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Direct Searches

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included).
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Indirect Searches

Constraints on NP scale from Meson-antiMeson mixing
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Gauge Symmetry at work
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For A > > up we should work with Gauge Invariant effective operators.
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Standard Model Effective Field Theory

e Standard Model field content.
e QOperators respect the full Gauge symmetry.

* Electroweak symmetry is broken by one Higgs-doublet.

OCZ SMEFT — OCZ SM + OCZ eff Buchmuller and Wyler 1986

L= ), CO,
d=>5,6,..

Warsaw Basis (without Flavour and Color)

15 (Bosonic) +
19 (Single-fermion current) +
25 (Four-fermion) = 59 Operators



SMEFT Strategy
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Meson - antiMeson mixing in SM

(Mplsw = (MU oy | M0)

ij = ds, sb, db: K°, B, B,

2m2 .. .. _ _
Hyr=— G (Ch Wlsw @r*Pid) i, Prd) + h.c.

H = ViV
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Operator bases for Meson-antiMeson mixing in WET

4-Fermion operators

%AF_z = [%ZF=2]SM + Za CiQY+h.c.

’ix;LL = [Ji')’up .d;] [Jz”Y“P Ld;],
Pr1 = [div.Prd;][div" Prdy], k2 = [diPrd;][d; Prd;],

SLL 1~ [d PLdJ][d PLd.’I] zSJLL 2 — [d UWPLdy][d UWPLdJ]
+ Chirality flipped operators
BMU Basis

Buras, Misiak, Urban 2000



Meson-antiMeson mixing in SMEFT

New operators beyond 4F structures come into play.
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Flavour violating Z Boson couplings in SMEFT
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Electroweak symmetry breaking
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New structures in SMEFT -> WET matching
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New flavour structures in SMEFT RGE

Operator mixing due to Yukawas

[CY M) & ¥7 AMC M) = ATTCL (M) 33) + ..

y, = Top-Yukawa /w = V;f th

v SMEFT

' WET ‘

3LL = [Jz"YuP Ld;] [J,-'y"P Ld;],
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[0,/ = (qi}/ﬂqj)(qi}/”‘qj)

Jenkins, Manohar, Trott 2013
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SMEFT operators entering in AF=2 processes

At the NP scale
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SMEFT RGEs: operator mixing
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Master formulae

Master Formula for AF = 2 processes in terms of all SMEFT WCs at NP scale.

Facilitate the model independent studies of AF = 2 observables.

g 3 o eg] (A
2[M35] gt = (AMij)exp Y PI(A) [C,],(A) = (AMy)exy Y, P (A)[ ]1{32( )

C,(A) Wilson Coefficients at the NP scale.

Pg(/\) contains all the information about:

— Matrix Elements.
— RG in WET.
— RG in SMEFT.
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How to read Master Formulae at A = 5TeV.

i
Y — 2 [M 12]BSM Fraction of NP contribution.
(AM )exp 2 = 0.10 means 10% NP contribution.

Bs 2 .(1)7 —1 1
Sgq = —3.9-10%[cg,” 2303 — 0-4-10 5 2333 -
—17 (1) —2 122°T (1 B_B
3.1-107 ' [cl))] 1pps — 681072 [c(D] 1 1as » s s

2B =5.4-107 )], +6.3-107[c})
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Probing High Scales using Meson mixing
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Master Formulae for Minimal extensions of SM

G’ (8,1,0)

Lo = —| g9 (@y*TA¢) + g9 (@y*TA4w?) + g7 (dA*TAd) | G'A.
q U 7

Tree-level matching to SMEFT at A
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Master Formulae for G’ (8,1,0)

22 23
g 9d

M2, Y5
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—5.5-103%e?* gl gl — 5.4.1073¢%% g22¢23 |
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Summary

— Lack of observations of the new states at the LHC suggest a scale gap
between the EW and NP scales.

— SMEFT provides a convenient framework to parameterise the NP effects.

— Master formulae for Meson-antiMeson mixing facilitate the model
independent studies, include RG running effects above and below the EW scale.

— SMEFT RG running effects due to Yukawas can lead to complicated
operator mixing pattern: Meson mixing depends on new operators and

flavour structures

Thanks for your attention!!



Models to SMEFT dictionary

Spin Rep. 0y 0 0oy of oy of o, o, 0y o)
(1,1), X X X X X X
(1,1), X X
(1,3), X
(8,1), X X X X X X X

1 (8,1) X X
(8,3), X X
(3,2)% X X
(3,2)_s X X
(6,2): X X
(6,2)_% X X

Table 7: Four-quark (1)*) operators generated from additional vector fields.
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Operator bases for Meson-antiMeson mixing in WET

4-Fermion operators

X {per = [ poslsm+ 2, CIOT +h.c.

Qi
[QVRR

WV 1,LR)
Y dd

WV 8,LR)
Y dd

' OS1,RR;
'Y dd

'S8, RR;

'Y dd

ijij =

ijij —

lijig =

ligeg =

lejig =

ligeg =

i
VLL >

ij
VRR

iJ
LR,1>

(div, PLTdj][diy" PRTd;] =

]
SRR,1 7

[d; PrRT“d;][d; PRT"d;] = —

+ Chirality flipped operators

23

s}

12

T,
6 YLR,1 LR,2 ’
ij L i

SRR,1 T 16 YSRR.2

JMS Basis:

Jenkins, Manohar, Stoffer 2018
Dekens, Stoffer 2019

Good for matching to SMEFT



