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Motivation

® Non-Supersymmetric 10D strings have STABLE vacua with
broken SUSY, with internal intervals, with strong—coupling
regions & singular ends.

® They also have UNSTABLE vacua without strong—coupling
or singular regions.

HERE : [IB vacua with broken SUSY
- NO STRONG COUPLING regions
- BUT: internal intervals with singular ends

® |In compactifications to Minkowski space, perturbative stability
is seen from the signs of m? for bosonic modes.
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Plan and Summary

¢ The Background: IIB with a self dual flux ® on T dependent
on one coordinate. Finite interval .

® Probe brane: effective orientifold on one boundary.
¢ Broken SUSY: Half of SUSY is recovered in the ¢ — oo limit.

® The modes and their stability (m? > 0) depend on singular
potentials. Boundary conditions are constrained by
self-adjointness. Stable boundary conditions exist.

® 4D massless gravitinos and spin 1/2 modes (at tree-level)
possible.
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The background

e |IB solution :

ds® = ezA(’)anx“dx” + 2B dr? 4 2€(N g2

e =F(r)™, € =F(r) efgor, e’ = F(r) e~ os "
ANE:

F(r)= [2 |H| p sinh ()] , =0
i
dx A ... A dx3 A dr
=H dy' A ... >
7‘[5 { F(r)4 + dy  A...Ady }
NO STRONG COUPLING REGIONS
(0 <y < 27R)
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Boundaries : at r =0, 00

/OOeBdrrvE:(Hp)%p< 00
0

/eB’Adr — /dz =Zp ~ E(Hp)% < 00

Boundaries at finite distance and finite conformal distance.
Singularities : z =0, z,,.

Internal flux : & ~ HR®

Volume of the six extra dimensions :

Vs ~ O ~ H2p2 RS,
Volume of internal torus, which can be defined as %,

Vs ~ &0 ~ HipiR5.
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The r=0 boundary and the SUSY solution

® The p — oo limit preserves half of the 10D susy, within a
curved spacetime that still includes the singularity at r = 0.

® Letting EH = 2 (2 Hr)% the solution is

Vd“d 5 N5, A2
(5”5)
OA.AdSNAd
Hs =H Al /\Xg 5—I—dyl/\.../\dy5
(3HE)*

® The volumes Vg and V5 are now infinite.
® The finite—p solution has no killing spinors.
® The finite—p and p = oo solutions coincide near r = 0.
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A Probe brane and the effective BPS orientifold

The effective Lagrangian for a probe D3—-brane spanning 4D, with
fixed internal coordinates and an r coordinate that evolves in
time, is determined by the induced metric and the coupling to the
gauge field

Hs = (1 + %) dx°A...AdCAb(r)dr.

from

\«j __T / dt AU | [T~ e2E-A) H(1)? + 25 / blr(t)] dt
3

where T3 is the brane tension and g3 is the brane charge.

Hoo1 1
b, == =—— """,
W F [ sinh (£)]°
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Energy conservation condition:

T, A1)

\/1 — @2BATO)(r(1)) (¢)2

Close to r = 0 the limiting behavior of the background is universal,
and in the non—-relativistic limit the equation becomes

-
73# + T3 — 2gsb =E,

from which one can identify, near r ~ 0, the potential

1 )
Vi~ ;[7_3 + g3 sign(H)]

A gravitational repulsion sized by the T3 term and an “eletric”
interaction, repulsive for gsH > 0 and attractive for gsH < 0
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Bosonic modes and stability

® The linearized perturbations of the background

d5? = ) (1, + €%y, )" o + (14 €F(2)) oz

+ e2c((5,-j +e**hy)dy'dy! , o = e**p(2) ...

with k2 = —m?, obey Schrédinger-like equations

Hy = m?y, with H=-0? + V(2) ]

® The lowest eigenvalue determines the effective 4D physics:
stability and range of the modes
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The Schrodinger potentials

® The Schrodinger potentials for the different perturbations
develop double—pole singularities at the ends of the
interval, and in their neighborhood they behave as
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H Case‘ Sector uwo i H
1 | a hw hy é 0
2 B. ;L2
2 bt 1 109
2 V, z 218
2 by 3 1.18
2 & D2
2 ¢ 2
3 B.i s 054
3 B, § 0.63
3 bi 2 009
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Boundary conditions

® The Hamiltonian with domain D should be self-adjoint so that the
spectrum be complete :

(¥|Hx) = (HY|x) (x) Vi, x € D and if (%) holds Vy € D
then ¢ € D.

e H with such boundary conditions defines a self-adjoint extension.

e Example 1 : p = —i0 on [0, z,] and D : ¢(0) =0 = ¥(zm).
(*) holds for all ) and x in D, p is symmetric. But the domain of pf
is bigger than D so p is not self-adjoint.

e if the domain of p is Dy : 1(0) = e/%4(zy) then the domain of p is
Dy and p is self-adjoint.

12/24 5 oac



The spectrum depends on the self-adjoint extension.
Example 2 : H = —0? on [0, o[ condition (*) gives

$*(0)0x(0) — x(0)9¢*(0) = 0 = W (¢, x)(0).

