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Outline

’ Goal: to infer some properties of M-Theory through the study of 11-dim Sugra.
@ Symmetries @ Extended objects

’ Review of the relevant aspects of String Theory
@ U-duality @ D-branes

’ 11-dim Sugra Free Differential Algebra

’ Conclusions



String dualities

M-Theory is a more fundamental unifying theory
I1IA

Het IIB

E8xES8

Het
SO(32) I

S and T duality relate different String Theories



U-Duality

ITA

’ 11-dim Sugra (M-Theory) is proposed as unifying theory

Het IIB

E8XES8

’In the Supergravity limit, type ITA arises form
compactification of 11-dim Sugra on a circle

’ 10-dim S and T duality are unified in lower dimensions
50(32)



Spontaneous Compactification

@ Expand in Fourier serie along the compact directions

{X} = {z,y}; (X)) =2(z,y)
O(x,y) = Z@n(x)ei%"

@ Integrate out the massive modes

DD(I)(xa y) =0

Op_1®,(x) — m2®(x), =0 My, =

@ The process generates more scalars and vectors

AX)pdXM = Az, y) pda” + Az, y)ydy




U-Duality

ITA

’ 11-dim Sugra is the low energy limit of M-Theory

IIB
() Inthe Supergravity limit, type IIA arises form

compactification of 11-dim Sugra on a circle

Het
E8xES8

’ S and T duality are "unified” in lower dimensions

50(32)
D<B  L=R+NysF, F" + g;;0,0"0"¢

S and T Duality unify in U-Duality which is a manifest
symmetry of supergravities in low dimensions.

Lower dimensional theories have bigger U-Duality group.

Are symmetries unified in lower or higher dimensions?



Proposals

In spite of the fact that 11-dim Sugra action is manifestly invariant
under the Super Poincaré group, it is conjectured that it encodes the
symmetries of the lower dimensional U-duality groups.

@ 11-dim Sugra is a non linear realisation of a bigger group (Ew or Eu)

Cremmer, Julia, Lu, Pope, West, Damour, Kleinschmidt, Nicolai (1998)

) 11-dim Sugra encodes a bigger group into its FDA

D’Auria, Fre (1982)  S.V.(2006)



Extended objects

’ When strings are introduced, other extended objects (D-branes)
naturally enter the game.

’ D-branes are gravity sources and appear as massive extended
objects in the classical solutions of 10-dim Sugra

’ There exist M-brane solution also in 11-dim Sugra

’ String Theory and M-theory as theories of extended objects




Extended objects

@ 11-dim Sugra [Pa, Pol =0 [Qas Mab] = 70" Qs [Qas Po] =0

[Maba Mcd] — nacMcd T . [Maba PC] — 77c[an]
(Guvs Yus Cuvp)

{Qas@s} =1FPavas  11-dim Super Poincaré Group

2 11-dim Sugra
+ M-branes

de Azcarraga, Gauntlett, Central extension of the 11-dim Super Poincaré Group
Izquierdo, Townsend (1989)

{Qaa Qﬁ} — ’L'Pcﬂ/g;g —I—Zab’yg% + iZal...a5’Yglﬁma5

’ The M’Algebra {QOM Qﬁ} — Z.Pa")/gﬁ —|—Zab’yg% -+ fiZal.”a5,.ch)L{16...a5
Sezgin (1996) Qo, Ps] 20 [Qa, Zap] # 0

[Pa,Pb]%O



Our first results

The Minimal (zero field strengths) FDA
of 11-dim Supergravity
encodes M-Algebra symmetries

The FDA
of 11-dim Supergravity
encodes at least the lowest level of Eu




Free Differential Algebras

Commutators 7¢G Maurer-Cartan eqns 7°G

1
T, Tg} = C{pTc p(Tp) = 05 dp” — §C§B p A pc =0

. ' . . 1
Tia, [T, Tey}) =0 ”I identities J (d,uA . §Cé3 1B A uC = O)

CAB[CCBDE} =\

For the construction of sugra with the geometric approach we associate to

every generator a l1-form potential of the theory: ,uA — A4




11-dim Supergravity

11-dim Super'mul‘riple’r (QW, w,uy C,uup) w, v, p=20,...10
Ve a a
Juv b VP, = 51) wa’bMCd — 5?3
w
Vu W P Qp = 03
(Ve w™, ¢) e T*G G = super-Poincaré in D=11

