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Introduction



Discovering New Physics

ACosmic Frontier
- Cosmic rays and neutrinos

- DarkMatter
- Dark Energy
AEnergy Frontier N=
- LHC Intensity
- Future colliders Frontier

Antensity Frontier

- Flavour
- Neutrinoless double decay

- EW precisiombservables (ILC, CLIC, €CCEPC)
- Proton decay
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Finding New Physics with Flavour

AAt colliders one produces many (up tot4)theavy quarks
or leptons and measures their decays into liffavours

L Experiment S
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Standard Model
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Flavour observablesan besensitive to higher

Direct searches

energy scales thacollidersearches
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Hints for New Physics
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Universality
Violation

Page6



Scalar Leptoquark Representations

26 representations of Scalaeptoquarks

&y i3 P P, Dy

2 8 7 1 2

Gsum (3;1,—5) (3;1?—5) (3;2?5) (3?2?5) (3?3?_5)

ACouplings to quarks L .
and leptons | ¢ Q | RV H R (T V) Ape:
d oL, kL, VI
LQ Z V0 ir v
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Possible couplings determined by the representat




LQ Explanations of the Anomalies
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LQs can explain the three flavour anomalie
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Combined Explanation with 0, & U4

ASU(2) singlet + SU(2) triple¢ptoquark

Ka2 K32 Ka3 K33 A2 A32 A23 A33 A32 A23
®p | —0.019 | —0.059 | 0.58 —0.11 | —0.0082 | —0.016 | —1.46 | —0.064 | —0.19 1.34
®p,| —0.017 | —0.070 | —1.23 | 0.066 0.0078 | —0.055 | 1.36 0.052 | —0.053 | —1.47
ps | 0.0080 0.081 1.18 | —0.073 | —0.0017 | 0.16 —0.76 | —0.068 | 0.023 1.23
®py| —0.0032 | —0.21 0.44 —0.20 0.014 —0.10 | —1.38 | —0.068 | —0.032 | 0.57
R(D) R(D") B =711 | Ty day, Ve/VE—=1| Z =T

By o (24
Cg = _CIO Og

R(D)sw | R(D*)sm | By — 77y, | x10° x 101 x10° x 1010
® —0.52 021 | 115 1.10 59.88 4.35 207 291 0.117
® ~0.56 -0.28 | 1.14 1.10 99.76 0.766 199 448 2.38
P3 —0.31 -0.31| 114 1.09 112.5 3.62 255 17 0.129
® —0.31 031 1.13 1.11 112.5 0.734 230 934 45.6
OTT — —ACTT Crr RK_(*] Amgf B — K:T,U, T = Qu | T — iee IA%'S (0)| A%%(mi)
Sk Th VL v Am3M! x 107 x108 | x10M x 107 AL X 1075
® 0.023 0.040 | 2.33 0.1 0.512 1.27 44.94 1.11 —3.64
(o 0.020 0.040 | 0.87 0.16 3.32 4.73 7.783 0.90 —3.02
p3 0.023 0.037 | 1.08 0.19 4.07 1.00 37.89 0.89 —3.51
® 0.010 0.047 | 2.43 0.18 3.69 0.0021 | 18.60 3.12 —10.04

Scalar LQs can explain the anomalies simultaneg



Leptoquark -Higgs Interactions

ALQs can (must) couple to the SM Higgs
Lie = —As (OLH) Dy + Ays (O5 (7 - @3) H) + Yao (OLH ) (HiTyDy)
+ Yai (Himy (7 - ®3)" H)®y + Yo, (HT (1 ®3) H)®] + h.c.
— Yoo (Himy®y) (Hiry®,)" = Vas (Hirs®,) (Hiry®,)'
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Additional sources of EW Symmetry Breaki




Oblique Corrections

Positive effect in T parameter



