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Suppose you are interested in string theory ....

you should be also interested in the question

Where is the string scale M, ?

(i) Condensed matter systems are strings: AdS/CM
M, ~1eV

(i) Hadrons are strings: AdS/CFT
My ~1 GeV

(iii) Elementary particles are strings: Quantum gravity

Ms ~ MPlanck ~ 1019 GeV
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Suppose you are interested in string theory ....

you should be also interested in the question

Where is the string scale M, ?

(i) Condensed matter systems are strings: AdS/CM
M, ~1eV
(i) Hadrons are strings: AdS/CFT

M, ~1 GeV

(iii) Elementary particles are strings: Quantum gravity
Actually this is not even necessary, but rather

M, ~1 TeV — 10 GeV

D. List, Strings2010, College Station, 18. March 2010



The solution of the Hierarchy Problem hints at

new physics in the TeV region (visible at the LHC?).
MSM << MPlanck 77
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The solution of the Hierarchy Problem hints at

new physics in the TeV region (visible at the LHC?).
MSM << MPlanck 77

'

Low energy supersymmetry:

M, ~ \/Mstsy Mprancc =~ 101 GeV
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Low energy supersymmetry: quantum gravity:
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The solution of the Hierarchy Problem hints at

new physics in the TeV region (visible at the LHC?).
MSM << MPlanck 77

4 M

Low scale for

Low energy supersymmetry: quantum gravity:

My ~ \/Mspsy Mpianck =~ 10" GeV M, ~1"TeV

Both scenarios are possible in string compactifications!
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Outline

® Some comments on TeV string scale
compactifications

(The LHC string hunter’s companion)

® Supersymmetry breaking on generalized
geometries: DomainWallSusyBreaking (DVVSB)

(i) Type |l compactifications

(i) Heterotic string compactifications
Work based on:

(D. Lust, F. Marchesano, L. Martucci, D. Tsimpis, arXiv:0803.3 149;
J. Held, D. Lust, F. Marchesano, L. Martucci, arXiv: | Omm.xxxx)
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) Low string scale compactifications

Suppose that the fundamental scale of gravity,
i.e. the string scale is around | TeV:

MGraV. — string = 1 Tev

= Stringy Regge excitations at | TeV:

A Chew-Frautschi Plot

>

= (n—1)M:?

string »
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Then the following double string picture arises:

(i) Hadron spectrum at | GeV: String like objects
(described by AdS/CFT)

(i) Elementary (open) strings:

® /ero modes: quarks, gluons, etc

® Excited quarks, gluons etc at | TeV
X

g spin0,1,2 & @ spin 1/2,3/2

= Two different kinds of Regge trajectories!
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Model independent stringy corrections to

quark & gluon scattering processes:

(D. Lust, S. Stieberger, T. Taylor, arXiv:0807.3333;

L. Anchordoqui, H. Goldberg, D. Lust, S. Nawata, S. Stieberger, T. Taylor, arXiv:0808.0497 [hep-ph];
arXiv:0904.3547 [hep-ph]

D. Hartl, D. Lust, O. Schlotterer, S. Stieberger, T. Taylor, arXiv:0908.0409 [hep-th])

99, 4qq, ,q9 — X — g,7, 24, W, q,!

= dramatic effects at the LHC:
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How can one realize a low string scale!?
(G. Dvali, arXiv:0706.2050; G. Dvali, D. Lust, arXiv:0801.1287)

= General framework: Large species models:
Mpie = NMG,.. (N: # of species)

E.g: N=10* = Mg = 107 Mplanek =~ 1 TeV
This relation arise from natural bounds on black
hole decays.

Mga.av can be seen as the fundamental scale of gravity, which
is diluted by the presence on the N particle species.
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How can one realize a low string scale!?
(G. Dvali, arXiv:0706.2050; G. Dvali, D. Lust, arXiv:0801.1287)

= General framework: Large species models:
Mpie = NMG,.. (N: # of species)

E.g: N=10* = Mg = 107 Mplanek =~ 1 TeV
This relation arise from natural bounds on black
hole decays.

Mga.av can be seen as the fundamental scale of gravity, which
is diluted by the presence on the N particle species.

Is there a stringy realization
of the large N species scenario!?
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(i) Large volume compactifications
(Antoniadis, Arkani-Hamed, Dimopoulos, Dvali (1998))

N = Vol(M;g) = # of KK states = 10°*
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(i) Large volume compactifications
(Antoniadis, Arkani-Hamed, Dimopoulos, Dvali (1998))

N = Vol(M;g) = # of KK states = 10°*

(ii) String scale compactification: Vol(Mg) = 1

(G. Dvali, D. Lust, arXiv:0912.3167)
N is the effective number of Regge states that
contribute to the black hole bound:

1
N=—5—=10%

gstring
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(i) Large volume compactifications
(Antoniadis, Arkani-Hamed, Dimopoulos, Dvali (1998))

N = Vol(M;g) = # of KK states = 10°*

(ii) String scale compactification: Vol(Mg) = 1

(G. Dvali, D. Lust, arXiv:0912.3167)
N is the effective number of Regge states that
contribute to the black hole bound:

1
N=—5—=10%

gstring

(i) and (ii) are in agreement with the known relation

1
M].?)lanck — 9 VOI(M6)M2

strings

gstring
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2) Supersymmetry breaking on
generalized geometries

Two ways for (spontaneous) supersymmetry breaking:

(i) Non perturbative SUSY breaking:

instantons, gaugino condensation

(S. Ferrara, L. Giradello, H.P. Nilles (1983);
M. Dine, R. Rohm, N. Seiberg, E.Witten (1985),....)

