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Introduction

 LFV searches in tau decays at the LHC

— LHCD recently published the search for v— putw andtv—puu-
(arXiv:1304.4518)

— CMS/ATLAS might be able to do t™— wu*u,
but only pre-data studies are currently public
- low mass / PT triggers are a challenge at a GPD

 Briefly discuss other tau decay channels in LHCDb

* Brief overview on LHCDb searches for Lepton Number
violation in beauty decays

* Published LHCD results obtained with 1/fb
- times 3 on tape, extrapolate with future luminosities
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. UHCO)ongtemplan

2009 <% LHC startup, \ s = 900 GeV f L dt

2010

2011 Vs=7/8TeV; L yc,= 3-4x1032 cm-2s™

2012 > ~1-2 fb'/year 3-&%

2019 181 ~ Go to design energy, nominal luminosity

2014

2015 Vs=13/14TeV; L ;o= 4x1032 cm-2s-"

2016 > 2 2 fbl/year ~7/fb

2017 %
208 &2 Injector and LHC Phase-1 upgrade to full design luminosity __ ____ __

2019

2020 Vs=14TeV; L o, = 1-2x1033 cm-2s-"

201 -> > 5 fbl/year

2022 1s3 ~ HL-LHC Phase-2 upgrade, IR, crab cavities?

2023
20;0? \/S=1 4TeV; LLHCb= ~2%x1033 cm2s-1




Tau decays at a hadron collider

X BaBar and Belle collected

~ 10° 7 pairs

v ete” — 777 extremely
clean and nice to
investigate

v~ tag with opposite site T
possible

26. April 2013

v LHCb collected ~ 8 x 1019

T in the detector
acceptance in 2011

X pp — 7+ O(100) more
particles challenging

X no “production traces” in
D, — 11,
X charm decays with missing

particles very similar to
T signatures

= tight requirements to event
selection

= develop strategies to
suppress 7-less events

= understand 7 production in
detail
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~ Searchfort— e andtopuw ({4

arXiv:1304.4518

@ Relative normalisation to Dy — (™ p~)m™

@ Loose cut-based selection followed by 3D classification:
& Decay topology and kinematics
@ Particle identification (replaced by PID cuts for 7 — ppupu)
& [nvariant mass

@ Classifiers trained on simulated signal and calibrated on control

channels
)

« Different selection for e
normalization channel for E 2500
Touww andt—-puu 3200

« D.— ¢(uw) n candidates 5 1500
T — ppg: 48 076 + 840 2 1000

T — pup : 8 145+ 180 = o
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m(@* ) [MeV/e?]
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THCLH

Two multivariate classifiers, M3poay and Mpip (7 — pppe Only)

@ M3poqy includes: vertex and @ Mpp includes: information
track fit quality, vertex from RICH, ECAL, HCAL
displacement, vertex pointing, and muon chambers
vertex isolation and  pr

@ Trained on signal and @ Trained on signal and
background MC background MC

@ Response calibrated on @ Calibrated on J/¢) — p*p~ data
Ds — ¢n~ data @ For 7 — pup apply hard PID
data-MC differences cuts
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~ Physicalbackgounds ({4l

arXiv:1304.4518

For 7 — ppp most Large mis-ID contribution

significant peaking from D" — K™ntn®

background from decays in lowest Mpip bins
— Removed by excluding

Ds — n(pTp=y)p~vy, -
the lowest Mpp bins
— 80% removed by a cut oD

No peaking backgrounds
2

on m,+,- > 450 MeV/c expected for T — pug
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~ Combinatorial background determination (55

arXiv:1304.4518
@ Background estimate in signal
: % " LHCH region from data sidebands
§ £ : @ 4 highest bins merged for
ERE: 7 — p—ptp (left), and 2
2 Tt T J E highest bins merged for
© ;f]‘lwm I‘l Iu LT 7~ — ppt i (bottom left) and
- e 7~ — pp~p~ (bottom right)
% 1 BREEIRE T SR
3 o LHCb : ; oL LHCbD |
S S of 1
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TUL Results G

arX1v:1304.4518

12
BR(r —u p* p) [x107]

40 60
BR(r »p u* u) [x 107]

40 60
BR(r —pu p)[x107

@ Limit calculated using CLs method
@ First 7 LFV results at a hadron collider!

