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General framework

Following the proposal by P. Horava: 08013775
Theory of quantum gravity with

/N z = 3 scaling in the UV (power counting renormalizable).

/\ Space-time endowed with a preferred 3 + 1 foliation (z°. 7).

/\ Invariant under foliation preserving Diff
z* > (2, 1), t— f(@).
/A Naively approaching GR in the IR (in the preferred foliation).
£ = M3 /AN |(K5K7 - AK? + O R) + O(1/M3) Vig] + MZA

A X — 1is a problematic limit (A=A -1 — 0)
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General framework

Extending the proposal by P. Horava: 0909.3525
Theory of quantum gravity with

/N z = 3 scaling in the UV (power counting renormalizable).

/\ Space-time endowed with a preferred 3 - 1 foliation (z’.%).

/\ Invariant under foliation preserving Diff
zt v 2 (2, 1), t— (D).
/A Well defined dynamics in the IR and generality.
£ \/—x(ﬂj K% XK+ ®R 1 aN—2499,N9:N
L O/ M2) Vvs,0:In N (3;)] + Mé.--\)

e o, J; — 0, non-projectable case

/A No GR in the IR

irsa: 09110056 ® o — OO0, prcjectable case (aif\r = []'., N :Paﬂavgl{gt))
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Degrees of freedom: the generic case
The contributions at quadratic order come from (a; = N='9; N)
e (dim 2) R, aa;a’
e (dim 4) R-, R;R”7, 3;RV;a’, 3.a;Ad’

e (dim 6) (V;Ry)-, (V:R)", 3:ARV;a’, 3ia;A-a’

Around Minkowski (scalar sector, tensors as in GR up to O(JIF_.EJ)

Nl Lo N —C);B Vi — 05 —2f 05 — &% o Qaidj E
- VA | A A

After gauge fixing, the remaining scalar DOF is described by

= > T AR =0 5 M ZA,
oy el GE P T
A — ]_ Q_._?If[i:_._Alr CE_:

A i Ty s _:');\—]_ P::_-ILIF_:.A.,CE]
A\ “Regular™ DOF for: — > 0, A0TA )

e (gapless mode with ¢-(A) and ¢-(0) # 1) Page 6139
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General framework

Extending the proposal by P. Horava: 0909.3525
Theory of quantum gravity with

/A z = 3 scaling in the UV (power counting renormalizable).

/\ Space-time endowed with a preferred 3 + 1 foliation (z7.1).

/N Invariant under foliation preserving Diff
gt (2, 1), t— (D).
/A Well defined dynamics in the IR and generality.
L= V-?ﬁ-’(ﬂ}jffff —AK>+ ®R 1+ aN2499,NO;N
L O/ M2) V]y;,8: In N (3;)] —M;..-x)

A NoGRinthelR ® & 7; — 0, non-projectable case
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Degrees of freedom: the generic case
The contributions at quadratic order come from (a; = N~'9; N)
e (dim 2) R, aa;a’
e (dim 4) R-, R;RY, 3;RV;a’, 3.a;Ad’
e (dim 6) (V;Ry)", (V;R)", 3:ARV;a’, 3.a;A"a’

Around Minkowski (scalar sector, tensors as in GR up to O(;'U_E])

:\I’T:]_—CJ, :\rf;— C) B :rij—Q é,J—ﬂ L‘—)C}C)E
VA A A

After gauge fixing, the remaining scalar DOF is described by

= s [2(3A—1) -2 P Mo A,
@ ¢ = M ( ).z, F al N
A—1 Q ?I“_r A CEJ

i . TR P[M,*Aa ;
/\ “"Regular” DOF for: 3}':‘_11 > 'UF_-_\ a]] >0 0<a<?2)

09110056 (gapless mode with ¢ (A) and c- D] £ §) page 8139
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Degrees of freedom: the generic case
The contributions at quadratic order come from (a; = N=1a;N)
e (dim 2) R, aa;a’
e (dim 4) R-, R;R7, 3RV ;a’, 3.a;Ad’
o (dim 6) (V:Ry)>, (V:iR)?, 3sARV;d’, 3ia;A%a’

Around Minkowski (scalar sector, tensors as in GR up to O(;'U_E))

- o O e 52:9;

