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Standard Model

Standard Model of Elementary Particles

interactions / force carriers
(bosons)

three generations of matter
(fermions)

mass =2.2 MeV/c2 =1.28 GeV/c2 =173.1 GeV/c2 =124.97 GeV/c2
charge | 24 % % 0 Y 0
spin | %% U g % C % t 4 0 H
up | charm ' top ) ! higgs
=47 MeV/c2 =06 MeV/c2 =4.18 GeV/c2
-1 -4 ~ )
» (G v (8 » ')
down strange bottom | photon
=0.511 MeV/c2 =105.66 MeV/c2 =1.7768 GeV/c2 =091.19 GeV/c2 i ¢
-1 -1 -1 §
« » v & . @ | &
en w»m
electron muon tau Z boson é =
72 < M3
= [ <10evicz <0.17 MeV/c2 <18.2 MeV/c2 =80.39 GeV/c? 0O
O o 0 +1 L &
= . (Ve L N | w Qcx
L electl:on muon tau i <L O
- neutrino /| neutrino /| neutrino | W boson @) ‘%

Flavour physics

Study the processes (decays, production) involving
hadrons (particles made of quarks) and leptons.
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Beyond the Standard Model?

We know that Standard Model is incomplete, for instance:
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Not enough matter/antimatter
difference (CP violation)

No Dark Matter candidate
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Searches for New Physics

Direct Indirect

e Search heavy new particles directly ¢ Search for effects of new particles
in high-energy collisions In precise measurements of
low-energy processes

= Flavour physics approach

© Guy Wilkinson (Oxford)
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B hadron decays

« Weak decays of hadrons are a sensitive probe for “New Physics”

« Especially the hadrons containing 3rd-generation b (“beauty”) quark:
Bo (bd), B- (bu), B, (bs), B, (bc), A, (bud), etc.

« In SM, the only interaction that changes quark flavour
is charged weak current:

« Weak decays of hadrons:
“New Physics” may affect them
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Experimental facilities: LHC

27 km circumference, ~100 m underground, Franco-Swiss border near Geneva

Proton-proton collisions, 13 TeV c.m. energy

4 big detectors, hundreds of petabytes of data accumulated
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Dedicated to flavour physics studies

Mostly b and ¢ hadron decays
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LHCDb experiment

“Light” b and ¢ hadrons are
produced mostly in “backward
and “forward” directions,
only “forward” is instrumented
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LHCDb experiment
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Lepton flavour universality: b - sli

Strength of SM electroweak interaction of leptons is the same for all 3 generations:

E.g. neutral weak current:

Can be checked by comparing the rates of decay with e*e” and - pairs.

Example: B* - K*e*e"and B" - Ky | [LHCb, PRL 122, 191801 (2019)]
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Lepton flavour universality
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Further tests: B° - K*°t*t, angular distributions, other B hadrons... A lot of work to do!
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Lepton flavour universality

BR(B® — D* 1tv,)

Similar study with charged weak current: R(D*) = BR(BY 5 D1 v,)
H

* Tricky: neutrinos are not reconstructed

* Use event topology for kinematic constraints

. . . . b
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[LHCb, PRL 115, 111803 (2015); PRL 120, 171802 (2018)]
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Lepton flavour universality

BR(B® — D* 1tv,)
BR(B® — D*~pu*v,)

Similar study with charged weak current: R(D*) =

All measurements are systematically above SM
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Further tests: other B hadrons, angular distributions, CP-violating observables...
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CP violation in semileptonic decays

* The most general form of New Physics Hamiltonian for b — clv:
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Constraints on g from R(D) :
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CP violation in semileptonic decays

CP violation: difference between properties of matter and antimatter
CP violation only enters as the weak phase in amplitudes:

A ~ e*ie, with £ for particles « antiparticles (CP conjugation)

In experiment, measure |A]2 = No visible asymmetry if only one amplitude

In general, expect CP asymmetry with two amplitudes with different weak phases
(e.g. SM and NP)

However, CP asymmetry cancels out in the total decay probabilities...
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Semileptonic B decays to excited charm

B - Drlvdecays : internal degrees of freedom (¢ 6,, 6,, y)

* Angular distribution:

d'T 9
dq?d cosOpd cos Bedy 32w

1
4
i
+

_|_

:I;g cos 2y

I, cos x +H

{Ih, cos2@p + I, sin? fp

I cos? 0p + I, sin® HD] cos 20

| Jec cos® 0p + I, sin® HD] cos

sin” #y sin® fp Parity- and

Iy sin ;ﬂl sin 26, sin 26, CP-violating terms

:I;, COS X -+

I7 sin ;:L]I sin fy sin EHD} :

[B. Bhattacharya, A. Datta, S. Kamali, D. London, JHEP 05 (2019) 191]

11 Jan 2021

IPhU days 15




Semileptonic B decays to excited charm

* B - D+*lvdecays (D~ —» D*n) : even more degrees of freedom

* Additional effect: overlapping D* states with different spins
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 Nonzero CP asymmetry even if integrated over some angles

[Aloni, Grossman, Soffer, PRD 98, 035022 (2018)]
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LHCDb experiment: event topology

Use event topology (e.g. B flight direction)
to kinematically reconstruct missing neutrino
Event 58049711

Run 153460
Wed, 03 Jun 2015 12:05:39
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Conclusion

« Interesting hints on the effects beyond the Standard Model in current
B meson data

 Hints of lepton flavour violation in neutral and charged current

« More observables are needed for stronger conclusions and constrain NP
models

« Aim to explore CP violation in semileptonic B decays:

« Complementary to LFV observables.
* Null test: any #0 signal = New Physics
« More observables to distinguish between NP models

« Different experimental technique (angular analysis), different systematic
uncertainties.

« Only at the start of the long road:
* (ongoing) Simulation studies of CPV in B — D*lvand B — D*Iv decays
* LHCb data analysis of B - D®*uv

* (beyond this Ph.D project) Analysis of new (upgraded) LHCb data,
B - D®*tv

* Require joint effort on theory (CPT) and experiment (CPPM) sides
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