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| Supergravity

Qa@ﬁ + Qﬁ@a — (Vﬂc_l)aﬁpﬂ

 Bosons = § Fermions

Supergravity (SUGRA)

graviton ¢,, and gravitino Spin: 2+ 3/2 |




I D=11 Supergravity

® describes 128 + 128 degrees of freedom
# maximal supergravity: N=1, D=11 < N=8, D=4

#» UV properties ?

—




I The Lagrangian

L=\=g{R— 4(Fu)*+-} + Cu A0C(z AOCp

Guv = Ny + s Ohyy = 0,8, + 0., - [T1:44 of SO(9)

F(4) = 80(3), 50(3) — 0A(2) ; @ : 84 of SO(9)

Ciy NOC3y NIC3) = Cz) occurs without derivative |




| Torus-Reduction




| Torus-Reduction

Olw,z) =) ", (z) O¢y — (n/R) ¢, =0




| Torus-Reduction

Olw,z) =) ", (z) O¢y — (n/R) ¢, =0

n

CZS2 — ¢200(@) g2 | o26¢(x) (dz + Au(a:)d:v’””)Q




| Torus-Reduction

Olw,z) =) ", (z) O¢y — (n/R) ¢, =0

n

a?32 — 22%ds? + e*PoM (dzm + A/T’dx“) (dz" + AZ’da:“’)

—




| Torus-Reduction

Olw,z) =) ", (z) O¢y — (n/R) ¢, =0

a?32 — 22%ds? + e*PoM (dzm + A/T’dx“) (dz" + AZ’da:“’)

Lscalars — \/__g[ - %(395)2 + iTI’ (aM({?M_l)}

—




| Torus-Reduction

Olw,z) =) ", (z) O¢y — (n/R) ¢, =0

n

a?32 — 22%ds? + e*PoM (dzm + A/T’dx“) (dz" + AZ’da:“’)

Lscalars — \/__g[ - %(395)2 + iTI’ (aM({?M_l)}

A

gt = ¢Ma), Em=A"(x)+ A", 2" . SL(n,R) x R
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SU(2) : angular momentum J3,J3] =0, |Js,Ji ] =Jp, |J4,J-| =H
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| Some. Group Theory

SU(2) : angular momentum J3,J3] =0, |Js,Ji ] =Jp, |J4,J-| =H
g 0‘ _|_'1 3=1 -+ 1_|_ + 1_
SU(3) : “the eightfold way” 8=2+34++3_ 3. =21 +1

o—©0

Dynkin Diagram = Cartan Matrix A |




| Cartan’s.Classification

Simple Classical Lie Algebras: A, ,B,,C,, D,
Exceptional Algebras Gso,Fy,Eg, Er7, Eg
Es o—© I o—o©

E- o—0 o I o—o©

Fs o—o 0o o I O




| Nonlinear Symmetries

Lscalars = vV—g[ — 3(0¢)* — 2e~?(0x)?] : 1 “dilaton” and 1 “axion”

Scalar Coset : G/H = SL(2,R)/S0O(2)

# of scalars = dimension of G — dimension of H |
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I Dual Representations

Examples: H ~ e IinD=4 or H ~ in D=10
1 2
LY~ Fiyy5)(4)
L'~ Flyro) + Fipra) ANOBp—p—s) = Fpya ~ "Fpp-2)(B)

L ~ F(2D—p—2)(B)

Condition: A occurs only via F{,9)(A) |
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| Hidden Symmetries

from: A. Kleinschmidt

D G/H Dim

10 RT 1

9 SL(2,R)/SO(2) x RT 3 ®

8 | SL(3)/SO(3) x SL(2)/SO(2) | 7 O

7 SL(5)/50(5) 14 [ e

6 S0(5,5)/50(5) x SO(5) 25 O

5 Eg/USp(8) 42 O

4 E;/U(8) 70 e

3 Es/S0(16) 128 O

2 Eo/K (Es) _ ®  Nicoai 1957
1 E1o/K(E10) ? - @  Julia 1980




| Hidden Symmetries

from: A. Kleinschmidt

D G/H Dim

10 RT 1

9 | SL(2R)/SO(2) x R* 3 o

8 | SL(3)/SO(3) x SL(2)/SO(2) | 7 O

7 SL(5)/SO(5) 14 o o

6 | SO(5.5)/S0(5) x SO() | 25 o

5 Eg/USp(8) 42 O

4 E7/U(8) 70 O

3 Fs/SO(16) 128 o

2 FEo/K(Fy) - ® Nicolai 1987

1 E1o/K(E10) ? - @  Juia 1980
L0 E11/K(E1) ? - @ \est 2001 |
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| What is .t ?

