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The Scherk-Schwarz mechanism
( Scherk and Schwarz, 1979 )

Generalize ordinary Kaluza-Klein reduction by introduc-
ing a suitable dependence on internal coordinates.

A consistent ansatz requires that the dependence on in-
ternal coordinates disappear from the action, aside from
an overall measure factor: global internal symmetry.

Supersymmetry breaking if different members of the
same supermultiplet have different dependence on in-
ternal coordinates. One can obtain a vanishing cos-
mological constant at tree level.

HOWEVER (vacuum problem): typically a non-zero
cosmological constant is produced by quantum cor-
rections.

In Field Theory M (gravitino mass) is an arbitrary pa-
rameter. On the other hand, in String Theory M ~ 1/R,

with R a typical internal size.



Conventional and Brane Kaluza-Klein

ﬂ
Conventional Kaluza-Klein: scale of supersymmetry
breaking linked to K-K scale R.

Brane Kaluza-Klein: some (matter) sectors live on
brane islands, while the gravitational sector spreads in
the whole Kaluza-Klein space.

¢ Scherk-Schwarz mechanism not affecting (to low-
est order) the brane islands?

SUSY breaking in bulk, with SUSY islands: matter
sectors with tree-level global SUSY. String-induced
SUSY breaking in these sectors.

¢ Scherk-Schwarz mechanism not affecting (to low-
est order) the bulk?

SUSY breaking on branes. String-induced SUSY break-
ing in the bulk.

Both possibilities in perturbative type-1 vacua
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Scherk-Schwarz in closed strings:
D=9

Mﬁ

( Rohm, 1984 )
( Ferrara, Kounnas, Porrati, Zwirner, 1989 )

1. SO(8) level-one characters: (g = e2™")

2n* 2t
2n* 2n*

2. Type-IIB 10D superstring:

T — ‘Va — Sal2
3. Circle reduction and lattice sums:
m +nR . m nR
PL = R o PR = R o
qn'pi/4 qﬂr’pﬁf‘-‘r
Iomn = =
m,n m

4. Circle reduction of type-IIB to D=09:
T = Zmn|Va — Ssl



Scherk-Schwarz in closed strings:
D=9

- e

1. Scherk-Schwarz breaking from momentum shifts:

Ti = Zman(VaVs + SsSs) + Zm 20+1(0808 + CsCs)
= Zm41/2,2n(VaSs + SgVs) —Zm+1/2,2n+1(08Cs + CgOs)

¢ Notice: tachyon instability for R < V<.

Must be consistent in the large-radius limit.

2. Scherk-Schwarz breaking from winding shifts:

To = Zomn(VaVe + S858) + Zom+1.,(0s0s + CsCs)
~ Zomn+1/2(VaSs + S8V8) — Zom+1,n41/2(08Cs + CsOs)

e Notice: tachyon instability for R > V'

Must be consistent in the small-radius limit.
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Scherk-Schwarz breaking and open strings

1. For model 1 (momentum shifts):

1
K1 = 5 (Ve — S8) Zm
2 4 2
Ay = “_1?2_(%3“ — S8Zm+1/2)
+ n1n2(VeZpt1/2 — S8Zm)
M = . + n2(VBZm — SBZm-I-I/Q)

e T he tadpole conditions require:

ny + ny = 32

e SUSY is recovered in the limit R = oo. The vacuum
channel contains winding modes, that become more
and more spaced in the limit R — oo.

e As in the closed spectrum, for large R bosons and
fermions have mass splittings O(1/R).



Scherk-Schwarz breaking and open strings

tadpole conditions (n1 4+ n> = n3 4+ na = 16):

Ks

+ + +

$
|

+

% (Vg — Ssg) an+% (O = Cs8) Zom+1

(ﬂf + n2® 4+ n3? + ng
2

(ninsz 4+ nana)(Og — Ca)) Zm

(Ve — Ss)

((ﬂlng + n3n4)(V3 - Sa)

(n1na + non3)(Os — Cs)) Zm+1/2

_n_1+nz+n_=_;+n4%z
2 m
n1-ﬂ2-n3+n4§
-1)"Z
> B( ) m

e SUSY is recovered in the limit R — 0.

