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 Fermions
» 6 flavors of quarks and leptons

e 3 generations

 Gauge bosons

* Photon (y), W*,Z, g
* Scalar

* Higgs
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the quarks and leptons interaction with the gauge
bosons

Parameterized by gy, g5, &3

Breaks electro-weak symmetry SU(2); X U(1)y

Generates mass to W=, Z

Generates mass to the quarks and leptons

Mixing of quarks




Physical basis are the mass basis
| u)f =U,|u), +U, .|c), +U.|t),

|d) = Dyyld), + Dyg|$) + Dy, | D),

52 WHUD) iy d + b

Z(D'D);d; y"d,

1

Flavour changing neutral current are
absent at the tree level
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82 _ g
ZWUTU i y"u; + ==

Z(D'D)..d. y*d.
V2 NG o

1
W= can induce flavor change among the
quarks

VxS the source of flavor violation
among the quarks




Right handed neutrinos are absent
—> Only 1 Yukawa matrix

—> Does not mix different family

$)

Wr6.e v v+ h.c

V2

—> Lepton Flavor Universality (LFV)

82 = 824 = 821




Confinement: hadronization of quarks

= QObservables during rare decays of meson

" BRBY = K*uu™)

Re=—-—— 0 7~
BR(B*+ — K+e—e")

SM prediction: Ry = 1

Up to phase space corrections

. 10<¢%><6.0GeV?/c?

—vG—

BaBar ,
0.1 < g?<8.12GeV?/c*
[PRD86032012]

Belle
[JHEP03(2021)105]

LHCb5 b
1.1 < g*<6.0GeV“/c*
[PRL122191801]

LLHCb 9 fb’!

1.1 < ¢*><6.0GeV?/c*
[LHCb-PAPER-2021-004]
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Angular observables




Anomalies caused by the New Physics (NP)

Parameterizing the new physics (NP) in
terms of four-fermion contact interaction

4G .
Hoti = ——=V,VE ) (ClO!+ ClO)) + He.,
2 1l

2
OVH —

7 ,1672

OO = = (5yPP, o b) iy 75t
10 1672 P

(Y PryD) iy 1),

O wl ) Of I &

—0.5 7

Altmannshofer, Stangl arXiv: 2103.13370



Generic Z' coupling for the flavor anomalies

/ b = o 7 7
% >Z, (82 SYPPLb + gy’ SY’Prb + g fiy’P p + g fiy”P Rﬂ> +H.c. Only marginal improvement in the

s 2 g 2 : - / /
ch = _9 8Lb8\/§” ( A, CH — _9 8Lb8//1m A, fit with C9 and CIO
NPTV, \my ) TINP T Ty

mZ/ Kowalska, Kumar, Sessolo, arXiv: 1903.10932

1/2
g = (8" + 82, gl =g =82, A, = ( 2Gﬂ )
F%em

SUB3) X SUQR)yy X U(1)y X U(1)y

gib is an effective coupling:

\/5 Mgy Aoo 403 Vg

<2mé + 45, v§> \/ 2 mg + </%,2 + /15,3> V&

= 8219 ~ gy

g;;b%O



Model 1: VL Lepton mixing
<> A)SOLL+m 'L + He.

o)
/IL,2VS

85” ~ 8x U1
2mg + Af 5§

Model 2: Direct lepton coupling with
LM — L. Symmetry

85” = 8X

L (1,2, — 1/2,0) ep: (1,1,1,0)
b (1.2, -1/2,0) pe: (L 1L,

Ly (1,2, — 1/2,

L:1,2,—-1/2,0;) L:1,2,1/2, — O;)
Model 1A: QL — QS
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—— By = pp lo
— =< RK & RK* ].U, 20
— b— sup lo, 20

Model 1: —0.53 < C¥( = — C!) < — 0.25

1.5 1 rare B decays 1o, 20

Model 2: —1.03 < C§ < —0.43

bspups
Cio

Altmannshofer, Stangl arXiv: 2103.13370
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*  Best-fit (Model 2)
10 | | | | 20 region
—2.0 ~15 ~1.0 —0.5 0.0 0.5 1.0 40 B 1o region o
Cbsuu
9

Problem: The constraints are only on the ratios of mass/couplings?
—> No prediction for the NP scale 16

Solution: Asymptotic safety? b e b




Coupling constants are scale dependent

Landau pole: g(g) = oo asqg — q

— Needs UV

completion

glq) A

~ 41T +

Asymptotic freedom: g(g) — Oasg — o

Blg)<0

From Wikipedia

Theory space

UV critical

10 1010 1013 1016
p [GeV ]