» We work directly in D=11 dimensions (cp. to de Wit, Nicolai )

West 2001

10
o ® O ) o o ® o o Cartan matrix
0 1 2 3 4 5 6 7 8 9 Ane
A'r’s

® One finds a Lorentzian Cartan matrix that leads to an infinite
number of states in the adjoint representation that sofar has not

been classified by mathematicians |
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| Level Decomposition

$» One can calculate a number of states by slicing
Into levels, e.qg.

8=3+1+2+2

» One finds at low levels the spacetime fields of D=11 supergravity

Borisov, Ogievetsky 1974

N
w

level | > 0 0 1
field ha” | C(a)

Q
()]
~
)
>
—~
o
)—l
—
)

Young tableaux | [I] E

—




| Six—form.Potential

L1 ~ C(g) N 60(3) N 60(3) : 0(3) or 0(6) plus C(g)
duality *
Cs) Cle) 0C(6) — C3) N OC(3) =" 0C3)
N - ), —_
Fe) Fa)

50(3) = 8/\(2) = [3, 3] =0

50(6) = @A(5) + 0(3) A\ 8A(2) = 3,3] =6 ! |




I Dual Gravity

Linearized gravity : ¢,., = M, + hu. Og 1y P2y = (1)
Sy pgvp = %em...ugoﬁ Rypo‘ﬁ (w(h)) Hull. West
Spr-povp = O Yy pgp] Yiinop =901, Dysepiolp Diyycpgp) =0
Onq 1y Dis,1) = A7) 0535, D(s,1) = 0%(s)

—




| Dual Gravity with Matter

de Roo, Kerstan, Kleinschmidt, Riccioni + E.B., work in prog ess

Require D=11susy = Y =x*w + C3) A0JdC) terms
5A(2)D(8,1) # 0 and 5A(5)D(8,1) #0 =

[5/\(2) 75A(5)}D(871) — 5A(7,1)D(8,1) + 62(8)D<871) or

3,6] =(8,1)]! |
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spin 1: @ dual spin 1:

etc. Hull
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I Dual Representations

spin 1: @ dual spin 1:

more dual spin 1: : . etc. Hull

3 families of reps.:  spin 1, dual spin 1 and dual spin 2 |
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D=10 Field | #d.o.f. Name Interpretation
HA = Co 0 de form | cosmological constant
IB: Ci0 0 top form Type | string

—



| Non-dual Representations

Or (V=g (C)) = 0
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1
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| Non-dual Representations

D=10 Field | #d.o.f. Name Interpretation
HA = Co 0 de form | cosmological constant
IB: Ci0 0 top form Type | string

1

Ox (\/ —g P (C)) =0 = Fuypio (C) = \/—_—gem'“uom

0C 10y = O\ (g) : C(10) Is not a scalar! |




I D=11 Supergravity and £,

Riccioni,West, hep-th/0612001

The adjoint representation of £;; contains the following fields with 3/ indices :

» 3 families of dual representations

» Many non-dual representations with 10 or 11 antisymm. indices |
;-‘_u?




| | ower Dimensions

D=11
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| | ower Dimensions

D=10, IIB

SL(2,R) |



| | ower Dimensions

D=9

SL(2,R) |



| | ower Dimensions

D=8

SL(2,R) x SL(3,R) |



| | ower Dimensions

SL(5,R) |



| | ower Dimensions

D=6

SO(5,5) |



| | ower Dimensions

D=5
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| | ower Dimensions

D=3
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Dimension

D-form gauge field

D=11
D=10,lIA
D=10,1IB

1+1

4+ 2




| D9—branes

Dimension | D-form gauge field
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D9—brane transforms as a non-linear doublet
M. de Roo, S. Kerstan, T. Ort in, F. Riccioni, 2006
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| D9—branes

Dimension | D-form gauge field

D=11 —
D=10,lIA 1+1
D=10,1IB 4+ 2

D9—brane transforms as a non-linear doublet
M. de Roo, S. Kerstan, T. Ort in, F. Riccioni, 2006

Supergravity calculation agrees with E;; result! |




I Fi;pand. Massive Supergravity




I Fi;pand. Massive Supergravity
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Cosmological Constant

D=11
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D=9

1

3+2

Romans



I Fi;pand. Massive Supergravity

Dimension | Cosmological Constant

D=11
D=10,l1A
D=10,lIB

D=9

“D=11 cosmological constant”:

LTIl
_l_

D=11—D=10
—

Romans




I Fi;pand. Massive Supergravity

Dimension | Cosmological Constant
D=11 —
D=10,IIA 1 Romans
D=10,IIB -
D=9 3+2

3 : SO(2), SO(1,1) and R™ Gauged Supergravity

—

2 : New Massive Maximal Supergravities ?
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| Remarks

#» Conjecture: E;; can be realized at the linearized sugra
level without introducing new physical d.o.f.!

# D=11 sugra, D=10 lIA sugra and D=10 [IB sugra have
precisely the same field content!

#» [ gives non-trivial information about (non-linear)

supergravities in D<11 dimensions ?
work in progress |
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