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Running of the Coupling Constants

In the Standard Model we see two possible asymptotic behavior:

8y dgﬂ
Es (o) =

4r

L GeV
Aip 0g,0[1/GeV]

n daniele.rizzo@ncbj.gov.pl



Running of the Coupling Constants

In the Standard Model we see two possible asymptotic behavior:
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Running of the Coupling Constants

In the Standard Model we see two possible asymptotic behavior:
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of quantum

gravity.

In a generic QFT a
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Quantum Gravity contributions to the

Running of the Coupling Constants
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Quantum Gravity contributions to the

Running of the Coupling Constants

Einstein-Hilbert Gravity
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Quantum Gravity contributions to the

Running of the Coupling Constants

Einstein-Hilbert Gravity
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Quantum Gravity contributions to the

Running of the Coupling Constants

Einstein-Hilbert Gravity
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Large uncertainties when
computed analytically.

[ Daum, Harst, Reuter '09, Folkerst, Litim, Pawlowski
'11, Harst, Reuter '11, Christiansen, Eichhorn '17,
Eichhorn, Versteegen '17, Zanusso et al. '09, Oda,
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Quantum Gravity contributions to the

Running of the Coupling Constants

Renormalization Group Equations

Einstein-Hilbert Gravity
1 in the Sub-Planckian regime
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Reuter, Saueressig, hep-th/0110054
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Large uncertainties when
computed analytically.
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Quantum Gravity contributions to the

Running of the Coupling Constants

Renormalization Group Equations

Einstein-Hilbert Gravity

| in the Sub-Planckian regime
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= Renormalization Group Equations
in the Trans-Planckian regime
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Large uncertainties when
computed analytically.
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Quantum Gravity contributions to the

Running of the Coupling Constants

Renormalization Group Equations

Einstein-Hilbert Gravity
| in the Sub-Planckian regime
SEH — 162G /d4x\/§(—R(g) R 2A)
i /B - /BSM—I-NP
1 g Mg
B, = BSM+NP
Renormalization Group Equations

in the Trans-Planckian regime
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Reuter, Saueressig, hep-th/0110054
Picture: Wikipedia SM—I—NP
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Large uncertainties when
computed analytically. . _
In our project are determined by
matching the low-energy data.
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Fixed Point Analysis
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Fixed Point Analysis

Stability . _ [95'(9) Critical 4 _
Matrix k= . Exponents *
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Fixed Point Analysis

Stability . _ [95'(9) Critical b g (i)
- —_— m T m
Matrix & ogF | ,_,- Exponents
A( A > 0 A A <0
IR uv R uv
repulsive] ) free  ———attractive attractive iction  repulsive
< parameter
- -
Relevant couplings are free Irrelevant couplings provide
parameters of the theory predictions

Source: Kamila Kowalska
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The heuristic approach
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The heuristic approach

1 1 €
£ D —ZBWB“" — ZXWX“" - iBm,X“"
Gauge couplings
0.60
0.55_’ MPL
0.50} gy _
0450 /oo 5
84 |
040 /- _
111 ) Po— gL R——
0-30-_ ".‘;" ]
0.25/
11|/ S DT UL TN I
20 40 60 80 100 120

Log,,[u/GeV]

H daniele.rizzo@ncbj.gov.pl



The heuristic approach
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The heuristic approach
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The heuristic approach
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The heuristic approach
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The heuristic approach
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The heuristic approach
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The heuristic approach
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Phenomenology!

cf. e.g. Chikkaballi, Kotlarski, Kowalska, DR, Sessolo JHEP (2023).
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The heuristic approach
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The heuristic approach
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1 - Computations of the beta functions are performed at 1-loop level.
Sources of uncertainties -
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The heuristic approach
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1 - Computations of the beta functions are performed at 1-loop level.
Sources of uncertainties - 2 - Planck scale is set arbitrarily at 10" GeV.
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The heuristic approach
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1 - Computations of the beta functions are performed at 1-loop level.
Sources of uncertainties - 2 - Planck scale is set arbitrarily at 10" GeV.

