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The " correspondence principle’”:

"a new theory should explain all phenomena for

which the preceding theory is known to be valid”

"one of the tools available to physicists for selecting theories corresponding to reality”

"Occam's razor'":

"entia non sunt multiplicanda praeter necessitatem”

"when competing theories have equal predictive power, pick the one that intro-

duces the fewest assumptions and postulates the fewest hypothetical entities.”



e Can one obtain the SM via a ‘decoupling limit’ of string theory?

e Look for a string construction of the SM in which all geometric

data are in one-to-one correspondence with SM parameters.
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Conjecture: * every string model* that exhibits a gauge hierarchy
admits a duality frame such that all gauge dynamics is described

by open strings attached to D-branes near a CY singularity......

sm
on a D3
cone-like

singularity

Compact
Calabi-Yau

*almost

* with low energy susy

11



Motivation: can take a formal decoupling limit, in which all
gauge invariant coupling constants are frozen, and tuned via

(non-normalizable) deformations of the local geometry:

SM
on a D3

cone-like
singularity
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Fractional brane = bound state of wrapped D7, D5 or D3-branes

#(Fi, Fj) = r;d;

ch(F) = (Q7,Qs, Q3)
= (r, pa, q)

r = rank(F)

Pa =dg c1(F)

q = cho(F).

—I‘jdz' d=ci(F) -k
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Gauge theory/Geometry Dictionary

Superpotential = Complex Structure
Gauge Couplings = periods of NS 2-form B
FI-Parameters = periods of Kahler form J
Symmetry breaking = bound state formation

Z(F) = [ e BT Tr(e")VTd ;‘—” = e ?|Z(F)| ¢ = 210g(Z(F))

ym
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THREE GENERATIONS OF MATTER
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A minimal quiver realization of the SM-model: " Spanish Quiver”

Sp(2)

U@3) uc)

SO(2)
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The "cover quiver'’:
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SM quiver, without orientifolding:
UQ)

U@3) ud)
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This quiver gauge theory can be obtained as the worldvolume
gauge theory on a single D3-brane on a dPg singularity with an

Ao singularity associated with the two 2-cycles a1 and as:

“P
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Fractional brane = bound state of wrapped D7, D5 or D3-branes

#(Fi, Fj) = r;d;

ch(F) = (Q7,Qs, Q3)
= (r, pa, q)
r = rank(F)
Pa =dg c1(F)
q = cho(F).
—r;d; d=ci(F) k
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In remainder: will show how to eliminate all the extra U(1) gauge

symmetries, except for hypercharge.

P
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How U(1) symmetries get eliminated.....
e Non-anomalous U(1)'s «+ degree zero 2-cycles agy in X.

e [ he D-brane action contains the linear coupling C A F' with

C=rcy +pac® + qCy
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e Let wy denote a basis of normalizable harmonic 2-forms on Y:

Gaﬁ — / wa/\*wﬁ
Y

e Every wq gives rise to a Stuckelberg field, via

Cy = Z c®weo dpa = G * dcP
(8%

e Introduce the matrix of periods
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e The mass term for the U(1) vector bosons reads:

M2 = Gy %+ G ng ”2 PaPp

For our specific SM construction via a dPg singularity, this result

implies that hypercharge is a massless gauge symmetry, provided:
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Q: ué ds 4 e vf  HY  HY

~

SU(3)y 3 3 1 1
SU(2); 2 1 2 1 1 2 2
U(l)y 1/6 -2/3 1/3 —-1/2 1 0 1/2 -1/2

- QO
ol
el
-
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Some directions for near future:

U(1) breaking, via D-instantons — u=terms.

ST = A(d) e H3VOI(Za) + ipa

SUSY breaking, via gauge mediation or otherwise
Phenomenology!
Monopoles, confinement

Unification of coupling constants, GUTSs
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e "Swampland” of non-compact CY singularities:

can not be embedded inside a compact CY.
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