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Anomalies in b to s transitions

e lepton-flavor universality violation (LHCb: ~3.1 o)
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e deviations in angular observables (LHCh: ~2.5 o) \
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New Physics explanations

e ~140 observables with experimental + theoretical correlations

e GLOBAL FIT

EFT approach:

pull of the best-fit point: 5.9 o

NP models:

Cs’f — _Cfo —

@ 53

W.Altmannshofer, P.Stangl, arXiv: 2103.13370
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New Physics in the muon sector? - - cp
81 Y22 ,t_):

leptoquarks Z' with VL fernions

Problem: we know only coupling/mass ratio - no prediction for the NP scale

Question: how to get a prediction? -~ asymptotic safety
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Asymptotic behaviours
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« AS originally advocated by Weinberg to improve the UV behavior of G,

« Advocated in QFT as solution to U(1),, triviality problem
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Fixed point properties

Bi{ej}) =0 — » M;; = 08;/0cj|ary — = {—0:}

stability matrix critical exponents
A( 0, >0 A 0. <0
IR uv IR _—~ uv
repulsive| )  free attractive attractive iction repulsive
\ parameter
. .
Relevant couplings are free Irrelevant couplings provide
parameters of the theory predictions
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Asymptotic safety in QG

Quantum gravity and quantum gravity + matter might feature interactive UV fixed points

[ Reuter '96, Reuter, Saueressig '01, Litim '04, Codello, Percacci, Rahmede '06, Benedetti, Machado, Saueressig '09, Narain, Percacci ‘09, Manrique,
Rechenberger, Saueressig '11, Falls, Litim, Nikolakopoulos '13, Dona', Eichhorn, Percacci '13, Daum, Harst, Reuter '09, Folkerst, Litim, Pawlowski '11,
Harst, Reuter '11, Christiansen, Eichhorn '17, Eichhorn, Versteegen '17, Zanusso et al. '09, Oda, Yamada '15, Eichhorn, Held, Pawlowski '16, Pawlowski
et al. '18 ... many more |

Prototype example: Einstein-Hilbert gravity

Reuter, Saueressig, hep-th/0110054
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Functional renormalization group technigques
(Wetterich Equation) lead to 2 fixed points

B dg o dA B
b= qmz=% P =gme="

(gaussian) g =0 A =0

Fixed point persists under the
. . - addition of new interactions
(interactive) g=gg A= \F
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Asymptotic safety with matter

Gravity affects matter:

Gauge-Yukawa system coupled to gravity:

SM+NP

_—

53/ _ ﬁSM—l_NP _@

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

Quantum-gravitational contribution
(in principle via FRG)

fg, fy free parameters determined by matching to the low-energy data
applied in SM and simple SM extensions
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b-s anomalies: SM + S; LQ

see, ex: |. Dor8ner, S. Fajfer, A. Greljo, J. Kamenik, and N. Kosnik, Phys. Rept. 641 (2016) 1-68
G. Hiller, D. Loose, and K. Schénwald, JHEP 12 (2016) 027

5‘3 |ept0quark; (f;_’,’ 37 ]_/3) I. Dorsner, S. Fajfer, D. A. Faroughy, and N. Konik, JHEP 10 (2017) 188
LD (YL)z’j Q;F(ZO-Q)S?,LJ + H.c. ST, (?IL)22 7
flavor basis :
i P4/3
Yl =Dly; |
o br, | p
Y p— UL YL (5\/[/)32

quark mass basis

L D(/54/3dL,z'€L,j + Y ¢ jsupen,; + He

down-origin scenario FEATURES
0O 0 O e . :
A A 1) running of the CKM matrix
vi—@@ s b0 v ol [x ) running
0 Y5 0 T 2) YlL2 generated through the running via

CMK, can affect BR(KY — u ™)
under control
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Fixed-point analysis

System of beta functions to solve: . 2" 4 39 generation approximation

L ~rL _
.gY7 g2, 933 :yta Yb, V33J7 \YQQ, Yggj « CKM described by V.,
Y Y~ Y

gauge SM Yukawa LQ Yukawa

UV fixed-point:

sM: g3 =0, g5 =0 LQ: YVi* =0
Lx
gik/ = 0.48 fixes fg Y32 = 0.19 i irrelevant
y: =0, y5 =0.03 fixesf, -
low-scale predictions
V33 — O
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Prediction for the LQ mass
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complementary predictions in flavor:

eg. D-mesons decay
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Muon g-2 anomaly

Measured value at BNL (2006):
Bennet et al, Phys. Rev. D 73 (2006) 072003 (hep-ex/0602035)

Brookhaven ; @
BNL . 1 1 result
:u (116592089 1 63) >< ].O Fermilab _°
result
Measured value at FNAL (2021): . R
Muon g-2 Collaboration, Phys. Rev. Lett. 126 (2021) 141801 i Arege
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9
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a, " = (116592040 + 54) x 10~

Aa, =(25.1+5.9) x 1071

discrepancy at ~4.2 o
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g-2: new scalar and VL fermions

VL fermions (E, E’) and (F, F’) + scalar S

Lne D (YrprE'S+ YL F'SY,+ Y ER'F + Y, F'hE' + Hec.)

induce chiral enhancement

’H’ILL Y17 Y2
X
also: KK, E..M..Sess.olo, JHEP 09 (2017) 112 iy E
the models: T KaWaLTA, S kW ¥ Omra.JHEP 08 (2020) 042 I S
S E F EERCEEC G
% (170) (171) (27_%)\
% (17 _1) (17 0) (2a %) \ KK, E.M.Sessolo, JHEP 09 (2017) 112
M3 (27 _l) (27 l) (1, O) 1 real scalar + fermion singlet and doublet
My | (2, %} (2, %) (1,-1) Wide open PS...
M 2,-3) [ (2,-1) | (1,1) i predictions difficult
) ) 2 Y x A
% 227 _Eg ( ) é) (37 O) TE
M 5 2, = 3, —1 S e
M; ((2 7_2’_2) ((2 7_21)) ((’ 1)) S " How to constrain the PS?
’ 9 y 9 3 ]
MlO (37 _1) (37 O) ( 3 %)
Mll ( ) 1) (37 2) (27 _3%) 0.0001 5o e o
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Predictions for the masses

Fixed point fixes couplings:
y:(Qo) | YL(Qo) | Yr(Qo) | Y1(Qo) | Y2(Qo)
different low-scale M]_ 091 021 091 062 9 X 10_4
predictions - M, | 1.07 0.65 0.59 0.03/ | 6 x 10~*
different phenomelogy? |\ 37| 095 | 0.01 0.77 018 | 3x1075

Mg 0.93 0.04 0.78 0.65 9 x 107°
Mg 1.03 0.98 0.87 0.03 1x1073

Model 2

Model 1 ms=300 GeV
ms=400 GeV i
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Consequence of asymptotic safety!
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To take home

EFT alone is not predictive enough — theoretical analysis of
UV completions is needed

Via fixed point, AS can enhance predictivity of the New Physics
models

Other applications possible, case-by-case study needed

Overall, AS in UV can provide a new tool for phenomenology
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