(i) Classical SUSY breaking:

® Scherk/Schwarz boundary conditions

(J. Scherk, J. Schwarz (1979);
S. Ferrara, C. Kounnas, M. Porrati (1985), ....)

® Fluxes: F H- fluxes & geometrical fluxes
(K. Becker, M. Becker (2001), ....)
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¢ Consider 10D spaces of the form:

X10:X4XM

¢ Purely geometrical approach:

® many undetermined moduli

® no SUSY-breaking
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¢ More recently: addition of fluxes and branes

(Reviews: M. Grana, hep-th/0509003;
R. Blumenhagen, S. Kors, D. Lust, S. Stieberger, hep-th/0610327)

Back reaction to geometry:

moduli stabilization
SUSY-breaking

hierarchies from warping

X4 _ R1,3 brane
|
(or AdS.) (M 7 CY?) :

e.0.

W = / Q A (fluxes)
M
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2.1 Type Il flux compactifications

e Metric ansatz: ds?XlO — 62Ad5%(4 dS?W(;

e Background fields: ®, H; F5, F, (ITA); Fi, Fs, F5 (I1IB)

e SUSY conditions:
577DM VME—F—HMPE—F (I)ZEnFMPnG—O

O = aCI)e—I—ﬁHPe—I——eq)Z (5 — nlpPre =0

® Spinors: G}IQB(IIA) — fi(x“) ) 771(;)( )

7+ are spinors on Mg

We will break supersymmetry by violating
one of these conditions in a controllable way.
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¢ Prototypical example: type lI6 on warped CY:

(S. Giddings, S. Kachru, J. Polchinski (2001);
M. Grana, J. Polchinski (2002);)

2 2A —2A CY with 03/07
ds? = 22 Wg,(z) + e 22WgC¥ (y) 1207

e Background fields: Gs = F3 +ie *H, F5, 7= Co+ie”®
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¥ Prototypical example: Type ll6 on warped CV:

(S. Giddings, S. Kachru, J. Polchinski (2001);
M. Grana, J. Polchinski (2002);)

2 2A —2A CY with 03/07
ds? = >4 Wy (z) + e 22WgC¥ (y) i 0207

e Background fields: Gs = F3 +ie *H, F5, 7= Co+ie”®

e SUSY conditions:
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¥ Prototypical example: Type ll6 on warped CV:
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M. Grana, J. Polchinski (2002);)

2 2A —2A CY with 03/07
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¥ Prototypical example: Type ll6 on warped CV:

(S. Giddings, S. Kachru, J. Polchinski (2001);
M. Grana, J. Polchinski (2002);)

2 2A —2A CY with 03/07
ds? = >4 Wy (z) + e 22WgC¥ (y) i 0207

e Background fields: Gs = F3 +ie *H, F5, 7= Co+ie”®

e SUSY conditions:
@) *¢G3z =1Gs (ISD), G3 =021+ Go3

d(4A - @) =e** %P5 FL, 9r =0
b)) GsNJ =0

) QoANG3=0, g3 =0o,
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¢ Prototypical example: Type lI¥ on warped CY:

(S. Giddings, S. Kachru, J. Polchinski (2001);
M. Grana, J. Polchinski (2002);)

2 2A —2A CY with 03/07
ds? = 22 Wg,(z) + e 22WgC¥ (y) 1207

e Background fields: Gs = F3 +ie *H, F5, 7= Co+ie”®

e SUSY conditions:
@) *¢Us =1Gs (ISD), G3 =021+ Go s
d(4A — @) = e** P x5 FL, 9r =0
b) GsANJ =0
SUSY breaking:
© Qg A 93><0, G3 = G2.1+G0 3
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SUSY conditions in terms of effective 4D superpotential:

(S. Gukov, C.Vafa, E.Witten (1999);
T.Taylor, C.Vafa (2000); P. Mayr (2000))

W(Ta Um) — gB A QO
CY
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W(T, Um> — gg A\ Q()
CcY
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SUSY conditions in terms of effective 4D superpotential:

(S. Gukov, C.Vafa, E.Witten (1999);
T.Taylor, C.Vafa (2000); P. Mayr (2000))

W(T, Um) — 93 A\ Q()
CcY
@ DW=Dy W=0 = G3=0G21+Go3

(c) DrW =K W=0 = gSZGQ,l
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SUSY conditions in terms of effective 4D superpotential:

(S. Gukov, C.Vafa, E.Witten (1999);
T.Taylor, C.Vafa (2000); P. Mayr (2000))

