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Lepton anomalies in b - s transition
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Minimal Z’ models for flavor anomalies

Operator relevant for

Effective Hamiltonian b-s transition
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Minimal Z’ models for flavor anomalies

Operator relevant for

b-s transition
a{GEI‘II

Effective Hamiltonian
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Lagrangian parametrizing lepton flavor universality violating
couplings of Z’ to the b-s current and the muons

LD Z (g7 57" PLb+ gy 57" Prb+ H.c.) + gt iy’ Pp p + g 1y Pr ]
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Minimal Z’ models for flavor anomalies
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Theories with two U(1) group factors

Lagrangian of a fermion charged under both U(1)y xU(1)x
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Theories with two U(1) group factors

Lagrangian of a fermion charged under both U(1)y xU(1)x
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Minimal Z’ models for flavor anomalies

Particle content
S (19 17 Oa QS)
Q : (37 27 1/67 QS) Q, : (?’7 Qa _1/67 _QS)
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Minimal Z’ models for flavor anomalies

Particle content
S (19 17 Oa QS)
Q : (37 27 1/67 QS) Q, : (?’7 Qa _1/67 _QS)

Interaction

LD (_)\Q,i SQ/ q; + HC) — MQQ/Q :
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Minimal Z’ models for flavor anomalies

Particle content

S:(1,1,0,Q59)
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Interaction
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Couplings in WET
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Minimal Z’ models for flavor anomalies

Particle content
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Couplings through mixing:

VL leptons with a U(1)’ charge

Particle content [ : (1,2,—-1/2,Q;) L':(1,2,1/2,-Q1).
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Couplings through mixing:

VL leptons with a U(1)’ charge

Particle content [ : (1,2,—-1/2,Q;) L':(1,2,1/2,-Q1).
S (131307 QS)

Interaction LD )\L,@-S(*)L’Z@- +mprL'L+H.c.,
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Couplings through mixing:

VL leptons with a U(1)’ charge
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Couplings through mixing:

VL leptons with a U(1)’ charge
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Wilson coefficients
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Direct lepton couplings:

L \mu-L \tau symmetry

Particle content

[ :(1,2,—1/2,0) er:(1,1,1,0)
Iy - (1:23_:-/23 1) KR - (131313_1)
s - (1,2, —1/2, —1) o (1,1,1,1).
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Direct lepton couplings:
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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

Renormalization Group Equations
in the Sub-Planckian regime

SM+NP
/69 :Bg T

SM-+NP
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Quantum Gravity contributions to the
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Quantum Gravity contributions to the

Running of the Coupling Constants

Renormalization Group Equations Renormalization Group Equations
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gs, 92, 9y, Yty Yb, ‘/337
NP: 9D, Ye, )\Q,Qa )\Q,37 AL,27

couplings Qv QyQx — QvQy
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Fixed Point Analysis

SM :
NP:

g3, 92, 9y , Yt, Yo, %37
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= = - SM . V-
leed POInt Anal SIS gs, g2, gy, Yt, Yo, V33,
y N gD, Ye, )\Q,Qa )\Q,37 AL,27

Gauge gy = 4n :]f—g, gr = 47r\/ ngY gt = —ArQyx fg~ ~—,
couplings Qy QvQx — Q% Q3 Qx — Qy Q3 y

= Model | Sec. reference Fermion charges éy X

— o d 7 z 7 d

v Z 3)d(Ri) Oy + Z Fin)d( )G 1A Sec. 2.3 Qsm =0, QL = Qs 0

~ 2 1B Sec. 2.3 Qsm=0,QrL =—-Qs | 8/3Qs

Qx = Zd i3)d(Ri2) Q% + Zd i3)d(Rjo QXJ 5 Soc. 2.2 Q,=1,0. — 1 4/3Qs
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- = m SM : 9379279Y7yt7yba%37
X Point Analvsi
F ed O a ys S NP: gD, Ye, )\Q,Qv )\Q,37 )\L=27

