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Introduction
[

Introduction

Muons at LHCb:
@ Trigger on very low transverse momentum muon (0.5 GeV)
@ Momentum resolution (0.4% < ép/p < 0.6%)

@ Muon ldentification:
e(n) ~97%
e(m— p) =110 3%

Data set for the 3 analyses:
@ ~1 fb~! collected in 2011
@ Blind signal mass region
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Search for B9, — pwtp—
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e Search for B?S) — ot~

References: LHCb-CONF-2012-017
PRL 108 (2012) 231801, arXiv:1203.4493
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http://cdsweb.cern.ch/record/1452186?ln=en
http://dx.doi.org/10.1103/PhysRevLett.108.231801
http://xxx.lanl.gov/abs/1203.4493

Search for B9, — pwtu—
sb
0.00Q) (e]e]

Motivation
@ Very suppressed in SM: e 4
B(B? — ptp~) =(32+02)x10~° R B S s
B(B® — ptp~) =(1.0£0.1) x 10710 . e

Buras, JHEP 1010 (2010) 009,arXiv:1005.5310 R KAH <
@ Could be enhanced in physics beyond SM —»—J‘@? L

NUHM1
B(Bs -> p+tp-)

tan

M, [GeV/c?]
modified from arXiv:0907.5568
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http://xxx.lanl.gov/abs/1005.5310
http://arxiv.org/abs/0907.5568

Search for B9, — pwtu—
sb
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Selection and Multivariate Classifier

Event selection

@ Loose selection
@ Particle identification requirement to reduce peaking background from
BY — hH(uwh)H (")

Events classification in a binned 2D plane:
Multivariate (MVA) x m,,,,

LARRLARAL AR AR AN SAR A AL AL
o LHCb 3

g 1_._ Preliminary J

@ MVA: Boosted Decision Tree (BDT) B i
Inputs: 9 variables describing the s .
topology of the candidates b u sonm {mﬂﬁk 7

@ Trained on simulated data b ST

DT

on BOS) — h™h~ for signal and peaking background

© Calibrated on m,,, side bands for combinatorial background
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Search for B9, — pwtp—

OOO.%;EDOO
Invariant Mass
. R
@ Signal m,,,: Crystal Ball 36 gy | il 1 Preiminary
mean and resolution taken from data 3o ’fvl i E
g aor f g ]
@ Combinatorial Background: oo o T
exponential 3 i i 3
extrapolated from the side bands A S I I

m,, (MeV/c)

@ Peaking Background:
-misidentification probability obtained on data in bins of p and pr
-applied to the spectra of a simulated B?s) — h™h'~ cocktall

Mathieu Perrin-Terrin  CPPM Rare decays to purely leptonic final states at LHCb July 6th, 2012 7/18



Search for B9, — pwtu—
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Normalisation and Observed Data

Normalisation of the signal PDF obtained with a channel of known 5:
BY — J/ypp BY — Ktn~ Bt — J/pK*

N _ Csig qu Nnorm
B oyt = I
(Ol €norm Tnorm Brorm

Efficiencies (esjg, €norm) Obtained with a data driven method.
fs/fd measured at LHCD. pross o12) 032008, arXiv:1111.2357

All expectations for signal and background have been derived:

o e —
2 LHCb |3 LHCb
36 BDT>0.5 | 8¢ BDT>0.5 |
S B sty 3 Blout Expectation for:
3 > Combinatorial Bkg
o, 12,
@ . @
£ £ [ smsignal
& & .
2 7 AT I Feaking Bkg
- Cross Feed
n Il Il
v
5250 5300 5350 5400 7 Error on the sum
m,, (MeV/c?) m,,(MeV/c?) 7
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Search for B9, — pwtu—
sb
OOOO& (e]e]

Normalisation and Observed Data

Normalisation of the signal PDF obtained with a channel of known 5:
BY — J/ypp BY — Ktn~ Bt — J/pK*

€Esig f By Nnorm
NBO _’M+Hf_ frng [ S ——

) €norm fnorm Brorm
Efficiencies (esjg, €norm) Obtained with a data driven method.

fs/fd measured at LHCD. pross o12) 032008, arXiv:1111.2357
Unblind the data:

~ T e
3 LtHeb | S LHCb + Observed Data
%6’ BDT>0.5 | %6’ BDT>0.5 |
3 By 3 Expectation for:
?g !g Combinatorial Bkg
(2] [%2]
g £ [ smsignal
it i .
Il Peaking Bkg
- Cross Feed
0 . .
5250 5300 5350 5400 7 Error on the sum
m,,(MeV/c?) m,,(MeV/c?) %
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http://dx.doi.org/10.1103/PhysRevD.85.032008
http://xxx.lanl.gov/abs/1111.2357

Search for B9, — pwtu—
3
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Limits are extracted from data and expectations with the CL; method:

BY — u*y~ upper limit (95% C.L.)  B° — ;i u~upper limit (95% C.L. )

Exp. SM+Bkg 7.2 x 107° Exp. Bkg Only 1.1 x 107°
Obs. 45x107° Obs. 1.0x 107°
@ 1 T T T T | @ 1 T T T T ]
o N — — Expected Bkg+SM (1 o} o — — Expected Bkg Only (1 0) ]
0.8 N —— Observed - 0.8 —— Observed |
0.6 - —
04 N — —
N
N
0.2 \\\ — ]
0 I I I L —— \ﬂ'~-v-..._4 0 H L |
1 2 3 4 5 6 7 8 9 02 04 06 08 112 14 16 18
B(B] - u* ) [10°] B(B® - ) [109]

Is BY — ;"1 compatible with SM ?
@ Data compatible with Bkg+SM within 1o
@ p-value (1-CLy) = 18%
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Search for B9, — pwtp—
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Combination CMS—ATLAS-LHCb

95% C.L. Bounds

SM
DO

PLB 693 (2010) 539, arXiv:1006.3469
CDF 10 fb~!

