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Previous results on 32"'334 maximal SUGRA

D=4 N=8 G, = SO(p,8&-p)
deWit, N. (1381) ; Rull (1384)

Pernici, Pilck y van Niewwenhuizenw (1385);
(<Y nayd..‘,n, Romans, Warner (188¢)

D= ¥ N= 4 G, = SO(5)
Pernici, Pilch, van Nievwenhuizen (18%4.)

correspond ‘o compachtificahons of D=11 SUGRA

P _ Freund , Rubic (19806);
on  AdS, x ST (p=0) :vaf.Po,PeU‘s;t’) )'

on Ads, x S‘"

of D= 10 I8 SULGRA

on AdSg x 85 (p=0) -—""

and

+opolegical (C&) SUGRAs exist VN

Achicarrs, Townsend (1386)
- dim“ﬁ‘u‘l— redueh o 9; m)‘- +hoones
:Degér; dea, seiau'w, Suwdel[.-
TA on 3 s Cveké, Lu, Pope

bt mowne of +hess maximally SLPR VY iegtine



h——f”

Why ¢s D=3 sEectaL <

wPp- Scalar = vector Auwaleity :

- ~ ~
Erw? aP(Pm = Bf“v = ’ar_Bv - GVB"

e.g. D= 11 SUGRA on TE ; (SMN’AMNP)

8 36
Azjk 56
: 8
Ip } ducalize
A";J' 28

—, . Et(e)
ag = m SoCIE)

> ( “nawaed) maximal (N= I6)
SUGRA cn three dimensions

Julia 3 Marcus, Schwarg /1383)

[ see delit, N, Tellstés (1933) for a
clastificakon O'F D= 3 +haones p Mél"]

Afver cducalipatver , no vecter ﬁ«ua
seam +o ba lefs for Wa




Summarg_gf—’ resvltsS —> IJHEPO4 (200)022
“ -]

® gauging (nvoles both scalars and

cual vectors —> nonabel/amn o&Ma,Lulv

® Vector fields appear with CS +erm
=% no new propagating degrees of
freedom (as required L-.& SoSsyY !)

@ Meore choices for gauge groups c Eypy,
G, = Eg , E;"A:>ESXA2)
(n’n variovs real fOf‘MS)

® Net a compackfication of D= 11
SUGRA by any khown mechanism

® Egpy breken , but sHIl crueial

® Ex+remal structure of potenial
far vicher +han for D2 4
—3 parhal resuis,

In particular, for G, = S0(5,8)x 86(8,8)
potenkal hat bash AdS and JS
Stakonary peints, amd

G, = SO(k,4)%x 80(k,4) has AmoO !



N= 16 SUGRA : a brief reminder
m
Physical (propagating) -Fielals‘:
besons goA 'e 1285 of SO(16)

fermions xA & 128, of So(f6)

Neon - prepagating Lields:

dreibecin e,_."
gravitinos ZP'.I € 16, °‘P’ So(1€)
Coset descriphion of scalar fields:
Egcs)
D> € /80(16)
with "hidden” global Egpy and local So(16)
Vix) = g UGo h™! (%)
Lnitary gowge : U(x) = exp (?A(x)YA)

For Lagrangian etc. we need

- | 33 F3 A A
U2 U = 7 QX + RTY

g —» 120 © 124,



[—77——,,——-———7 —— =

—>» covarant derivatves ) e.g.

I — D I
Sy, = D, & ,
= “r*i%«ﬂ"”er * Qe + .,
Scalar field equahon: Dk P,‘A = ...
U.sing Ee(.) tholices o E([IJJ)A)Q +his
can be rewrvitten as Current ConsServahon
M
r —_
2 g.* = o

“w o _ N A
Qr, - v A-P,,‘. + vy

Define 248 Jdual gavge felds via

~ M vo N
I = B By

moduls U(1)*® gavge +ransformations
B 4 —» 8N + AK

On- shell ouly!




P t cb steps
Gouwg "93_2' st _s+eps

- Use o Subset of the fields Br'-M

+o intreodiece nonabelian CDUPHnss

Possible gauvge groups Ge C ERQ) are

characterized by embeddeng tensor

@:ZG;P; = O

where

P, = proyector onte i(’th simple
[ .
'Fac+or of G,

& = relakve coVpling s"'rehsﬂ‘

L.
Shorthand: B 6,,t" = 8.7t

0o, U0 —» V(9 + 98, ¢t )V
= ;@ XT + pAYA
f
now @-aependent !