Channel Expected (90% CL) | Observed (90% CL)
T =T 8.3x 1078 8.0 x 10~°
T = Pt 4.6 x 1077 3.3x 1077
TT — PuT 5.4 x 1077 4.4 x 1077

cf. BF(— = ppTp~™) <2.1 x 1078 at 90% CL from Belle




Outlook: T™— uurw %

LHCb Integrated Luminosity pp collisions 2010-2012

* Data used: 1/fb @ 7Tev ?é‘ “ . Dolivetedin20§1214few;§2.209ﬁbé E /Jl;——:
. ’g 2 . Recorded !n2012(4 TeV): 2.082 b x
* On tape: additional e e o [ /”
2.1/fb @ 8TeV P B R S
— Cross section scales ~8/7 =
(+14%)
—_ |mproved trigger for low osE | — . . , IR W N N
mass dlmuons (+1 00/0) \:4 / SO NPT of TRSNSS SNSRI SIS S——
o EXpeCt a (Sma“) faCtor 2 . 51,154"',“;5: ‘ iTH.EI‘-SK l ISDEUGI ' l&ﬁi[\?l ‘ I?Rinﬂl ' IL’BEDE; ! ‘28-%101 ' I?7%11l : l2?\“12
Date

purely from statistics with existing data

« Until 2017: expect another =7/fb at 13TeV
— Pure statistics: V(13/8*10/3)=~2.3

« Expect to exceed Belle sensitivity by ~2017
with existing analysis
« Excellent prospects for the upgrade (2018++ > xx * 10-°)

(also much improved trigger for soft muons)
26. April 2013 Johannes Albrecht 10114 465
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Winter 2012

¢ CLEO
v BaBar
A Belle

« Charged hadrons LHCb performs almost as well as w/ muons

« Electrons: CDF has a factor ~4 penalty exchanging e by mu
—> similar for LHCDb

* Neutrals in final state: difficult @ hadron collider
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Upper limit (10°

LFV in B decays (0.4/fb)

Decays B*—h-u*u* are (AL=2) strictly forbidden in SM

— Sterile Majorana v of mass O(1GeV/c?) could © fas
enhance branching fraction X+

@

LHCb search for a wide range of such decay modes :
D_M+M+a D*-M+M+a ﬂ:-M+M+, DS-M+M+9 DOR-M+M+

[Phys. Rev. Lett. 108 (2012) 101601

« No signal found - results for B*—mutu*: arXiv:1201.5600]
:"'I' 'I""I""I"": 1""I""I""I""I""I'
50 -
aof i1 =
[ Factor >100 improvement over | ! 10 Complementary to Ovpf
30F previous limits from CLEO ~ 10° which probes (V,4, m,) plane
2F E 10
10:— - 10°°
PSP S B S U U T S S Y S S -6 e a1 . - - 1. -+ 1. - + 1.+ + 1.,
0 1000 2000 3000 4000 5000 107, 1000 2000 _ 3000 _ 4000 _ 5000
Majorana neutrino mass (MeV) Majorana neutrino mass (MeV)
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Decays B*—h-u*u* are (AL=2) strictly forbidden in SM

— Sterile Majorana v of mass O(1GeV/c?) could © fas
enhance branching fraction X+

Q1
LHCDb search for a wide range of such decay modes :
D-M+M+7 D*-M+M+a TF'WW, DS-M+M+a DOJ-E-M+M+

[Phys. Rev. Lett. 108 (2012) 101601

No signal found - results for B*—»mutu*: arXiv:1201.5600]

Channel | Observed 95% CL
K u p~ 54 x10°°
Dtpu—p~ 6.9 x 1077
D pup 2.4 x107°
B decays to - Tt 13+ 108
Dipp 58 x 1077
D°ntpp 1.5x10°°




TR Gonelusions

® LHCb has made a range of LFV and BNV measurements

@ First 7 LFV result at a hadron collider with 7= — gt~
— expect to reach/exceed B-factory limits in coming years

@ First ever constraintson 7~ — pu"p~ and 7~ — pp

@ Multiple world’s best limits on LFV B-decays
— improved by as much as x100

LHCb has already made significant contributions to the searches
for LFV and BNV

Interesting prospects towards 2018 (and before)
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