After gauge fixing, the remaining scalar DOF is described by

> [2(3XA—1) -2 PJI A
£ — M ( — )L' - - QJAL‘
A 1 Q ?I“_f A,CEJ

- - - %1 P[M;"A,al 2
A "Regular” DOF for: ==—= > 0, DI A ] >0 (O<a<?2)

oot10056 (gapless mode with ¢-(A) and ¢- 0] =23 Page 519




Degrees of freedom: particular limits

~ [HIA—F) = PIM-A. a
L :J,-Ii;{ [' ]L-' e P_j &]AL}
1 QM A, o]

» Projectable case: a — . Sotiriu, Visser, Weinfurtner 00052708

e Imaginary sound speed at low energies: c-(0) = _.;}\_—11 <0

e T he instability can be cut-off at p ~ Mp,

w” = 2 (0)p” + O(p” | M3)

still the decay rateis [ ~ |¢.(0)
(T < H, implies 6, < 10—+").

Mp,ie.oneneeds A\ — 1 < 1

» Non-projectable case: a. 7, — 0.
e Q[M;"A,a] = 0: singular limit (extra constraint).

e NO extra DOF around Minkowski at quadratic order :
Pisa; 09110056 2 polarizations (4 initial conditions). Page 10139



irsa:

Degrees of freedom: the generic case
The contributions at quadratic order come from (a; = N=19;N)
e (dim 2) R, aa;a’
e (dim 4) R-, R;R7, 3,RV;a’, 3.a;Ad’
e (dim 6) (V;Rx)", (V:R)", 3:ARV;a’, 3ia;A"a’

Around Minkowski (scalar sector, tensors as in GR up to O(_ﬂ[_z))

y == s _f._  #a 59:9;
N :]_—CJ, :\E:\/—IB ‘“U:lﬁj—z((’?u— _\) o — A

After gauge fixing, the remaining scalar DOF is described by

o s [2(3A—1) -2 JI 7 3
e — R ( )L' — : QJAL'
a1 Q ?I“_f A CE_|
o = 5 Pi:_-lf;;_\.cx] 5
A "Regular” DOF for: 5= > 0, A >0 (0<a<?)

AT (gapless mode with ¢-(A) and ¢-(0) # 1) page 14120



Degrees of freedom: particular limits

i - F2EN—1) -o P M, A
"-"-"I::JIIE{ ( ]L-" o — a| L}

A—1 - QM. “A, al
» Projectable case: a — oc. Sotiriu, Visser, Weinfurtner 09052798
e Imaginary sound speed at low energies: ¢-(0) = f‘,\ <0

e [ he instability can be cut-off at p ~ Mp,
w? = (0)p” + O(p* / Mz)

still the decay rateis ' ~ |¢.(0) Mp, i.e. oneneeds A — 1 < 1
(T < H, implies )\, < 10—+").

= Non—projectable case: a. 7 — 0.

e Q M_"A.a = 0: singular limit (extra constraint).

e NO extra DOF around Minkowski at quadratic order :
Pisa; 09110056 2 polarizations (4 initial conditions). Page 12139



Degrees of freedom: particular limits

- 2R —1) o
‘f-fi'c:iu;.{‘(g’)‘ 1).2  P[Mp AQ]AL}

A—1 - QM. a
» Projectable case: a — 0. Sotirin, Visser, Weirdfustres 050057798
e Imaginary sound speed at low energies: c-(0) = i_l <0

e T he instability can be cut-off at p ~ Mp,

[ |

w> = e (0)p" + O(p” / M3)

still the decay rateis I' ~ |c.(0)|Mp, i.e. oneneeds A —1 < 1
(I < H; implies 60X, < 1U_: 2 3

» Non-projectable case: a, 7, — 0.
e Q[Mz-A,a] = 0: singular limit (extra constraint).

e NO extra DOF around Minkowski at quadratic order:
Pisa; 09110056 2 polarizations (4 initial conditions). Page 13739



Degrees of freedom: non-linear analysis
The equations of motion (gauge N; = 0) 0906 3046

e (Constraints:

6N :—K; KVt AK-+V][gs, 3] +af(N) =0, SN :V;K?-AV'K =0

e Dynamical equations:

677 : — =AKY — X" K) +--- =0, (77 =2NKy)

Cauchy data (N, v;;, K;;) = 13 variables
» a, 3; Z0: 0N fixes N (@ — oco: f(N) =0,1.e. N = N(t))
13 — 4(const.) — 3(resid.) = 6 initial conditions.

» a=3;=0: d;0N # 0, i.e. secondary that fixes N
13 — 5(const.) — 3(resid.) = 5 initial conditions.
A\ Clash with the analysis of Minkowski at quadratic order!