W(T, Um) — 93 /\Q()
CY
@ DW=Dy W=0 = G3=021+Gps

SUSY breaking:
(c) DTZW — KTZV\%O = (3 = G271 _|_9073
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SUSY conditions in terms of effective 4D superpotential:

(S. Gukov, C.Vafa, E.Witten (1999);
T.Taylor, C.Vafa (2000); P. Mayr (2000))

W(T, Um) — gg /\Q()
cY
@ DW=Dy W=0 = G3=0G21+Go3

SUSY breaking:
(c) DTZW — KT?’V\%O = (3 = G271 _|_9073

7,U,, are stabilized, I are still unstabilized.
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SUSY conditions in terms of effective 4D superpotential:

(S. Gukov, C.Vafa, E.Witten (1999);
T.Taylor, C.Vafa (2000); P. Mayr (2000))

W(T, Um> — gg A\ Q()
CcY
@ DW=Dy W=0 = Gs3=021+Gos

SUSY breaking:
(c) DTZW — KTzV\%O = (3 = G271 ‘|_QO,3

7,U,, are stabilized, I are still unstabilized.

Scalar potential after supersymmetry breaking:

Y = (ID-WP? + Dy, WI* + [Dr, W[ = 3]W%)
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SUSY conditions in terms of effective 4D superpotential:

(S. Gukov, C.Vafa, E.Witten (1999);
T.Taylor, C.Vafa (2000); P. Mayr (2000))

W(T, Um> — gg /\QO
cY
@ DW=Dy W=0 = G3=021+Go3

SUSY breaking:
(c) DTZW — KTzV\%O = (3 = G271 ‘|_QO,3

7,U,, are stabilized, I are still unstabilized.

Scalar potential after supersymmetry breaking:

V= (1D + DXV + [ Dr, WP = 3WP°)
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SUSY conditions in terms of effective 4D superpotential:

(S. Gukov, C.Vafa, E.Witten (1999);
T.Taylor, C.Vafa (2000); P. Mayr (2000))

W(T, Um> — gg /\QO
cY
@ DW=Dy W=0 = G3=021+Go3

SUSY breaking:
(c) DTZW — KTzV\%O = (3 = G271 ‘|_QO,3

7,U,, are stabilized, I are still unstabilized.

Scalar potential after supersymmetry breaking:

V= X (1D + DRV + DI = 3VI2) = 0
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SUSY conditions in terms of effective 4D superpotential:

(S. Gukov, C.Vafa, E.Witten (1999);
T.Taylor, C.Vafa (2000); P. Mayr (2000))

W(T, Um> — gg A\ Q()
CcY
@ DW=Dy W=0 = Gs3=021+Gos

SUSY breaking:
(c) DTZW — KTzV\%O — gg — G271 ‘|_QO,3

7,U,, are stabilized, I are still unstabilized.

Scalar potential after supersymmetry breaking:

V= (1D + DXV + [Dr, WP = 3W ) = 0

No scale supersymmetry breaking!

E. Cremmer, S. Ferrara, C. Kounnas, D. Nanopoulos(1983);
J. Ellis, C. Kounnas, D. Nanopoulos (1984)) D. Liist, Strings2010, College Station, 8. March 2010




Gravitino mass:

mg/o = e W ~ |Go.3|?

All soft masses on D3/D7-branes can be computed:

Gaugino masses:  Mq/2 ~ foa Do W

(P. Camara, L. Ibanez, A. Uranga (2204;
M. Grana, T. Grimm, H. Jockers, ]. Louis (2004);
D. Lust, S. Reffert, S. Stieberger (2005))

D3-branes: 111 /9 = 0 (f =1)

D7-branes: 11 /5 ~ Dz WV (f — Ti)
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Now we want to generalize this kind of supersymmetry
breaking to non-SUSY type Il vacua on non-CY spaces:

Step |I: Non-CY geometries with torsion

(Chiossi, Salomon (2002); S. Gurrieri, J. Louis, A. Micu, D.Walram (2002);
G. Cardoso, G. Curio, G. Dall‘Agata, D. Lust, P. Manousselis, G. Zoupanos (2002))
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Now we want to generalize this kind of supersymmetry
breaking to non-SUSY type Il vacua on non-CY spaces:

Step |I: Non-CY geometries with torsion

(Chiossi, Salomon (2002); S. Gurrieri, J. Louis, A. Micu, D.Walram (2002);
G. Cardoso, G. Curio, G. Dall‘Agata, D. Lust, P. Manousselis, G. Zoupanos (2002))

These are characterized by SU(3) group structures:

real 2-form: Jon = inl’ymnﬁi J and () define

T an SU(3)-structure
complex 3-form: Qpnp = 7L YmnphF
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Now we want to generalize this kind of supersymmetry
breaking to non-SUSY type Il vacua on non-CY spaces:

Step |: Non-CY geometries with torsion

(Chiossi, Salomon (2002); S. Gurrieri, J. Louis, A. Micu, D.Walram (2002);
G. Cardoso, G. Curio, G. Dall‘Agata, D. Lust, P. Manousselis, G. Zoupanos (2002))

