Foliated asymptotically safe gravity in the fluctuation approach
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Motiviation Fixed points structure
Consider a Non-relativistic (Lorentz invariance breaking) theory,
1 - - . :
e. g8 ,Lyg = 5(&@@@@ + B0;p10' D1 + Y(Ord201o + 0;020" o) + V (1, @)), 0.1 Lorentz invariant system:
where «, 5 and ~ are running couplings. o1 = ay = 1, kopon = kOgaz =0
We have the following related questions: The projection rule is not unique:
° e The flow Egs. (3) and (4) from the ¢} and ¢* components are NOT equivalent.
Here o/ is related to a different speed for ¢, compared with ¢, e One source of this inequivalence: P(hANN) _ hkl(—q)hkl(q)N(—p)N(p)qg i< non-
e What is the structure of the general (non-relativistic) theory space? relativistic.
How to recover the Lorentz invariant case with o = (5 technically? e We have two options for projections:
Can we find Lorentz violating fixed points for o and 37? - g — Volume: RG flows given by Egs. (3) and (5),
- ¢ — Volume: RG flows given by Egs. (4) and (5).
We will study analogous questions in asymptotically safe quantum gravity. However two different projections could give qualitatively similar results:
Projection Fixed points Couplings | Critical Exponents
g* )\* (91 (92
D
Set up I_: 1 0.16 0.014 1 4.28 2.04
gy — Volume P2 0.56 1.03 53.03 5.84
To have a foliated structure, we do the ADM decomposition -P3 —0.35 0.26 4.02 = 10.152
. CP
Y = N o g — Volume FP2 0.03 0.75 54.78  —=7.19
| o o v ) FP3 —0.52 0.23 —0.76 + 8.82i
The analogous "time derivative" of gravity is the extrinsic curvature K"
1 1
Kij = §£nhi]— — QN_l((‘)Taz-j — D;N; — D;N;), 0.2 Sub-system with a relative scaling between space and time:
] = 1, kOrary = KOy £ ()
and corresponding "spatial derivative" and potential terms: B)R and C’)<2>((3>R). : 2 7 o w7
e This setting introduces a prefered time direction and foliation, allowing us to Fixed Points . Coup)l\lrgs . Crletlcal Exgonen@ts
study corresponding issues in quantum gravity. 9 A 1 2 J
" d o Iativistic (Kinet: - " ! FP1 0.20 0.015 1.24 | 4.38 2.14 1.90
oT ||s3 C.Ou hglve a n.on-re atll)lIStI: ( ||r11et||(c. ter.m + potential) theory, with oy an P 19361 7656 6388 —85.10 —5.52 2.70
o belng the running couplings for the kinetic term FP3 2011 —632.41 R97.62 2150 2.05 1.79
1 -~
grav. (D—-1) i L 2 (3)
L = 167G / drd ylN \/E(w itQ_AB)' () 0.3 Sub-system with different speeds for different modes:
Kinetic terms Potential o = 1 ka}{@@ —0
In background approximation, NV (or N) has a different wavefunction nor- In this case the trace mode comes with a speed of 1 while the TT mode is equipped
malization than o;; (or h;;). with a speed of light of 1/, /a.
We adopt the view that the kinetic and potential terms have different scale Cixed Points Couplings Critical Exponents
dependences (running couplings), just as Horava gravity [1]. qg* N o 6, b, f,
- -P1 0.20 0.017 1.20| 4.36  2.28  2.10
P2 —0.61 0.24 1.56 —11.37 —1.26 4+ 10.91¢
-] = o9 = 1t Finstein Hilbert action -P3 0.057 0.75 0.64 26.51 =11.562 —7.13

If we have fixed points and RG trajectory around oy = a» = 1, we would have

, , Comparing all three sub-systems, we could see
Lorentz invariant sub-space.

e The Lorentz invaraint fixed point {g*, \*, aj} ~ {0.20,0.015,1.20} persists for
all system.

e The fixed point of large scaling between space and time needs to be confirmed
Projection rules by further computation.

The RG flow is given by the Wetterich equation

1
- <2> —1 o
ROy, = SSTr [(F +Ri) k@ﬂzk} (2) Infrared behavior of flows

We will adopt the fluctuation approach and project Wetterich equation onto the

two point vertex of the TT mode of &;; The flows around g = 0 are

By = 2gx + 0[9/%] * fo( Ak, )

1 1 2 | =2\ 1) ij
167G, <§<a1q0 T @) iy — Ayh ]h”) Br = =2X + O|gi] * fa(Ar, 1) (6)
Then the flow equations would be Boy = Olge] * fa,(Ar, 1),
1 o All the point on «; axis with g, = 0 and A\, = 0 could be the potential infrared
32—77765'16 (G_;) = Ty (G, a1, az, Ay, ), (3) limit of the theory and the relativistic one with oy ~ 1 is one of them.
1 1
—kO. | — | =TAG A
39 k (Gk> C]( ky, 1, 9, /{777]\7)7 (4)
1 A :
— ko (2 = Tu(Gh o, i A ). (5) Conclusion and Outlook
167 G
with T}, , T>and Tj the results of trace from Eq. (2). e We give the first fluctuation computation for foliated spacetime and the results
The computation would be done in a flat Euclidean background. are in line with the background computation [2].
e Our theory has a high energy completion for Lorentz invariant subspace.
Correspondingly, the following works could be done in the future:
Reference e the fluctuation computation on Lorentzian background,
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