PAUL SCHERRER INSTITUT

S

A8 ™) Universitat .
s Zurich™ e

“SFRANCE

LHC:- 27kt

Andreas Crivellin

CERN Theory Division
Leave of absence from Paul Scherrer Institute & University of Zurich

Correlating a, to h—pu with Leptoquarks

Higgs 2020, 29.10.2020 (remote)

Work supported by ﬁm.'im


https://www.google.de/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjDyfKcyv_gAhVSDOwKHfmcAqQQjRx6BAgBEAU&url=https://de.wikipedia.org/wiki/Datei:Universit%C3%A4t_Z%C3%BCrich_logo.svg&psig=AOvVaw0mGnqwg7i1FQzPvymXZvWV&ust=1552581890306287

Outline

e Introduction

*Leptoquarks and the Flavour Anomalies
— b—>sup
—b—>ctv
~a,
*Leptoquarks with chiral enhancement
*h->ppanda, withlQs

. EffeCtS in Z% |J,lJ, Scalar Leptoquarks in Leptonic Processes

arXiv:2010.06593

* Conclusions Correlating to the Anomalous Magnetic

Moment of the Muon via Leptoquarks,
arXiv:2008.02643

by AC, Dario Mueller, Francesco
Saturnino
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Introduction



Discovering New Physics

e Cosmic Frontier

— Cosmic rays and neutrinos
— Dark Matter
— Dark Energy

*Energy Frontier

NP

— LHC Intensity

— Future colliders Frontier
*Intensity Frontier

— Flavour

— Neutrino-less double- decay
— EW precision observables (ILC, CLIC, FCC-ee, CEPC)
— Proton decay
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Finding New Physics with Flavour

* At colliders one produces many (up to 10**) heavy quarks
or leptons and measures their decays into light flavours

1000|
Standard Model

100}

Flavour observables can be sensitive to higher

energy scales than collider searches
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Hints for New Physics

Andreas Crivellin

Lepton
Flavour
Universality
Violation
(LFUV)
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Muon Anomalous Magnetic Moment

* Single measurement from BNL

* Theory prediction sound but challenging

because of hadronic effects.
Aaﬂ = (279 T 76) X 10_11 T. Aoyama et al., arXiv:2006.04822

) g
T [T oop [T had T

e Soon new experimental results from Fermilab
« Small tension in Aa, with opposite sign
3.70 deviation (order of SM-EW contribution)
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Leptoquarks for the AMM of the Muon

*Scalar Leptoquarks with top couplings

Gsm Ly
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* Couplings to the Higgs

Lg = Ylg,SI (I{]L (7‘ 83) ) + h.c. Q(C),U(C),d(C)

3
—YQQ(HiTQSQ H’LTQSQ Z mk—l—YkHT STS}C
k=1

Chirally enhanced effect in g-2 possible




LQ eftects in (g-2), and h->up
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Same couplings - direct correlation



(g-2), and h->pu: S
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(g-2), and h->pu: S,

W day (1o) 1 007
M oay, (207)
—_—Y =1 0.98}
E Z
— Y =0 - i
- 0.96}
—_—Y=-1 o~ :
:3.‘ L
1+ 094
----- ILC sensitivity -~ [
@ g0l
=== HL-LHC sensitivity 0.9k ccaeea . I . ......;
= FCC-ee & CEPC
sensitivities 0.90 ﬂ .....

==== FCC-hh sensitivity

Destructive effect




(g-2), and h->pu: S, & S, with mixing

S1 & §3
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AMM of the muon and Z->11

* Wuv modification also leads to an effect in Z—>ee

*Z->vv constraining for @,

S

1 (m; = 1500 GeV)
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Conclusions

*Leptoquarks are well motivated by the flavour
anomalies

*They can explain b—>spuy, b = ctv and (g-2),, via
an m, enhanced effect

*(g-2) , explanation leads to a correlated chirally
enhanced effect in h->pp

*(g-2), motivates LQ couplings to muon and top
quarks mmp sizable effect in Z-5>up

h—->up important channel for

the LHC and future colliders
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Lepton Flavour Violating
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— Belle II projection
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Global Fit to b—sutu- Data

* Perform global model mdependent fit to include

all observables (=130) s
- Several NP hypothesis.
give a good fit to data 1
significantly preferred |
over the SM 25 o
hypothesis ) A T N N 5;1?;
— fM.AIg?uero, B Capdevna AC S C o
O, =S7*PDbl | -2 Descotes-Genon, A
] 2 ?/ﬂ ' P. Masjuan J. Matias , J. V:II"[O
_3. arXiv:1903. 09578 [hep-ph].

O, =5y" PLbTyﬂ/SI

Fit is 5-6 o better than the SM
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b—ctv Measurements
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All measurements above the SM prediction

O(10%) constructive effect at 3o preferred
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| strength (yZ)

1ggs signa

H

ILC Run-I sensitivity
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Leptoquark-Higgs Interactions

*LQs can (must) couple to the SM Higgs
Lo = —As (OLH) Dy + Ay (O (7 - @3) H) + Vi (OLH) (HiTy®s)
+ Yai (Himy (7 - ®3)" H)®y + Yo, (HT (1 ®3) H)®] + h.c.
— Yoo (Himy®y) (Hiry®,)" = Vas (Hirs®, ) (Hiry®,)'

— iYggE[,]KHTT[H(I);K(I)gJ
3 2

=37 (i + Vil H) @l — Y (i 4+ Vil H) DLy
k=1 k=1

Additional sources of EW Symmetry Breaking