Pirsa: 09110056 Page 14/39



Degrees of freedom: particular limits

s [2BA-1) .2 PIME A,
"-"'L‘,:JI;{ ( 0 al_u}

A—1 | Q M.~
» Projectable case: a — oo. Sotiriu, Visser, Weinfurtner 0905 2708
e Imaginary sound speed at low energies: c-(0) = —;‘A__ll < 0

e [ he instability can be cut-off at p ~ Mp,

|

w> = (0)p* + O(p” / Mp)

still the decay rateis ' ~ |¢.(0)
(T < H, implies ), < 10—-).

Mp,ie.oneneeds A\ — 1 <« 1

» Non-projectable case: a, 3, — 0.
e Q[Mz-A,a] = 0: singular limit (extra constraint).

® NO extra DOF around Minkowski at quadratic order:
Pisa; 09110056 2 polarizations (4 initial conditions). Page 15139



Degrees of freedom: non-linear analysis
The equations of motion (gauge N; = 0) 0906.3046

e Constraints:
6N :—K; K9 - MK+ Vg, 3:] +af(N) =0, N :V;K9-_AXV'K =0

e Dynamical equations:

oy : — a(KJ — M K)+---=0, (77 =2NK;)

Cauchy data (V. vy, &) = 13 variables

» a, 3; £0: 0N fixes N (a — oco: f(N) =0, i.e. N = N(¢))
13 — 4(const.) — 3(resid.) = 6 initial conditions.

» a= 3 =0: ;0N # 0, i.e. secondary that fixes N
13 — 5(const.) — 3(resid.) = 5 initial conditions.

A\ Clash with the analysis of Minkowski at quadratic order!
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Degrees of freedom: non-projectable case

The seconday constraint

Cs=V:[N"(A—1)V'K - O(Mz"){K D:fi(R) + £.(R)D:K}] =0.

» For K; = K; -k, N= N + ¢ with K;; =0,

-

C.=(A—1)[2V;NV'k + NA&| + O(MZz)fs(7,k) + O(e7) = 0.

This fixes k, not o! (o fixed by a putative EOM: & ~ Ao).

» For V;K7 ~ L=2 #£0, and perturbations with w, p > L1,
e For w ~ p: 2 polarizations (TT part).
e For w > p: 1 polarization (x) with first order DE,
Np*
G = —— ~ (pL)"p > p.
TEETrY sl

: 09110056 Page 17/39




Degrees of freedom: non-linear analysis
The equations of motion (gauge N; = 0) 09063046

e Constraints:

ON :—K; K94+ MK+ V][gy, 3:]+af(N) =0, SN :V,K7-AV'K =0

e Dynamical equations:

oy - — '()f(KU —AM2K)+---=0, (BY = QA-'K;}-)

Cauchy data (V, vy, K;;) = 13 variables

» a,3; £0: 0N fixes N (a — oco: f(N) =0, i.e. N = N(t))
13 — 4(const.) — 3(resid.) = 6 initial conditions.

» a=3;=0: d;0N # 0, i.e. secondary that fixes N
13 — 5(const.) — 3(resid.) = 5 initial conditions.
A\ Clash with the analysis of Minkowski at quadratic order!
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Degrees of freedom: non-projectable case

The seconday constraint

C.=V;[N*(A—1)V'K + O(M7>){K D:ifi(R) + -(R)D:K}] = 0.

» For f{,;j == f_&r,'j +r, N = N — o with Rrgj' —4).
C: = (A —1) 2V:NV'k + NA&| + O(Mz")fs(7, %) + O(e’) =0.

This fixes &, not o! (o fixed by a putative EOM: & ~ Ao).
» For V;K7 ~ L=2 #£0, and perturbations with w, p > L1,
e For w ~ p: 2 polarizations (TT part).
e For w > p: 1 polarization (x) with first order DE,
Np*

w = ———— ~ (pL)p > p.
(1 —3\)pid, K
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Degrees of freedom: non-linear analysis
The equations of motion (gauge N; = 0) 0906.3046

e Constraints:
ON :—K; K9+ MK+ V]gs,3;]+af(N) =0, SN’ :V;K-AV'K =0
e Dynamical equations:
i = 0 = 1 .- - -
Y : — —(K? —X?K) +---=0, (77 =2NK;)
ot
Cauchy data (V. y;;, K;;) = 13 variables

» a, 3; Z0: 0N fixes N (@ — oco: f(N) =0,ie. N = N(t))
13 — 4(const.) — 3(resid.) = 6 inttial conditions.

