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WG2 : Rare, radiative and semi-leptonic B decays; Charm and Kaon Physics
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The strange side of LHCb
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We provide a general effective-theory argument relating present-day discrepancies in
semi-leptonic B-meson decays to signals in kaon physics, in particular lepton-flavour
violating ones of the kind K — (7)e*u¥. We show that K-decay rates of around
107'2 — 10713 are possible, for effective-theory cutoffs around 5 — 15 TeV compatible
with di in B — K™ puu decays. We pvrfoun a proof-of-principle study of the
reach for such decays at LHCb, taking K* — nFu*e¥ as a benchmark. In spite of the
long lifetime of the K+ compared to the detector size, the huge statistics anticipated as
well as the overall detector performance translate into encouraging results. These include
the possibility to reach the 10~!2 rate ballpark, and thereby significantly improve current
limits. We substantiate these conclusions with a range of realistic assumptions on the
particle identification performance as well as on the kinematic reconstruction thresholds
for the signal candidates.

banci

Introduction — Data on b — sff and b — clv transitions display persistent deviations with
respect to Standard-Model (SM) expectations [1-7]. Deviations are seen in both individual
decay modes and in the relative rates of B-meson decays to different lepton species. These
latter deviations in particular hint at a sizeable violation of Lepton Universality (LUV). The
pattern of observed departures from the SM finds a straightforward interpretation within an
effective-field-theory (EFT) framework [2-7]. Interestingly, among the preferred operators
to explain the anomalies is the product of two left-handed currents [8,9]. This can naturally
be expressed in terms of the SU(2)p-invariant fields Q7 and Ly [10,11], which is what
one would expect of new effects generated above the electroweak (EW) symmetry-breaking
(EWSB) scale. Furthermore, the fact that effects seem larger for heavier leptons is suggestive
of new physics coupled dominantly to third-generation fermions [12] — in the ‘gauge’ basis,
that in general is misaligned with the mass-eigenstate basis.! Therefore, without further
assumptions, observable LUV is accompanied by Lepton-Flavor Violation (LFV), whose
expected size is related to the measured amount of LUV.

LFV may be expected in any d — d' transition, not only b — s. In this work we present
general arguments to relate LEV in K decays to the existing LUV hints in B decays, and

! Starting from this zeroth-order hypothesis, a neat framework to explain all anomalies at one stroke is then
to postulate a broken flavour symmetry distinguishing the third from the light generations, so that effects
in b — crv and respectively b — spu are automatically of first and respectively third order in the breaking
parameter [13] (see also [14-16], and, for the original formulation of the symmetry in a context other than
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* Observation #0: very wide scope

However:

* The challenges we are facing have also a wide scope.

Example: .

If hints of discrepancies are real then

To understand new dynamics in full, will need
measurements encompassing all of WG2 (et encore...)

If hints of discrepancies are not real then

Flavour physics will remain a crucial probe of new effects.
<[ Wide WGZ2 scope equally advantageous -




Broad challenges matched by a broad expertise within
the people involved in the GDR
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R(D*) with hadronic T decays.
R(D*) with electrons.

B — D**Ds(*)

R(Ac) with hadronic T decay.

R(K*), R(K*), (RpK)
Av — pK ee / pK v angular analysis

B — K*ee angular analysis

Av —= Ay BR

B? — 0%y BR

B° — K*2/K1(1410)y and Bs—f’,y
BY — Ksnrm vy

B — K*1tt BR
Bs—=tt/pp/puy

B —=Ktu

B+ — Kep
B0 — K*tpu
B+ — K+t
Bs =1t

S

b — s 1l (LFNU et LFV)
B -Kn ny/ BO— Ksarn vy
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This series of lectures, organized in the framework of the GDR-InF,
is devoted to topics currently of considerable interest in the high-
intensity frontier.

Two experts, one theorist and one experimentalist, will dissect a
given subject , starting from the basics.
Lectures aimed at people in the early stages of their research career,
but more senior researchers more than welcome to attend.



Diego (TH) Lucia (EXP)

TH: SM systematics, incl. status of EFT expansion, form-factor
cancellation, bremsstrahlung; model-building, incl. leptoquarks &
extended gauge sectors; relevant constraints.

EXP: intro to corresponding measurements and their subtleties,
Incl. normalization channels, again bremsstrahlung, efficiencies,
backgrounds; detailed look at systematic uncertainties.

