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@ Recent results on systems with gravitational and scalar fields
nonminimally coupled
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@ Recent results on systems with gravitational and scalar fields
nonminimally coupled
@ Asymptotic safety

e Renormalization group flow approaches a UV fixed point
e The UV critical surface has finite dimension
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@ Recent resulis on systems with gravitational and scalar fields
nonminimally coupled

@ Asymptotic safety

e Renormalization group flow approaches a UV fixed point
e The UV critical surface has finite dimension

@ Fixed point with vanishing matter interactions
@ Recursive relations among critical exponents
@ Five dimensional UV critical surface
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unctional Renormalization Group Equation
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unctional Renormalization Group Equation

1 52T =
Kokl = ESTI (5¢5;) —l—Rk) ARy J

@ Solve, find fixed point, calculate stability matrix and its eigenvalues

elo] Z gi(k)O'[¢] = §ik% O'[4]

a .
kﬁg’- (k)

Bi . 5i(g-) =0

3 _ == 9% (4)
k-G (k) = My (§; (k) — §7 ) - My = 5, oo
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Pure gravity

@ A, R, R? = fixed point exists, but all couplings are relevant
@ f(R) =Y.7 ,giR' = three relevant directions up to n = 8

@ Relied on heat-kernel expansion on de Sitter background
= different couplings of higher curvature invariants are combined

@ EXxpansion on Einstein-space background
— can distinguish R% and C~
= three dimensional UV critical surface

irsa: 09110124 Page 7/27



ravity and matter

@ Scalar, Dirac, and Maxwell matter fields minimally coupled

@ Gravitational corrections to Yukawa and Yang-Mills couplings
(on flat background)

@ Nonminimally coupled scalar fields (scalar-tensor theory)
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ravity and matter

@ Scalar, Dirac, and Maxwell matter fields minimally coupled

@ Gravitational corrections to Yukawa and Yang-Mills couplings
(on flat background)

@ Nonminimally coupled scalar fields (scalar-tensor theory)

@ Einstein-Hilbert and scalar fields (G. Narain, R. Percacci)
@ f(R) and scalar fields (G. Narain, C. R.)
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Scalar-Tensor theory

1 |
rk[g‘ (_33"] = f ddx,u@ {F(C)Z. R) = = §g““"‘m¢a Vyﬂ} + SGF -+ Sgh
p
F(¢°.R) = Vo(¢%) + Va(0®) R+ --- + Vp(0®) RP = Y Va(¢°) R®
a=0

@ Expand around spherical background

@ Arbitrary potential terms, analytic and Taylor expandable around
2
=0
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xample beta function

F(6%, R) = A3 + A3¢? + A3¢* + AIR + Mé2R + A\6*R J

482 X1 2(—19) | (A — A9

3323 — \)(1 +2)0))? 9(1 + 2\1)? 1819 :
& 930y} _ 102 302451 _ 30y el '
(1+2X5)(Ag — Ag) 2(1 +2X5)5( g — Ag) (1 +2X5)< '
@ Familiar beta function of the mass in ¢* theory in flat space
o 1/(1+ 25\3): threshold effects for the contribution of scalar loops

@ M —A3 —(1—2A) = 1for A < k?

31 . ¥x1 31 . 9y 1
8= 238+ ] [ 23} 9(1+23))  8i5(1+24)
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aussian matter fixed point

@ Matier interactions can become weak in UV
@ At Gaussian matter fixed point V; are ¢-independent

v (0)=0fori > 1 |

@ Can be shown to exist for arbitrary potential
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aussian matter fixed point

@ Matter interactions can become weak in UV
@ At Gaussian matter fixed point V; are ¢*-independent

v{0)=0fori>1 |

@ Can be shown to exist for arbitrary potential
@ For specific form

Va(6?)RE = Z,\ (k)¢ R® = \3;(k) — O fori > 1 L
i=0
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xample stability matrix

F(¢%,R) = A3 + A2¢” + A3¢6* + AR + AJ¢°R + Mo*R

(A3 — 0.0065, A\ — —0.022)

Ml g =
/ —0.580436 156341 —0.0057625 0.00171023 0 0 \
_5.90409 —4.40523 -—0.0027738 —0.0083214 0 0
0. 0. 1.41956 1.56941 _0.034575 0.0102614
0. 0. _5.90409 240523 —0.0166428 —0.0499284
0. 0. 0. 0. 3.41956 1.56941
\ 0. 0 0. 0. _5.90408 0405229 )

(—2.49 + 2.37i,—0.49 + 2 37i,1.51 = 2.37i)
M12 — 2 X 3 X Mg1
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Inearized flow