Ln.emugiah wiust+ be modlfied i onder
to preserve SUSY o+ g = 0.

tdewa $er SUSY 4ranusdormahons.



New Lagrangian and consisiency condihons

L = KO + O 4+ LB 4 2@

with
S'E(m -— as before, but with

§- dependent Q, and P
z(f) — - L e}‘"PB »” 4

4 9 e (evggm + 3 efmnp Bv"B’P)

@ - UL R v

L@ = 2g9e AT By ) +

tige AIA RAgr T +

+ ése A:B x x®B
Z(” -

| .
Lgte (AT AT - LATAAZA)

- Scalar potemhal
New gauge invanance:
Ulx)y —» Qe (30 Vix) "-‘(x)

8.x> € @ , h(x) € SO(l6)



SO(‘!G) irreps for yukawq couPh'u,s,s

A* i & 135
., — killed by sUSY
ALA 1920 & ,;gs. .
PR \"l”
AQB 1 @ 1820 © 6iBds

combine into irrep 01’3 58(8)-‘

35 ® 1920 @ 1920 = 3875

<f.

D=5 36 ® 315 (of USp(D) = 387 (of £4,)

D=4 36© 420 +c.c. (of SUR) = 312 (of By

For consistent gavgings, +he S0/1€)
tensor A, , Ags AS can be constructed
froem +he T- +engor

Tag 1= UN, VY, &,

Quadrahc in U ( rather +han cubic)
becavse adjsint (Ep) = foudamertnl (Eg)




Generally T € (Q,{_I-88 2i8>85m =

= | ® 38%5 & 27000

T™wus +he COhsfS&hca condition 1S

- i
(:Pavooo)ukacm Oy = O

=P irmplies all other consistency require ments,

We have classified all Solwhons with
at mos+ two factors G, = G x G®

E— :ﬁ
G, 9/ 92
Mg
SO(P,C-P)x SO(P,8-P) - |
Gagay X Fa
—3/z
Gy X Fy(o20) ]
E‘(‘) x SL(3)
E‘(‘, x SU(1,2) -2
E¢(-1a) @ SL@)
Tﬁ —4
Epppy X Sk(2)
- 8
Epr-gy * SU@
—
Estr)
———————)




-2 )
Ok =~ 7 S;Ik OLimmz T

- 1
@IJ,A - 7(P£FK)A3 eB,KJ
S ITIKL
Oa,e T &' as O,k + 68,"‘3
s __ 8 b 2§ 1
> AT = $657 + 1T 0
IA _ _ L P9,
Ag - 4 r'AA TﬂaA
A“ — oo 1L rIoKxe

For instance, G, = So(® x So(s)

o—
Ozra,6. = Szl 113

Ci3,a™= Oprg =20

1 ©



=» probably +he most complicated
potental ever studied !

Althovgh a gewneral Stuwdy not feasible
with present +ecl-mo'ogs (eveh wth
compuiter a,Laebm)J +he hidden Ee(”
s+ructure does help ..... |

C°nd—;+; on ‘For S‘Faﬁ'o”qr; +\" .

. | .
JA AB I8
ra A:Ia Ag - As A-z

= Sufficient condithon: Ag‘& = 0

= U=414 (§ a Stahonary poinat
with maximal SUSY ger all
gavge §roups.
(Twis is ﬁ +rve for D= 4,58 /)

To find s+ahonary points U A
restricd Setarch +o Subapace of
Single+s for certain Subgroups of G,

( for Dmé4 Su(B)c §0(8) Warner (1384))



-
BACKGROUND ISOMETR)I)ES OF THE

MAXIMALLY SUPERSYMMETRIC
G ROUND STATES

Ga.u,ge Gr‘OUF N = (”L, no ) SuPersmuP GL X GR

s

So(#,1) x SO(#,1) (8,8) F(4) x F(4)
$0(6,2) x S0(6,2) (8,8) Su(#11,1) x SV, 1)

$0(5,3) < S0(5,3) (8,8) OSp (4*4) x OSp (4*/4)