These are characterized by SU(3) group structures:

real 2-form: Jon = inl%nn??i J and () define

T an SU(3)-structure
complex 3-form: Qpnp = 7L YmnphF

3
dJo §Im(W1§23) + Wy A Jo + W3

dQs = WiJs AJds + Wo A Jo + Ws A Qs

GKP (warped CY): 2W; = 3W, = —6dA
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The SUSY conditions can be reformulated in terms of ./,

and ()5 by using calibration conditions of probe branes:

. Gutkowski, G. Papadopoulos, P Townsend (1999); |. Gauntlett, N. Kim, D. Martelli, D.Waldram (2001);
padop
J. Gauntlett, D. Martelli, D.Waldram (2003); L. Martucci, P. Smyth (2005))
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The SUSY conditions can be reformulated in terms of ./,

and ()5 by using calibration conditions of probe branes:

. Gutkowski, G. Papadopoulos, P Townsend (1999); |. Gauntlett, N. Kim, D. Martelli, D.Waldram (2001);
padop
J. Gauntlett, D. Martelli, D.Waldram (2003); L. Martucci, P. Smyth (2005))

(a) GaugeBPSness: s
de(Sf) —dy

bace-time filling D3/D7-branes:

'€4A—<I>Re(€ij)} — A F

(F-term condition) (dg =d+ HA)
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The SUSY conditions can be reformulated in terms of ./,

and ()5 by using calibration conditions of probe branes:

. Gutkowski, G. Papadopoulos, P Townsend (1999); |. Gauntlett, N. Kim, D. Martelli, D.Waldram (2001);
padop
J. Gauntlett, D. Martelli, D.Waldram (2003); L. Martucci, P. Smyth (2005))

(a) GaugeBPSness: s
de(Sf) —dy

bace-time filling D3/D7-branes:

:€4A—<I>Re(€ij)} — A F

(F-term condition) (dg =d+ HA)
b) D-StringBPSness: string-like D3/D7-branes:
g g

de(string) — d [€2A—<I>Im(€z}])} — ()

(D-term condition)
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The SUSY conditions can be reformulated in terms of ./,

and ()5 by using calibration conditions of probe branes:

. Gutkowski, G. Papadopoulos, P Townsend (1999); |. Gauntlett, N. Kim, D. Martelli, D.Waldram (2001);
padop
J. Gauntlett, D. Martelli, D.Waldram (2003); L. Martucci, P. Smyth (2005))

(a) GaugeBPSness: s
de(Sf) —dy

bace-time filling D3/D7-branes:

:64A—<I>Re(€i,])} — A F

(F-term condition) (dg =d+ HA)
(b) D-StringBPSness: string-like D3/D7-branes:

de(String) _ dH [€2A_(I)Im(€ij)} — 0

(D-term condition)

(c) DomainWVallBPSness: DW-like D5/D7-branes:
de(DW) — dH [Re(ewﬂ)} =0

(F-term condition)
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The SUSY conditions can be reformulated in terms of ./,

and ()5 by using calibration conditions of probe branes:

. Gutkowski, G. Papadopoulos, P Townsend (1999); |. Gauntlett, N. Kim, D. Martelli, D.Waldram (2001);
padop
J. Gauntlett, D. Martelli, D.Waldram (2003); L. Martucci, P. Smyth (2005))

(a) GaugeBPSness: s
de(Sf) —dy

bace-time filling D3/D7-branes:

:64A—<I>Re(€i,])} — A F

(F-term condition) (dg =d+ HA)
(b) D-StringBPSness: string-like D3/D7-branes:

de(String) _ dH [€2A_(I)Im(€ij)} — 0

(D-term condition)

(c) DomainWVallBPSness: DW-like D5/D7-branes:

A ®V) = dp [Re(e? Q)0 508Y

(F-term condition)
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. . (N. Hitchin (2002);
SteP 2: generahzed ,,geometrles“: M. Grana, R. Minasian, M. Petrini,

A.Tomasiello, (2005))
These are characterized by SU(3) x SU(3) group structures.

Introduce pure spinors: ¥, = —%m @0, Wy = ‘8;’2 m ®ns
a

U, = e W/ in ITA
' in IIB
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. . (N. Hitchin (2002);
SteP 2: generahzed ,,geometrles“: M. Grana, R. Minasian, M. Petrini,

A.Tomasiello, (2005))
These are characterized by SU(3) x SU(3) group structures.

Introduce pure spinors: ¥, = —%m @0, Wy = ‘8;’2 m ®ns
a

Uy = e e’ inTIA
' in 1IB
(a) GaugeBPSness:

dpgw) = dy[e** " *ReV,| = e* %6 F
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. . (N. Hitchin (2002);
SteP 2: generahzed ,,geometrles“: M. Grana, R. Minasian, M. Petrini,

A.Tomasiello, (2005))
These are characterized by SU(3) x SU(3) group structures.

Introduce pure spinors: ¥, = —%m @0, Wy = ‘8;’2 m ®ns
a

U, = 0, U, = ¢ Wet/ in TTA
Uy = e, WUy = e in 1B
(a) GaugeBPSness:
dpw? = dy[e**~*Rel ]
(b) D-StringBPSness:

de(String) _ dH [QQA_(I)Im\Ijl}
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. . (N. Hitchin (2002);
SteP 2: generallzed ,,geometrles“: M. Grana, R. Minasian, M. Petrini,

A.Tomasiello, (2005))
These are characterized by SU(3) x SU(3) group structures.