» a=3; =0: d;0N £ 0, i.e. secondary that fixes N
13 — 5(const.) — 3(resid.) = 5 initial conditions.
A Clash with the analysis of Minkowski at quadratic order!
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Degrees of freedom: non-projectable case

The seconday constraint

C.=V:[N*(A—1)V'K + O(Mz>){K D:1fi(R) + £(R)D:K}] = 0.

» For K; = K; -k, N= N + ¢ with K;; =0,
= (A—1) 2V ;NV'k + NAk| + O(Mz°)fs(v,K) + O(e7) = 0.

This fixes k, not o! (o fixed by a putative EOM: & ~ Ao).

» For V;K7 ~ L=2 #£0, and perturbations with w, p > L1,
e For w ~ p: 2 polarizations (TT part).
e For w > p: 1 polarization (x) with first order DE,
Np*
TR s
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Stuckelberg formalism

Diff invariance is naively restored by adding the DOF of the
foliation p(x):

» surfaces of the foliation defined by p(z) = ct.

» t— f(t) promotes to p — f(p).

., -7 ~
» dt promotes to u,dr* = —LE==dz*, (§’ to P* = 0¥ — u’u,).
' 2 \’.-"Ill g._“x f.—:j_;: f—“:";:ﬂ [ L L’

The other objects

= k.. — Pwﬂvj u” . IS]R;J,-H — Pf:PjP; P;E[_LIRm_g_”_q—i—,’(ji_f,(:yf_,{'g}(:pp
A Extended covariant action
e— *'Mf; I:Vf—_g (—HﬁR + (1 —AK +aP*V, u%V, ug) g O(lﬁﬂfﬁ, ) V]

e Clear advantage of this formalism: GR+scalar field p(x)
e Most general action with dimension 2 operators ( p| = L™"),
invariant under Diff and reparametrizations of p!

Pirsa: 09110056 Page 22/39
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Degrees of freedom: non-projectable case

The seconday constraint

Cs=V:[N"(A—1)V'K - O(Mz"){K D:fi(R) + £(R)D-K}| =0.

» For K; = K;; -k, N= N + o with K;; =0,
C. =(A—1)[2V;NV'k + NA&| + O(Mz°)fs(7,k) + O(e7) = 0.

This fixes k, not o! (o fixed by a putative EOM: & ~ Ao).

» For VK7 ~ L=2 #£0, and perturbations with w, p > L1,
e For w ~ p: 2 polarizations (TT part).
e For w > p: 1 polarization (k) with first order DE,
?_Jpj‘
TErr s
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Stuckelberg formalism

Diff invariance is naively restored by adding the DOF of the
foliation p(z):

» surfaces of the foliation defined by p(z) = ct.

» t— f(t) promotes to p — f(p).

3,
» di promotes to u,dr* = ——===dz*, (§} to P* = 6* — utu,).
I \.*"f g 'j.'..: J'—}":)rJ o

The other objects

R—e'j = K:x.au — P:rjvj U{T, IS-IREJ;;I:E e Pf: PEP; P,'_;Q"J"Rm_gn__.,g—i—ﬁCEKpg—K'ﬁﬁ:pp
/A Extended covariant action
L= M2 [\/—_g (—””"R 1 (1— MK +aP*V, 4%V, u,,) L O(1/M3) 1]

e Clear advantage of this formalism: GR+scalar field p(z)
e Most general action with dimension 2 operators ( p| = L™"),
invariant under Diff and reparametrizations of p!
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Degrees of freedom: non-projectable case

The seconday constraint

C.=V,;[N*(A—1)V'K + O(M;>){K D:fi(R) + -(R)D:K}]

—0

» For K;; = K;; -k, N= N - ¢ with K; =0,
Cs = (A—1) [2V;NV'k + NA&] + O(Mz")fs(7,5) + O(e) = 0.

This fixes &, not o! (o fixed by a putative EOM: & ~ Ao).
» For V;K7* ~ L=2 #£0, and perturbations with w, p > L1,

e For w ~ p: 2 polarizations (TT part).
e For w > p: 1 polarization (x) with first order DE,
ﬁrp4 -

W = = —,N(PL);I}??’P*
(1 —3)\)pid, K
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Stuckelberg formalism

Diff invariance is naively restored by adding the DOF of the
foliation p(x):

» surfaces of the foliation defined by p(z) = ct.
» t+— f(t) promotes to p — f(p).

