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What we know

The Standard Model of Particle Physics
FERM'ONS (matter particles) BOSONS (force carriers)
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down strange bottom photon
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electron muon tau Z boson

electron muon tau W boson
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Standard Model

One the goals of flavour physics
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searches in an indirect way



Effective Field Theory

HoET WeT SMEFT s;mrl.'!é;ed
Models



Effective Field Theory




Effective Field Theory

H. )\CKMZ/CZ-(’)pLh.c,

Gr
L/
/

V2

"/

SD: Wilson coefficients + perturbative

LD: Local operators + non perturbative
(LCSR, Lattice, etc.)



Too good not to mention !

K*—n*vv decay: Historical context
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Experimental upper limit @ 90 % CL
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Let us start
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Candidates / 5.3 MeV/c?
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Many observables:

* Decay rates or ratio of lepton flavours.
* Angular asymmetries.
* decay rates as a function of angles of decay products give access to large range of obs. (with small theory uncertainties).

* Helps to deduce nature of New Physics models.
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https://doi.org/10.1103/PhysRevLett.125.011802

B - K*utu~ Angular expressions
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The fit is performed in both basis S; and P; !
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B - K*utu~
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Theory predictions from
S. Descotes Genon et al. JHEP 12 (2014) 125,
A. Khojamirian et al. JHEP 09 (2010) 089



BT — K*"(— Kgm)pu 1~ Angular analysis
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Results in agreement with the SM predictions !

M.Alguero et al. PRD 99 075017

600-G I-Hd9-SVd-SINO



Where muons can’t go
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A.Paul et al JHEP04(2017)027
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https://doi.org/10.1007/JHEP04(2017)027
https://doi.org/10.1007/JHEP04(2017)027

Radiative decays

Sneak peek of what to expect from Belle |l !
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BY s K*eTe~ Angular analysis @ very low g2
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Access to photon polarisation !
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BY & Kfete™
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BY & K*eTe™
Results
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D. Straub et al. arXiv:1810.08132 19 LHCb-PAPER-2020-020
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https://arxiv.org/abs/1810.08132

Now we go down by a few
order of magnitudes
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https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevLett.112.101801&v=fcf21342
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ATLAS, CMS & LHCb combination

ATLAS CMS LHCD - Summer 2020

ATLAS CMS LHCb Summer 2020
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Results compatible with the SM within 2.1 standard deviations in 2D plane.
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ATLAS CMS LHCb - Summer 2020 ATLAS, CMS LHCb Summer 2020 ‘\Iw '
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Lepton Universality
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Are we seeing a coherent pattern in the data ?
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Now let’s test the forbidden




Bt - Ktute , BT = Ktuet,B' = K2u“et gearches

Many BSM models predict LFV [L. Glashow et al. PRL 114, 091801]
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https://indico.cern.ch/event/868940/contributions/3815656/attachments/2083227/3499502/ICHEP2020_Debashis_slides.pdf
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https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevLett.123.241802&v=d2d3444b
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Let us not forget about the third family of Leptons !

HFLAV arXiv:1909.12524
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Example of a theoretical model that
predicts the existence of LQ
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for ex: Cornella et al. arXiv:1903.11517
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http://arxiv.org/abs/2003.04352
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Let’s change flavours



Let’s change families !

F E R M | O N S (matter particles)

Q@ G 0

v
\/ charm
-
= @ S, (b
—
-
down strange bottom

dB(D*-n*u*tu~)/dqg? [GeV 2]



https://arxiv.org/abs/1510.00311
https://arxiv.org/abs/1510.00311

DY — XY=, F searches

Decay chains :
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BaBar Phys. Rev. D 101, 112003 (2020) 1-2 orders of magnitude more stringent constraints!



_ LHCb-PAPER-2020-007
Searches for 25 rare and forbidden decays
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How about testing symmetries
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Will give more constraint to understand SU(3) flavor
symmetry and its break effects.
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DCS of D decays
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Will give more constraint to understand SU(3) flavor
symmetry and its break effects.
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Calnbho - CeOwed

Expectation: clou uﬂ Cabibbo -Suppresced ol ‘|—0J ~n 0.297

First observation &
measurement of branching fraction !

BD+—>K—7T+7T‘|‘7TO

L860° 00 L:AIXIe Buayo'H
9910120:AIX4e undi "H

= (6.28 -

- 0.52) tan® 0

Large isospin violation in these decays
probably due to final state interactions.
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The field of flavour physics and rare decays in particular is very exciting.

We are “seeing” a coherent pattern of tensions in b-decays
which opens the route to many interesting studies and questions to be addressed.

We are pursuing the exploration of rare and forbidden charm decays.

These are exciting times...really.
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Be safe keep & looking for cool things.
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The LHCDb detector
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The LHCDb detector

Acceptance

| 5 LHCb MC
locator | \s =8 TeV

trackers 8 s s

e Good vertex and impact parameter resolution o (IP) = 15+29/pt mm.

e Excellent momentum resolution ~ 25 MeV/c? two-body decays.

e Excellent particle ID ( u-ID 97% for (it = py) mislD of 1-3%).

o Versatile & efficient trigger. JINST 3 (2008) S080005

10 Int. J. Mod. Phys. A 30 (2015) 1530022



Integrated Recorded Luminosity (1/fb)
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Bremsstrahlung @ LHCDb

O «1/m2
Electrons emit bremsstrahlung photons when cross the material Energy loss - Ee
Match electron tracks to photon clusters in the ECAL = | i)
Correct electron momenta by “attaching” photons. nergy 10Ss - materia
MQQI\QJ' EcAlL

Three categories of events: 0, 1, > 1 photons attached to dielectron pair
Different invariant mass shapes due to under- or over-correcting
ECAL resolution is worse than tracker. 7

Uf)s\' Veam ',//
brem -
E :Downs"(eam
- Air bream
g
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How can these decays be enhanced ?

Majorana neutrino Oscillating SM neutrino
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23 world’s best limits !

Branching fraction upper limit [1077]

Improvement factor

Decay D+ Df

90% CL 95% CL |90% CL 95% CL | D* D}
D(Z) — it 67 74 180 210 | 1.k 2.3
D(“;) — 7 ot 14 16 86 964 1.6 1.4
D(“;) — Kt p 54 61 140 160 [ 79.0 150.0
D(Jg) — K utpt - - 26 30 - 500.0
D(t;) — et u~ 210 230 1100 1200 | 14.0 11.0
D(J;) —rtute” 220 220 940 1100 | 16.0 21.0
D(J;) — 1 et 130 150 630 710 | 16.0 13.0
D(“.LS) — Ketpu~ 75 83 790 880 | 16.0 18.0
D(“;) — K pte” 100 110 560 640 | 28.0 17.0
D= K- ptet i i 260 320 | - 23.0
D(“;) — et e 1600 1800 5500 6400 | 0.7 2.3
D(“;) — T ever 530 600 1400 1600 | 2.1 3.0
D(’;) — Ktete™ 850 1000 4900 5500 | 1.2 0.8
D(”;) — K ete™ - - 770 840 - 6.7

2017-18 dataset yet to be analysed.
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B — K*utu~

Very “clean" Invariant mass distribution necessitates a simple fit
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LHCDb contributors session

to parallel
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