TCL — Dva — %@Z’yaw p— O

Rab _ dwab o wacwcb — 0

p=Dyp=0




11-dim Supergravity

11-dim Super'mul‘riple’r (QW, w,uy C,uup) w, v, p=20,...10
Va a a
I ab Vi, = o, W Meq = 023
W
Vu W P Qp = 03
(Ve w™, ¢) e T*G G = super-Poincaré in D=11

TCL — Dva — %@Z’yaw p— O

R = dwa’%(w“cwd’ =0
p=Dyp=0




Minimal FDA

1
algebra du — 50{;‘3 n? Apc =0

FDA

ILLA 1-forms

drm!

T

1

051...JnWJ1 N ... 7TJn — O

p-forms

|
d(duA—— éBuB/\uC:())

d (dm’

2

C’flw]nwjl A 7TJ”’) =0



@ Minimal FDA

1 1
’ebr‘a dpt — §C£B B A uc =0 d (duA -3 AP Apt = O)

,LLA 1-forms

’DA dr! C’f}lw]nw‘h Aot = Flg (dﬂ'I Cﬁlw]nwjl A 7TJ”) —dF?!

contractiple ’
agenerators ’

(field strengths) Bianchi identities




m Minimal FDA

1 1
dp — S Capp” Apc =0 d<duA—§ éguBAuC=0)
,uA 1-forms
CJl T 7TJ1 A In FI (d7TI Clgl.“(]nﬂ'qjl AN .7TJn) :dFI
con+ra¢+ab(e ’
generaiors '

(field strengths) Bfanchi identities




Minimal FDA

symmetries of the solution R = F = p =0
(plus SO(1,10) )

{QaaQﬁ}:WgﬁPa {Qa,Pa}:O [Pa,Pb] :O

1 - . Does this equation
— —, a = () :
dC 2¢’Y pp VIV . encode more symmetries?

Yes

Fre, D’Auria
Nucl.Phys.B201:1982




Group reduction of a Minimal FDA

10 — StV V =0 {V*, 0} € TGy

cons’ran’rs’

If Go is a group manifold, then

AV® — Sy =0
1.
daz—§c"kja=7/\ak:() ” dip =0

1 _
dC — 5¢’Yab¢vavb =0

closed under d-differentiation closed under d-differentiation



Group reduction of a Minimal FDA

1
? which is the algebra do’ — §Czjk<79 Ao =0

There is not a "turn of the crank” procedure to determine the algebra

@) Fré, D'Auria Nucl.Phys. B201:1982

. Bandos, de Azcarraga, lzquierdo, Picon, Varela Phys. Lett.B 596 (2004)
’ Castellani, arXiv:hep-th/0508213

It is possible to find "the most general solution"?
e Lncase, whichis it?

Sezgin's M-Algebra is the biggest extension of the Super Poincaré Algebra
If this is a solution, then it is the most general solution



The M-Algebra

{Qa, Qo) = 1105 Po+ivap Za +7ap Zab + 17557 Zay...as
= g
[QO” Pa] — Yaap 2. T Yabag Zbﬁ -+ Yabi---bsap Zbl b4 3

[QCX?ZCL] :—2(1—)\—7‘) fygﬁ 25

A
ab
[QaaZ } — 107aﬁ 26 —|—ny&6 Zbﬁ _62,7 Eabcdﬁ

ai...as . T .a a
@ Z ]:’5770%45 ; 25+7 5 Y --aap

[Paapb]:()



