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Lepton-flavour violation in meson decays

Why interesting?
While interest in lepton-flavour violation has been there for a long time,
there is renewed interest, especially in the heavy flavour sector

B anomalies Ry <o
@ As you already saw in e.g. Sean's Ry — BBO=K=utym)
K*0 = B(BY—K*0ete)

talk (link), there are tensions

seen with lepton universality I AR AL ARRARRARRLE
@ Also tension in (related) IR v ]
b— s€t4~ processes like Rk 08f | I 1
[Phys. Rev. Lett. 113, 151601 (2014)]  06f 1 b e

[ BIP ]

and Ry [JHEP 08 (2017) 055] 04F HEp 08 (2017) 055] v ooy

N W EOS ]

0.2 — LHCb : féav.ioj

0‘0'....|....|....|....| Ll 1

0 1 2 3 4 5 6

¢ [GeV?/c]

Maarten van Veghel (Nikhef) LFV meson decays at LHCb 25 September, 2018 2 /16


https://indico.cern.ch/event/632562/contributions/3117924/
https://arxiv.org/abs/1406.6482
https://arxiv.org/abs/1705.05802
https://arxiv.org/abs/1705.05802

Lepton-flavour violation in meson decays

Lepton flavour violation linked to lepton universality?

@ For example leptoquark model could explain seen tensions
@ Opens up possibilities for lepton flavour violation (like X — e®uT)

BY — K*0¢t¢— (tensions) Bg — 'L (like Bl — e*pu¥)

'Glashow, Guadagnoli and Lane [Phys.Rev.Lett. 114 (2015) 091801]
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https://arxiv.org/abs/1411.0565

The LHCb detector at the LHC

@ Aim is to measure properties of b and ¢ hadrons which are produced
at very high rates with pp collisions at the LHC
(27% of b and b quarks within LHCb geometry)

e Good at triggering on displaced tracks (heavy flavour decays) and
displaced muons in particular

e ECAL, Muon Stations and RICH give good PID performance
Performance

momentum resolution: A p / p = 0.5 % at low momentum to 1.0% at 200 GeV/c
(see the detector performance paper for a plot)

ECAL resolution (nominal): 1 % + 10 %/ V(E[GeV])

impact parameter resolution: (15 +29/pT[GeV] ) pm
invariant mass resolution:

~8 MeV/c2 for B - J/y X decays with constraint on J/iy mass
~22 MeV/c2 for two-body B decays

~100 MeV/c? for Bs » ¢ v, dominated by photon contribution

Magnet

decay time resolution: ~45 s for Bs — J/y @ and for Bs - Ds n
percentage of working detector channels: ~99 % for all sub-detectors
data taking efficiency:90 % (good for analyses: 99%)

trigger efficiencies:

~ 90 % for dimuon channels

~ 30 % for multi-body hadronic final states

track reconstruction efficiency: ~ 96 % for long tracks

Particle ID efficiency:

Electron 1D ~ 90 % for ~ 5 % e—h mis-id probability

Kaon ID ~ 95 % for ~ 5 % n—K mis-id probability

Muon ID ~ 97 % for 1-3 % n mis-id probability

[Int. J. Mod. Phys. A30, 1530022 (2015)]
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https://arxiv.org/abs/1412.6352

Lepton-flavour violation analyses at LHCb

@ Discussed in this talk
» D® — eTpuTF [Phys.Lett. B754 (2016) 167-175]
» BY— e*pT and BY— e*pT [JHEP 1803 (2018) 078]
@ Other published LFV decay analyses at LHCb
» 77 — putp~pt [JHEP 02 (2015) 121]:
* B(rt = pTp pT) < 4.6 x 1078 at 90% C.L. with 2011 and 2012 data,

about a factor 2 higher than best limit set by Belle [Phys.Lett. B687
(2010) 139-143].

@ Will briefly discuss what to expect in the future!
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https://arxiv.org/abs/1512.00322
https://arxiv.org/abs/1710.04111
https://arxiv.org/abs/1409.8548
https://arxiv.org/abs/1409.8548
https://arxiv.org/abs/1409.8548

D — ety T
Interest

@ Strongly suppressed in Standard Model, accessible by neutrino
oscillations

@ Strong enhancements in certain SUSY models, leptoquarks and
multiple-Higgs-doublet models. For branching fraction at level of
O(107°), O(1078), O(107?) respectively.

Previous limit set by Belle [Phys. Rev. D 81, 091102(R) (2010)]
B(D°— e*pT) < 2.6 x 1077 at 90% C.L.