Model | Sec. reference Fermion charges Qv x
1A Sec. 2.3 Qsm =0, QL = Qs 0
1B Sec. 2.3 Qsm=0,Qr =—-Qs | 8/3Qs
2 Sec. 2.2 Qu=1Q.-=—-1 | 4/3Qs

g;’ = 4m ’{’C_g ) gj*j = 4W\/ ~ NngYNQ ’ g: = _47T©YX 2 A ng ~2
Qv QvQx — Q% x QyQx — QvQy

fg fy 9y 9p 9: Yy AEQ,B /\23,2 /\2,2
FPiaq | 0.012 0.0025 | 0.498 0.418 0 0.406 0 0.072 0.648
FPiap | 0.012  0.0029 | 0.498 0.418 0 0.424  0.200 0 0.610
FPig, | 0.012 0.0026 | 0.498 0.436 0.151 | 0.417 0 0.163 0.586
FPipy | 0.012 0.0034 | 0.498 0.436 0.151 | 0.452 0.264 0 0.547
FP2, | 0.010 0.0018 | 0.479 0.366 0.069 | 0.356 0 0.302 —

FPay 0.010 0.0037 | 0.479 0.366 0.069 | 0.453 0.379 0 -
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Predictions

Couplings
at the FP

Couplings
at 2 TeV

SM

gs, 92, gy, Yt Yv, %37

NP: gDy Ges AQ2s AQ3> AL2,

fq Jy 9y 9D 9: Yt )‘Zg,?, /\*Q,Q )\E,Q
FPia.. | 0.012 0.0025 | 0.498 0.418 0 0.406 0 0.072 0.648
FPiap | 0.012 0.0029 | 0.498 0.418 0 0.424 0.200 0 0.610
FPigq | 0.012 0.0026 | 0.498 0.436 0.151 | 0.417 0 0.163 0.586
FPigysy | 0.012 0.0034 | 0.498 0.436 0.151 | 0.452 0.264 0 0.547
FP2, | 0.010 0.0018 | 0.479 0.366 0.069 | 0.356 0 0.302 —
FPsyp | 0.010 0.0037 | 0.479 0.366 0.069 | 0.453 0.379 0 -

gy (ko) gp(ko) ge(ko) | yt(ko) Ag3(ko) Ag2(ko) Ar2(ko)
FPia.q | 0.364 0.305 1.08 -0.381 0.016 0.823
FPiap | 0.364 0.305 1.09 0.034 0.803 0.606
FPige | 0.363 0.318 0.110 1.05 -0.612 0.296 0.652
FPiBb 0.363 0.318 0.110 1.08 0.004 0.874 0.499
FPs 0.363 0.277 0.052 1.03 -0.700 0.638 —
FPs 0.363 0.277 0.052 1.10 0.040 0.988 =
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Experimental constraints:
Kinetic Mixing
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Experimental constraints:
Kinetic Mixing
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Experimental constraints:
Kinetic Mixing

pp>X >0~

Simulations performed
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Experimental constraints:

Kinetic Mixing
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Experimental constraints:

Kinetic Mixing & Wilson Coefficients
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Experimental constraints:

Kinetic Mixing & Wilson Coefficients

Ao = 0.016 Ag2 = 0.803
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Experimental constraints:

Production of VL fermions and Z’

SARAH - SPheno - Herwig -» CheckMATE

1.2 20777 i i i 7 " " T :
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Experimental constraints:
Production of VL fermions and Z’
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Conclusions

 Models with Z' and VL fermions are able to explain flavor
anomalies. However, the parameters space of such models is very
wide.

» Asymptotic safety was used as a framework to constrain the
parameters space. To do so, the only assumption was the presence
of an interactive fixed point.

* The flow of the coupling constants gave us predictions for the new
physics.

» Using already existing searches at 13 TeV at the LHC we were able
to constrain even more the parameter space of the models. Some
of them were this way excluded while one particular model can
actually be tested with the new searches at 3000 1/fb at the LHC.
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Thanks for the attention!
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Quantum Gravity contributions to the

Running of the Coupling Constants

Einstein-Hilbert Gravity Fixed Point

1
167TGN .