3 - Gravity decouples instantaneously at the Planck scale.
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Higher loops computations:

Gauge Sector

Renormalization Group Equations:
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Higher loops computations:

Gauge Sector

Renormalization Group Equations:

T 1 Known from experiments - (Y)
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Higher loops computations:

Gauge Sector

Renormalization Group Equations:

- 1 - Known from experiments - ()
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Higher loops computations:

Gauge Sector

Renormalization Group Equations:
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rg.d(n loops) = g—f(n loops) ~
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Uncertainties:




Higher loops computations:

Yukawa Sector
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Higher loops computations:

Yukawa Sector
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Higher loops computations:

Yukawa Sector

Known from experiments

dy1 Y1 1 1 ~
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Higher loops computations:

Yukawa Sector

Known from experiments

dyi Yy =
= = —=— | ai’sl + 055 —a'Vg? + > TP | - fum,

Renormalization dt 1672 v
Group -
Equations: dyo Yo 5 5 =
At 1672 ag )y% s ag )yg - a’(Q)g? F Z Hf) — fyy2.
@ _

At the fixed point, solve the first equation for the gravity parameter f, and insert it in the
second equation to get:

n daniele.rizzo@ncbj.gov.pl



Higher loops computations:

Yukawa Sector

Known from experiments

dyr _ "y 2t
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Renormalization dt 1672 v
Group -
Equations: dyo Yo 5 5 =
At 1672 ag )y% s ag )yg - a’(Q)g? F Z Hf) — fyy2.
@ _

At the fixed point, solve the first equation for the gravity parameter f, and insert it in the
second equation to get:

1/2

_|_
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n daniele.rizzo@ncbj.gov.pl



Higher loops computations:

Yukawa Sector

Known from experiments

dy1 Y =
" (a2 g SO | -

Renormalization dt 1672 v
Group -
Equations: dyo Yo 5 5 =
At 1672 ag )y% s ag )yg - a’(Q)g? F Z Hf) — fyy2.
@ _

At the fixed point, solve the first equation for the gravity parameter f, and insert it in the
second equation to get:

1 loop Higher loops
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Higher loops computations:

Yukawa Sector - Large Yukawa

s 5 1/2
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Higher loops computations:

Yukawa Sector - Large Yukawa
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Higher loops computations:

Yukawa Sector - Large Yukawa

| O(1) ‘ | Small |
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Higher loops are negligible — predictions are very stable.
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Higher loops computations:

Yukawa Sector - Large Yukawa
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Higher loops computations:

Yukawa Sector - Small Yukawa
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Higher loops computations:

Yukawa Sector - Small Yukawa

Cancel out | Main contribution |
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Higher loops computations:

Yukawa Sector - Small Yukawa

Cancel out | Main contribution |
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Higher loops are important — predictions are unstable.
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Higher loops computations:

Yukawa Sector - Small Yukawa

| Cancel out Main contribution |
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Dependence on the position of the

Planck scale
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Dependence on the position of the

Planck scale

Gauge sector

y 2b
rg.4(n loops) = g—f(n loops) & — yY
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Dependence on the position of the

Planck scale

Gauge sector Yukawa sector

~ 2b 5
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The uncertainty depends on

The ratio does not depend on f : .
the size of the couplings:
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Scale-dependence of the gravitational

corrections
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Scale-dependence of the gravitational

corrections

Gauge sector
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Scale-dependence of the gravitational

corrections

Gauge sector Yukawa sector
* 2b
rg.d(n loops) = g—f(n loops) & — yy =
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Conclusions

 The heuristic approach to asymptotic safety is able to give predictions for the
coupling constants of BSM models.

* Predictions might be affected by the simplifying assumptions: loop
approximation, position of the Planck scale, functional dependence of the
gravitational parameters.

 We have relaxed such assumptions to understand the robustness of the
predictions in both the high and the low energy scale regime.

 Our main findings are that the gauge sector is extremely robust, while in the
Yukawa sector the magnitude of the coupling we want to predict plays an
important role in the determination of the robustness of the predictions.

* The infrared focusing of the RGEs reduces the uncertainties in the predictions,
so that the analytical formula obtained at the fixed point can be read as an
upper bound.
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Gauged B - L Leptoquark

1
4

1
4
+if (5” —igyQy B" — %'QB—LQB—LX“) Yuf

L O —-Bu,B" - -X,,X" - %BWX”"

S5 (3,3,1/3).

o 1
LD -Y,NEH")L- SYNSNN +He. L£>-YqQTeSs L+ He.

