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Asymptotic behaviours
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AS originally advocated by Weinberg to improve the UV behavior of Gn
Advocated in QFT as solution to U(1)y triviality problem



Fixed point and critical surface
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Asymptotic safety in quantum gravity

Quantum grawty and quantum graV|ty + matter mlght feature mteractlve UV flxed pomts

Prototype example: Einstein-Hilbert gravity

SEH 167TG /d4$\/_ ( ) + 2A)

Functional renormalization group techniques
(Wetterich Equation) lead to 2 fixed points

dg d\
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Asymptotic safety in QG with matter

Gravity affects matter:

Gauge-Yukawa system coupled to gravity
Quantum-gravitational contribution

Modification to RGEs @ k > Mp) (in principle via FRG)
__ ASM+NP _
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Asymptotic safety in QG with matter

Gravity affects matter: dgi
dt

matter & gravity fluctuations compete

strong gravity: asymptotically freedom

strong matter: UV unsafe

balance: UV safe & interacting
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Asymptotic safety in QG with matter

Gravity affects matter:

Gauge-Yukawa system coupled to gravity

" Quantum-gravitational contribution
Modification to RGEs @ k > Mp) (in principle via FRG)

_ ASM+NP
/Bg - /Bg _ O &

B, = GSM+NP _@
Y Y EXAMPLE : U(1) + ® + E-H:

__ 2SM4NP _ 1 —4A
By = % @ Tg G47r(1—2A)2

In practice fg, fy are subject to large uncertainties
(truncation in number of operators, cut-off scheme dependence, etc.)

fg, fy free parameters determined by matching to the low-energy data
applied in SM and simple SM extensions



Asymptotic safety in QG with matter: example

Predictions from AS:
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Robustness of the asymptotic safety predictions

Assumptions of the fixed point analysis:

* 1-loop RGEs;
* Planck scale set at Mri = 109 GeV;
» Gravity parameters f are constant;

 Gravity decouples instantaneously.

How robust the predictions derived in this way?
What extent dropping any of the approximations may affect to test these
predictions at the low scale?



How robust the predictions derived in this way?
What extent dropping any of the approximations may affect to test these predictions
at the low scale?

l 2304.08959 l

1. The inclusion of higher-order corrections in the matter sector

2. Changing the position of the Planck scale by a few orders of magnitude

3. The non-trivial functional dependence of the running gravitational couplings,
fay(t), resulting in the non-instantaneous decoupling of the trans-Planckian UV
completion
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Models

Gauged B-L [yHEP 02 (2016) 135] Leptoquark Ss [Phys. Rev. D 43, 225]

o SU(3)xSU(2)xU(1)xU(1)sL SM + S(3,3,1/3)
e Right-handed neutrinos and complex scalar field S e The Yukawa interaction of Ss with SM fermions

The Yukawa part is extended by L5 -YqQTeSsL+He.,
L2 YN (ell")' L - SYNSNN +He., ® f4(1loop)=0.0106, fy (1 loop) = —0.0004,
. ®
e The abelian gauge part gy (1loop) = 0.4823,  y; (1loop) =0.2340,  yiq (1 loop) = 0.1132.
[ ]

1 1 & yrq (My, 1 loop) = 0.4270
L D _ZB‘“’BW — ZXWX’“’ - §BWX’“’

+if (3“ —igyQy B* — igB—LQB—LXM> Yol s

o From g™y, — 173.1Gev) = 036 and  yMS(ag) = 0.95

9gB—-L €9y

—— gy — gy, gd:ma ge__m
o fg (1 loop) =0.0097, f, (1 loop) = 0.0020,

gy (1 loop) = 0.4734, gy (1 loop) = 0.4420, gs (1 loop) = —0.3450,

y; (1 loop) = 0.2901, v, (1 loop) = 0.5398 , yy (1 loop) = 0.3868 .



Estimation of uncertainties



1.

Gauage couplings

e RGEs in the B-L model:
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Impact of higher-order corrections
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Yukawa couplings

e Yukawa coupling RGEs of a generic SM+NP theory
dyr Yr (r) (r) (s YmYpY,
i = That (X]: a;”ys — Zaz glgk+nX>:2H() +m% 3 e ;;Lpﬁr; A | g,

yr()=1,2... the set of Yukawa couplings; gi(k) the gauge couplings

e The genetic multiplicative n-loop contribution
gy — 1 1(r)
ngr) = W Z alllz...lzncllclz"'cl2n’
lila...lay
e The generic additive n-loop piece
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°

The 2-loop correction
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fq gy ga ge d9v /9y 09i/9i5 69:/9: | 69a/ga(Mi)  6ge/ge(My)
B _ i 0.0098 | 0.4748 | 0.4415 —0.3445 | 03% —0.1% —0.1% —0.4% —0.5%
fy Yt i YN Syr Jve  0uu/y,  Syn/yn | Oy /yv(Mi) Sy~ /yn(My)
0.0016 | 0.2727 | 0.5220 0.3813 | —6.0% —3.3% —1.4% —1.4% —0.8%
Sy LQ fy N Yr.q Syi [z dYr.q/Yiq dyLq/yLq (M)
3
—0.0007 | 0.2133 0.0855 —8.8% —24.5% —14.3%