/d4x‘/§(_R(g)+2A) = ik T

SEH =

Gaussian Fixed Point

g=0 A=0 ===

0251 Asymptotic safety

= 0.1 T R— : . 5.5 *
Interactive Fixed Point e
g = g* \ — )\* N Og(/ﬁ

Reuter, Saueressig, hep-th/0110054
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Scalar Sector

V (1h*,15%) = —2hth + A (B1R) + 13 STS + As (5T8)” + A (ST9) (hTR)

7 VNN IPZ

N X s [0n b5 O =27 \&Qﬁ‘&/\éé

FPy | >0 >0 =0t | - - - L RS e e

FPp | >0 <0 =~0 | - + - §§‘\\‘\1’//%%j\\\i‘§

FPc | <0 >0 =0T | + -— — dm—os-\‘ \!f / | ]

FPp | <0 <0 >0 | + + - ' §§§: l?%/é Jk§§
SN Vo2l N

As(173 GeV) = Mis(173 GeV) = 0.1, 5777 3\/"#\:\\%%'” o
s(173GeV) = 0.18, Xs(173GeV) = 0.1, ™7/ /72

-1.0 -0.5 0.
Ap

my, = \/)\hv% + Agv% + \//\%vab + A2 0vd — 2\ Asvi0% + NLug
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Experimental constraints:

Scalar Sector

V (1h*,15%) = —2hth + A (B1R) + 13 STS + As (5T8)” + A (ST9) (hTR)

m?, =

_M% + 3)\]{0% + %)\hS’U?g )\hgl)svh
)\hS”US”Uh /L% + 3)\5’1)%« + %)\hg?)%

. Ans Up Vg
SIN vy = < 0.2

24/ A20% + A2 qvvd — 2\ Agvivd + Aot

20 GeV
m z: .

m daniele.rizzo@ncbj.gov.pl

e, & 2020z sinoyg ~



RGEs Model 1B
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dg 1 g3
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dge 1 , 139,
dt 16w <119Dg€ AR

w1 3 9
& 162 [g(gi +92)° + 7(9v + 9095 + 592 = 39y An — 392 — 9950

+24X7 4+ Mg + 1205 M + 1270, — 6y, — 6y1)] — Hdn

ds 1
= s [69b93 /(97 + 92) + 20 — 1265 As + 2003 +8(As.2)*As — 4(Ar2)’
+24(Ag2)As + 2400q)"As — 12 (Ag2)* + (Aes)?)’] = firs
dvws 1

9
i 1602 —ngz)\hs — —g%)\hg — 69}2_-,)\}“9 + 12\, \ns + 4/\%5 + 8AnsAg

+4(Ar2)* s + 12(Ag2)*Mns + 12(Ag.3)* Mns + 6y Ans + 6y7 Ans
—12y5 (Ag3)* — 1247 Vas?(Mg2)? — 1247 Vis* (Ag)°

=12y VsaVasAg2Aos] — fadns -

Daniele Rizzo




Example:

Gauge Sector U(l1l)’ extension

Beta functions equations
dgg 17 gg’
it~ 3 16x2 998 B
dt B 2 167T2 fggz, i ‘/PlanckScalc
dgy 139 gy /
di I8 a6t T s
dgp 1 139
= 11 _
dt 1672 ( 90 T 15 187 >9D f99D ;
dge 1 139 , 139 ,
= 1197 9. : |
= ( 9bge + 5 9t 50 ) fqg

m daniele.rizzo@ncbj.gov.pl



Example:

Gauge Sector U(l1l)’ extension

Beta functions equations Eigenvectors '—::“telf“'i::d cC
a e
3
% — _17 93 _ f g3 g: 2 2: ;) é gy[t] == 0.644314
dt 3 1672 79777 1. 0. 0. 0. o o
3 ©. 1. 0. 0. 0. ot e
% — —%1222 — f992, By e ok "RE B4 id{t} ::2.418165
de 139 g% Eigenvalues
_ — 2 — fggY ’ {0.0243612, 0.0243612, 0.0243612, -0.0121806, -0.0121806}
dt 18 167 Values FP
dgp _ 1 1102 139 g % | 0.498
9p 0.418
dg. 1

139 139 g: 0
_ 2 2 3 €
T 1672 (119Dg€ + 9 —— 0y Je T 18 ge> — fgge :

daniele.rizzo@ncbj.gov.pl
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