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Is Lorentz symmetry exact?

e Explore departures from LS

e Explicit violation of LS incompatible with
general relativity

e Consider spontaneous LS breaking:
the action is Lorentz invariant (and generally
covariant),
but the vacuum is not
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Sigma-model

SO(3,1)/50(3) e V,VF = M?

/

preserve spatial isotropy

Einstein-aether T. Jacobson, D. Mattingly (2001)
g /d4x[ — B, VIOV — an(9,VH)?
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Requires UV completion: A <

2d toy-models may be useful: better quantum

properties
C. Eling, T. Jacobson (20006)

/ \

violates parity V,VH =1
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Work in light-cone coordinates = \1[
Introduce “rapidity” field: '+ = %eiw
B

S = / dv* do — {Ma v+ 29,0 4 PO 0y w}

/ 1 —Qug = Q3

_ By =
g 2001 + ao &) 7 201 + as

* L orentz symmetry is realized non-linearly:
YlaT,a7) = el e VaT) +y

* Renormalizable by power-counting
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One-loop RG flow

92 does not run

dBx) 9% B+)
dlog A 7T\/1 — B+)B(-)

* InUV: 5., — 0 g theory flows to the

free Lorentz invariant limit
e |n IR:three cases

B4pB—y: ++, +0, +-
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One-loop RG flow

By =By =P
ag g°p
dlog A 77\/1 — 32

Infrared pole (7 — 1 at finite scale =B strong
coupling in IR

G-y =0

No physical running: change of 7 is compensated
by the shift of
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One-loop running
B4 = =B =0

8 g
dlog A\ /1 + (52
InIR 7 — oo

1
S = 2—%2/da:+da:_ [(&rw)Zew — (O_yp)?e™ %Y

7

=g’/ 3

dc e

dlog A~ 2r

theory flows to a weakly coupled point
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Propagation of signals
Bty =B =0
Fix background ¢ = () g2 U =
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Propagation of signals

G-y =0
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Propagation of signals

By =By =0

v =—B+/1+ 3 vp =B+ 1+

The right-moving mode is superluminal
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Restoration of Lorentz invariance

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

Average over classical vacua.

Example: 2d ferromagnet Superliminal Einstein-aether
N?
7y =\
AT I
¢ Jﬁ /\ - \\
\/ ’/&/ P f‘ |
X & N T
Y N\ 4

Instead of spontaneous LS breaking a Lorentz invariant
model with superluminal propagation
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Lorentz invariant causal structure: d > 2

€

causally
disconnected
X

\

causally
disconnected
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L orentz invariant causal structures: 2d
't

causally
disconnected

causally x
disconnected

Positive-definite Hamiltonian for evolution along x"

H, + = /d:cQ’;Q [(&rw)zew + (0_1p)*e 2
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Hints at integrability: 3_y =0
S = /dI+dCE' g (94.@08 w—l— 6(@+¢)2 29

* symmetry:

YT, 27) = (f(h),g(27)) — 5 log f'(z™) +

2
4“9 \

— arbitrar
/ cxt +d 4

N.B. half of conformal symmetry

1 B
log g'(z7)

l\Dlr—\

* |nfinite number of integrals of motion 0. ¢ = 0

0= (0-0) — %~ D0 0,

e General classical solution

* Renormalizable by normal ordering
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Hints at integrability: general case

Equation of motion:
20401 + B4y (039 + (044)?) e + By (029 — (0-1)%)e ™" =
equivalent to zero-curvature condition:

0+ +V,0_-+U]=0

1 N o, 1 Mo,
ao _ + ao _ bo_ bo_
U=or 1T e ()\ Y )e A ()\ Y )e

V: ao _ ao _ o _ O _
D Wi <A+)\)e AT ()\+)\>e

a = _8—¢ T )\—8+w62¢ b= —ﬁ_w + )\+5’+@bew S — e_2¢
(0 1
2 g2 77 \0 0
6(+)_)\+—|-)\_ (_)_)\+—|-)\_ (0 0
==\1 0
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Coupling to gravity

Start from the Einstein-aether form of the action

1
Sqr = ok de\/ —g (R + ,LLQ) +SEA<QMV7 V,LL)

Fix conformal gauge o> Einstein-aether sector
contributes to the Liouville action as a single scalar boson

+ explicit coupling to the Liouville field

S = Spald, )+ Sr(¢) + ...

Sea= [ d%{éwawww
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Prospects

® TJoy models for issues related to causality

Weak coupling to ordinary (massive) fields

2
Sy = /d% <0+X@x - T 0,02 + 7H(@x)QeQ‘”)

2 2 2

s apparent ‘a-causal effects”

® Toy models for extraction of information
from black holes
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Prospects: more ambitious

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

1 -
S — / d%{? 0, 00_(1h — ¢) — 0, X'0_X']

b2 [0+ (0. X] |+ 50(0) +

The resulting theory will be UV complete, contain gravity
and possess unusual properties: a-causality ! non-locality ?

If it exists ...
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At stake: holidays at « Centauri
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