Asymptotic safety: {g;} — {g"}las g —




g
matching low-energy data

139

and fy are free parameters determined by

EQ: Be, = =87 —fe8y P, = 118y — fe8x

30

P ple )| =0, = g =
g

Fixed point properties:

9,

pigi}) =0— M; = dg,
J

{g*}

Stability Matrix

Critical Exponents

06+

05¢

0.4+

0.3
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Quantum-Gravitational contribution
In principle via FRG

Universal: Does not distinguish internal symmetry

Daum, Harst, Reuter '09, Folkerst, Litim, Pawlowski '11,
Harst, Reuter '11, Christiansen, Eichhorn '17, Eichhorn,
Versteegen '17, Zanusso et al.'09, Oda, Yamada '135,
Eichhorn, Held, Pawlowski '16, ...

— gy
— 9x

‘/PlanckScalc
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




Couplings pertinent to flavor
anomalies:

SM: 839 829 gY9 yb’ yl" V33

NP: 8ps 8es 4025 403> AL
With 2 family approximation

Predictions vary based on the
models and the fixed points

Irrelevant couplings

& &
gy, 70,y #0
& &
g 70,85 #F0
AF 0, AF 0
Q,i # ” L,2 #
Relevant couplings e ——
¥ — ok — — ko —
8 =8 =y, =V5=0 . . ,
2000 4000 6000 8000
Log (k /10 GeV)
gy (ko) 9gp(ko) 9ge(ko) | ye(ko) Ags(ko) Aga(ko) Ara(ko)
FP1A 0.364 0.305 0 1.08 -0.381 0.016 0.823
FPia b 0.364 0.305 0 1.09 0.034 0.803 0.606
FPlB,a 0.363 0.318 0.110 1.05 -0.612 0.296 0.652
FPlB,b 0.363 0.318 0.110 1.08 0.004 0.874 0.499
FPgq 0.363 0.277 0.052 1.03 -0.700 0.638 —
EPy 0.363 0.277 0.052 1.10 0.040 0.988 —

CC values at k, = 2 TeV
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Kinetic terms of gauge coupling: LOO o
0.50
Model 1B

o e e e I R e e e e e e — e = = =

0.20 - Model 2

or0. A~
005
— my > 3.9TeV  Model 2 002

0.01
m, > 4.7TeV Model 1B

| 1 1 1
g D — ZW/,ZWWWV — ZB/WB/W — ZX/,H/X”U — 56 BMDXMV

LHC 13 TeV
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mZ'(GeV)
3.0F" 30F T LA DR A o . 3O -~~~ T T T Tttt
[ Model 2 ] I Model 1B,a | [ Model 1B]
25 excluded by LHC 13 TeV 5 . _
R 2.0:_ R 2.0:_ excluded by LHC 13 TeV _ 2.0: excluded by LHC 13 TeV
: : | :
“.\’11.5_‘ [‘_‘:;1.5_‘ [:.’;1.5_'
g | . g S |
1.0:' Model 2b ' 1,0:- 1.0:- m,=0.5 TeV
0.5¢ 0.5 0.5F my=1
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Model 1A:

No direct constraint from kinetic mixing

Agp = 0.016 Agp = 0.803

odliAe | ol IAD
201 | IModel 1A,b:

Collider searches:m, > 3 TeV

] TevV &
TeV | TR

,=05TeV 0.51 m; =0.5 TeV

S m=01TeV ~ m=01TeV |

0.5....1.0....1.5....2.0....2.5... 0....1....2....3....4....5....6
mg (TeV) mg (TeV)




my, (TeV)

Model 1A,a:

Constraints by recasting SUSY particle searches

1.2f

&
oo

&
)

0.2

1.of

| R

3 /.~-' \

i / \. LHC 3000 fb™" proj.
vl \

- LHC 13TeV \ \

L \

my, (TeV)

1.5F
1.0}

0.5}

Not physical

K
AR
\
\
\
\
\
\
\
1
1
1
|
I
|l -
\ -1 s -
- LHC 3000 fb " proj.
\
\
\

LHC 13 TeV

-

05 10 15 20 25 3.0

my,, (TeV)




 U(1)' solutions to NC flavor anomalies embedded in a UV completion
with asymptotic safety

 The RGE flow of "irrelevant” couplings from a UV fixed point gives
IR predictions -> U(1) gauge couplings, kinetic mixing, Yukawa couplings

 Comparison with operators of the EFT restricts allowed mass ranges for Z' +
VL fermions

 Enhanced predictive power w.r.t. pure pheno models -- direct LHC constraints
bite deeply in parameter space

» Enticing detection prospects at Hi-Luminosity LHC
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