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Motivation

® Hidden sectors are among the most common extensions of SM
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® Important phenomenological applications: Dark Matter, SUSY ,...

¢ Hidden Valleys

® How do the different sectors interact with each other?

€ Portals: Higgs, axion, dilaton, hidden photons, Z’s,...

® We focus on interactions induced by mixings of U(1) bosons



Overview

® Hypercharge kinetic mixings

® U(1) mass mixings and Z’ (Stueckelberg) portals

® Intersecting D-brane implementation

& Explicit toroidal example

® Conclusions



Hypercharge kinetic mixing

® Most common (and simplest) phenomenological scenario
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® U(1) bosons are special: can mix kinetically with hypercharge
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¢ Millicharged Dark Matter
B. Holdom 86



Hypercharge kinetic mixing

® Most common (and simplest) phenomenological scenario
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® U(1) bosons are special: can mix kinetically with hypercharge
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¢ ‘Hidden photon’ scenarios See e.g. Jaeckel, Ringwald ’10;
Essig et al. '13;...

c.f. F. Marchesano’s talk



Stueckelberg Z’ portal

® A simple sefup: intersecting D-branes L CY
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® Gauge groups from stack of N branes

U(N) = SU(N) x U(1)
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® In (semi-) realistic D-brane models, what we get is

SUB)e x SUR2), xU(l)y xU((1)r x U(1)* x Gy,
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& Goal: study the role played by massive U(1)s as portals.



Stueckelberg Z’ portal
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® U(1l)y can mix kinetically (loop-suppressed) with hidden U(1)s

® Extra U(1)’s gain a mass through a Stueckelberg coupling to RR
axions (anomalies cancelled by the GS mechanism)

® Stueckelberg masses can be non-diagonal and induce mass
mixing (tree-level) of massive visible and hidden U(1)s

€ Focus on these (Stueckelberg) Z’-portals

€ Very interesting phenomenologically if Z’s light enough (~TeV)



Stueckelberg Z’ portal

® U(1) mass terms read:
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Charge quantization
Discrete symmetries
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® Non-diagonal mass terms mix visible and hidden U(1)s
€ From non-diagonal metric G.

€ From an axion ¢ coupled to different U(1)s.
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® Mass mixing from axionic charges k’ is generically large:

& Tree-level effect controlled by integers (neglect kinetic mix.)



Stueckelberg Z’ portal

® Toy model with two massive U(1)s: (U(1)y U(1)n)

® Two axions with generic ‘charges’: K = ( z 2 )

2
® Assume for simplicity: @G = M 02 = M* ! 02 ekl
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® Set U(1) canonical kinetic term and diagonalize mass matrix:

¢ Eigenstates: Zl, = gnbA, — gya Ay Mass(Z,,) o m
Zhy ~ gyvaAy + gnb Ay Mass(Z;) o« M

€ Interactions: Lint = gvAvJy + gnAnJn
~ gmZ (bJy —aJn) + g Ziy(aJy + X2 Jy)

® Physical Z’s communicate visible and hidden sectors.



D-brane implementation



D-brane implementation

® Type IlA orientifolds with intersecting D6-branes
wrapping 3-cycles of the internal space Xg:

® U(1l), C U(N,) gauge boson have Stueckelberg couplings
1 . . . .
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& o' closed string RR axions: 03 :/ Cs
ol
¢ G;; complex structure moduli space metric
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€ r’ integer topological intersections Ty = [Oéi] - |11,



D-brane implementation

® U(1)s mass matrix then reads:

M?*=(NR)*-G-NR

® On the other hand, chiral matter charged under U(N,) x U(Ny)
comes from intersections

IL,] - [IT] = S4q 7“2 — ré Spi = (SR — RS)ap

& Appropriate wrappings R and S lead to scenarios with non-
iIntersecting sectors communicated by RR axions
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& U(1) anomalies cancelled by the GS mechanism



D-brane implementation

® Explicit example on T°/Q (4 axions) o
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® Take the ‘Madrid model’ plus a single stack of hidden branes
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D-brane implementation

® Explicit example on T°/Q

® The phenomenology is mostly determined by:
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¢ Lightest Z’ mass ¢ Lightest Z’ couplings

® If Z’ masses light enough (~ few TeV) interesting for DM, LHC,
SUSY mediation, etc




Conclusions



Conclusions

®

U(1) bosons can naturally mix and provide interesting portals
into hidden sectors, well motivated from string theory.

Massive U(1)’s can have tree-level mixing controlled by integers

D-brane models provide a natural framework for these
scenarios: mass mixing induced by closed string RR

Anomaly cancellation through the GS-mechanism ‘automatic’. No
need for chiral exotics.

Not discussed today: SUSY (breaking and mediation), DM stability
and relic density, discrete symmetries, EWSB and Z-Z’ mixing, Z’
masses, non-perturbative effects,...



Thank you



Eigenvalue repulsion and light Z’s

® Light Z’ in string theory?

& After canonically normalization of U(1) kinetic terms, the mass
matrix reads

Mib ~ O (gangf)

; ; _ Ghilencea et al. ‘02,
® Two obvious ways to lower Z’ masses: Goodsell et al. '09....

& Low string scale (large volume) compactifications

¢ Large three-cycles: gn <1

® Third possibility: a large number of U(1) bosons, and a large
non-diagonal mass matrix.

& Eigenvalue repulsion leads to a suppressed lowest mass
eigenstate: My ~ 107 M,



Non-perturbative effects

® Stueckelberg Z’ portal automatically implies non-perturbative
interactions between different sectors
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® ki is the number of charged fermionic zero modes on a D2-
brane wrapping |o']

® Instanton E2-branes on [a'] generate U(1) violating couplings
between separated sectors

Vol(a®) Blumenhagen, Cvetic, Weigand;
Lop ~e 95 OO Ibafiez, Uranga;...

¢ Could induce, e.g. Dark Matter slow decays.



