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Tensor model approach to Quantum Gravity

1 )\ ‘t Hooft 1974, David 1985, Kazakov, Kostov, Migdal
B 2 3 1985, Ambjorn, Durhuus, Frohlich 1985, Kazakov
Zmatrix model = D /\/Z e S[M] , S[M] — = TI' M A p— TI' M 1986, Distiler, Kawai 1989, Di Francesco, Ginsparg,
2 AV, N Zinn-Justin 1995, Brezin, Kazakov 1990, Douglas,
Shenker 1990, Gross, Migdal 1990, ...

... generates triangulated 2-dimensional surfaces

REE -
T(A A d?z\/g(2A—R
Zmatrix model = Z )\ g NX( o) — Zog_ Qc = /Dg e 167rG f V9( )
Ag
(d=2) (d=3) (d=4)
g Ag G A/\G G A

© — My, Tope... interaction /\k A + @ sjfi/( @
A AT dede T gt

Rank d tensor models generate Feynman graphs dual to d dim. triangulated surfaces.




Quantum Gravity a la tensor models/tensor field theories
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A (d+1)-colored Feynman tensor graph is a d-
dimensional triangulation of a (pseudo)
manifold with a boundary.




()ur Problem

V. Bonzom, R. Gurau, A. Riello and V. Rivasseau, “Critical behavior of colored tensor models in the large N limit,”
Nucl. Phys. B 853, 174 (2011)

~ Melons are branched polymers.

R. Gurau and J. Ryan, “Melons are branched polymers,” Annales Henri Poincare 15, no. 11, 2085 (2014)

Want to find a way to escape from the branched polymer phase from more
physical phase with large and smooth structure of our universe.

Proposal:
Enhance non-melonic graphs with derivative couplings in tensor field theories

Enhancing tensor models by statistical weights

V. Bonzom, T. Delepouve, V. Rivasseau, “Enhancing non-melonic triangulations: A tensor model mixing melonic and planar maps,” Nucl. Phys. B 895, 161 (2015)

Derivative couplings are quite natural in field theories e.g., in Yang-Mills theory,
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Our immediate goal is to launch the program of enhancing non-melonic graphs with derivative couplings in a field
theory setting in a systematic way. Namely, the first step is to find renormalizable models.



Our enhanced models

_ (quartic melonic interactions)
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Our enhanced model x
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Our enhanced model +

dlise ‘ ;
N——
11 ol o e
L2 1
i interaction| — )\ Ui a _ _
spreneionp, o] = 2 Tra(p") + o Tra(@* ') + ) CTaelp, o] + CT[p, )
model + - e o , =ab
S e, p] = Z Try(p*@?) + pTra(p?)
£=a,b
AT
A el

NI —

a melonic Feynman graph a non-melonic Feynman graph



Power Counting is achieved
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V. Rivasseau, “From perturbative to constructive renormalization,”
Princeton series in Physics,1991
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With multi-scale analysis, we optimally bound the amplitude and get:
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(lassification of renormalizability

Superficial degree of divergence of a graph wa(G)=--+cV+---

e Super-renormalizable: ¢ < 0. Amplitudes of graphs become more and more
convergent as you go higher orders of perturbation theory, i.e., only finite number of
graphs are divergent.

* Just-renormalizable: ¢ =0. w, isindependent of orders of perturbation, i.e., infinite
number of graphs are divergent.

 Non-renormalizable: ¢ > 0. Amplitudes of graphs become more and more
divergent as you go higher orders of perturbation theory.



Potentially just-renormalizable models
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requiring just-renormalizability:

model +-

model x-

c=0in  wilG)=---+cV
2 7 5 Bk
p=1 159°% 53951 (S9Sh 2ShCs
(2—)< <§l Ez)< <$ 0< <1€0 (%< <§3
<a<j3 <a<i 0<a<y 0<a<=
— 3 3 _
b=z 1<b<§ §<b<§ 2<b<t Z<b<dd _ _ _
0<a<?2 (O<a<! O<a<h (O<a<iz log-div. for 4-point function:
D=3 2 2
%<b<g %<b<4 3<b<% %<b<7 gnon—melon =0
p_y 0<a<i O<a<y 0<a<® O<a<Z W ) Nex=a =
O 2<b<B) 3<b<® 4<b<B 5<b< B
d= d=4 d= d=
p_qy 0<a<; 0<a<y 0<a<l 0<ac<j
3<b<1 3<b<s 1<b<2 2<b<3
D—9 O<a<l1 0<a§% 0<a<?2 0<a§g
- 3 5
p_g 0<a<; 0<a<? 0<a<3 0<a<?®P
7 3<b<3 9<b<d 3<b<6 B<h<B
D—4 0<a<2 0<a<3 0<a<4 0<a<h
B 2<b<4 3<b<6 4<b<8 5<b<10

=3 d=14 d=25 d=206
a=1 a=1 a=3 a=2
D=1 2 5 2
b= b= b=1 =%
=9 a=1 a=2 a=3 a=4
_ a:§ a = (]J:5 a =
=3 b:% b:% b:% b:%
:4 a:2 a:4 a:6 (],:8
b=3 b=5 b=1 b=29
wd;x(g)‘Next =4 < O
D(d—1)
1
Wd;x(gme 01’1) Noxt =2 < —2
non—melon < 1D d) <
wd§><(g ) ext =2 = 5 (3_ ) = 0




non-melonic graphs Primitivel
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Conclusions and Outlook

* Model +: a just-renormalizable model
Infinite number of graphs renormalizes A (¢%) and 1, (p?® ¢?) couplings.
* Model x: a new type of renormalizable model (neither just- nor super-)

No graphs renormalize A (¢?) and n, (p?® ¢?) couplings.

But infinite number of graphs renormalize mass, Z, (p?® ¢°) and Z,, (p*® ¢°) couplings.

* ...We have established the mechanism of enhancing non-melonic graphs
in a tensor field theory setting. These models are renormalizable. This is
encouraging for analyses at next level...

* Beta functions of coupling constants can be computed.
* Non-perturbative analysis to be applied.
e Other types of interactions to be enhanced by derivative couplings.



