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C3a: New sources of flavour and CP violation
at high transverse momenta
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Motivation

Why BSM flavour physics?

@ flavour and CP are not good symmetries of nature, already violated in
the SM (Yukawa couplings, CKM matrix)

@ concrete BSM models typically introduce new sources of flavour and
CP violation

@ B meson anomalies provide the most promising experimental hints for
breakdown of SM at the TeV scale

Questions addressed in C3a

> \What is the impact of a non-trivial flavour structure
on direct LHC searches for new particles?

> (Can high-pr physics provide a complementary probe
of the BSM flavour and CP structure?

M. Blanke C3a: New sources of flavour and CP violation at high pp



Simplified models
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PHYSICAL REVIEW D 79, 075020 (2009)
Simplified models for a first characterization of new physics at the LHC

Johan Alwall* and Philip C. Schuster’
SLAC Theory Group, 2575 Sand Hill Rd, Menlo Park, California 94025, USA

Natalia Toro"

Stanford Institute for Theoretical Physics, Stanford University 382 Via Pueblo Mall, Stanford, California 94305-4060, USA
(Received 28 October 2008; published 24 April 2009)

Low-energy supersymmetry (SUSY) and several other theories that address the hierarchy problem
predict pair-production at the LHC of particles with standard model quantum numbers that decay to jets,
missing energy, and possibly leptons. If an excess of such events is seen in LHC data, a theoretical
framework in which to describe it will be essential to constraining the structure of the new physics. We
propose a basis of four deliberately simplified models, each specified by only 2-3 masses and 4-5
branching ratios, for use in a first characterization of data. Fits of these simplified models to the data
furnish a quantitative presentation of the jet structure, electroweak decays, and heavy-flavor content of the
data, independent of detector effects. These fits, together with plots comparing their predictions to
distributions in data, can be used as targets for describing the data within any full theoretical model.
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B physics anomalies
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G. Isidori — B-physics anomalies: facts, hopes, dreams, & worries Beyond the anomalies Il — Durham, Apr. 2021

» Speculations on UV completions

[ Second observation:] we can “protect” the light families charging under SU(4)

only the 3rd gen. or, more generally, “separating” the universal SU(3) component

PS group: SU(4) X SU(Z)LXSU(z)R ® ﬂavar universalily
v SU2), *SUQ)x
4321 models: SU4)xSUQ3) X Gy =
& 2, SU2) xU(1)y
® Non-universality e Accidental U(2)? flavor
via mixing SU#H)*SU(Q3) SU(4)3XSU(3)1,2 symm. in the gauge sect.

‘:":,I
%

Fuentes-Martin & Stangl 20

Barbieri, '17

SU(4)xSU(3)*Ggy [PS]3 = [SU(#H)*Gry]?

Di Luzio, Greljo, Nardecchia, '17 [ PS ] Bordone ef al. '17

warped-5d, 3-branes

Fuentes-Martin et al. '20 + work in prog.
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The landscape of models
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arXiv:1506.03116 [hep-ph]
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From full theories to EFT and back

SUSY

Effective field Simplified Consistent simplified
UED theory (EFT) models models
little Higgs
mq . - xS + 29Y4 &g xS &+ Yo GHq + ps|H|2
| A5 XXdq Ix XX /3 1 I XX aqH q + ps|H|

Pre_LHC LHC 2010 2011 2012 2013 2014 2015 2016 2017

(Extended from a slide by U- Haisch)

G. Polesello, Dark Matter @ LHC 2018
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Simplified models

» mediate between theory and data

- allow to explore the space of theories and signatures

- allow to interpret data in a more model-independent way
« connect different kinds of searches for new physics

How do we choose the right simplified models?

» top-down: consider limits of complete theories
« bottom-up: consider minimal extensions of the Standard Model

A good simplified model should

» connect to a wide range of complete theories
» Imply novel experimental signatures
 be theoretically consistent (e.g. respect unitary)

13



A simplified top-philic dark matter model

Add a fermionic DM candidate X and a scalar mediator Y to the SM

> ****** < mx > My
Cosmology relic > —————— <E mx < my Planck, FermiLAT
indirect
Astrophysics mx > my
direct mx >1GeV  LUX, CDMSLite
o my > 2mx +tt
ET TECEET————
,\N\I\l .
Colliders | | p— < my > 2mx +7, +Z, +h
< my > 2mgy 4t
no ET T
:j> —————— < my > 2my tt

my < 2mx,2my  jj, VY
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A simplified top-philic dark matter model

Add a fermionic DM candidate X and a scalar mediator Y to the SM

LHC constraints on top-philic dark matter
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A simplified model of top-flavoured dark matter

Flavoured Dirac-fermionic DM ; and couples to right-handed up-type
quarks via a coloured scalar mediator MB, KasT (2017)

