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LHC! problem

Go from data space to theory space

smoking guns:
NO!

high pr photons, Zs, possible displaced vertex




Gauge Mediation

Pheno:
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(Giudice, Rattazzi 1998)




NLSP decays

Decay length in colliders:
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m is NLSP mass, F/k is SUSY breaking scale

| F
E ~ 106 GeV

prompt, long lived, or displaced vertex




Can we get the same

signals from a very
different model?

variation on Universal
Extra Dimensions or Little
Higgs?



UED

@ All SM fields propagate in the bulk
@ 5D - flat extra dimension (size L O(1/TeV))

@ SM fermions get zero modes through orbifold
compactification (boundary cond.)

@ SM zero modes have ++ BC
@ KK-parity is imposed (remnant of 5D mom. cons)

@ EWP, Dark matter (Missing ET)

The first “bosonic” SUSY

(Cheng, Matcheyv, Schmaltz 2002)



KK-parity

@ branes break 5D trans. invariance

@ discrete momentum cons. (KK-number)
@ Loops further break it to KK-parity

@ reflection about midpoint of extra dim.

@ Certain terms forbidden (5D fermion masses)



The Model

SU(3)exSU(2).xU(1),
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A broken 5D gauge
symmetry

Gauge a U(1) in the bulk of the flat extra dimension

Break it by boundary conditions:
Bﬂ|z=O,L =0

Symmetry is global on boundaries:
By — By + 0uB(w, 2) 0u0(, Z)‘ZZQ,L =0




Gauge fixing in the bulk
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Residual gauge symmeftry:
0,0"B(x,y) — 05 B(w,y) = 0

5D unitary gauge: & — O©

6res(x7 Z) — 6—'_ T ﬁ_ (2222 L>




A 5D Goldstone Boson

with BCs we chose, a zero mode remains uneaten

under residual gauge transform:
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massless with shift symmetry = Goldstone




Additional Spontaneous
Breaking

U(1) is broken by boundary conditions, and theres
also a Higgs field(s) with charge under this gauge
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Two Zero Modes
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The 5D Goldstone

Interactions arise from 5D kinetic term

\IJZDM”)/M\IJ D) \I/Z ((95 ’ig5D BE()O)> ”)/5\11

VL

Field redefinition:

The Bs couples derivatively:
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Anomalies in 4D

Under chiral redefinitions, the Jacobian in the
PI measure is generically non-trivial
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Where A is the axial vector current anomaly:
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Anomalies in 5D

5D theory is vectorlike in bulk (no anomalies)
Chiral theory is arranged via orbifold projection

Theory is chiral only on the branes (z=0,L)

Anomalies restricted to the branes

(does not follow profile of zero mode)

(Arkani-Hamed, Cohen, Georgi)



Anomalies in 5D
The Complete Anomaly:
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Massless modes are bad

(Weinberg-Wilczek)

completely ruled out by astro and nuclear physics




Explicit breaking

Symmetry is only global on boundaries
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(has small - negligible - contribution to EWP)



The Model

SU(3)exSU(2).xU(1),

SU(3)exSU(2).xU(1),

2 Higgs Doublets
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Spectrum

MAass

100s of GeV:
Rest of level 1 KK-modes

Level 1 hypercharge
gauge KK-mode

Bs "axino” ~10 keV to GeV




Collider Pheno

NLSP decays:
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Other NLSPSs ?



Some rough constraints

@ to be safe, want NLSP lifetime < 1s
@ hadronic decays of the Z are dangerous
@ fpq < 10! GeV

@ also want to avoid HDM so mgs > keV (g>10-%)

@ for ‘interesting’ coll. pheno, f < 10"10 GeV



Dark Matter Pheno

too much if thermal

reheat (what is thy?)

good reason to believe okay
(studies of axino dm)



O(1) gauge coupling
(weak scale Goldstone mass)

annihilation through
s-channel Higgses

large tan [




Future Study

@ Can something like this be done in a little Higgs
with T-parity (deconstruction)?

@ non-trivial (NN no-go, orbifolds are special)
@ Warped space
@ collider study of look-alikes
@ model distinction?
@ detailed DM study
@ Strong CP problem - other related scenarios

@ other NLSPs? Heavy charged tracks - late decay



Conclusions

® We found a way to fake signals of GMSB

@ copious Zs and photons (displaced decays)

@ model is a bit of a “straw man” (little Higgs?)
@ some cool physics along the way

@ anomalies, spontaneous/explicit symmetry
breaking, non-local interactions, 5D goldstones

® new DM candidate in PQ-UED

@ Not immediately ruled out - further study