In total 26 + 18 participants
9
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® \cb [G. Ricciardi (TH), M. Rotondo (EXP)]

2-3 Jul. 2018

TH: CKM matrix, semilep. & leptonic decays, th. tools needed to
access Vcb from exclusive and inclusive b — ¢ £ v decays.

EXP: pheno of semilep. B decays, reconstruction at B-Factories and
LHCD, studies of the subtleties connected with signal efficiency,
physical backgrounds, signal parameterisation.
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“Dedicated sessions” on
radiative corrections
This includes learning sessions: SCET
for example
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Radiative baryon decays Carla MARIN BENITO
Arles 11:30 - 11:50

Radiative B decays into orbitally excited mesons at LHCb Boris Quintana

Arles 11:50 - 12:05

Time-dependent CP asymmetries in b -> s gamma transitions at Belle Il Sviatoslav Bilokin

Arles 12:05 - 12:25

$BN0 \to KN*ee$ angular analysis in LHCb Fabrice Desse

Arles 16:30 - 16:45
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Rare heavy mesons decays to leptons Cédric Méaux

Arles 12:25 - 12:40

Tests of Lepton Flavor Universality using semitauonic decays at LHCb Dawid Gerstel

Arles 14:20 - 14:35

Testing the Lepton Universality in b-baryon decays Vitalii LISOVSKYI

Arles 16:45 - 17:05




Study of the $\Lambda_b\to \Lambda”*(\to KN) \ell\ell$ decay Martin Novoa Brunet

Arles 14:00 - 14:20

A gauged horizontal SU(2) symmetry and RK(*) Meéril Reboud

Arles 17:05-17:25

Flavour anomalies and (fundamental) partial compositeness Peter Stangl!

Arles 14:35 - 14:55




Sébastien Marie-Hélene Peter

Radiative corrections
In one line: TH error in flavour anomalies far from settled.
Would deserve dedicated session(s)

EFT understanding
If new physics heavy, it must show up as EFT shifts first.
Are we being general enough? Accurate enough?

Model building
Do proposed models point to something that makes sense?
Connections with other NP hints (DM, g-2, ...)?
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From Sebastien DG: Connections between the searches for lepton-flavour violating processes, lepton-flavour
universality violating processes and NP models.

From Olivier Leroy: Most sensitive observables to New Physics in b->c | nu and b->u | transitions and their ratios (|
= e, mu, tau). Experimental and theoretical aspects. All tests of LFU

From MH Schune: Understanding the theoretical uncertainties in R(D*) in view of the recent papers (D* width ...)

From Marc Knecht: radiative corrections is an important item, given the precision  expected on say,
semileptonic decays of mesons at future B factories

16
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ngl) and C{Q

Long distance
contributions from CC
above open charm
threshold
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THE PHENOMENOLOGY OF THE NEXT LEFT-HANDED QUARKS

J.ELLIS, M.K. GAILLARD *, D.V. NANOPOULOS ** and S. RUDAZ ***
CERN, Geneva

Received 14 July 1977

The observation of T(9.5) suggests that the -onium of at least one new quark has been
discovered. We discuss the production and decays of the lowest-lying vector states. Recent
observations have no indications of right-handed currents in antinegtrino-nucleon scat,
tering. We discuss the properties of new states made of t (charge

) or b (charge = —3)
quarks in a model with just left-handed currents. Particular attention is paid to decay
modes, production by neutrinos or antineutrinos, the analogues of Ko — Ko mixing, and
CP violation.

To our friend Benjamin W. Lee
who cannot share with us the
joys of new discoveries.

1. Introduction

There have recently been two fundamental advances in our knowledge about
quarks beyond charm. On the one hand, a number [1,2] of recent deep inelastic »
and 7 scattering experiments see no evidence for right-handed currents coupling to
new quarks. On the other hand, evidence has been reported [3] for a state or states
T with mass ~93 GeV, produced in hadron-hadron collisions and decaying into

lepton pairs. It seems very likely that the -onium of one or more new quarks has
been discovered. Since such new quarks have low enough masses to have been
excited in v or 7 collisions, we interpret the absence of gross right-handed current
effects as indicating that the new quark or quarks have left-handed weak interac-
tions. The simplest model which could incorporate such quarks is a six-quark gene-

* And Laboratoire de Physique Théorique et Particules Elémentaires, Laboratoire associé
au CNRS, Orsay

** Present address: Department of Physics, University of Wisconsin, Madison, W1 $3706.
Address after September 1, 1977: Physics Department, Harvard University, Cambridge,

gluon

qQ  The first penguin
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