor components !

J_ o B
Tgﬁ =0, T T =0,
T “—T “:—210
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