> ps® Wt P,

(SQU )k S0tk (B.8) | Minkowskil
Gaay X Fyp, (4,12) :D (2 15~ )x OSP(II-*IA‘)
G, x FH (7 9) G(a) xOSP(OIz R)
Egry X SUL2,1) (12, %) SU[CII,I)X$’[2,(;-¢)
Eg(ag) * Su@) (10, 6) 0Sp (1012, R) x SU(311,1)

et W s e e 8h Ve v B oS

Egmy X SLLR) (16,0) SU(Bl1,1)% Sul1,1)*

Epesy X SO@  (12,%) OSp(fZIZ,R)xD’(z,f,-a)

&e0e) (€, OSP(KIZ,.)x SV, 1)*

- = sre > ™~
- - 5 FTES >
- = == - w =

- ey == @22 =T =T -

 bessnic algebne

-
‘_‘_---‘9-“Q'¢=!ggg-




The Problem (and our'l'approach)

More than a dozen different gauge groups possi-
ble for D =3, N = 16 SUGRA.

Complexity of restricted potentials explodes when
number of H-singlets increases.

Head-on approach on a computer would typically
involve intermediate quantities with ©(106) sub-
terms. Too much for many existing general- purpose
symbolic algebra packages.

Typical manipulations involve sparsely occupied
higher-rank tensors; efficient support for this is
rare in existing symbolic algebra packages. Suit-
able algorithms were developed for database ap-
plications in the 70's.

Toolbox consisting of O(104) lines of compiled

COMMON LISP code can do a typical 6-parameter
potential in O(1 day) on a modern desktop ma-

chine.

=% TV, VWed)art e



T, Fischbkecker
hep -+h/6201030

=8¢72V = 12+ §5(3A)K(4X)S(01)c(3 a)c(4p)
+ S(3)\1)K(4/\2)S(01)c(3a) K(3)\1)K(4/\2)K(01) (4¢)
——3(3/\1)K(2/\2)S(0’1) (3a)c(4<p) + 5 S(3/\1)K(2/\2)S(01)c(3a)
+2 S(3M1)8(01)c(3a)c(4p) — S(3)\1)S(01)c(3a)
-2 S()\l)K(4)\2)S(al)c(3a)c(4<p) S(/\l)K(4/\2)S(01)c(3a)
——K(/\I)K(4)\2)K(01)C(4§0) + 3 S(/\l)K(2/\2)S(01)c(3a) (4(p)
—g K(3A1)K(4A2)K(0’1)C(2G)C(2(p)
+3 K(A1)K(4A2)K(01)c(2a)c(2¢)
+3 S(3X1)K(4)2)8(01)c(a)c(2¢)
+5 S(AI)K(4A2)S(01)c(a)c(2<p)
-3 S(/\l)K(4/\2)S(0‘1)C(0) K(3/\1 )K(O’l)C(4(,0)
—2 8(A1)K(2)2)8(01)c(3a) + 3 5 K(3A1)K(a1)c(2a)c(2¢)
—3 K(M)K(o1)c(2a)c(2¢) - 3 S(3A1)S(01)C(a)6(2<p)
+3 K(A1)K(2)2)K(01 )c(4y) — *s 2 8(\1)S(01)c(3a)c(4yp)
+32 8(M1)S(01)c(3a) + 12 K(2A1)K(2A2)c(2a)c(2<p)
-—24 S(A1)K(2X2)S(01)c(a)c(2¢) + 3 c(4y)
—12K(2);)c(2a)c(2¢) — 12 K(2/\2)c(2a)c(2<p)
-—24 S(A1)K(2)2)8(01)c(a) + 12 c(2a)c(2¢)
+ S(3/\1)K(4/\2)S(01)c(a) 5(3/\1)3(0'1)6(0«)
+3 8(M)8(a1)c(a)c(2p) + £ S(A1)S(0y)c(a)
— 3 K(8M)K(4)2)K (o) + 3 K(3/\1)K(2/\2)K(01)¢(44P)
-5 K(3/\1)K(2)\2)K(0’1) + K(3/\1)K(0’1) + 12!(24\‘1)
+36K(2,\1)K(2A2) K(’\I)K(4’\2)K(ai)
-2 K(/\I)K(al)c(4<p) + 2 K(/\l)K(ZI\Q)K(Gﬂ
+32K(M)K(oy) + I K(4A2) + 5 K(4ha)c(4¢)
+14 K(2);) — 2 K(2A2)c(4<p)

where
c(a) =cos(a), K(0) =cosh(s),  8(r) = simh(r).




