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Motivation

@ Emergent symmetries

e Common phenomena in condensed physics:
Vafec, Tesanovic, Franz: cond-mat/0203047

e Perturbative Lorentz violation
Nielsen, Ninomiya, Chadha: Nucl.Phys.B 141, 153 & 217, 125

@ Improving UV behaviour of the gravity

@ The role of discrete symmetries?
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General argument and the model

General argument

Lcrr = Lerr + kivOpy oy — LT + kv Oy, uH it

Unitarity:

dim O >d—2+4n

H1--fn
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General argument and the model

General argument

Lcrr = Lerr + kivOpy oy — LT + kv Oy, uH it

Unitarity:

dim O >d—2+4n

H1--fn

Dangerous only
d—1<dimO, <d J
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General argument and the model
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Holographic model
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Holographic model
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Uiz G
Holography for fermions

Y_(p,u) = (PU)(dH)/2 (Xl(ﬁ)JM/+1/2(PU) + x2(P) YM/+1/2(PU)) )

. ip, T . .
Yy (p,u) = (PU)(dH)/szT(Xl(P)JM/—l/z(PU) + x2(B) Ymi—1/2(pu)) ,

Ml > —1, 1_ as a source.

Boundary conditions B : no massless mode
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Violating Lorentz invariance

From CFT side :

S= SCFT+SX+A;M’/ddx>ZO¢ ,
4

dm Oy =-M+2¢ — LM<l
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Uiz G
Violating Lorentz invariance

From CFT side :

S = Scrr + S, + A [ a0,

4

dm Oy =-M+2¢ — LM<l

From AdS side:

Suv = b [ a1+ v 0).
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Violating Lorentz invariance

From CFT side :

S= SCFT+SX+/\;M’/d°’x>ZO¢ ,
4

dm Oy =-M+2¢ — LM<l

From AdS side:

Suv = b [ A2 00w+ v 0).

1-2M)
w = +k| [1 + (v —1)(1—2MI)* ({) } , 2772 components }
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Uiz G
Interpretation

b 1—2M1 '
Lefr = —X17"0ux1 + (1 — 2/\/7/)7 (Z) ¥1(7%90 + vv'9:)xa

@ RG towards alternative quantization:
SLcpr ~ I'2MO) 200, dimO), = —MI + §

@ Generalizes to arbitrary kinetic term:

Ly =X(7°90 +7°2(-1))x
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Lifshitz space
Anisotropic background

@ Definition of LS:
t— A\t

X=X, U= Au

LSq41 AdS441

@ Dual viewpoint:
dim Ot = d + a,
a=ald,M,L).

Sv = 1k J ¥ x (R—2Ac — § R MM — 20 vy )
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itz gpae
Results and interpretation (LS)

S=— / /=g i (D — D™ — M),
Il

/ 2ay / 1+2Mi
w= |k|[1+a1(1+2MI)(I*> +a2(1+2M/)<I*) ] .

)

5Scrr = / déx(c1 1PVOY + ¢ [F2MO,09,0,)
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Anisotropic model

Counter-example

S50(d—-1)— 27 components

)

S0(d —1,1) — 2%components
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GBI LS Lifshitz space

Counter-example

o~ (o)
S = Scer + 1M / d®xx},0u + b/d3xXL(iao —Q(-V))xu ,
- consistent with spatial isotropy!
Suv = b [ dixul (it~ 2A=T))v-v
I

w=QK*)(1 - 2/\/1/)17’ ({) o
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Conclusions

@ LI can be emergent
@ Weyl fermions are reproduced
@ Expanding theory to gauge fields

@ The role of discrete symmetries
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Dirac equations

S—— / 4 xy/=g (BB — MIY) + Sy = (D — My =0
D=elTDy, Dy= (3/\// + %WABMZAB> , M= %[rAa o]
1
WﬁxlB - Eef\‘lvMeBNa ef(’ = (u/l) 5% s Wy = Npp/U

_Yiru ng Y _ 9
D= /(F Oy +TH0,) 2lr
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Conclusions

Massive states and high momenta

o j@ 6

(pL)1+2MI _
e vy
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Domain-wall geometry

Sy = L/dd“x R —2A — lFMNFMN My 0%
167k 4 2 ,
N2
ds? = (;) (—F2(u)dt® + dxidx; + g°(u)du?),

2

, d(d 1)
= .= = 2 = —
Vt - Mvuf(u)./(u)a ‘/l Vu 07 /

2A,
f:ﬁ)(u//*)l_za g:g()aj:j()a U—)O,
F=14+"fo(u/h)2, g =1+g0(u/L) 2, j=ju(u/L)™ ™, u—o0.

av=—%+\/<g—l)2+(’wv1)2~
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