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Asymptotic safety
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UV complete theory: all the couplings approach a UV fixed point
— The theory can be extrapolated to infinitely large energy scales
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Predictions and free parameters

e F'ixed point: where all the couplings stay constant with the changing scale

:Bi({gj}) =0

e Linearized flow near the fixed point

0.
Stability matrix: Stability matrix: M;; = b — {6.}Critical exponents

%; (g¥)

A/ 0, >0
IR | \UV IR
repulsive| |  free attractive attractivel.

—-{—————P
Relevant couplings are free irrelevant couplings provide
parameters of the theory predictions
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Asymptotically Safe Gravity

o Gravity as a QFT e Asymptotically Safe Gravity:

e Non-renormalizable —> but a consistent EFT to
compute corrections below Mp,

o Finite free parameters == predictivity
e Infinitely tower of counter terms

e Lacks predectivity i.e infinite number of experiments
to fix the initial condition

Reuter ‘96
Example: : |

Ty = : A —
g 1677G/dx\@( R)

B B 1 k@kRk
Ol = kO Iy, = §STr (F(Q) n Rk>
dG N dA

Further evidence for ASG from various truncations

Reuter, Saueressig, hep-th/0110054
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Gravity affects matter

e Modifications to RGEs above My,

e Universal
By = BSMANP _ g
1 —4A
4 (1 — 20)?

Eichhorn et. al. ‘16

Example: fq =G e f, > 0 but large theoretical uncertainties

Potential consequences

E le: —
e Avoid Landau pole xample: - fgy

e.g. Eichhorn, Versteegen 17

e Reduce Standard Model free parameters
e.g. Eichhorn, Held ’17, Shaposhnikov, Wetterich ‘09

e Predict New Physics couplings

e.g. AC, Kowalska, Sessolo ’21-’22, Brito, Eichhorn et al ‘23

e Address problem of naturalness

e.g. Wetterich, Yamada 16, AC, Kowalska, Sessolo ’22 RG scale k in GeV
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Limitation of other DM models in Asymptotically Safe Gravity

e Predicted top quark mass is too small

de Brito, Eichhorn, Frandsen, Rosenlyst, Vieira ‘23

e Unstable potential

Eichhorn, Pauly ‘21

e Strongly constrained parameter space

Reichert, Smirnov 19
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Chiral symmetry breaking
SU(NC)L X SU(NC)R — SU(NC)V

e Strong interactions could induce chiral symmetry breaking and

[ Vi e | v+ A+ - )

bound state formation

e Diverging 4-fermion couplings

- 2 ~ 2
V+ A= (w’mw) + (QMMW)
e Dim-6 couplings == set to zero at the UV scale

e But may be generated during the RG flow through other

strong interactions

o Strong Gravity = 1M ~ M p; Weak gravity bound
Eichhorn, Gies '11, Gies, Martini ‘18

e Large Abelian gauge coupling
Britto, Eichhorn, Shourya ‘23
e Non-abelian gauge coupling

Example: QCD strong interactions
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Com pOSite dark matter AC, de Brito, Eichhorn, Frandsen, Rosenlyst, Vieira

4-fermion couplings of

Fierz-complete basis

e Dark SU(3) analogous to QCD

o MdQcCD is a free parameter

e Confined states myd ~ 3.8Ngoc D

e Lightest baryon is the dark matter k[GeV]

e Pions (pseudo-NGBs) * Mediates self-interactions

* Massless pions = Long range selt-

1 L, 1 N y : :
LD — ZBWB“ — ZXWX““ interactions
+ i1 (8“ — iQXQXX“> YVt +
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*Soft-breaking of chiral symmetry




Abelian gauge sector
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Matching the experimental value of gy(tgy) fixes the gy(#), )

—> determines g,

e Upper bound on the couplings

e Prediction of dark gauge coupling



Abelian gauge sector

3
g9y 41
ﬁgy — 1671'2 6 fggY
gp (41
/BQD — 1672 (Fnge + 129%)) — fggD
9. (41 41
Bg. = 16;2 (39% T ng + 129%)) — fg9Ye
AC, de Brito, Eichhorn, Frandsen, Rosenlyst, Vieira
1.0+
0.8+
gy
0.6
gp
0.4+
0.2+
Je
0.0 1020 1020 1060 1050

k|GeV]
Abhishek Chikkaballi

AC, de Brito, Eichhorn, Frandsen, Rosenlyst, Vieira

0.6 R |
0.5 gﬁl\}&\%\{\'“f”/

I > > ’ ’ . 4————-""" 1

g. has IR-attractive fixed point at 0

—> g driven to tiny value

/ : :
« '//// IR-attractive



Phenomenology

e Strong seli-interaction ameliorated the issues of TBTF and core-cusp
e However, merging galaxy clusters observations prefer weaker self-interactions

o Self-interactions: through pion exchange and dark photon exchange ( Rutherford scattering)

AC, de Brito, Eichhorn, Frandsen, Rosenlyst, Vieira

104 T T T . R I’Ifl T T T [ T T I‘I,I
N \\’* P
L 'A\\ " ]
PR g S 4N P -
- S SN - e
s L WA e’ .’
- ‘ P b 4
?,\g s’ LSRN - -
U, \0 s s~ -
o -
— - -
- S "
E 1000 ; ", \‘\‘\‘ ", _:
x C .” LENIRN .” ]
- s S NN - -
x L ‘¢' LR S - i
b ’ r Y —
o 219 .- M e s
" - > A A S
q .- <
o c - - PRAESENRY e
E ’l l ?’ —— ' “‘ ”
e ~ - mr —
U 100: P \‘\‘\‘ "f ‘ie 'l :
el -1 - LSRN . "
B - = =1 \\\’o' e
N - 7 SAN PR
= PR 4 PR SR >
- - S &N -
o \g P s L RN N s
- - -
E ,\c,(“’, AL P S 4N P
. | ' | - - S 4N -
— s s’ S 4N s
10:‘ s S VN 7 -
B s s AN .
s PR IR
~" Y~ s A
s s’ L S 8
2 ¢¢’ 2 lf‘ A A 8
- - S 4N
J\G - \G -
0 - 00 - S 4N
- . ’f L RN N
L -~ | L AT

Abhishek Chikkaballi



Phenomenology
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Conclusion

4 Asymptotic Safety provides a predictive framework
4 Sets upper bound on dark gauge interaction (g)

4 Composite dark matter is more viable within the theoretical landscape of
Asymptotically Safe Gravity (ASG).

4 ASG could induce IR-attractive Gaussian fixed point in g,

—> Naturally suppressed kinetic-mixing
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Beta functions
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