) T -
» di promotes to u,dr* = ——=—dz*, (§} to P* = 6* — uu,).
v gy D_L.: pd, p .

The other objects

E -E._ _PF.N'w Y5, PP PPr K. KK,
/A Extended covariant action
L= M2 [\/—_g (—”"R 1 (1 — MK +aP*V, 4"V, -u,,,) L O(1/M3) 1]

e Clear advantage of this formalism: GR+scalar field p(r)
e Most general action with dimension 2 operators ( p| = L™"),
invariant under Diff and reparametrizations of p!

Pirsa: 09110056 Page 26/39



Stuckelberg formalism: EOM

Equations of motion:
» 10 coming from 0g,, (1 constraints)
» 1 coming from dp: V, J¥ =0 with u, J* = 0.

Different gauge choices

e Unitary gauge: p(r) = ?: non covariant results reproduced.

» Only 3 residual tr: p = & = 0. Extra DOF in the metric!

» The EOM for N turns into the secondary constraint

V.J' =V((1-—X)NV'K+...)=0.

e Any other gauge has 1 residual inv. BUT
A The EOM for p is in general of forth order!

-

K~ (COp+...)

Puzzle solved (at linear order) choosing the frame (background)
p = t: the EOM for ( = p — p are of first order in time.

Pirsa: 09110056 Page 27/39
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Stuckelberg formalism: instability and

strong coupling

Phenomenologically we expect |6\ < 1 (scalar+tensor 6\ ~ 10~ ")
Thus the decoupling limit is physical: £ = M2 [/=3F + (1 — ))P(0)]

Mo oo Mo 0V E - 0N Gaod
The EOM for ¢ (only piece with interactions) is (w,p > K ~ L)

Mz(X —1) [20°K9:C + NA®C +60°NO;AC + 0:(A¢)°] =0.

» Dispersion relation: w = _3;5_5 + O(pL) ~ (pL)~"p +~i(pL)p
Very fast instability!

» After canonical normalization we find a strong coupling scale

PSS A = L1 =AM

09110056 Page 28/39



Stuckelberg formalism

Diff invariance is naively restored by adding the DOF of the
foliation p(x):

» surfaces of the foliation defined by p(z) = ct.

» t+— f(t) promotes to p — f(p).

) = -
» dt promotes to u,dr* = ———=—dz*, (§ to P* = 0" — u"u,).
V’g-“'ﬂ‘_tp@;,p i L L

The other objects

K K.—P .V W, PP R. KKK,
/A Extended covariant action
£— M2 [J—_g (-'-’*ﬂ (1 — MK +aP*V, 4V, -u,,,) L O(1/M3) 1]

e Clear advantage of this formalism: GR+scalar field p(x)
e Most general action with dimension 2 operators ( p| = L™"),
invariant under Diff and reparametrizations of p!
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Stuckelberg formalism: EOM

Equations of motion:

» 10 coming from 0g,, (1 constraints)

» 1 coming from dp: V, J¥ =0 with u, J* = 0.
Different gauge choices

e Unitary gauge: p(xr) = t: non covariant results reproduced.

» Only 3 residual tr: 0p = & = 0. Extra DOF in the metric!

» The EOM for N turns into the secondary constraint

V. J* =Vi(1—A)NV'K+...) =0.

e Any other gauge has 4 residual inv. BUT
A The EOM for p is in general of forth order!

-

K-~ (Op+...)

Puzzle solved (at linear order) choosing the frame (background)
p = t: the EOM for ( = p — p are of first order in time.
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/A NOT COVARIANT: the Cauchy problem has a preferred foliation!
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Stuckelberg formalism: instability and

strong coupling

Phenomenologically we expect [§\| < 1 (scalar+tensor A ~ 107 ")
Thus the decoupling limit is physical: £ = M2 [/=3F + (1 — ) P(0)]

Mo oo Malh—DY ~ 105CN fncd
The EOM for ¢ (only piece with interactions) is (w,p > K ~ L™ 1)

Mz (X —1) [20°K8:( + NA*¢ +68°Na:;:A¢ +9:(A¢)°] =0.

» Dispersion relation: w = —1;3_& +— O(pL) ~ (pL)"p +~i(pL)p
Very fast instability!

