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INTRODUCTION

Study of SUSY breaking mechanisms
from higher dimensional SUGRAS
via Scherk—Schwarz

in higher dimensions SS is a flux
interplay with RR, NSNS fluxes and with
D-branes via dualities

Important in order to understand:
effective SUGRAS,
string vacua, soft terms ...

Also a first step towards an extended
supersymmetric RS construction.



No-Scale Models

E.Cremmer, S.Ferrara, C.Kounnas, D.V.Nanopoulos

Phys.Lett.B133 (1983) 61

in NV =1:
G = K + log |w|?

V = Y (gljglgj _ 3) + %(Ref_l)abDan
(V) =0 (V1) =0

simple solution:

(Dg) =0
K = —-3log (T -+ T) w = const
> _ g_ _|w?
M2 T T @43

Analogous for generic N
V o S8y — 3548545



N =4, D=5 (ungauged) pure SUGRA
E.Cremmer, (1980) LPTENS 80/17

Field Content:

1 - graviton (gp/n)

4 - gravitini (¢Ypr,, a =1..4)

6 - vectors (Vi, 4+ vy, i = 1..5)
4 - dilatini (xa)

1 - dilaton (X = ¢~%/V6)

in short notation:

pesll,4,5+ 1,4, 1]N=4

Global Symmetries, U-Duality group:
SO(1,1) x USp(4)

USp(4) ~ SO(5) ~ Spin(5)

The action of SO(1,1) on the fields is:
V]@ e A V]Q, v — €2 vy, ¢ — b+ VB
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Reduction on Mg x S1

The Kkinetic Lagrangian:
(ungauged SUGRA=No cosmological constant)

e—lﬁkzn —

1 1 1
—Rs — —8qu oM — ZX%MNvM — ZX 2V Ny VMY

1 _
—565 EMNRSTVMNVRSUT . _wM,yMNR N,QDR(Z + Xa,yMDMXa

Field decomposition
1/2 o A 0
A — P ,uJ Pap — Ha
EM ( 0 0 ) ) wMa ( ¢ya ) ’

; vV, v
()= (2)

Field redefinition

Yo = p A0 4 (A, + 2p732F,) ¥

by, = p% My, Xa = p*'*x,,
VJ:B/Z_FV;AM’ Uu:bu‘I'USAua
t=pX~2, T = vs, 0o =V2pX, o =V



Matter coupled N =4 D =4 SUGRA
M.de Roo and P.Wagemans Nucl.Phys.B262 (1985) 644

p=al1,4,5+1,4,21N=4 4+ 5_4]0,0,1,4,6]N=3.

eglﬁ =

_Ra _l@utﬁﬂt + BHTBNT 000" po + OOt
2 t2 ©3

—%gu Fi F7 - ée 0;;evro L I

uvs po

_QHM’YMVPDynpa + MDMXa Z’L E;’Y“Dluwya + ...

SU(1,1) y S0O(6,1)

U(1l) SO(6)
U-duality group:
SO(6,1) x SU(1,1) C Sp(14,R)
Maximal compact subgroup:
SO(6) xU(1) ~SU(4) xU(1)
(R-symmetry in D = 4)

s0(1,1)+1T 41"
50(1,1) +s50(5)+5T +5~
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Matter coupled NN =4 D = 4 SUGRA

D:4[17 4,5+ 1,4, 2].7/7\1[23 + D:4[07 0,1,4, 6].7/7\1[23 .

vector-scalar coupling

e L=
R 10,t0Mt + 8,TO*T  Oupod o + 0.0t !
*T o t2 w2
1 1
0 Y = S0 L
T 7 3. —
_EnZ'YWPDVnpa + EXGVMDMXCL + ZZ ¢Z’Y”Du¢ya + ...
I __ I I __ )
pr =2 8[MBV] ) Bu — (BZN bua Au) )
téij 0 t ©;
0 03 T o5
grjg = 2t 2t
2 , 2,2 4.2
gy ©i T i
0,7 = ©; 0 901'290
Te;  FH T i ¢’



R-symmetry in D = 4: SU(4) ~ SO(6)

but the reduced Lagrangian is only invariant under the
D =5 R-symmetry USp(4) ~ SO(5)

SU(4) only a symmetry of the e.o.m.

