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e How can we test string theory?

Large top Yukawa coupling seems to be rare in string
theory

Top coupling from the gauge multiplet = y; large!

Gauge-top unification in string derived models is
interesting

Consequences can give a chance to exclude models
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o Higher dimensional GUT with My x T?/Z, geometry

SU(®5) x U(1)y

SU(4) x SU(2)L, x U(1)/
T oy

1,1)

TI'Re,

(0,0)

SU(5) x U(1),

(170)

SU(4) x SU(2)r, x U(1)’
7FR5
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Gauge-top unification

e Third SM family (g3, Uz, etc.) lives in the bulk

 Higgs doublet comes from the 6D gauge multiplet (V, )
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hy = ¢(1,2)1/2’ hg = (D(l’z)—l/z

e Results in yiuzqshy = guszqszhy € L4
[Burdman, Nomura], [Buchmuller, Schmidt]
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Gauge-top unification

e Third SM family (g3, Uz, etc.) lives in the bulk

 Higgs doublet comes from the 6D gauge multiplet (V, )

Cho_ ol e
hy = ¢(1,2)1/2’ hg = ¢(1’2)—1/2

e Results in yiuzqshy = guszqszhy € L4
[Burdman, Nomura], [Buchmuller, Schmidt]

We get the tree level relation y; = g (large top Yukawa coupling)
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» Diagonalization effects
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Correctionstoy; = g

o Correctionsfrom-localized-brane-states=

MSSM-thresheld-eorrections Neglected
. D bz . I I

e Localization effects through Fayet-lliopoulos (FI) term
Leading effect

Topic of this talk!
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Localization effects

e Usual assumption: ug3 etc. are zero modes in the bulk =
have flat profiles!

o Consider additional U(1) symmetry with tr(q;) # O at
different fixed points = local FI term

e Bulk fields charged under this U(1) get non-trivial profile
through the local FI term [Lee, Nilles, Zucker]

o Effect even occurs when the effective FI term in 4D
vanishes = Local effect! (compare to F-theory)
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Zero mode profile

e Zero mode profile:
Z — 7
~ f
v=rILes (7))

exp (— 87r12¢2 9edu&i (IM(z — z|))2)

060y

e f is a normalization constant, z the torus coordinate, z,
labels the fixed points, 7 is the Teichmdller parameter of
the torus and 91 (z|7) the Jacobi ¥-function
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Zero mode profile

e Zero mode profile:
Z) )
-

q,z,:fn‘ﬁl(z
|

exp (— 87r12¢2 9edu&i (IM(z — z|))2)

060y

e f is a normalization constant, z the torus coordinate, z,
labels the fixed points, 7 is the Teichmdller parameter of
the torus and 91 (z|7) the Jacobi ¥-function

e ¢ is the Fl term:

& = 296/\2 tr(q)), A = UV cutoff

167
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Effectony; =@

¢ y; and g are proportional to overlap integrals in the extra
dimensions

o yi ~ [ d2zhygsls
* g~ [ d2zAUSU}

e hy and A remain flat, us, Ug get an equal profile, g3 gets an
opposite profile
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Effectony; =@

¢ y; and g are proportional to overlap integrals in the extra
dimensions

o yi ~ [ d2zhygsls
* g~ [ d2zAUSU}

e hy and A remain flat, us, Ug get an equal profile, g3 gets an
opposite profile

Overlap integrals differ = y; < g

o (=) = = £ DA
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Moduli dependence

¢ yt/g depends mainly on two features:

e Charges under the U(1) = model dependent
e R5/Re = size of the extra dimensions

e We relate R = 2M to the GUT scale

10} g, trail=1 A
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A heterotic orbifold model

e We look closer at string derived orbifold GUTs
e Heterotic mini-landscape has string derived model with
nice features [Lebedev, Nilles, Raby, Ratz,
Ramos-Sanchez, Vaudrevange, Wingerter]
e MSSM spectrum with one Higgs pair
e Quasi realistic Yukawa pattern, See-saw, R parity, ...

e SU(6) GUT in 6D for many models (especially benchmark
model 1A)

e Similar effects should also occur in non heterotic GUTs
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Different models in heterotic string theory
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tan 6 can be related to the extradimensions

10

L L
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(c) y: vs. tan . (d) Rs/Rg vs. |q, trq.
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More about tan

e Assume a specific scenario at the GUT scale (here
MSUGRA)

y; at the GUT scale = related to tan 3

Experimental bounds for tan 3 = prediction for Rs /Rg ~ 40
Discrepancy between GUT and string scales can be
solved by anisotropy [Witten]

Highly anisotropic compactifications (Rs/Rg ~ 50) seem to
be required [Hebecker, Trapletti]

This has other important implications = Yukawa pattern, Gauge

thresholds, etc.
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Conclusions

e Gauge-top unification is a nice possibility to get a large top
Yukawa coupling

¢ Localization effects from FI terms affect y; = g strongly
e tan § can be related to the size of the extra dimensions
e String theory is predictive!

Thank you for your attention!
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