» After canonical normalization we find a strong coupling scale

DS Aup = L1 - N/

09110056 Page 31/39
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Stuckelberg formalism: instability and

strong coupling

Phenomenologically we expect |6\| < 1 (scalar+tensor 6\ ~ 10~ )
Thus the decoupling limit is physical: £ = M2 [/=3F + (1 — ) P(0)]

Mo oo, M —1Y2 ~18°CN e
The EOM for ¢ (only piece with interactions) is (w,p > K ~ L™1)

Mz(A —1) [20° K0, + NA>C +69°NO;AC + 9:(A¢)°] =0.

.4
» Dispersion relation: w = — ,.;f;_H +— O(pL) ~ (pL)"p +~i(pL)p
Very fast instability!
» After canonical normalization we find a strong coupling scale
1 4

Bk —L N

09110056

= Sl pResesed
(e.g. for cosmology L ~ H; = ~ 10'%31} 5



L =M

Projectable case: strong coupling

Well defined quadratic action around any smooth background:

(

S

€,

2

y

2

+ O(CY)

=

Tk

=

From stability we found cZ < 0 and |c.| < 107°1 (|e| ~ VA —1).
No need for the Stickelberg formalism to find a first strong

coupling scale:

irsa: 09110056

A, ~ Mp

Koyama, Arroja 0910 1008

~ 107 &V

Cx

This cut-off A, is also found in the
covariant formalism.

0906 3048
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Stuckelberg formalism: instability and

strong coupling

Phenomenologically we expect |6\ < 1 (scalar+tensor 6\ ~ 10~ )
Thus the decoupling limit is physical: £ = M2 [/=3F + (1 - X)FP(0)]

Me oo, Mafh—1)/2 105GV Gxed
The EOM for ¢ (only piece with interactions) is (w,p > K ~ L™1)
Mz(A —1) [20°K9:€ + NA®C + 60'NO;AC + 8:(AC)°] =0.

Np 4

oK | O(pL) ~ (pL)-p +i(pL)p

» Dispersion relation: w = —
Very fast instability!

» After canonical normalization we find a strong coupling scale

— /4 I/Sasl/f4
pS A =140 —XNYoM”

irsa: 09110056

(e.g. for cosmology L ~ H; ' ~ 10«331{;—%5739



Projectable case: strong coupling

Well defined quadratic action around any smooth background:

5 —

£— M2 |- (i) —gAg: - (5) - 0(¢*)
& Cy c

From stability we found ¢Z < 0 and |c.| < 107°1 (|e| ~ VA —1).
No need for the Stiickelberg formalism to find a first strong
coupling scale:

Koyama, Arroja 0910.1908

_\_;-_ ~ ﬂfp‘{‘,*‘ ~ ]_0_34 eV

This cut-off A, is also found in the
covariant formalism. 0006 3046
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Remaining “healthy’ possibilities
(no strong coupling or instabilities):

U<a<?

» Scalar-tensor theory (also in the IR)
® Aether-like theory with u, =

» Invariant under reparametrizations of the scalar.

» Breaking of Lorentz invariance controlled by the
scalar.
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First tests

/A Newton's law and light deviation (linear)

e For sources static in the preferred frame, same as in GR with

~ SrMZ(1—a/2)

No constraints!

e For sources moving wrt the preferred frame, effects of order

a.,0)\. PPN constraints are O(10~") — O(10— 7).

Fositer and lacobson 06; Matongty (5

/A Homogeneous Cosmology: as GR with (9; NV =0)
2
- 8wMZE(3x—1)

P

e From BBN (”LHE abundance): Gy /G. =1+ O(10~-)

Pirsa: 09110056

B The cut-off scale is at worst A, ~ al/?Mp ~ 101° GeV.
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Conclusions

A “healthy” non-relativistic theory of quantum gravity is
possible.

For the model to remain weakly coupled, the massless modes
in the UV must appear also in the IR.

This is the case in the most general situation 0 < a < o0:
IR limit is GR with an additional scalar mode and a preferred
frame.

First phenomenological constraints O(10™") (A, ~ 10" GeV).
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Open issues

Open issues

» Recovery of the Lorentz invariance in the IR.
(Perturbative or non perturbative mechanism to generate a

mass-gap for p? symmetry? getting just 2 DOF?)

» More phenomenological test.

(Cosmology, preferred frame, Cerenkov...).

» Exact solutions and black holes.
(IR solution similar to the aether theories where there are some

known solutions. Also, there are black hole solutions with no hair!
BH Thermodynamics?)
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