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s metric field fundamental”

- We start with an assumption that the metric
leld guv (Spin 2 symmetric tensor) Is
undamental degrees of freedom in gravity.

Physically 2 d.o.f.).




s metric field fundamental”

. Standard procedure in computations:

- expansion of metric gup = gu,, == hw,

. obtain inverse metric from gupg e
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- Lesson from pion (non-linear sigma model




Plon
. lightest particle in QCD (1936 = = 1385 Ne\

. Before 1960, QCD was not known.

- Quark model was proposed in 1960.




Non-linear sigma model

* O(N) non-linear sigma model: N-7 d.o.f. e .
1 D L s
SNLS:§ dx@uﬂaﬂ'—ﬁwaw) e

* Perturbatively non-renormalizable.

* Breaks unitarity for | > fr




Where does the
nonlinearity come from?
. Spontaneous symmetry braking O(N)—0O(N-1)

- Vacuum condition gives a constraint:
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Phase diagram in 3 dim linear ¢ model

Arrows: From UV to IR
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Phase diagram in 3 dim linear ¢ model

Arrows: From UV to IR
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Same universality class

non-linear o mode|




‘Duality” at fixed point

Asymptotically safe theory

estab
3 dim non-linear o model

3 dim Gross-Neveu model

[ished

Asymptotically free theory

dim linear o model

3 dim Higgs-Yukawa model




What can we learn??

- In low energy, we can observe only light d.o.f.

- New d.o.f. associated to bigger symmetry group may
define a theory to be renormalizable and unitary.




Bigger symmetry broken
INto smaller symmetry

- Non-linear sigma model
SSB




carlier Attempts
P SSﬁB Diffeomorphism

" Guv = \Guv
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N. Nakanishi and I. Ojima, Phys. Rev. Lett. 43 (1979) 91.
R. Floreanini and R. Percacci, Phys. Lett. B 379 (1996) 87 [hep-th/9508157].
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First-order formalism

e Based on SO

local Lorentz symmetry (and diff.

s ictoeinics i el g“,,znabea“eb,,

* Local-Lorentz (LL) gauge field " St A o’ Sk




Degenerate Iimit
zlgle
Irreversible vierbein postulate

- How to define “symmetric phase”™?
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eu—eu—

- Degenerate limit: Some eigenvalues of vierbein take zero; i)




Example

. Scalar kinetic term
|e|guvau¢ay¢ = ‘6|nab6a“6by ,u¢81/¢
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Why degenerate [Imit?

- Scalar potential is usually assumed to be

m2

__¢z¢z _¢’i¢i2

- But, In terms of symmetry, we can write




Why degenerate [Imit?

Topology change in classical and quantum gravity
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Abstract. In a first-order formulation, the equations of general relativity remain
well defined even in the limit that the metric becomes degenerate, It is shown that
there exist smooth solutions to these equations on manifolds in which the topology

1e metric b generate on a set of measure zero, but the
curvature rermains ed. “Thus if degenéra,té metrics play any role in quantum
gravity, topology change is unavoidable.

Symmetric phase becomes ill-defined.

(¢") =0



SO(1,3)xdiff. model
INn degenerate IImit

. Including matters, at a certain scale Ag,

M?2 - 1
Sk = d4w|e| — Ace + Tpe[a“eb]”FabW —ety? | 9, + §Abc“ab° + my

T{¥ : » h 7 , o y g

« Ace can contains ® ana ¥¥ .




Spontaneous local Lorentz
ymmetry breaking

* (Generation of expectation value of vierbein

=gl Lehidi @l N g = LSBT (RS |
eM—eM—O—beu—eu

e A possible solution would be a flat spacetime.




Spontaneous local Lorentz
symmetry breaking

* Local Lorentz gauge symmetry is broken. (e®,

Sy mmetric part (metric)
» Degrees of freedom (d.o.f.): Cradial wodes)

Awntl-s Y mmetric part
(NG wodes)

- Vierbein €, : 16 d.of. = 10 + 6 d.o.f.
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Gravitational d.o.f. are
composite fields of matter?

11

Composite of fermions:
eau e "/_J'Ya Wy Qi o &'Yuau"p

H. C. Ohanian, Phys. Rev. 184 (1969) 1305.
H. Terazawa, Y. Chlkashlge K. Akama and T. Matsuki, J. Phys. Soc. Jap. 43 (1977) b.

Spinor gravity’




TT-deformed O(N) scalar theory
in d=2

: ACtl on A. B. Zamolodchikov arXiv:hep-th/0401146

: - :
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ur: energy-momentum tensor



Attractive features of
TT-deformed O(N) scalar theory in d=2

- Relate to the Nambu-Goto string action in a
N+2 dimensional target space Qb 00

»CNambu—Goto o _a\/det 8aX : 8,BX




Nalve perturbative picture

: 1S Irrelevant.




FRG analysis

-ffective action

i 22 A 1
L — /d251: [;((’Lgb)Q -+ %qﬂ -+ %TWCW + A + M\ C + (2”“ (<’9pC’*“’)2 w det(C! ).+ B8 Cl O
k

Non-trivial fixed point exists

N =1 (LPA)
(w/nc)

N =2 (LPA)
(w/nc)

N = 3 (LPA)
(w/nc)




FRG analysis

-ffective action

Kk
2

TP + Ae + MC + 2S5 (5,002 — L qet(om) + B0 0™
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- Critical exponents

03 04

N =1 (LPA) —3.22 + 36.6i —3.22 — 36.6i
(w/nc) —6.20 + 37.3i —6.20 — 37.3i

N =2 (LPA) —2.69 + 80.6i —2.69 — 80.6i
(w/nc) —4.51 4 83.2i —4.51 — 83.2i

N =3 (LPA) —2.41 + 2113 —2.41 — 2114
(w/nc) —3.73 + 218i —3.73 — 218i




FRG analysis

-ffective action

2
T / &z [;(@Lgb)Q + D2 4 PR T 0M 4 A+ O + Zg”“ (8,CM)? — 8% det(CH*) + BCu CH
k

- Critical exponents

03

N =1 (LPA) —3.22 + 36.6i —3.22 — 36.6i
(w/nc) —6.20 + 37.3i —6.20 — 37.3i

N =2 (LPA) —2.69 + 80.6i —2.69 — 80.6i
(w/nc) —4.51 4 83.2i —4.51 — 83.2i

N =3 (LPA) —2.41 + 2113 —2.41 — 2114
(w/nc) —3.73 + 218i —3.73 — 218i




Non-perturbative picture

: IS relevant.




Summary

- Metric d.o.f. may be not enough to describe
guantum gravity In high energy.

- Bigger symmetry including diff. may exist.
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Formula

le(z)| €uvpo] = €[abed] €, (x) €,

1
e(z)| ea(z) = 5 € labed] € [urpo] €7, () €7y (2)

1 C
le(z)] e () en)”(z) = 5 € [abed] €fuvpol e () ey (z),

e(z)| e (2) ev” (z) eq () = €labed] € upo] €% (2)

le(z)] el () ep” () ec” () eq)” (x) = €lurpo] .




Lesson 2.
Fermi's weak theory

. Fermi’'s weak theory (1930

»CFermi = AT e

* Perturbatively non-renormalizable.




First-order formalism

2
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* Equation of motion Sia—icabl e




Degenerate [Imit

* Non-linear c model: O(N-7) invariant

» Constraint on fields (¢'¢?) = f25¥

* {2 0:symmetric phase (O(N) invariant




GL

* GL(4) gauge field Tz, (=