If D, : ¢'(0) = at)(0) and H, = —0? has domain D, then
H} = H,-. So H, is self-adjoint for real «.

The spectrum of H,, has one negative eigenvalue (—a?) if @ < 0
with eigenvector ~ e®*.
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Self-Adjoint extensions of the singular Hamiltonians

® the self-adjoint extensions of H = —9? + V with

1 ~2

2 1
Vo~ £ ol V o~ (ZM 24)2 can be characterized via the
S

limiting behavior of the wavefunctions at the two ends :

1, Ly,
b~ c1<z)2 +C2<Z>2 if0 < pu <1

Zm

1 1
zp ~ C1 (Z)zlog <Z>+C2 <Z>2 if,u =0
Zm Zm Zm

z\z & z %‘“”, .
v o~ G (1 - — +G (1 - — ifo < o<1

1 1
b o~ G (1—Z> log Z)+C4 (1—Z>21fg:0
Zm Zm Zm

® The "local " extensions are given by fixing C;/C, and C3/Cy.
e |fu>1only 22t Hisin L2 unique self-adjoint extension.

N
7N
=
|
|
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The dilaton & graviton Schrodinger operator

H=AA, A=0,+1BA, +5C) , AT=-0,+1(3A, +5(,)

. . 3A+5C
Afg = 0, gives a normalizable zero mode |g = gy e 2

Limiting behavior of the zero-mode wave-function near the ends:

3 s z\¢
V4

D) e () on)
Zm Zm Zm

These limiting behaviors define the self-adjoint boundary

conditions characterizing the zero mode. This extension of the
Hamiltonian leads to no tachyons: STABILITY
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Stability

® More general boundary conditions can be explored relying on the
exactly solvable model potential

2 5) 1 2
™ ~ 36 4 T2
v 4 72 2(rz\ 2 (mz i 2 °
m | SIn (22 ) COS (ﬁ) m

® Other boundary conditions also lead to massless modes (left,
below). The Stability region (right, below) can be parametrized by
C1/C2 = tan[(91 — 92)/2], C3/C4 = tan[(91 + 92)/2]

/

o :
-1.0_ -05_ 00 0.5 1.0
64
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Hypergeometric potentials

V4

i 0.4 0.6 : Zp
_5:.
-10}
~15}
-20"

Figure: A comparison between the actual Schrodinger potential for the
dilaton and graviton modes (black, solid) and the corresponding
hypergeometric approximation (red, dashed).
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The action for the perturbations

The equation of motion of the perturbation ¢/ can be obtained
from the action

S = WI(H — m*)y),

with 9, Hi in L2]0, z,,] and H self-adjoint.
The domain of H leads to generalize the "boundary conditions"

in terms of C;/C, and not in terms of ¥(0),’(0) which can be
not defined.

For spin 2 the self-adjoint action is intermediate between the
Einstein-Hilbert and Einstein-Hilbert 4+ York-Gibbons-Hawking.
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Fermionic modes

® A doublet of Majorana-Weyl gravitini 1y, and dilatini \.
® Equations of motion

1
MNP Dy e + érW%r“’]iaﬂz)N =0

1
™MDy X + Z}QMDA =0

® The 4D spin 3/2 modes =,:
- -
Ui(x2) = 20 g7 (2) e 720 Ay = £y
o A =7%25, with

P=(x) = £myEi(x),

a mass m spin 3/2 mode y*=;; = 0.

19/24

F DA



Spin—-3/2 modes

The equations for the profile reduce to

Ag-=mgt, Algt =mg™
where
1 H s sc
A = 0,+W, A'=—-0,+W. W:Ee
1
WZNO ~ WZNZmNO‘ .
6z
we have

AATgt = m’gt, ATAg™ =mg™,
with Hy = 1/37/1+ - 1/27 H— = 2/37 /], - 1/2
20/24 5 sac




Spin-3/2 zero modes

® The gravitino spectrum and z profile are determined by

+ 0
Qg =m’g, g=<§_> : Q:<AT é)

® with

B Clzé (G
8= (szé> y £ 07 g = <C4> y Z Zm

e (@ is self-adjoint if

[ G=%G, G=79G

® A pair (70, 7m) defines a self-adjoint extension of Q
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Spin-3/2 zero modes

® The solution to Qg = 0 given by

FNT

g+(z) = goefwdz =0 [2ptanh (2;>1 ' , g_(Z) =0

G, = G, = 0): eigenvector of self-adjoint extension of @ with
Y0, Ym) = (0,0). Similarily

(
(
[ g7(2) =0, & (2) = ge /" — g [Qf”a“h (m)]

ENEN

(C1 = G = 0): eigenvector for (Yo, 7m) = (00, 0)
® 1 a massless gravitino mode for both self-adjoint extensions
® Spin 1/2 modes from \,v;,y"1); = 0: same operator @
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Conclusion

A non susy 4D vacuum of IIB with finite string coupling

But singularities — boundary conditions — self-adjoint
perturbation Hamiltonians

Self-adjointness «— complete spectra

Stability: can be obtained also with massless fermions

Many possible boundary conditions: Any constraints ?
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Thank you
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