¢ However: as R — 0 new tadpoles appear (collaps-
ing winding modes): no, = n3 = 0.

( Polchinski and Witten, 1995 )

e SUSY massless spectrum : SO(16) x SO(16)
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Winding shifts: M-theory breaking

¢ Momentum shifts: a rather conventional open
spectrum. SUSY splittings ~ 1/R at all levels.

¢ Winding shifts: Chan-Paton unpairing at alternate
levels. SUSY for massless modes:

“Brane Supersymmetry”

Can we understand this better?

¢ String dualities link the 5 10D strings to the 11D
“M theory”, and establish relations between corre-
sponding moduli. String descriptions of low-energy
supergravity differ by field redefinitions.

11D Scherk-Schwarz deformations
(Antoniadis and Quiros, 1997)
(Dudas and Grojean, 1997)



Compare 9D BPS States:

M
wazz
A E8 x E8
i

S1/Z2 Sl

\J

SO(16) x SO(16)

Reduction of M theory from 11D to 9D on S1 x S1/Z2

of radii R11, Rio can be seen in two ways:
( Horava and Witten, 1996 )

e as reduction on S1/Z2 (Eg x Eg string), and subse-
qguent reduction on another S1.

e as reduction on S1 (IIA string), and subsequent
reduction on an S1/Z2 orientifold. After a T duality
this gives type L
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o K-K and membrane wrapping masses in M theory,
type I, heterotic SO(32) and heterotic Eg x Eg:

l2

M? = o7 +——+ﬂzﬁ%0R?11Mf1
11
2R2M4
M? = PPRIM} + ' +
QI
£2M2
M3, = ”+-——+n2R§BM§
gEa E,
R2 M3, n?
2 - 2 H 4
MH = | gH2 +m MH+R_2

e Scherk-Schwarz shifts along 11th dimension:

[l > 1+ s

¢ Perturbative in type I.

¢ Non-perturbative in heterotic strings.

e In type I correspond to winding shifts.
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Scherk-Schwarz and M-Theory Breaking

SCHERK-SCHWARZ M THEORY

e In Scherk-Schwarz breaking, the shifts are

along directions parallel to the brane.

e In M theory breaking, the shifts are along
directions orthogonal to the brane.
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A Z» X Z» Shift orbifold
Consider a Z» x Z»> “shift” orbifold, where
§y= (1!=11=1) 9 f= (‘I!Ms=m) y h = (-11 _PQ1P3)

2
={|Tmr=‘mnma+|m%|"’2F+|Tﬂf|=( 1Al

32
TP (1™ Aol g P+ TP g+ TPl "2
2
2 4 m 4 2
Tyl A2 f\*+|Tf;|“‘( g ;é ;

4
+ TPV + T 1mAS
1
K = E{TW[P1P2P3 + PiWoW3 + Wi(—=1)"2 P, W3

. 2
+Wi1Wa(—1)"™P3] + 2T PI( 9:’) }
P;

U1

25
E = { 00 [‘U1U2'U3W1 W2 W3 + Pg
8 VU3
v 2 £
+ 2 P{W3P5+ P1P2W3]+2Toymwl( ") }
V13 V1U2 &>

Only D9 and D5; are left
13



A Z» x Zo shift orbifold

1 D? " n
A = -B-{Tm[NQHPzPa+—21—P1(W2W3+W2+1/2W3+1/2)]

2

2
+ (G2 + 26D Ty P1 () +F Ty (-1)™Po(3)’

23

2
+H? Typ(—1)™Ps( _63)2 + 2N D1 Tgo P ( »

+ 4GG1T99P1(£;)2}

Tas

T

e U(16)9 x U(8)s gauge group.