Sp(14,R) duality connects “ungauged” SU(4) and
USp(4) theories (SO(6,1) x SU(1,1) C Sp(14,R))

su(l,1) = so(1,1)+1T7+1"

AT iy
50(6,1) = s0(1,1)4+s0(5)+5T+5"

o + usp(4) + i + en%%igggzcg

t7900_>¢7p Taspi:USan
50(5) 4+ 5 =su(4)

see:!
Gaillard and Zumino - Nucl.Phys.B193 (1981) 221
Andrianopoli, D'Auria, Ferrara and Lledo - JHEP0207 (2002) 010
& Nucl.Phys.B640 (2002) 63

and refs. therein



Scherk-Schwarz — N =4 SUGRA
Scherk and Schwarz (1979)

U € USp(4) x SO(1,1)

compact USp(4) = no-scale model
only charged fields are affected

p=sll,4,5+1,4,1]N=4
USp(4) rank-2 = 2 mass parameters

the twist U(y) = exp(iy M)

M4 = diag [m1 o3,Mmo 0‘3]
mass matrix for gravitini and dilatini
(super-Higgs effect)

Mg = diag [(m1 + m2) o2, (M1 — m2) 02, 0]
mass matrix for vectors (Higgs effect)
gauging of shift symmetries

DMSOi — au%"i - 7;(]\45)2-‘7' (BZL + ‘Pj Ap)
B, = (8B, —0,B))—i(Ms)"; (AuB]— B, A)
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Gauged group:
~ ey /]\,\ ~ ~ ~| —
[XZ'7X7] frinja R [Xzan] 0,
I — iaqd
5%, = M7,

U(1) x T4

The minimal N =4 NO-SCALE model

e L35 = —R4+ (V =0) |
_l@ut(‘?“t + OuTOHT B Oupodt o + Dyp; DF ¢’

2 t2 gog

1 ~T 7J 1 4 ~T 7J
2 grJj F,ul/F i 3 €4 017 €'quGF,ul/Fpa

2

- k —1 uvpopi nl 7
—3? d?jEM €4 etP? B, B, B}y

extra-CS term from inhomogeneous
transformation of 0rjy under shift symmetries

see:
L.Andrianopoli, S.Ferrara, M.A.Lledo JHEP 0404 (2004) 005
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..continued

mi1 #=mp =20
[1,2,1,0,0l=3 + {2 x [0,1,2, 1,01 53]
+2 % [0,0,1,2,2]N=2

[ma| # [maf, mima 7 0

[1m 074m;ﬁ074m#0+3m 074m#07 m= O]N_

im1| = |m2| # 0
[1m=07 4m;éO, 2m;éO + 5m=0, 4m;é0, 6m=O]N:0

IBPS multiplet

Central Charges given by the twist U
saturate the bound: z; = m;

Spectrum (twice degenerate) (because of CPT)

0
- 1.4 2 2
Spin 1 (V,LL ) ts’ﬁ(ml :l:mz)
0
. 2
spin 1/2  (x1+%) 72" m3 o
0

str M2 = Q (from str Z2 =0)
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HIGHER DIMENSIONS

(new no-scale models)

D=6 (2,2) - D =5:
R-symm: USp(2) x USp(2) U-duality: SO(1,1) x SO(4)

p=6[1,(2,1) +(1,2),(2,2) + (1,1)2,(2,1) 4+ (1,2), 1]N=4
U(l) x T4
s0(1,1) +s0(5,1) — s0(1,1) +s0(1,1) +s0(4) +4T + 4~
D=6 (4,0) - D=5:
L.J.Romans Nucl.Phys.B267 (1986) 433

R-symm: USp(4) Scalar Manifold: 7=>2020

D=6[17475_a070]%z(4)- + 21 % D:6[O7Oa1+a475]%z(4)-

D=7 —D=6:
R-symm: USp(2) U-duality: SO(1,1) x USp(2)
D=7[17 27 1> + 37 27 1].7/7\1[264)
U(l) x T2
s50(1,1) +s0(1,1) +usp(2) +31T + 3~

