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String Theory 4D Physical observables

» Wavefunctions are useful in models where there is a higher dimensional
sugra description valid for some regions of the moduli space

» Physical observables as overlap integrals of internal wavefunctions

» E.g. Yukawa couplings in toroidal orientifolds with magnetized branes:

[Cremades,Ibanez,Marchesano]

v / atpm, b e £ [Conlpn.,Mahar:.ama,,Qu(?vedo]
Tk T j i + ¥j¥k,mdabc [Di Vecchia et al.]
M [Antoniadis,Kumar,Panda]

1.- 10D SYM describes the d.o.f. of a stack of magnetized D9-branes (to lower order)

2.- Wavefunctions are eigenmodes of the internal Dirac and Laplace operators



» We have extended this approach to toroidal compactifications
with magnetized branes and closed string fluxes.

type I type IIB [Dasgupta et al.; GKP]
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» S-dual to heterotic strings with torsion  [Hull; Strominger; Becker, Dasguptal



- Magnetization in D9-branes Higgsses the gauge group: Gy, = H G,

Fo, =2Vio(Br) = D@7 =Vyker’ —i((By) - (Bh))2;”
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W-bosons, scalars and fermions in bifundamental reps.
- If closed string fluctuations are frozen, there are modified internal

Dirac and Laplace-Beltrami operators which account for the effect
of the closed string background on the open string fluctuations.
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- Simple vacuaare B, =T* = twisted tori |de®=_fie’ne

2
[Schultz; PGC, Grana; Lust et al.]
- We consider V=2, 1 and 0 vacua with RR 3-form fluxes
(diluted fluxes e € 1 = warping negligible)
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W bosons D™D WP = —m2, WP

- A suitable ansatz is then:  W° (%) = V(g;k)e2ﬁi(k3w3+k6w6)

- The torsion acts on V as a standard gauge connection
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- Closed string fluxes as non-diagonal (oblique) magnetization.
For example :
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- Higher levels given in terms of Hermite functions

- Landau degeneracies for KK modes:
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- We can define a total effective magnetization:  (Fa)ex = Fy" + F5'

closed string open string
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- In order the duality to hold at all levels, non-perturbative massive
states transforming as bound states of bifundamentals are required



- Alternatively we can use the machinery of non-commutative
harmonic analysis [see Marchesano’s talk]
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- There is a correspondence between KK wavefunctions and

irreducible unitary reps. of the isometry algebra:
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- For charged modes we include the D9-brane U(1) generators

(Kaloper-Myers algebra)

- We study the irreps using the orbit method. The algebra contains
also irreps. corresponding to the conjectured non-perturbative states



- Kaloper-Myers algebra is only part of the 4D N = 4 gauged

supergravity algebra (large amount of global symmetries)
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| k,onJecture irreducible umtary reps. of the full V=4 gauged |
| supergravity algebra classify all massive excitations (KK, I
Iwindings, non-perturbative states) of untwisted BPS sectors I




- Using similar techniques we can also compute wavefunctions for
scalars and fermions, in terms of bosonic wavefunctions.

- Let us illustrate all this machinery at work in some examples. We
compute the full perturbative spectrum of light and massive modes
for stacks of magnetized D9-branes in closed string flux vacua.

- For N = 2 supersymmetric vacua each irrep. leads to a tower of
N = 4 vector multiplets, plus few extra /V = 2 hypers.

- For N =1 vacua, flux induced u-terms break this structure further:
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Each irrep. leads to a tower of N = 1 vector multiplets, plus two
chiral multiplets with masses,
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Example 1.

Multiplets (Mass)? Degeneracy
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Table 1: Spectrum of neutral N = 4 and N = 2 supermultiplets for D9-brane
fields in N = 2 flux compactifications with vanishing p-terms.
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Table 2: Spectrum of charged N = 4 and N = 2 multiplets for D9-brane fields
in the same model.



Example 2.
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Table 1: Spectrum of neutral N' = 2 and N/ = 1 supermultiplets for D9-brane
fields in N' = 1 compactifications with non-vanishing p-term.




- There are modes that are insensitive to the closed string flux.
In the regime of diluted fluxes, these are the lightest ones.

- We have compared the couplings obtained for the lightest modes,
with the ones derived from 4D supergravity:
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- 2-point couplings match results previously derived in [PGC, Grana
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- 3-point couplings match the fluxless V = 2 result,
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Conclusions

- Suit of tools for computing wavefunctions in toroidal compactifications with
magnetized D9-branes and closed string fluxes. These allow to compute the full

spectrum of KK modes for D9-brane fields.

- Fluxes affect mainly the massive spectrum of KK modes, except for few flux
induced g-terms

gauge threshold corrections in flux compactifications (work in progress)

- There is a lot of information encoded in the irreps. of the gauged supergravity
algebra extra non-perurbative charged modes ?

- For more phenomenological models (chirality), one needs to consider also

D5-branes.

- It would be interesting to understand how the warping fits into this picture.

Required for applications to the AdS/CFT correspondence.
[see talk by G.Shiu]



