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Universe made of space-time filling D-branes?

e Open strings ending on D-branes: matter.
Can realize SU(3) x SU(2) x U(1).
Here one stack of D3-branes — U (V).

e Closed strings: moduli

1. Compactify on CY orientifold. Add N space-time filling
D3-branes.

2. Add background fluxes.

— Fix some moduli
— Break SUSY spontaneosly in the bulk

Purpose:

e Understand low-energy theory of CY—compactifications

with D-branes and O3-planes

e Break SUSY by fluxes. See how SU/S/{( 1s communicated to

matter




Outline

e Find low-energy action for IIB on CY3-orientifold
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[’ [/ Gukov, Vafa, Witten

K CY orientifold: Grimm and Louis
+ D3-branes: GGJL

Ja
e Find soft SU/8’§( terms in matter (D3) action

+ D3-branes + flux —
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e Check consistency with effective sugra description




BUH( Thomas Grimm and Jan Louis, in preparation

Moduli of CY compactifications with orientifold planes
(neglect warping — large radius limit)

e Orientifold projection
O=(-1)"Q,oc*

e Demand
o’ =—-0Q = 03-orO7-planes

e Undero™:
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Spectrum of moduli

JQ — 'anCx —|_ 'U%a
By = b0 + b*wa + K

02 = C%a + Cawa ‘|‘B<

Cy = DS Kwa + Vi A Xa — Ura XX* + CAQ + COAQ + pa@® + ()2 )a

N =2 N=1

h(2:1) vector multiplets {Vl‘j;’a, z%a} hf’l) vector multiplets {V ¢}

h2 ) chiral multiplets {z%}

h(LL) hypermultiplets {v, p, b, ¢} h(L:1) chiral multiplets {v®, po.}, {b%,c*}

universal hypermultiplet {, [, B, C'} chiral multiplet {¢, C'}

gravity multiplet {guv, C1p, C1p} gravity multiplet {g,.. }




KK compactification to 4D
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Kihler coordinates: M1 = {2%, 7, G*, T, }
r=1+ie?
G* =c* — 1b"

Ta — %pa + BIC ’Cachb(G G)
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Intersection numbers

Kapy = [py, wa Awp Awy s Kaby = [, wa Awp Awsy

Ko = KagyvPv?
K = Kapg,v*vPv" = 3!Vol(Ms)

Kéhler potential (in non Kéhler coordinates)

K=—In(—i [QAQ) —In(—i(T — 7)) — 2In(K)
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Fluxes

Consider warped-metric
ds® = e*4 g dxtdx” + e * A Gmndy™dy™
And fluxes

FO  F®& H®  F® =0 (7 constant)
/]\
aB) — p® _ g®)
e Poincare invariance

FO = d@® 4 xdy® | Y = ade® Adet Ade? A ded
G 2 Grnp(y)

e Bianchi identities

dF®) = 24 pzps + H® A FO
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V2a = e?4u3ps +2e 640,00 0™Me*A + L

75— Gmnp (x6G)™"P

dF®) = dH®) =0 = dG®) =0

e Bianchi identity for F®) _ Tr (Einstein) uv €quation
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compact CY
Global tadpole cancellation condition: on compact CY

et = o and xG® =iG® L GO ISD
dG®) =dx G =0 = G is harmonic
*g{) = —i) *6 Xa = 1Xa = @GO eH(_2’1) @ H(_0’3)

¥old = if2 *6 Xa = ~'Xa SJSY sy%Y




e ISD flux: “no-scale”

Not very interesting phenomenologically

e Add IASD flux: SUSY
In compact manifolds EOM solved locally only

IASD flux: perturbation over ISD

EOM for G®:
d [e*A(x6GB) —iGB))] = 0 = e*4(x6G3) —iG3)) is harmonic
' ¢ H1? o g3.0
e (x6G3 — iG3) = & (QfQ ANG® + G35 [ xa A G(3)>
w= [ e 44N QD
e 3-form flux generates superpotential for moduli 144
W=[QAG®  W+#0= G®:(3,0)

e From W we get a potential V for moduli

V=K (KIJDIWDjﬁ/ - 3|W|2)

7 = ik (fQ/\G(i”)fQ/\f(?’)+Q{f,gfxa/\?(3)f>zg/\é(3))

(3,0) (1,2)

e V = 0 when IASD flux present




Branes. D3-brane action

bosonic NA Myers’99

SpBr+wz 4
N

. . . Cederwall et al 96
fermlomc abehan Bergshoeff Townsend 96

Aganagic, Popoescu Schwarz '96

Bosonic:

Siar = —mp [E €Tre‘<5\/— det (¢ (B + Bun(Q71 = )" Epny, ) + £F,, ) det(Q™ ;)

8" m + il [¢", B*] Exm — get [, ¢][9, ¢] term
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Fermionic action.