Introduce pure spinors: ¥, = —%m @0, Wy = ‘8;’2 m ®ns
a

Uy = e e’ inTIA
' in 1IB
(a) GaugeBPSness:

dpw'?) = dp [e**~PRel, |
(b) D-StringBPSness:
dyw®tineg) — dq, [eZA_CDIm\Ifl] —
(c) DomainVVallBPSness:
de(DW) —dgy [egA_q)Re\Ifg} =
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. . (N. Hitchin (2002);
SteP 2: generallzed ,,geometrles“: M. Grana, R. Minasian, M. Petrini,

A.Tomasiello, (2005))
These are characterized by SU(3) x SU(3) group structures.
Introduce pure spinors: ¥, = —%m ), Wy =

U, = 0, U, = ¢ Wet/ in TTA

U, = et Ty, = YO in 1IB
(a) GaugeBPSness:

dpw'?) = dp [e**~PRel, |
(b) D-StringBPSness:

dwting) — q, [eZA_(I)Im\Ifl] —
(c) DomainVVallBPSness:

de(DW) — dH [63A_¢R6\112}X0 }JJ{Y
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The effective scalar potential is in BPS form and involves
the brane calibration conditions:

/ dVolg e*4 F— 6_4AdH(e4A_q)Re\I!1)]2
2 [,

1
—|——/ dVOl6 [dH(€2A_(I)Im\IJ1)]2
2 g

1

/ dVolge 24 |d (342 Wy) |
2 J s

4

1 /M6 e_zA{ (W1, dg (4 20,)) N !@hdH(@?’A_q)‘I’z»P}

dVolg dVolg
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The effective scalar potential is in BPS form and involves
the brane calibration conditions:

></A [F = ex*dp(e**~*Re¥1)]”  F-flatness

+% / dVolg [dH%hn\pl)]Q D-flatness
Mg

/ dVolge 24 |d (342 Wy) |
M

/M 6—2A{‘<\I}17dH(63A_¢\I}2)>|2 N !@hdH(@?’A_q)‘Pz»P}

dVolg dVolg
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The effective scalar potential is in BPS form and involves
the brane calibration conditions:

P O
1 ~ _ _ 2
§/M dw F —e " du (e "Ret1)]”  F-flatness
1 6

+5 / dVols [dH%hanl)]Q D-flatness
Mg

1
/ dvol6e—2Ade(e3A—%2)\2
2 J s

1/M6 6—2A{‘<\I}17dH(63A_¢\I}2)>‘2 L1 di (7 T0) } =0

4

dVolg dVolg
No-scale structure
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The effective scalar potential is in BPS form and involves
the brane calibration conditions:

4 dVolg dVolg

No-scale structure
4D effective superpotential:

W p— 7_‘_(_)|Z|—|—1/ <Z, G> t = 6_(1)\1/1, Z = €3A—CI)\IJ2
Me

4D effective Kahler potential:

K= T[4 023z, 2y
2 M

G ;= F +1dgRet
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Summary generalized SUSY-
breaking: EVWSB backgrounds]/
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Summary generalized SUSY-
breaking: [ PWSB backarounds |

€ We are led to consider backgrounds that fullfill gauge and string
BPSness, but not DW BPSness
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Summary generalized SUSY-
breaking: [ PWSB backarounds |

¢ We are led to consider backgrounds that fullfill gauge and string
BPSness, but not DW BPSness

& BPS bounds for

N

_ e,

space-filling strings
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Summary generalized SUSY-
breaking: [ PWSB backarounds |

¢ We are led to consider backgrounds that fullfill gauge and string
BPSness, but not DW BPSness

Equation D-brane BPSness | 4D SUGRA int.

du (e Rely) = e x F|  gauge BPSness

dH(€4AIm\IJ1) = stringBPSness

dr(e3“ReWy) =0  DW BPSness
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Summary generalized SUSY-
breaking: [ PWSB backarounds |

¢ We are led to consider backgrounds that fullfill gauge and string
BPSness, but not DW BPSness

Equation D-brane BPSness | 4D SUGRA int.

dr(e**Rel) = e? x F

dp (e Im¥,) =0

dp (e**ReWs) <0
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Further examples: Type Il B (Type |) with D5/D9-branes

Consider fibration: 11, — M; — By

(e.g. T? «— Mg — K3)
(see also: Dasgupta, Rajesh, Sethi (1999))
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Further examples: Type Il B (Type |) with D5/D9-branes

Consider fibration: 11, — M; — By

(e.g. T? «— Mg — K3)
(see also: Dasgupta, Rajesh, Sethi (1999))

(a,b) Gauge/DStringBPSness:

[F5+id(e=®J)]>" = 0, [Fs +id(e” )] =

[F3 + e 2%id(e®J)]*>! is primitive
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Further examples: Type Il B (Type |) with D5/D9-branes

Consider fibration: 11, — M; — By

(e.g. T? «— Mg — K3)
(see also: Dasgupta, Rajesh, Sethi (1999))