Moo Mo+ 0 0 ('CJ"'E{O) E‘J"{?) \

0 My M2 0 - oD i p
M = 0 0 Mxn Mxa - |withM;= =
0 0 0 My . g  ag®
: . . : _ e}i‘z?i Hﬁﬂ )
Mij=(d —2)i1+Mg : M1 = (I +1)(2 +1)Mg

oy =py) +(d—2)i

@ Gravitational corrections to the scaling exponents are always the
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Position of the fixed point x 1000

TE JEE B B 4B B 48 JE O -
1] 648 -21.579

2| 5224 | -16.197 | 1.834

3 | 6454 | -20.756 | 1.071 | 6474

4 | 6.354 | -21.342 | 0.792 | -6.807 | -3.865

9 | 6355 | -21.339 | 0.793 | -6.793 | -3.854 | -0.024

6 | 6.312 | -21.669 | 0.586 | -7.169 | -56.576 | -0.537 | 2.702

7| 6318 | -21.702 | 0.534 | 6469 | -5.530 | -1.979 | 2.761 | 2.565

8 | 6.344 | -21489 | 0678 | -5922 | 4574 | -2074 | 1863 | 2.393 | 0.829
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Position of the fixed point x 1000

o T T 0T ] O] W OV T O
1] 648 -21.579

2 | 9224 | -16.197 | 1.834

3 | 6454 | -20.756 | 1.071 | 6474

4 | 6.354 | -21.342 | 0.792 | -6.807 | -3.865

9 | 6355 | -21.339 | 0.793 | -6.793 | -3.854 | -0.024

6 | 6.312 | -21.669 | 0.586 | -7.169 | -5.576 | -0.537 | 2.702

7 | 6318 | -21.702 | 0.534 | 6469 | -5.530 | -1.979 | 2.761 | 2.565

8 | 6.344 | -21489 | 0678 | -5.922 | 4574 | -2074 | 1.863 | 2.393 | 0.829

"

Critical exponents

p 7 ! 97 ] | 9] ] oP g’ L)
1] 2493 | 2.368

2 | 1.847 | 2.397 | 21.031

3| 3077 | 2524 | 2033 | -3.852

4 | 3261 | 2772 | 1670 | -3593 | -5.182

5| 2777 | 2908 | 1.795 | 4.176 | 4.196 | 6.764

6| 2841 | 2813 | 1.386 | 4.000 | -3.798 | -5.947 | -8.538

7 | 2930 | 2964 | 1.312 | 4.009 | -2760 | 4623 | -7.459 | -11.166

8 | 2331 | 2902 | 1570 | 4063 | 0673 | -7.120 | -7.323 | -9.854 | -11.611
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Ixed point values x 1000
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Truncation order
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Position of the fixed point x 1000

2 T I S Il I < I <l Tl
1| 6485 | -21.579

2| 5224 | -16.197 | 1.834

3 | 6454 | -20.756 | 1.071 | 6474

4 | 6.354 | -21.342 | 0.792 | -6.807 | -3.865

9 | 6355 | -21.339 | 0.783 | -6.793 | -3.854 | -0.024

6 | 6312 | -21.669 | 0.586 | -7.169 | -8.976 | 0537 | 2.702

7| 6318 | -21.702 | 0534 | 6468 | -5.530 | -1.979 | 2.761 | 2.565

8 | 6344 | -21489 | 0678 | -5922 | 4574 | -2074 | 1863 | 2393 | 0.829

-
i

Critical exponents

r'}E} 9 s S dg
2493 | 2368

1.847 | 2.397 | 21.031
3077 | 2524 | 2033 | -3.852
3261 | 2772 | 1670 | -3593 | -5.182
2777 | 2908 | 1795 | 4.176 | 4.196 | -6.764
2841 | 2813 | 138 | 4000 | -3.798 | -5947 | -8.538
2930 | 2964 | 1312 | 4009 | -2760 | 4623 | -7.459 | -11.166
2331 | 2902 | 1570 | 4063 | 0673 | -7120 | -7.323 | -9854 | -11.611
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ixed point values x 1000
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ritical exponents
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Truncation order
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Summary

@ Nongaussian fixed point exists in scalar-tensor theory
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Summary

@ Nongaussian fixed point exists in scalar-tensor theory
@ Scalar field interactions vanish at high energies
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Summary

@ Nongaussian fixed point exists in scalar-tensor theory
@ Scalar field interactions vanish at high energies
@ Gravitational corrections are the same for all the matter couplings
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Summary

@ Nongaussian fixed point exists in scalar-tensor theory
@ Scalar field interactions vanish at high energies
@ Gravitational corrections are the same for all the matter couplings

@ Determine the dimension of the UV critical surface of the full
theory from the minimally coupled theory
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Summary

@ Nongaussian fixed point exists in scalar-tensor theory
@ Scalar field interactions vanish at high energies
@ Gravitational corrections are the same for all the matter couplings

@ Determine the dimension of the UV critical surface of the full
theory from the minimally coupled theory

@ The UV critical surface remains finite dimensional
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