¢ N=1 supersymmetry in bulk and D9 sectors.

¢ (N=2) brane supersymmetry at all mass levels in

D5 sector, as in some asymmetric orbifolds.
( Blumenhagen and Gorlich, 1999 )

( Angelantonj, Antoniadis and Forger, 1999 )
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Brane supersymmetry breaking

¢ There are SUSY models where it is problematic to
solve all tadpole conditions.

1. 4D Z; x Z with discrete torsion ([].ei = ¢):

1
=.§{(p1p2}=3 + PiWaWs + W1 PaWs + Wi W, Ps) T

+2[51(P1 +EWI)Tgﬂ+52(P2+EW2)Tfa+E3(P3+EW3)TM

—
25 V1 V2 v3
Ko= VU102v3+€1 + €2 +€3 Too
8 V2V3 v1v3 V1V2
2
V1 U2 U3
+ (\/vwzvs + 61\/ — 62\/ — 53\/ ) Tog
V2V3 V1V3 V102
2
Vo V3
(\/‘Ul'UZ'UB - &3l ——T Ez\/ 63\/ ) Tof
v2v3 v1v3 V102
2
V1 U2 U3
-+ (\/‘01112’03 — 61\/ 62\/ -+ 63\/ ) Toh }
V2U3 V1vU3 V102

2. Simpler example: 6D T%/Z, with “exotic” Klein.

¢ R-R tadpoles unpair NS and R : anti-branes.

¢ Anomaly free, SUSY broken on branes, V > 0.
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Brane supersymmetry breaking

1 1 »|2n]*

2
= —|Q, JA — — i
T 2|Q + Qu|“A + Q\Qn Qv 6 |

1 |2n|* | 1 .| 20|

+ 2‘Qu + Q| O + 2|Q.-. Qc| 0

Qo = V404 —CsCs , Quv=04Vs— 545,
Qs = 04Cs—8404 , Qc=VaSa—CaVy

K = %{(Q.ﬂ + Q)P+ W)+2ex16(Qs + Qc)}

1. e= 1 (without B,): 1 tensor multiplet.

e U(16) x U(16).
(Bianchi and A.S., 1990)
(Gimon and Polchinski, 1996)

2. e= =1 (without Bg): 17 tensor multiplets

Ro=719(v% +‘7) +au(v _%)2}

e D9 and D5 : tachyon-free chiral spectrum.

o [SO(16) x SO(16)]o x [USp(16) x USp(16)]s.
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Brane supersymmetry breaking

The annulus amplitude is:

A

2
@ +apevr+ 02wy +2nv0@, + @) ()

. 2
+ (RY + Rp)(Qo— Qu) (9—3)

2
4+ 2RNRp(—04S4 — C404 + VaCa + SaVa) (Gﬂ:;) } :

while the Mobius projection is:

M = —%{NP(64V4 + 0204 — 5484 — CaCa)
— DW(04Va 4 VaO4s + 5454 + CaCa)

5 1 = . I28\°

- N(O4V4~—- V404 — 8454+ C1Ca) (—gﬂ)

2

N\ 2
+ D(O4Va—V404+5454—CaCas) (?) }

2
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Conclusions

The Scherk-Schwarz mechanism allows one to in-
duce SUSY breaking from generalized Kaluza-Klein
reductions.

In Field Theory the breaking scale is a free param-
eter.

Main (unsolved) problem: in general, quantum cor-
rections produce a large cosmological constant.

Additional problem: in closed-string models the scale
of SUSY breaking is linked to the size of the in-
ternal dimensions.

In open-string models: two inequivalent ways to
implement the Scherk-Schwarz breaking. In M-
theory breaking, brane islands with (extended)
SUSY for massless modes. SUSY breaking is in-
duced by string corrections.

SUSY breaking scale not tied to internal radii (to
lowest order).

Another possibility: brane supersymmetry breaking.
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