(a,b) Gauge/DStringBPSness:

[F5 +id(e=*J)]?Y = 0, [F3+id(e"*T)]12 = 0
[F3 + e ?%id(e®J)]*!  is primitive
(c) DWSUSYbreaking: d(eAQ) = —2er Jgy A Jg4

ara QN (F3+ id_(e—cbj))
QA ()

mg/o = —2er = 2¢
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Further examples: Type Il B (Type |) with D5/D9-branes

Consider fibration: 11, — M; — By

(e.g. T? «— Mg — K3)
(see also: Dasgupta, Rajesh, Sethi (1999))

(a,b) Gauge/DStringBPSness:

[F5 +id(e=*J)]?Y = 0, [F3+id(e"*T)]12 = 0
[F3 + e ?%id(e®J)]*!  is primitive
(c) DWSUSYbreaking: d(eAQ) = —2er Jgy A Jg4

ara QN (F3+ z‘d_(e—cbj))
QA ()

mg/o = —2e/r = 2

Undetermined, SUSY breaking no-scale moduli: 7, TF‘L, TQB4

11> .
However 15°% is now fixed!
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Type lIA with Dé-branes:

Hg — M6

D. List, Strings2010, College Station, 18. March 2010



Type lIA with Dé-branes:

I3 — Me — B3

(a,b) Gauge/DStringBPSness:

Fy =Fs=0, de** *ImQ) =0, HAImQ =0
xgFo = 6_(I)H/\RGQ, xg o = —6_4Ad(64A_(I)R6Q) :
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Type lIA with Dé-branes:
I3 — Me¢ — DBs

(a,b) Gauge/DStringBPSness:

Fy =F;=0, de*4*ImQ) =0, HAImQ = 0
x6Fop = e PH AReQ), xgF, = —6_4Ad(e4A_q)ReQ) .

(c) DWSUSYbreaking:

d (34779 = H 4+ idJ = 4ire’*~*ImQp;

aio (H +idJ) A ReQ
JANJTNJ

msjo = —2etr = 3ie
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Type lIA with Dé-branes:
s — Mg — D3

(a,b) Gauge/DStringBPSness:

Fy =F;=0, de*4*ImQ) =0, HAImQ = 0
x6Fop = e PH AReQ), xgF, = —6_4Ad(e4A_q’ReQ) .

(c) DWSUSYbreaking:

d (34779 = H 4+ idJ = 4ire’*~*ImQp;

aio (H +idJ) A ReQ
JANJTNJ

msjo = —2etr = 3ie

Undetermined, SUSY breaking no-scale moduli: Uy, Uz, Us

D. List, Strings2010, College Station, 18. March 2010



2.2. Heterotic flux compactifications
(A. Strominger (1986); D. Lust (1986); de Wit, D, Smit, N. Hari (1987);
G. Cardoso, G. Curio, G. Dall'‘Agata, D. Lust, P. Manousselis, G. Zoupanos (2002/03);
K. Becker, M. Becker, K. Dasgupta, P. Green, S. Prokushkin, E. Sharpe (2003/04); ...)
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2.2. Heterotic flux compactifications
(A. Strominger (1986); D. Lust (1986); de Wit, D, Smit, N. Hari (1987);
G. Cardoso, G. Curio, G. Dall'‘Agata, D. Lust, P. Manousselis, G. Zoupanos (2002/03);
K. Becker, M. Becker, K. Dasgupta, P. Green, S. Prokushkin, E. Sharpe (2003/04); ...)

Background: metric: dS?Xm = 62Ad3%(4 + ds3,

internal felds: @, H , F
' ™~

dilaton  3-forwm flux SO(32) or Eg x Eg
field-strength

D. List, Strings2010, College Station, 18. March 2010



2.2. Heterotic flux compactifications
(A. Strominger (1986); D. Lust (1986); de Wit, D, Smit, N. Hari (1987);
G. Cardoso, G. Curio, G. Dall'‘Agata, D. Lust, P. Manousselis, G. Zoupanos (2002/03);
K. Becker, M. Becker, K. Dasgupta, P. Green, S. Prokushkin, E. Sharpe (2003/04); ...)

Background: metric: dS?Xm = 62Ad8%(4 + ds3,

internal felds: @, H , F

SO(32) or Eg x Eg

. 1 10 —2¢ o 1 o o
|0D action: 5_2/12 /d zy/—ge *?|R + 4(d¢) 2H + 1

Bianchi identity: dH = Z(trR_|_ AR —trF A F) (Bergshoeff, de Roo (1989))

(trR3 — trF?)]
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2.2. Heterotic flux compactifications

(A. Strominger (1986); D. Lust (1986); de Wit, D, Smit, N. Hari (1987);
G. Cardoso, G. Curio, G. Dall'‘Agata, D. Lust, P. Manousselis, G. Zoupanos (2002/03);
K. Becker, M. Becker, K. Dasgupta, P. Green, S. Prokushkin, E. Sharpe (2003/04); ...)

