The ““Sterile” Flavor,

and

Possible Superluminal Travel
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Recent motivation: e
Schematic of the (discredited) OPERA Neutrino Exper1ment
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! OPERA Experlment mfers faster—than—hght NEUTRINOS L

0t = 61 ns early, or v =c+ 2.5 x 10~

Fitting data without, and with, superluminal speed:
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# And the subsequent revelation from OPERA: -

# One fiber optic cable connection
likely responsible for the 60ns.

A new data set is being taken, but there is no motivation for a

revolutionary result.

FLASY Dortmund, Tune 2012 Tom Weiler, Vanderbilt Univ



Can receive
info from us

From my TEDxNashville2012 talk,

available on youtube
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The”spécelike” hyperbola, negation of cause and
effect, paradox, and a skeptical Einstein:

(2.t) =(730 km.2.4 ms)
v=0

(z,t)=(5kmOms) X
v=145

v =42,000
(z.t)=(730 km.—2.4 ms)




Experimental constraints -- non-tachyonic dispersion relation,

2

F? =p°— m

SN87a, ... -- seem to require superluminal neutrinos to travel

in “extra dimensions” (fundamental to string theory).

We turn to brane vs. bulk, and geometry,

originally formulated in the pre-OPERA years.
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Einstein’s gravity 1s geometry.
Wherever there is space and time, there is geometry:.

And so in the brane and bulk,
there is gravity, and extra neutrinos (?) and ...

The ADD universe has open and closed strings:

Q ‘ Dirichlet

Neumann

Open strings have gauge charge Closed strings are not confined --
at the ends, stuck to the brane -- gravitons, sterile neutrinos,

all SM particles singlet Higgses
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Sterile-active neutrino oscillations and shortcuts in
the extra dimension

Heinrich P3s', Sandip Pakvasa', Thomas J. Weiler? (2005)

/.\ Vsterile /.\ sic ‘

bulk ~_ 7 \_/ The relative time advance is given by
\_/ ( = (%)2

Vactive where A is the fluctuation amplitude
and k is the fluctuation wave number.

Neutrino time travel (2007)
James Dent!, Heinrich Pis?, Sandip Pakvasa®, and Thomas J. Weiler!




A bstract

We discuss a possible new resonance in active-sterile neutrino oscillations arising in
theories with large extra dimensions. Fluctuations in the brane effectively increase the
path-length of active neutrinos relative to the path-length of sterile neutrinos through
the extra-dimensional bulk. Well below the resonance, the standard oscillation for-
mulas apply. Well above the resonance, active-sterile oscillations are suppressed. We
show that a resonance energy in the range of 30 —400 MeV allows an explanation of all
neutrino oscillation data, including LSND data, in a consistent four-neutrino model.

The quantum mechanics of the model is simple. The flavor-oscillation amplitude for a propagating neutrino is

A(ve = vg) = (vg| e-thl'/a) .

A component of Ht that is proportional to the identity cannot affect flavor change, and can be subtracted.
The remainder is §(Ht) = (0H )t + H(dt).
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Figure 2: Oscillation amplitude sin? 20 as a function of the neutrino energy F,, for a

resonance energy of F... = 40 MeV. The different curves correspond to different values for
the standard angle, sin? 26 = 0.2,0.1,0.01,0.001 (from above).
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Sebastian Hollenberg,!'* Octavian Micu,!> T Heinrich Pis,':* and Thomas J. Weiler?: 5
(2009)

- We choose a warp factor of the form 5(u) = e~*!“l, with k assumed to be a (presently) unknown constant
of Nature with dimension of inverse length [24]. Standard Model neutrinos live in the 4D Minkowski spacetime, while
the sterile neutrinos experience the full five dimensional metric. We may choose the direction of the brane component
of neutrino velocity to be along x; this allows us to set dy and dz to zero from here on. Our line element is reduced to

dr? = dt® — e 2l ga? — du? . (13)

kx

FIG. 1: Sterile neutrino travel path in the extra dimension for a travel “distance” kl = 0.2,0.4,0.6,0.8, 1 as measured on the € N
brane. 05
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v=kL/2

FIG. 2: The shortcut parameter as a function of scaled baseline length v = kL /2. Curves are parametrized by geodesic mode
number n = 1,2,5,10 (from top to bottom).
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FIG. 5: Oscillation probability (vertical) in the L-E plane,
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red curve: paths; green curve: path-integral sum;
red curve: standard 4D vacuum oscillation




(2 Dec 2011)

A model of superluminal neutrinos

D. Marfatia,! H. Pas,? S. Pakvasa,® and T. J. Weiler?

Motivated by the tentative observation of superluminal neutrinos by the OPERA experiment, we
present a model of active-sterile neutrino oscillations in which sterile neutrinos are superluminal and
active neutrinos appear superluminal by virtue of neutrino mixing. The model demonstrates some
intm'esting p(ESibilitiS and challenge that apply to the OPERA result.