Goal
@ Search and determine / set limit of branching fraction: B(D°— e*uT)

@ Performed on Run 1 dataset (2011/2012) corresponding to 3fb~! of
pp collisions at (7/8) TeV
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https://arxiv.org/abs/1003.2345

D® — e*uT: strategy Phys.Lett. B754 (2016) 167-175

Selection
e Use D*t — DO to selection D's, giving extra background
reduction, by fitting both invariant mass of D% and D** — D°
o Normalize to D — K—n+
@ On top of cut-based selection, a Boosted Decision Tree (BDT) is used
to divide the sample further, to increase sensitivity
@ Trained on simulation for signal, data side-bands for background
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. i 0 + 2 ()A()9E T T T T T E
@ Main background: D° — 77 2 ook LHCb simulation 3
. fd E 0 ot =
@ Peaks underneath signal! 50T oo o
g 0.06 E :_i ----- D’—n'n misid E
e MislD probability, in this case 2 00sf 3
0.04F =
very low at e(mTm™ — 003 3
etuT) = (1.8 +£0.4) x 1078 0026
001 E
0.00E2L :

1 1 o 1
1820 1840 1860 1880 1900
m(ep) [MeV/c?]

Maarten van Veghel (Nikhef) LFV meson decays at LHCb 25 September, 2018 7 /16


https://arxiv.org/abs/1512.00322

D® — e*uT: mass fits

@ Mass fit (2D; both D® and D** — D°) in 3 bins of BDT output

Phys.Lett.

B754 (2016) 167-175

@ Top is signal like, middle is intermediate and bottom is background like
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https://arxiv.org/abs/1512.00322

D% — e*uT: results Phys.Lett. B754 (2016) 167-175

Search
o Fit results in yield for D® — e* ;¥ of —7 +15

@ No significant signal seen, consequently,
with normalization, a limit is set
Limit
New limit set with factor 20 improvement on previous best limit

B(D®— e*1T) < 1.3 x 1078 at 90% C.L.

4 f.J x10*
B(D’ - et )
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https://arxiv.org/abs/1512.00322

B — e*uT and B? — e*puT

Interest

@ Strongly suppressed in Standard Model, same as D® — e* T,
accessible by neutrino oscillations

o As for D°— e ;T also enhancements in certain SUSY models,
leptoquarks and multiple-Higgs-doublet models, but with couplings to
b, like in lepton-universality tensions

Previous limits set by LHCb

B(B®— e T) < 2.8 x107° at 90% C.L.
B(BY = e T) < 1.1 x 1078 at 90% C.L.

Presenting improved analysis with full LHC Run 1 data
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B(OS) — ei;ﬁ: strategy JHEP 1803 (2018) 078

Selection
e Normalize to both B* — Jip(— ptpu~)K* and B® — K*tn~
o BDT is used, trained against combinatorial background

@ Trained on simulation for signal, same-sign (wrong sign) data for
background

Improvements
with respect to previous LHCb analysis

@ Three times more data in total
@ More triggers used, so higher efficiency
@ Much improved and dedicated BDT is trained / used.
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https://arxiv.org/abs/1710.04111

B?, — e*uT: backgrounds and BDT
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e Main (peaking) background is

@ Particle identification selection

o Efficiencies cross-checked, for
example with B® — Kt7~ fit
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B(OS) — et T: mass fits
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https://arxiv.org/abs/1710.04111

B(OS) — et T results JHEP 1803 (2018) 078

Search

o No significant signal seen, consequently, with normalization, a limit is
set

Limit
New limit set with factor 2 to 3 improvement on previous best limit
B(B®— e*1T) < 1.3 x107° at 90% C.L.
B(BY = e*1F) < 6.3x107° at 90% C.L.
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Prospects

More decay modes

@ More analyses: e.g. B(Os) — 7T, Bt — KtetuT,

B — K(O%) 7%, F
More data

@ So far, LFV analyses published with Run 1 dataset (2011/2012)
corresponding to 3fb~! of pp collisions at (7/8) TeV

o Current LHC Run 2 is approaching 6fb—! of pp collisions at 13 TeV!
@ So much more data to analyse
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Summary

@ Searches for lepton-flavour violating meson decays at LHCb

@ Renewed interest due to tensions in lepton universality

o Presented DY — e*u¥, B®— e*pF and BY— et pu¥ with
(improved) best limits

@ Helps constraining new physics, e.g. models with leptoquarks

@ More results to come at LHCb in terms of lepton-flavour violating
meson decays with new data (still coming in as we speak) and more
channels!
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