D=8 —>D=T:
R-symm: SO(2) U-duality: SO(1,1) x SO(2)

p=sll,1%, 12+ 2,17, 1]N=¢
U(l) x T?
s0(1,1) +s0(1,1) +s0(2) + 2T 4+ 2~
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NON-COMPACT SO(1,1) TWIST

Vip— e Vi, oy —e My, X M X

—IESO(l 1) —Ra

bos
_lDMtD“t + Dyt DHT B D, oo D"po + Dypi DFp;
2 t2 ©3
_l }/;1\] F\J |72 1 9 pwpUFI FJ
4gIJ v 8 JE pvt po
1 6N
——e;'NCrix e BIBJFE ———
6 4 IJK v opo tQOg

stabilisation of all moduli but one
with a runaway positive potential

Dyupo = (O — NAy) vo, Duﬁoi — 8#907; — N (BL + SOiAu) ;
Dt = (0, +2NA,)t, Dyt = 0,7 + 2N (b, + TA,)

B = Bju = NAuB, = BLAL)
FL?V = b + 2N (Auby — b AL)

Fl, = Auw
SO(1,1) x T°
| 1 /6A2\ 2 _
Fermion Masses 5 % MY Xa
see also

E.Bergshoeff, M.de Roo, E.Eyras Phys.Lett.B413 (1997) 70
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S1/Z2> ORBIFOLD REDUCTION

y— Y. cb(x'ua _y> — ZQ CD(:B'uay)

(22)2=1
ez‘ 4+
p,p,v5 I +
Ap,vp T —
Vlj : (+7+7_7_7_)

VSZ : (_7_7+7+7+)
wua : (+7_7+7_)
wyaaXa : (_7+7_7+)'
[1,2,1,0,0]N=3 + [0,0,1,2,2]%=3 + [0,0,0,2,4])=5.

see also: R.Altendorfer Phys.Lett.B476 (2000) 172

Scherk—Schwarz 4+ Orbifold
Consistency condition: ZoU Z2,U =1
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ZUZ,U =1, U = exp(iT)
CASE [T, ZQ] = 0O:
= U2=1 :>m172=o,:|:%

< S1/25 X Z’Q
with radius=2r and U = 25 - Z},

p,®,vs (I Yyq s XA Au,v Vi
+.+ - - T

o g +

(+,+) o LR NGRS B
—+

~+ +, - —t

[1,1,0,0,00%=5 + 2 x[0,0,0,1,2]N=3
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CASE {T, Z,} = 0:

USp(4)
U(2)xU(1)

:>UES

M2 = diag [m%,%%,m%,mg]
]\452 — dlag [(ml + m2)2 3 (ml - m2)2 3 (MKXM)Q 3 (MKXM)Q 7m]

N=4, D=5
! Zo

[1,2,1,0,01M=2 + [0,0,1,2,2]¥=2 4 [0, 0,0, 2, 4]N=2
I SS (m1 # 0,ma = 0)
[1,1,0,0,0]N=2 + [0,1,2,1,O]N—1 +2x[0,0,0,1,2]N=
Y SS (mima # 0)

[1m=Oa 2m;éOa 2m#07 2m7ﬁ0a 4m=O]N:O

long-multiplet = half BPS multiplet
no central charge (z; = 0) (orbifold cut)

N = 2 with str(M?2) =0
analogous to:
str(M*) =0 in N =3 GV Phys.Lett.B602 (2004) 123
and to str(M®) =0 in N =4 D’'Auria, Ferrara et al. JHEP 0306
(2003) 045 and hep-th/0409184
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CONCLUSIONS

Generalised reduction with U-duality twists
produces a richer and new structure for
spontaneous SUSY breaking in extended

SUGRAS.

e Allow for partial and total SUSY breaking
+ compatibility with orbifold

e New type of gaugings with vanishing c.c.

e Nice properties of the spectrum
(for the stabilisation of the scales)

16