SL90029' 908~ ~ ("N EEA — TN — $TAN+ 19)

(T TEEA+2) (P +E8A +5) (WELAOE+ "N 911 + AR ST TISHR— =
zorveor -~ ("W -ggArl+ P = oy
LvG998G°2T ~ gEMT + QLA = 8y GrInIR 0) Dm = 1y
8V66V8E T— ~
(or 4~ o 2 vy S+ gepd +o1) AR )m = oy S6SL9E9°06 N N9+ GHAUH M = Ty
CLECTIC9 N EEA G+ QA = Yy GELEIRNO ™ (A + My =  *y
966ee8L0~ (1gr S+ E)mE = 2y 68Lv899°0 ™ (EARH L)Y = 1ty
M
ouoN -®)ns D 9TV— (o Lz — 15 8yg—) dxe ('3 ‘0%yez-) o
ouON Max@Max@ns| L | (‘sy + 001+ [piy—)dxa | (§ 'u'ey iy o) )}
(D x (1) . |
(27) = (Fu'Tu) | x(g)ns x (e)ns 0 882— (Po-1s—Io)ey)dxe [(fiuw'ey—sy—ay—)| oy
duoN (v)as H91v— [ (Eo'we— ('s+ o) ay-)dxe | (fouryz—ayay-)| oy
SuoN +()os x (1)os 0 002— (('s - fo+ o) 1yy) dxe (0°0° Ty 1y “tyg—) Ty
(8'8) = (¥u‘Tu) | (8)0S X (8)0S 5821 0 (0‘0‘0°0°) oy
A1jowrwuAs AnrjowruLs AP =V PloYy repuos
-1adns dnoi3 Jue)SuUod aty jo (¢ 02y ‘Ty *10)
Suturewsy Surureway] [ear3ojowso)) oy Uopuaory ity |




Fisch bacher
Samileben 5 N,

e.g. Go = S0(5.3)x S0(5,3)

comsider S0(s) x SO(5) = So(3) € G, —>

128 sScalars decompose as
128 — (5,531) + (5,153) + (1,5;3)
+(“3131)+ (1,133) + (1,1 5)

+ (4,43;1) + (4,4;3)

— OV\'& one 8(‘.»\3'3“: (‘_:_ ¢)
Plexpd) =~ % - 2 cosh (168) + & cosh(86)
with Stahenary points at
— €8
=0 = P=-F<0 Ads

¢=%"ml.5‘ = P=+11>0 d8

or: G, = 80(4,4)x SO(4,4)

Apny

PA) =0 mp Mukewski!



A D>3 Ancestor ¢
S ——

Gouwged D=3 Supergravihes apparentiy
cannot be obwimed 'froyy.:D=11 or D=10:

@ Convenhonal Kalvza Klein gives

HO.V\Q V.i“Sa not Cherv. «in:@n&

@® There are no 8- (#- manifolds)
M with Isom (M)= G,

Hints of an excephonal gesmetry 2
—-» CRG ¥ (2000)3683

« = a
e 8 e
* o 11- bein
o) eu

¢ ¥

A51-bein

g * = (8. s 8,,,..,...)

(8+ 28)= dine, wramxiwaal Crguaier, Tila,
Commuing hilppttnt L, Repe
svealgeln of Egcg)



SBM = GPSM + ...

o
: M ™ ‘

Wb‘bh E - (}E Y gm”).OOOO)
diffeomorphism anhsymimetric
in eight intermal tensor gavge
dimensions +ransformahons

Susaesfs extension 1o more coordinates

y”? > g™ = (4™, Yyany....)

swch +hat (- cenrral charges )
yM
M Y /N

Gouge grovps G, € Egyy as isometry
groups For Suitable compachficakions ¢

But might nead further exiamsions
Ese ) y B
‘}ﬂéocwc) - Ealafﬂ;o(naf° - Ea‘ctaﬂs

o



