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Is Lorentz symmetry exact?

¥ Explore depatures fom LS

¥ Explicit violation of LS incompatible with
general elativity

¥ Consider spontaneous LSdaking:
the action Is Loentz invariant (and generall
covariant),
but the vacuum is not
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Sigma-model

SO(3,1)/SO(3) o V,VF =M?

/

preseive spatial iIsotpy

Einstein-aether T. Jacobson, D. Mattingly (2001)
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Requies UV completion:! ! [V

2d toy-models mg be usefubetter guantum
properies
C. Eling, T. Jacobson (2006)
|

S=  d | " VIV L ot Vg
#
| gt VHOB eV + &(VHV, T 1)

/ \

violates parity VVH =1
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Work In light-cone coodinates x* = J.%(t + X)

IntroduceOraidityO Peldy = “Le"

— /dx+dx! g_lz{!+"!. ("') (|+ )2e2I (')(| )Ze! 2!}
g_2!1+!2 T

¥l orentz symmety is realized non-lineayl
(Tt ) (et e B )+ 8

¥Renormalizableyppower-counting
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One-loop RG Rav
g” does not run
2]

d ) 97 2)
dlogA " /1T Ty T,

¥InUV:j.,! O < theory Bows to the
free Lorentz irvariantlimit

¥ In IRthree cases

iy 4, 0, 4
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One-loop RG Rav

)T )T
s~ | g°f
dlog! r 11— 3

Infrared pole 5 = 1 at Pnite scaledp=  sling
coupling In IR

by =

No physical runningchange of3  Is compensated
by the shift of!
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One-loop running

T i) T

di_ g7
dlog! o112
niR "1 "
1 # |
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| 2= g4/!
’ a3
dlog! 2!

theory 3ows to a weakl coupled point
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Propagation of signals

>, 11
1+ |

Fix backgound
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Propagation of signals

G-y =0
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Propagation of signals

T )

Vi = = + 1+ 12 Ve =! + 1412

The right-mos/ing mode isuperluminal
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Restoration of Loentz Irvariance

No spontaneous keaking of continous symmetries in 2d
N.D. Mermin, H. Wagner (1966)
S. Coleman (1973)

Average aer classical vacua.

Example2d ferromagnet Superliminalt Einstein-aether

Instead of spontaneous LSglaking d.oentz ivaiant
model withsuperluminal gpagation
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| orentz invariant causal structerd > 2

causail

disconnected
X

\

~causail
disconnected
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| orentz Irvariant causal structes:2d
1
X~ xt
future

causall

causajl X past
disconnecte

disconnected future
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Hints at integrability3,_y =0
I B |
S = dx™ dx @ (9+ @Da_w+ E
¥ symmety: __ .
PO ) I (XT), g(x ) # S logf (xT) + Slogg (X )

2
4+b \

f = arbitrary

cxt +d
N.B.halfof conbrmal symmety

¥ InPnite mmber of integrals of motiori . g = 0
q= (1, ")%! 17" | ﬁ!! |," e

2
¥ General classical solution

(0 )€

¥ Renormalizableyonormal odering
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Hints at integrabilitygeneral case
Equation of motion:
200 " I ()2 e e 12 (1) e =0
equivalent to zev-curvature condition:
. +V,!, +U]=0
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Coupling to graity
Statt from the Einstein-agtheofrg of the action
a

Sgr = o dr\/—g R+ p? +Spa(9uv, Vi)

Fix conbrmal gauge dpp  Einstein-aether sector
contributes to the Liouville action as a single scalar boso

+ explicit coupling to the Liouville Peld
S=Sea(',")+S.(1)+...

Sea = /dzx{—z%&%(&#' J+ D #(048) 2+ S LE#2 (% (&# ))2}
g 2g 2g°
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Prospects

¥Toy models ér issues elated to causality

Weak coupling to adinary (massig) pelds

S :/dzx<!+"!!" m #(+) (") +#( L1, )2'2>

2

P ppaentOa-causal efftsO

¥ Toy models ér extraction of inbrmation
from black holes
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Prospectsmore ambitious

Consider EA as (a paof) world-sheet action of a string
Possible action:

S— dx L7 DO (1 @)1 XD i
— 92 + ! - - + !
%
ﬁ 2||"# 2 i2$
+oge O+ OX)T +81(0) +

The resulting theoy will be UV completegcontain graity
and possess wisual poperties:a-causality Aon-locality ?

If It exists ...
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At stake: holidays at * Centauri
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