Model failed thrice for SuperK (with similar L /E):
(i) steriles at OPERA => steriles at SuperK, but SK data says no
(ii) OPERA => decoherence at much larger L of SK,

yet SK sees coherent oscillation dip and peak
(iii) oscillations in v.-v, channel continue to large L ~ 2Rg
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Closed timelike curves in asymmetrically warped
brane universes

Heinrich Pas!, Sandip Pakvasa?, James Dent®, Thomas J. Weiler®
Abstract

In asymmetrically warped spacetimes different warp factors are assigned to space
and to time. We discuss causality properties of these warped brane universes and
argue that scenarios with two extra dimensions may allow for timelike curves which
can be closed via paths in the extra-dimensional bulk. In particular, necessary and
sufficient conditions on the metric for the existence of closed timelike curves are pre-
sented. We find a six-dimensional warped metric which satisfies the CTC conditions,
and where the null, weak and dominant energy conditions are satisfied on the brane
(although only the former remains satisfied in the bulk). Such scenarios are interest-
ing, since they open the possibility of experimentally testing the chronology protection
conjecture by manipulating on our brane initial conditions of gravitons or hypothet-
ical gauge-singlet fermions (“sterile neutrinos”) which then propagate in the extra

dimensions.




Next up:
singlet Higgses at LHC’s Atlas and CMS

Causality-Violating Higgs Singlets at the LHC

C.M. Ho * and Thomas J. Weiler!

! Department of Physics and Astronomy,
Vanderbilt University, Nashwille, TN .
(2011)

Abstract

We construct a simple class of compactified five-dimensional metrics which admits closed timelike
curves (CTCs), and derive the resulting CTCs as analytic solutions to the geodesic equations of
motion. The associated Einstein tensor satisfies all the null, weak, strong and dominant energy
conditions. In particular, no negative-energy “tachyonic” matter is required. In extra-dimensional
models where gauge charges are bound to our brane, it is the KK modes of gauge-singlets that
may travel through the CTCs. From our brane point of view, many of these KK modes would
appear to travel backward in time. We give a simple model in which time-traveling Higgs singlets
can be produced by the LHC, either from decay of the Standard Model Higgses or through mixing
with the SM Higgses. The signature of these time-traveling singlets is a secondary decay vertex

pre-appearing before the primary vertex which produced them. The two vertices are correlated by

FL AG momentum comserwtion. e ..__er. Vanderbilt Univ
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~ In brief:

consider the following form for the metric

dr? = ny;dz'dz? + dt* + 2 g(u) dt du — h(u) du?

Godel-vonStockum-Tipler like

Intrinsically flat - it’s a “rotating torus”

Now set Det = g + h equal to one.
Maintains Minkowski metric on brane, and
offers analytic solutions to geodesic (E-L) eqns.

the general metric function g(u) is

g(ﬂ)=go+A—g;{a" cos(2”£u)+bn sin(%gu)}

g(0) = go and A =377 a, are constants. An analogous expansion




FIG. 5: The two regions in the go—A plane for which CTCs are possible.
1(u)
T
00—

-05

-10

I Time racheting negative,
=% with just ag # 0.




with gravity arrival time (e.g. LIGO) compared to neutrino leptonization

Signal (e. o IceCube) [Pagliaroli, Vissani, Coccia, Fulgione, (PRL,2009)]

[Halzen and Raffelt (2009)]

[Raffelt and Weiler, in preparation]

accuracy to msec/time ~ 300km /D ~ 10-4 (kpc/D)

appears that comparison of arrival times at multiple Xpts,
neutrinos vs gravitons,

will be dominate error.
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The mathematics of Einstein’s equations allows logical paradoxes, including
the temporal confusion of cause and effect, the mixing of past and future
times that occurs 1if any particle travels faster than light. Whether Nature has

chosen to adopt this bizarre option 1s one of her deep secrets. However,
incredibly sophisticated and sensitive instrumentation 1s now able to
investigate this option, by measuring pre-arrival times.

(And a new revolution 1s overdue.)

-- THE END --
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Usain Bolt at the Beijing Olympics
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Meanwhile, have neutrino events from Supernova 1987A (LMC)

CHANDRA X-RAY HST OPTICAL

" From 170,000 light-years away, 30 /. events arrived just a few
hours before the light signal.

 Had the nu’s preceded light by the OPERA amount, they would
have arrived four years earlier.
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Neutrmo the quantum that never fails | to. surprlse |
- * starting with (maximal) parity violation
* our best-bet portal to the weird side
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Figure 1.1: Regions explored using natural (blue) or artificial (red) neutrino sources. Solar and
atmospheric oscillations occur below the black lines.