Computed up to dim 3 expanding superfields in component fields
e Known fermionic action is abelian

e AddTr (Abelian expression)

e Intrinsic NA terms O(0[¢, #]) — higher order

SfEerm — 3}2,;3 fW d4€ V _detgl«LVGBA

Tr ( [(%6Gls — ng)pqr]erwe)

0c16 — (2,4) @ (2,4)

6 = a)’ ®Qijk;’yjkx+b)\®x+ h.c.
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Dpx =0
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e Gaugino masses m = eX/2 [QAG®

e )-fermions mass matrix

pij = /2L GE O™ (2 iar Gis [ xa A GO




SOft SUSY brﬁaking iIl SupﬁrgraVity Kaplunovsky and Louis

Brignole Ibafiez and Mufioz

e Observable sector: ¢*, )" — B*
e Moduli M*
Expand for small ¢

o« K(M,M,¢,¢) = K(M, M)

+7Z,;5 (M, M) ¢*d7 + (% H;;(M, M) ¢p*¢? —I—h.c.) + ...

o W(M,p) =W (M)+1ji;(M)¢ie? + 1 V0 (M) ¢igpip* + ...

e Ref(M) = g

SU/S/? by some mechanism (for us flux) that gives vevs
< FI >=< K2 K1 (ajW + Wajf() >0

In £ constructed out of K (M, M, ¢, $), W (M, ¢), f(M):

e Replace F! by VEVs
e Take limit My; — 00, m3/g ~ M2,., /M7 fixed (flat limit)

Softly broken effective A" = 1 sugra theory with matter ®*




Effective theory
o WM =14, ¢'¢? + 3 Yijk ¢'¢7 ¢
g = e+ mgyoHij — F1o;H;;

K /2 _ K/2%;
ijk = € /Yijk;, Mo = € 12w

V(eff) 1D2 4+ Zz] (8 W(eff))(a W(eff)) +
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S Aijr = F'DrYi

~ Bij = F'Dipij — M3 apij
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D;Yiji = 0rYijr + %KIYijk — 3T, Yk

Drpij = 31/@:3- + $K1pi; — 205

C*=1+

3|m,|3/2

e m = :F'9; In(Ref)




From D3-action we read:

I) Flux independent terms
e Bosonic kinetic terms: Zi7D,p* DFPI

— ﬁDN¢2DN¢j§'L§ = Z’Lj = 9ij — _Z v ('wa)ij

Kw )Cwa/@,yvavﬂqﬂ

— Hz'j

K = K(M, M)+ Z;(M, M) ¢*¢7 + 2 H;;(M, M) ¢'¢7 +h.c.

Gauge kinetic term:— 3 Re [fo5 (F + i % F)% ,(F + i x F)° ]

e Bosonic quartic term: Z3 (9; W () (5; W (=)

> & G loh, it ¢ =
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w
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e Bosonic/fermionic quadratic term: Z7 (9; W (¢f)) (85 W (eM))
03 W (o) g)ig)y7

— No flux independent term = ;5 =0




2) Flux dependent terms

: 2 _ 2 2
e Bosonic masses M5 =M sy T+ M5 o5

_lk,, = _ 2

=27 Hil Kk + mij,soft
e 2_¢_2A

33 = — WG
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G®) . (3,0)or (1,2)

Fermionic masses

£2 K/2

ij = gab Qsl_cl_(
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Gaugino masses

K/2 @ 3
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Soft A-terms

Aijk: — 2 ef{ fQ N G(3) Qijk
G®3 . (3,0)

Soft B-terms

Bi; =0




Consistency

D ISD flux: ¥6G®) =iG® = G®:(2,1)or (0,3)

MD3)_,(D3) 1 (D3) 4(D3) pD3) _

e (2,1): SUSY
W =0,0iW=0=DW=0, Fl =0, m3/5 =0

M(eff)’ﬂ(eff)’,nlli(eﬂ')’ A(eﬂ')7B(eﬁ“) —0 \/

e (0,3): SU/S’Q , ho-scale
W #£0,FT> £0 but V =0 (no-scale)
Is VD = 0?

— ,U,(eff) = m3/2H7;j — FféjHij.
FA01Hi; = ms/oHij, A= {Ks
Alls; = Mg /21145, A= {Kahler, 7’}

b s
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L AED = K2pt [(af + K1)V, — 3F9iffuk} =0
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L omef) — %FIafln(Ref) = —




2) ISD + AISD flux
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