Table 1: 2-loop determination of the gravity parameters f, and f,, fixed-point values of the
reference and the to-be-predicted couplings, percent uncertainty at the fixed point,
and percent uncertainty at the low scale for the models introduced in Sec. 2. The
uncertainties are defined w.r.t. the 1-loop results of Sec. 2, cf. Eq. (39).
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2. Dependence on the position of the Planck scale
Gauge couplings

ry 4(n loops) = 94 (n loops) ~ —QEY
9.d = - N,
9y \/4by by — B2

moving the Planck scale back and forth does not affect the predicted ratios

F b
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Yukawa couplings
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B—-L fq gy 9 g: d9yv /9y 093/9y  69i/g9r | 69a/ga(M¢)  6gc/ge(My)
10%° GeV | 0.0102 | 0.4843 | 0.4522 —0.3530 | 2.3% 2.3% 2.3% 0.0% 0.0%
1016 GeV | 0.0086 | 0.4445 | 0.4151 —0.3240 | —6.1% —6.1% —6.1% 0.0% 0.0%

fy yi Y YN oyt Jve  dyo/ye  Oyn/yn | Oy /yu(M:e) Oy~ /yn(M:)
10%° GeV | 0.0020 | 0.2914 | 0.5523  0.3927 0.4% 2.3% 1.5% 1.3% 0.3%
10 GeV | 0.0020 | 0.2869 | 0.5069 0.3715 | —1.1% —-6.1% —4.0% —3.7% —0.9%

S; LQ j yi Yr.qQ oyt Jyi dYr.q/yiq dyLq/yrq(M:)
10%° GeV | —0.0006 | 0.2309 0.1043 -1.3% —7.8% -5.1%
10'° GeV | 0.00002 | 0.2422 0.1337 3.5% 18.1% 10.1%
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3. Scale-dependence of the gravitational correction
Gauge couplings

dgi (matter)
= 9 — fq9i p .
dt g 9 9 o b +H(Y)> 3 _f
. d 1 matter matter dt 1672 Y n>2) 9y g9y
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exact RG invariants

Apply total derivative to 1st eq and focus on a sequence of infinitesimal scale intervals . to < 1 < o
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3. Scale-dependence of the gravitational correction
Gauge couplings
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Fy(gy (t1), 94a(t1),...) =
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Yukawa couplings

dyj (matter)
dat = B; — fyY;
The ratio of two irrelevant Yukawa couplings does not depend on fy
d y2 1 matter Y2 ,matter s
dt = E ﬂ2 - Eﬂl [t] - G(yj (t)’ gk (t), .- ) for the Yukawa couplings the t-dependence of fg and fy can impact the running of the y2/y1 at 1loop
d i o
where * 2 (S-Sl T+ T 2000 (g, 3 a0 )
& J n>2 m,p,qFr 7T n>2

Repeating the infiniteS|maI—step analysis

ya(t1) B y_2 B .
) gt TG00 GGG gk, ),

va(t) _ we(t) _ .

yi(ta) () + (t2 — t1) G(y;(t1), gr(t1), ---)

one finds, that G(¥5, 95, --) =0, so that  y2(t1)/y1(t1) = ¥5/v7. However, even at 1 loop, G(y;(t1), gk(t1),...) # 0.
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Yukawa couplings

% . (matter) '
dt b Ju¥s 0.1+
The ratio of two irrelevant Yukawa couplings
foconst., f,(t)
Z <y2> - L (ﬂg‘a“ef . 25{’“&“‘”) 1] = G = 0.001} foofy const.
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one finds, that G(y}, g5, ...) = 0, so that  y2(t1)/y1(t1) = y3/yi. However, even at 1 loop, G (1) 596t ), =) 7 G

2 * 2
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Conclusions

Authors have investigated the issue of the theoretical uncertainties associated with predictions for irrelevant
Lagrangian couplings emerging from trans-Planckian AS;

In the gauge sector the uncertainty induced by relaxing any of the simplifying assumptions never exceeds
the 1% level,

For the Yukawa sector: if the predicted Yukawa couplings are of comparable size to the irrelevant gauge
couplings, the uncertainties remain at bay, not exceeding ~ 10% at the fixed point if higher-order corrections
are included, or if the Planck scale is moved to, e.g., 10*6 GeV.

Potentially more dangerous uncertainties could stem from considering the non-trivial scale dependence of
the gravitational contributions to the matter beta functions (fg(t), fy(t)), as in this case we lose the ability of
determining the actual value of the Yukawa couplings at the fixed point. However, in the range of variability
of the gravitation parameters that can be realistically expected in the framework of the FRG, the resulting
uncertainty is moderate.



