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The LHCb experiment

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2016
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Momentum resolution:
dp/p =0.4 % at 5 GeV t0 0.6 % at

100 GeV

Impact parameter resolution:
awp ~~ 20 pm
Primary vertex resolution:
13 yminxandy, and 71 ymin z
Decay time resolution:

or ~ 50 fs

Excellent particle identification
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@ Single arm forward spectrometer
o Dedicated to heavy flavour physics

@ Looks for indirect evidence of new
physics in CP violation and rare
decays
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Rare Decays

. Suppressed modes

Mediated by electroweak Flavour Changing Neutral Current (FCNC) processes
in the Standard Model (SM) :

Chosen b — sll measurements:
< B — K*utpu~ Rk

AL B? — K*0ete~
\x_ Ny — ANt~
BY — optp

1. Forbidden modes

E.g. Lepton Flavour Violating (LFV) processes - strictly forbidden in the SM,
however, present in the nature . Many extensions of the SM
predict such processes.

Chosen analyses: 7 — uuu, Bsqa — ep, and many ongoing ...

Charged Lepton Flavour Violation (cLFV) has not been seen yet!
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Rare Decays

Rare decays are a powerful probe of New Physics (NP):
o they are suppressed in the SM, so more sensitive to NP
o there are many precise SM predictions

Hetr = thV > [Ci(r)Oi(k) + Ci(1)Oi(1)]
i=1,2 Tree Wilson coefficients C; : perturbative short-distance effects
i=3—6,8 Gluon penguin Operators O; : non-perturbative long-distance effects
i=7 Photon penguin
i=9,10 Electroweak penguin
i=S Higgs (scalar) penguin
i=P Pseudoscalar penguin

@ new particles in the loop level processes could significantly change
observables

o the pattern of deviations can guide towards NP
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Four body decays such B? — K*0u*p~
are described by:

- three helicity angles (6, bk, ¢),

- the di-lepton invariant mass squared g°.
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(b) ¢ definition for the B® decay
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The CP-averaged angular distribution of the B® — K**;* 1~ decay:

1 d'r+r) 9 4 . )
= - = 2(1 — FL)sin“ @ Fy cos” 6
d(lf +T)/dg* dq2dQ 327 [4( L) Sin"6x + Fi &

+ (1 — Fp) sin® 6k cos 26,
— Fy, cos? 6k cos 26, + Sz sin? Bk sin? §, cos 2¢
+ S4 sin 26k sin 26, cos ¢ + S5 sin 260k sin 6, cos ¢
+ $Apg sin® Ok cOS 0 + S sin 20k sin f sin ¢
+Sg 8in 260k sin 26, sin ¢ + Sy sin? x sin” 6, sin 2¢}
Arg, Fr, S; - are functions of Wilson coefficients

Additional sets of observables, for which the leading form-factor uncertainties
cancel, e.g.:

Pys =Sas/+/FL(1 —FL)
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Signal yield: 2398 + 57

Signal candidates:
5170 < m(K*7~ptp~) < 5700 MeV /c?

K*? candidates:
796 < m(K*77) < 996 MeV /c?

Combinatorial background is reduced
using a boosted decision tree:

o trained fully on data
- B? — J/yK** as a signal
-5350 < m(K*t7n~ ™) < 7000 as
a background

@ variables used for training
- PID - kinematics and geometric
quantities - isolations
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The first full angular analysis of
B? — K*u* i~ decay (Run 1):

- tension in P

- 3.4 o global deviations from the SM

- the SM central value for Re(Cy) is
4.27, best fit-point corresponds to the
ARe(Cy) = —1.04 +0.25
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Experimentally challenging: bremsstrahlung, triggering.

Explore lower g? region, 0.002 < g* < 1.120 GeV?/c*. Sensitive to C; Willson
coefficient.

Lower yields than muon channel, 124 signal events in B® mass window
4800 — 5400 MeV /c?.

Results in a good agreement with SM predictions.
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Normalized to A, — AJ /4.

No evidence for signal in

gion.

More statistics needed.
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B — o= KK )

Similar to B — K*u*pu~, experimentally very
clean (narrow ¢ resonance.).

Final state not self-tagging - less observables is
accessible. ofrid s
Angular distributions - good agreement with SM. ; R,
Branching fraction - differs from SM by 3.3 ¢ 0!
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Lepton universality test Ry

Testing lepton universality with BT — K*p*u~ and BT — KTeTe™:

-o-LHCb -m-BaBar -a—Belle
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BR(BT*—Ktutpu~ _
Ry = BR((B+:K+I<§+§—)) =1£0(1077)

Analysis of the 3fb~! data.

Ry = 0.7451009%(stat) & 0.036(sys) - 2.6 o with the SM
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CLEV:m™ = i pmp=

Lepton flavour violating 7= — ™ p~ u— decay forbidden in SM.
Penguin level with neutrino oscillation: B(7~ — p*p~u™) < 1074 - beyond
experimental reach.

Normalized to Dy — ¢(— p )7,
No evidence is found for a signal.

The limit is set at 90% confidence
level on the branching fraction
B(r~ — ptu—pt) < 4.6 x 1078,

2 a4 6 8 10
B(r~— puur) [x 107
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Data sample, corresponding to an integrated luminosity of 1 fb~! of \/s = 7 TeV
collisions. Upper limits on the branching fractions at 90% (95%) confidence

level:

B(Bs — e*pT) < 1.1(1.4) x 1078
BBy — eTuT) <2.8(3.7) x 107°

CL =CL,/CL,

Other (ongoing) LFV analyses:
BT — K'eu

BT — Ktru

B? — gepu

BY — K*%p

B? — K

60 B
B(B" - e* )
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Summary

@ Rare decays are powerful tool for searching for BSM effects.
o Full angular analysis of B® — K*?;, "1~ - clear tension with SM.

o We've seen differences with SM in measurements of differential branching
fraction vs q°.

@ Measurements go to the same direction.
@ Many more analysis in the pipe line.
@ We still need improvement both on theory and experimental side.
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Thank you for your attention :)
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