Background: metric: d3,2X10 = 62Ad3%(4 + ds3,

internal felds: @, H , F
' ™~

dilaton  3-forwm flux SO(32) or Eg x Eg
{ field-strength

|0D action: S = Y d'zy/=ge **[R + 4(d¢)* — %HQ + Ozz(trRi — trF?)]
/
Bianchi identity: dH = Z(trR+ AR —trF A F) (Bergshoeff, de Roo (1989))

¢ SUSY conditions: e=(®n+ c.c.

* external gravitino o, =0 —p dA =0, Asp =0

1
* internal gravitino v, =0  =p (Vi — 7 imH )n =0

1
% dilatino —p (do — §H)77 =0

%k gaugino - F.n=0
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SUSY and heterotic SU(3)-structure:

J and () define again an SU(3)-structure.

¢ The SUSY conditions can be written as
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SUSY and heterotic SU(3)-structure:

J and () define again an SU(3)-structure.

¢ The SUSY conditions can be written as

(a) NS5GaugeBPS: 62¢d(6_2¢J) — s JH = space is not Kihler!

G=H—idJ =G21+Gos
<b> NS5StI‘ngBPS d(€_2¢<] N\ J) =0 balanced space
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SUSY and heterotic SU(3)-structure:

J and () define again an SU(3)-structure.

¢ The SUSY conditions can be written as

(a) NS5GaugeBPS: 62¢d(6_2¢J) — sx JH = space is not Kahler!
G=H—idJ =G21+Gos
<b> NS5StI’ngBPS d(€_2¢<] N\ J) =0 balanced space

<C> NS5DWBPS d(€_2¢Q) — O complex space with

holomorphic (3,0) form

G =0o1
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SUSY and heterotic SU(3)-structure:

J and () define again an SU(3)-structure.

¢ The SUSY conditions can be written as

(a) NS5GaugeBPS: 62¢d(€_2¢J) — sx JH = space is not Kahler!
G=H—idJ =G21+Gos
<b> NS5StI‘ngBPS d(€_2¢<] N\ J) =0 balanced space

<C> NS5DWBPS d(€_2¢Q) — O complex space with

holomorphic (3,0) form

G =0o1

<d> FO’2 =0 , JNJNIrF =0 holomorphic and HYM bundle

(Donaldson’ Uhlenbeck, Yau, Witten (|985)) D. List, Strings2010, College Station, 18. March 2010




SUSY and heterotic SU(3)-structure:

J and () define again an SU(3)-structure.

¢ The SUSY conditions can be written as

(a) NS5GaugeBPS: 62¢d(6_2¢J) — s JH = space is not Kihler!

G=H—idJ =G21+Gos
<b> NS5StI‘ngBPS d(€_2¢<] N\ J) =0 balanced space

SUSY breaking:
<C> NS5DWBPS d (6 — 2¢ Q)XO almost complex space with

holomorphic (3,0) form
G =0214+G03
<d> FO’2 =0 : JANJNLtrF =0 holomorphic and HYM bundle

(Donaldson’ UhlenbeCk’Yau’Wltten (|985)) D. List, Strings2010, College Station, 18. March 2010




Effective scalar potential: )V = 1))y + )V

ﬁ fV01M6 pAA—2¢ [6—4A+2¢d(64A—2¢J) B *H]2
o [ volag, 4720 { 37249204 (24720.72) 7 + 4(dA)?)
L [ volyy, e—2A+2¢ [’d(BSA—chQ)P 1A d(GSA—ngQ)‘Q]

ik [ volug, €44720f2d A 4 Le2A420( ] A7) Ld (24720 A )

_ 2
#3734 2R d (247 200)] |

m [ AT (F ARF) + (FAF) A J]

8,<;2 fe4A 2¢ [tr(R+ AN*Ry)+tr(Ry ARy) A J]
— 27 [ voly, etA—2¢ [2 e 2A (VY eA) (Y, V ped)

— (tmH - 1y H) VAV A — 6(dA - dA)?}
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Effective scalar potential: )V = 1))y + )V

After using (a), (b) and (d):

1
= volag, 724520 |d(€347200) 2 — | J A d(e*47200) 2]

T 4r?
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Effective scalar potential: )V = 1))y + )V

After using (a), (b) and (d):

1 _
V=1 [ vola e 4+ [[d(e?’A_%Q)]Z — T A d(eBA—%Q)F] = ()

No-scale structure!
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Effective scalar potential: )V = 1))y + )V

After using (a), (b) and (d):

1 _
V=1 [ vola e 4+ [yd(e3A—2¢Q)12 — T A d(eBA—Qm)\?] = ()

No-scale structure!

