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Motivation

Motivation

Emergent symmetries

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

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

LCFT → LCFT + kLVOµ1..µn → LCFT + klVOµ1...µnu
µ1 ...uµn

Unitarity:
dim Oµ1..µn ≥ d − 2 + n

⇓

Dangerous only

d − 1 ≤ dimOµ ≤ d
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General argument and the model

Idea

∗

Λ
∗

RG scale

fundamental description
without Lorentz invariance

1 TeV

ΛIR

Standard Model with 

strongly coupled physics

IR
(Λ   /Λ  ) Lorentz violating corrections  

α
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General argument and the model The model

Holographic model

6

-

x

u

AdSd+1

UV IR

Sbulk

SLV BC

?

−
∫
dd+1x

√
−g ı

(
ψ̄ /Dψ −Mψ̄ψ

)

SUV = −ı
∫
ddx
√
−gind ψ̄−ψ+ B± : ψ±|IR = 0

ψ = ψ+ + ψ− : Γuψ± = ±ψ±
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General argument and the model The model

Holography for fermions

ψ−(~p, u) = (pu)(d+1)/2
(
χ1(~p)JMl+1/2(pu) + χ2(~p)YMl+1/2(pu)

)
,

ψ+(~p, u) = (pu)(d+1)/2 ipµΓµ

p

(
χ1(~p)JMl−1/2(pu) + χ2(~p)YMl−1/2(pu)

)
,

Ml > − 1
2 , ψ− as a source.

Boundary conditions B+ : no massless mode
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General argument and the model The model

Violating Lorentz invariance

From CFT side :

S = SCFT + Sχ + Λ−Ml
∗

∫
ddx χ̄Oψ ,

⇓
dim Oψ = −Ml + d

2
7−→ −1

2
< Ml < 1

2

From AdS side:

SUV = −b
∫

ddx ı(ψ̄−γ
0∂0ψ− + v ψ̄−γ

i∂iψ−) .

ω = ±|k|
[

1 + (v − 1)(1− 2Ml) b
l

(
l
L

)1−2Ml]
, 2

d
2
−2 components
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General argument and the model The model

Interpretation

Leff = −χ̄1γ
µ∂µχ1 + (1− 2Ml)

b

l

(
l

L

)1−2Ml

χ̄1(γ0∂0 + vγ i∂i )χ1

RG towards alternative quantization:

δLCFT ∼ l1−2MlŌ′ψγ0∂0O′ψ, dimO′ψ = −Ml + d
2

Generalizes to arbitrary kinetic term:

Lχ′ = χ̄(γ0∂0 + γ0Ω(−∆))χ
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Anisotropic model Lifshitz space

Anisotropic background

Definition of LS:
t 7→ λz t
x 7→ λx, u 7→ λu

Dual viewpoint:
dim Oµα = d + α,
α = α(d ,M, L).

6

-

x

u

AdSd+1LSd+1

SV = 1
16πκ

∫
dd+1x

(
R − 2Λc − 1

4FMNF
MN − M2

V

2 VNV
N
)
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Anisotropic model Lifshitz space

Results and interpretation (LS)

S = −
∫

dd+1x
√
−g iψ̄

(
/D − ξ /D(V ) −M

)
ψ,

⇓

ω = |k|
[

1 + a1(1 + 2Ml)

(
l∗
L

)2αV

+ a2(1 + 2Ml)

(
l∗
L

)1+2Ml]
.

m

δSCFT =

∫
ddx

(
c1 l

αV
∗ O0

V + c2 l
1+2Ml
∗ Ōψγ0∂0Oψ

)
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Anisotropic model Lifshitz space

Counter-example

SO(d − 1) 7→ 2
d−3
2 components

/m

SO(d − 1, 1) 7→ 2
d−1
2 components
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Anisotropic model Lifshitz space

Counter-example

Oψ =

(
OU

OD

)
S = SCFT + lMl

∫
d3x χ†UOU + b

∫
d3x χ†U

(
i∂0 − Ω(−∇)

)
χU ,

- consistent with spatial isotropy!

SUV = b

∫
u=l

d3x ψ†−,U
(
i∂0 − Ω(−∇)

)
ψ−,U ,

⇓

ω = Ω(k2)(1− 2Ml)
b

l

(
l

L

)1−2Ml
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Conclusions

Conclusions

LI can be emergent

Weyl fermions are reproduced

Expanding theory to gauge fields

The role of discrete symmetries
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Conclusions

Dirac equations

S = −
∫

dd+1x
√
−g ı

(
ψ̄ /Dψ −Mψ̄ψ

)
+ S∂ ⇒ ( /D −M)ψ = 0

/D = eM
A ΓADM , DM =

(
∂M +

1

2
ωABM ΣAB

)
, ΣAB =

1

4
[ΓA, ΓB ]

ωAB
M =

1

2
eA

N∇MeBN , eM
A = (u/l) δM

A , ωuβµ = ηβµ/u

/D =
u

l

(
Γu∂u + Γµ∂µ

)
− d

2l
Γu
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Conclusions

Massive states and high momenta

p

L0

j̃ (1) j̃ (2) j̃ (3)

(pL)1+2Ml

J (pL)
= 2(v − 1)

b

l

(
l

L

)1−2Ml

k2L2
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Conclusions

Domain-wall geometry

SV =
1

16πκ

∫
dd+1x

(
R − 2Λc −

1

4
FMNF

MN − M2
V

2
VNV

N

)
,

ds2 =

(
l

u

)2

(−f 2(u)dt2 + dxidxi + g2(u)du2),

Vt =
2

MV u
f (u)j(u), Vi = Vu = 0 , l2 = −d(d − 1)

2Λc

f = f0(u/l∗)
1−z , g = g0 , j = j0 , u → 0 ,

f = 1 + f∞(u/l∗)
−2αV , g = 1 + g∞(u/l∗)

−2αV , j = j∞(u/l∗)
−αV , u →∞ .

αV = −d

2
+

√(
d

2
− 1

)2

+ (MV l)
2
.

I. Kharuk (МФТИ & ИЯИ) 1 December 2016 17 / 14


	Motivation
	General argument and the model
	The model
	The model
	The model

	Anisotropic model
	Lifshitz space

	Conclusions