The M-Algebra

M2- and M5-brane
central charges

{Qaa Qﬁ} — 1'735 Pa ‘|‘in5 Za + ”Yg% Zab + ivglﬁ'”% Zal...a,

[QO” Pa] — ifYaaﬁ Y T Yabap 500 T Yaby--bso3 ) OLERLETE

[QCX?ZCL] :—2(1—)\—7‘) fygﬁ 25

¢ >\ aocC
[QO"Z b} — 10%ﬁ P + 1Vas 3P — 627 yabed

. T a q .
Qa, 29 :/57707@6 ° ZB—F’Y 5 yQ1---aal

[Pa,Pb]:O

5



The M-Algebra

M2- and M5-brane
central charges

\

{Qom Qﬁ} — ng Pa -|—”ng Za + /Yg% Zab T ivglﬁ...a5 Zal...a/5

[QO“ PCL] — ifYaaﬁ Y T Yabap 3 T Yaby--bso3 y b1

Qo, Z% = —i (1 =X —1) 25 2P

¢ A aocC
Qa, 2] = 10%ﬁ 29+ iyd s B — 6iysyRe0es

. T a q i
Qa, 29 :Z%7a5 ° ZB—F’Y 5, YUl

(Zal...a,py 20{ a1...ap_1) D = 1, 27 5



The M-Algebra

M2- and Mb-brane
central charges

{Qaa Qﬁ} — i/ygﬁ Pa ‘|‘i'735 Za + ”Yg% Zab + ivglﬁ'”% Zal...a,

[QO” PCL] — ifYaaﬁ Y T Yabap 500 T Yaby--bso3 ) OLERLETE

Qa, Z% = =i (L= X—71) 725 X°

a A abe
[Qa’Z b} — 107aﬁ 26 _I_Z,Y(xﬁ Zbﬁ o 62/7 2 bedfs

. T .a a (8%
(Qay 2] = gy ™ B g B

P,, P, #0 is not compatible with a flat background

5



Solutions (s.v. 7HEPO3 (2007) 010)

1 _
C = C(P?, B, ™ =1)  dC = SV V! =0

p=1 No > it is impossible to satisfy the FDA
p=2 Yes
p=95 No

\ non closure of the M-Algebra

AR A AR AR

p=12 ves No M5 without M2
o) witThou

p=1,5 NO’//W

p=2,9 Yes

p=1,2,9 Yes



Summary (1)

We started from a theory with "physical” fields

Vuav Vs Cuvp

whose vacuum was invariant under the Super Poincaré Group
|

a4

We ended with a theory with "auxiliary” fields

a a ab ai...as a ai...ay
Vﬂ? w,lL? B,Lm B,u y B,u y 77,u7 77W 77u

whose vacuum is invariant under the "flat" M-Algebra



Non-Minimal FDA

R |

dm’ + §c;-k7rj ATh = F <> Field strengths definition
] |

el (F7 — §c{m7rl AT™) ATF = dF" <> Bianchi identities

minimal generators 7’ < vector potentials

contractible generators F’ L > field strengths

Fre, Class. Quant. Grav. 1 (1984)

? Is it possible to further enlarge the group G, in order to find an

expansion F"' = K;l 2 67t A ...57" which satisfies the FDA?

© ..J



The simplest example

d 0 =DV — -y~ ho torsion

@ 0 = dw™¢ w*w " flat space-time

flat space-time

Keep the same parametrisation for C
and modify the underlying algebra

The "flat" M-Algebra is already the most general



The external automorphism group

C = C(P, BP) ¢, nP~1)

1 - 1 -
dC = SyappV V" =0 F=dC — Sy VV*
4B 4+ @Ev(p)w — 0 dB@+9) 4 A@ B 4 Z%,(erq)w —0
() — 5(q)
Ry A = 5(7«)

Rrys Z)l = Z(ptr)

Ry Ris)] = Rirys)



The external automorphism group

C = C(P, BP) ¢, nP~1)

1 - 1 -
dC = SyappV V" =0 F=dC — Sy VV*

4B 4+ @Ev(p)w — 0 dB@+9) 4 A@ B 4 Z%,(erq)w —0

Group generators R(T)A(q) _ 58{;

fields
Rrys Z)l = Z(ptr)

Automorphism
generators

conhnections

lowest levels of Ei1



Summary

The "flat" M-Algebra The lowest Eu levels

Py, P] =0 By Zipy] = Zpr)
{Qaa Qﬁ} 2’7@5 Py —|—")/((Xpﬁ)Z(p)
[Qaa ] — Vd.ﬁz(l)—l)

[Qom Z(p)] — 7&.62(10—1)

R, Bs)l = Brrs)

fields connections



Summary

The "flat" M-Algebra

P,, P =0
{Qou Qﬁ}
[Qow ] — ,70;.52(19—1)

fields

M-Algebra generators can be
f  infterpreted as Eit generators

The lowest Eu levels

Rry: Zp)l = Zpr)

R, Bs)l = Brrs)

R(r) rotates one into another
the brane charges and was shown
(West) to be as well a symmetry
of the system. Here we show

that the D=11 action enjoys such
a symmetry and that the brane
charges are “hidden" in the
structure of the 3-form.




Thank you!
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