By matching the SM at 1-loop we get: By matching the SM at 1-loop we get:

g% (1 loop) = 0.4734 y; (1 loop) = 0.2901 gy (1 loop) = 0.4823, y; (1 loop) = 0.2340

The predictions for the BSM couplings are: The predictions for the BSM coupling are:

gy (1 loop) = 0.4420, g (1 loop) = —0.3450,
Yr.q (1 loop) = 0.1132

y,, (1 loop) = 0.5398 , yn (1 loop) = 0.3868.
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Gauged B-L - Gauge Sector

1
4

1
4

B\ (1 eI (v
xe)] \o  1/y/d—¢2) | \D#

gy 0 B+ gy Ge vV
(QYaQB—L)( 0 Q'B—L) (Xﬂ) — (QYaQB—L)( 0 gd) (D”) -

gy (1 loop) = 0.4734

L D B, B"

€ — ~ ~
X X" — B XM i f (0 —igyQy B* — igp-1.Qp-1.X") 3. f

dB—L € gy

gy — gy, gd = m ) Je — — m . g:E (1 lggp) = (0.4420

9> (1 loop) = —0.3450
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Renormalization group equations

Gauged B-L - 1Loop

50 (gy) = _%99; 8 (gs) = ~ 743
41 41 32
8D (gy) = < 9¥ BV (ga) = + 127 + 949 + 5 939
32 32 41 41
BV (g) = + 6290+ 949> + 9t g + 12939 + — g
3 3 3 6
3 17 9 5 17 9
(1) — 42 T ] t e 2y, © g2 g2 2
6 (Yu) + QYUYu Y, + 31r (Yu Yu) Y, +Tr (Yy YV) Y. — 12 Y Sngu 3gdgeYu 12 Y 4 Y 893Yu
Wy )= 1 Sy yi « i f 3 2 2 g 3 2V, — 2 g2
BOY) = + JVY[Y, + 2V, Y3 Yy + 3T (Yu Yu) Y, + Tr (Y,, Y,,) Y, — ZgYY 69Y, — 3949.Y, — J92Y, — J93Y,

BU(YN) = + YTV YN + YNYY, +4YNYEYN + 2T (Y3 YN) Yy — 692V N
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Higher loops computations

fa gy gu ge d9v /g9y 99i/9y  dg:/9i | 0g9a/ga(Mi)  6gc/ge(My)
B | 00098 | 0.4748 | 0.4415 —0.3445 0.3%  —01% —0.1% —0.4% —0.5%
fy i Yy YN oyi /i Oun/yn  Syn/un | Ouv/yu(M:)  dyn/yn (M)
0.0016 | 0.2727 | 0.5220 0.3813 | —6.0% —3.3% —1.4% —1.4% —0.8%
S, LQ fy Yt YLo oyt Jur dYLq/Yrq dyrq/yLq (M)
3
—0.0007 | 0.2133 0.0855 —8.8% —924.5% —14.3%
1.0 1.0
My,

Yo _
\‘—::: """""""""""""

S

0.2

20 40 60 80 100 120 20 40 60 80 100 120

Log,[p/GeV] Log,,[1/GeV]
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Dependence on the position of the

Planck scale

0.60
0.55F || My
0.50f g
T W G R L
0.40f g
0350 || B ]
0.30}
0.25
0205040 60 80 100 120
Log,o[u/GeV]
1.0p—7
My,
.............. /i
[
02%=50""20 60 80 100 120
Log,,lu/GeV]

B-L fq gy g g: dgv /gy dgifgn  09i/gl | 094/94(Mi)  bge/ge(M:)
102" GeV | 0.0102 | 0.4843 | 0.4522 —0.3530 | 2.3% 2.3% 2.3% 0.0% 0.0%
10'° GeV | 0.0086 | 0.4445 | 0.4151 —0.3240 | —6.1% —6.1% —6.1% 0.0% 0.0%

Ty Ui y Yn oy fui Syo/un dyn/yn | dw/un (M) dywn fyn (M)
1029 GeV | 0.0020 | 0.2914 | 0.5523  0.3927 0.4% 2.3% 1.65% 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 Ty Yt YLG Syt Jui Lo/ ULg dyLq/yro(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%

6Tg(y] i (Mp] -75 1019 GEV) - T’ (Mpl =10 19 GBV)
¥ - _ 19
o). ()i (M1 0 GeV)
# E
ory, 2 _ 1|07y, '5?9& 2
IS -
r* Ik g k- 9 r* r* 3%1
Y2 y 2 gl q.k

20 40 60 80 100 120

Log, [u/GeV]

daniele.rizzo@ncbj.gov.pl

Daniele Rizzo




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62