Effective 4D superpotential and Kahler potential:
refs

i M3, . i M3, /
— ON(H —idJ) = QA

8/7 M2 /M6 H=idl) =g 7 [, 09
1 i

/C:—log(Res)—log(—/ J/\J/\J)—log(——/ Q/\Q)
3! J e 8 J s

D. List, Strings2010, College Station, 18. March 2010
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Example: Heterotic dual of Type Il B with D5/D9-branes

(See also: K. Becker, S. Sethi, arXiv:0903.3769;
K. Becker, C. Bertinato,Y. Chung, G. Guo, arXiv:0904.2932)

Consider fibration: 11, — My — By
(e.g. T? «— Mg — K3)
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Example: Heterotic dual of Type |l B with D5/D9-branes

(See also: K. Becker, S. Sethi, arXiv:0903.3769;
K. Becker, C. Bertinato, Y. Chung, G. Guo, arXiv:0904.2932)

Consider fibration: 11, — My — By
(e.g. T? «— Mg — K3)

K = —log(Res) — log[h;; (ReT"*) (ReTJB‘*)] — log(ReT;?)
—log(— %fM6Q/\Q)
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Example: Heterotic dual of Type |l B with D5/D9-branes

(See also: K. Becker, S. Sethi, arXiv:0903.3769;
K. Becker, C. Bertinato, Y. Chung, G. Guo, arXiv:0904.2932)

Consider fibration: 11, — My — By
(e.g. T? «— Mg — K3)

K = —log(Res) — log[h;; (ReT"*) (ReTJB‘*)] — log(ReT;?)
—log(— %fM6Q/\Q)

O, DUmW — O, (D—term) = 0
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Example: Heterotic dual of Type |l B with D5/D9-branes

(See also: K. Becker, S. Sethi, arXiv:0903.3769;
K. Becker, C. Bertinato,Y. Chung, G. Guo, arXiv:0904.2932)

Consider fibration: 11, — My — By
(e.g. T? «— Mg — K3)

K = —log(Res) — log[h;; (ReT"*) (ReTJB‘*)] — log(ReT;?)
—log(— %fM6Q/\Q)

DUmW — O, (D—term) = 0

OW
o1

=0
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Example: Heterotic dual of Type |l B with D5/D9-branes

(See also: K. Becker, S. Sethi, arXiv:0903.3769;
K. Becker, C. Bertinato, Y. Chung, G. Guo, arXiv:0904.2932)

Consider fibration: 11, — My — By
(e.g. T? «— Mg — K3)

K = —log(Res) — log[h;; (ReT"*) (ReTJB‘*)] — log(ReT;?)
—log(— %fM6Q/\Q)

Dy W =0, (D-term)=20
oW
o1
Undetermined, SUSY breaking no-scale moduli:s, TF‘*, TQB4

However T?F 2 is fixed!

=0
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3) Summary
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3) Summary

® Low string scale compactifications allow for
model independent predictions at LHC.
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3) Summary
® Low string scale compactifications allow for
model independent predictions at LHC.
(Mirage) gauge coupling unification possible
at much h|ghe|~ scale. (G. Dvali, D. List, work in progress)
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3) Summary
® Low string scale compactifications allow for
model independent predictions at LHC.
(Mirage) gauge coupling unification possible
at much higher scale. (G. Dvali, D. Liist, work in progress)
® Supersymmetry can be broken in a systematic and
controllable way by fluxes on non-CY spaces:
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3) Summary
® Low string scale compactifications allow for
model independent predictions at LHC.
(Mirage) gauge coupling unification possible
at much higher scale. (G. Dvali, D, Liist, work in progress)
® Supersymmetry can be broken in a systematic and
controllable way by fluxes on non-CY spaces:

DWVSB: ® Non-SUSY string vacua (V=0)
@ Match between the 10 D and the eff. 4D picture.
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3) Summary
® Low string scale compactifications allow for
model independent predictions at LHC.
(Mirage) gauge coupling unification possible
at much higher scale. (G. Dvali, D. Liist, work in progress)
® Supersymmetry can be broken in a systematic and
controllable way by fluxes on non-CY spaces:

DWVSB: ® Non-SUSY string vacua (V=0)
@ Match between the 10 D and the eff. 4D picture.

Generalization to non-SUSY AdS4 vacua. Vv
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3) Summary
® Low string scale compactifications allow for
model independent predictions at LHC.
(Mirage) gauge coupling unification possible
at much higher scale. (G. Dvali, D, Liist, work in progress)
® Supersymmetry can be broken in a systematic and
controllable way by fluxes on non-CY spaces:

DWVSB: ® Non-SUSY string vacua (V=0)
@ Match between the 10 D and the eff. 4D picture.

Generalization to non-SUSY AdS4 vacua. Vv

Low supersymmetry breaking scale possible by including
non-perturbative effects (gaugino condensation). v
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3) Summary
® Low string scale compactifications allow for
model independent predictions at LHC.
(Mirage) gauge coupling unification possible
at much higher scale. (G. Dvali, D, Liist, work in progress)
® Supersymmetry can be broken in a systematic and
controllable way by fluxes on non-CY spaces:

DWVSB: ® Non-SUSY string vacua (V=0)
@ Match between the 10 D and the eff. 4D picture.

Generalization to non-SUSY AdS4 vacua. Vv

Low supersymmetry breaking scale possible by including
non-perturbative effects (gaugino condensation). v

Soft terms on D-branes are calculable. v = LHC
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If nature chooses strings with a string
scale at a few TeV or strings with low
energy supersymmetry, LHC should find
them until 2012 .
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Hopefully somebody can report on this
during STRINGS 2012 in Munich:

tentative dates: 23.- 28. |ul
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