Lnp = iXdx — myXx + (Dud)T(DF¢) — m?bﬁb% — AR X b
g DTG HH + Ny T ¢

Assumptions:
@ )\ constitutes the only new source of flavour violation

o DM is top-flavoured:? m,, < my,, My,

’see JUBB, KIRK, LENZ (2017) for charm-flavoured dark matter

M. Blanke  Signatures of top-flavoured dark matter



Top-flavoured dark matter

Single-top signatures of top-flavoured dark matter

Top-flavoured DM also induces flavour-violating final states:

@ { + j+ I (dominated by mediator pair-production)

q q=1u,c q q=u,c(d,s) q
qs -
-=" X
X
—— X
3 {
q t q
U X U X
\\/ \\"/
of _ 3 _
| X < X
----- t
¢
g t g t

JHEP 01 (2021) 194

M. Blanke = C3a: New sources of flavour and CP violation at high p+



(HL-)LHC reach for single-top final states

JHEP 01 (2021) 194
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dedicated single-top searches
@ cover additional parameter space

@ have significant discovery reach at the HL-LHC

M. Blanke  C3a: New sources of flavour and CP violation at high pr



Testing flavoured Majorana dark matter
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(a) D3 = 0.5 and varying Dy = D, (b) D3 = 1.5 and varying D1 = D,

Acaroglu, Blanke, e-Print: 2109.10357 [hep-ph]
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Testing flavoured Majorana dark matter

Recast simplified SUSY model searches
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(b) D3 = 1.5 and varying D1 = D,

Acaroglu, Blanke, e-Print: 2109.10357 [hep-ph]
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Testing flavoured Majorana dark matter

Interesting new signature: same-sign di-tops + ME

pp — ¢p — tt + Er with Vs = 14 TeV

2.0
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Acaroglu, Blanke, e-Print: 2109.10357 [hep-ph]
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Testing flavoured Majorana dark matter: work in progress

- Refine dark matter relic density calculations and indirect
detection limits.

- Explore different LHC signatures and search limits, using tools
such as SModelS, Contur, CheckMATE, MadAnalysis.

« Recast existing LHC searches to probe novel DFV signatures.

* Focus in particular on long-lived particle searches.
 Devise strategies to distinguish Dirac and Majorana dark matter.

 Improve theory prediction by higher-order effects.
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Flavour anomalies at future colliders

T

Switch to the management area of this event

Future Collider Forum: 1st Workshop

6-8 October 2021

Europe/Berlin timezone

Overview This is the first workshop of the German Future Collider Forum. Due to the circumstances, it is
Scientific Programme unfortunately online-only, held on three consecutive days in the mornings.

Call for Abstracts Connection is via Zoom:

Timetable

https://cern.zoom.us/j/65920623195?pwd=bnZYWVNndUVxNEtlaFpSSmhMSTJNQTO09

Contribution List
Meeting ID: 659 2062 3195

Registration Passcode: 348687
Participant List

Starts 6 Oct 2021, 09:00 Online-only
Ends 8 Oct 2021, 13:00
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Flavour anomalies at future colliders

bp ST, br @ ST,
W, € W, € H H

1

L= Lsm A (10 ToV)? (57u.0) (B 1)
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‘ Exploring physics beyond the SM with effective field theories
—
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See Susanne’s talk
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BSM searches: EFT vs full model

v

Vector-triplet benchmark model

L= Loy — 1‘7“’/‘4‘7/‘ _ g_M NMVA/WVA N Th%/ ‘7,LLA‘7A
- msM T v 9 pr T g T

- SuA 7fA |~ TuA 7HA | 9VH = LATHA
+ > g VAT + gg VAT 5 el Vv
f

* One-loop matching to dim-6 SMEFT Lagrangian
 Global fit to EWPO, Higgs & di-boson measurements and resonance searches

- Comparison with limits from direct searches

Brivio, Brugisser, Geoffrey, Kilian, MK, Luchmann, Plehn, Summ, arXiv:2108.01094 [hep-ph]

25


https://arxiv.org/abs/2108.01094

l Exploring physics beyond the SM: EFT vs full model \

https://arxiv.org/abs/2108.01094

\

— ATLAS
—— Full dataset
— WW
— WH

['/m < 5%

« SMEFT sensitivity from EWPO

- Complementarity of direct and SMEFT searches
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Flavour anomalies at future colliders
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- Matching of various BSM models for flavour anomalies to EFT
Lagrangian;

- global fit of the resulting EFT to flavour observables;

- global fit of the EFT to existing collider data and future collider
projections;

- explore complementary of EFT global fits and direct searches;

» provide targets for future colliders, e.g. precision vs. energy.
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