La Thuile 2012, Miyake

ATLAS
arXiv:1204.0735

CMS
JHEP 1204 (2012) 033, arXiv:1203.3976.

LHCb
PRL 108 (2012) 231801, arXiv:1203.4493

S

0 10 20 30 40 50
B(Bs — ptp~) x107°
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SM

Search for B9, — pwtp—
sb
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Combination CMS—ATLAS-LHCb

95% C.L. Bounds
DO

PLB 693 (2010) 539, arXiv:1006.3469
CDF 10 fb~1

La Thuile 2012, Miyake
ATLAS

arXiv:1204.0735

CMS
JHEP 1204 (2012) 033, arXiv:1203.3976.

LHCb
PRL 108 (2012) 231801, arXiv:1203.4493

ATLAS+CMS+LHCb
LHCb-CONF-2012-017

0

Mathieu Perrin-Terrin  CPPM
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B(Bs — ptp) x 1079

Rare decays to purely leptonic final states at LHCb

LHCb-CONF-2012-017
Preliminary upper limits
(95%C.L.):

B(BY — ytp )< 42x107°
B(B® — ptp)< 81 x1071°
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http://cdsweb.cern.ch/record/1452186?ln=en

Search for B9, — pwtp—
sb
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Implication and Prospects

LHCDb results put stringent constraints on physics beyond the SM:

2.0
Straub ArXiv:1205.6094

s MSSM-LL
=
; FRUN 2 g&‘l
=3 fsne
z / —
z " / MSSM-AC

0.0

0 RSc 10 20 30 40 50
109 x BR(B, — )

Prospect for a 30 observation at LHCb:

o 126

S us

= 10¢ Projection-from-1-fb

= E

;

= oA

TE

@ E

3 end. 2012 E
4F i e mteﬁfeled %f
E — El
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Luminosity [fb™]

Mathieu Perrin-Terrin  CPPM Rare decays to purely leptonic final states at LHCb July 6th, 2012 11/18


http://arxiv.org/pdf/1205.6094v1

Search forB?s) — ptp—utp—
@00

© Search for B?S) — e

Reference: LHCb-CONF-2012-010
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https://cdsweb.cern.ch/record/1427774?ln=en

Search for B?s)

—utupt
0e0

Search for B?S) — Tt

Motivations

@ Resonant SM mode B2 — J/1¢:
B(BY — J/v¢ — pupp) = (2.3 +0.8) x 1078

@ Non-resonant SM mode B(B?s) — ) < 10710

@ Could be enhanced by physics beyond SM.
c.f. HyperCP anomaly PRL. 94 (2005) 021801

Strategy: a cut and count analysis

@ Selection based on:

e Quality and displacement of secondary vertex
o Good particle identification
o Flag of the resonant candidates

BY — J/vd— pppp:

used them to optimise the selection

@ Normalisation to B® — J/v(utp=)K%* (Kt7r™)
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http://dx.doi.org/10.1103/PhysRevLett.94.021801

+p—

@ Event distribution in the non-resonant mass window compatible
with background expectation

Search for B?s) — puTu T
[e]e] J

—~ 35
< F N ‘
% 3? § Il;:elgr]ilinary E
= 250 \ 3
R \ F
- \ ]
2 1sE X E
R \ ]
G>J 1= o §4 =
: \ :
055 Il Il §_§_}; §§§} Il Il ;
4800 5000 5200 5400 5600 5800
M- ey (MY / ¢7)
@ Preliminary upper limits (95%C.L. ) extracted with the CL;

method:
BB — ptp ptp) <1.3x 1078
BB® — ptp ptp) <54 x10°°

@ First limits on these processes.

Mathieu Perrin-Terrin  CPPM Rare decays to purely leptonic final states at LHCb July 6th, 2012 14/18



Searchfor v~ — ptp = p—
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e Searchfor 7= — uTp~pu™

Reference: LHCb-CONF-2012-015

Mathieu Perrin-Terrin  CPPM Rare decays to purely leptonic final states at LHCb July 6th, 2012 15/18


http://cdsweb.cern.ch/record/1434456?ln=en

Searchfor v~ — ptp = p—
[e] e}

Motivation and Strategy

Motivation
@ Lepton Flavour Violation
@ 7~ — ptu~p~ is very suppressed in SM
@ Could be enhanced by physics beyond SM

Strategy very similar to BY — ;i ;~

@ Loose selection
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Searchfor v~ — ptp = p—
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Motivation and Strategy

Motivation
@ Lepton Flavour Violation
@ 7~ — ptu~p~ is very suppressed in SM
@ Could be enhanced by physics beyond SM

Strategy very similar to BY — ;i ;~

@ Loose selection
@ Event classification in a 3D space:
@ Invariant mass my...
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Searchfor v~ — ptp = p—
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Motivation and Strategy

Motivation
@ Lepton Flavour Violation
@ 7~ — ptu~p~ is very suppressed in SM
@ Could be enhanced by physics beyond SM

Strategy very similar to B — ;i Bkg. Sig.

y éLHCb simulation

@ Loose selection
@ Event classification in a 3D space:

@ Invariant mass my...
o Topological MVA

Events (a.u.)
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Searchfor v~ — ptp = p—
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Motivation and Strategy

Motivation
@ Lepton Flavour Violation
@ 7~ — ptu~p~ is very suppressed in SM
@ Could be enhanced by physics beyond SM

Strategy very similar to B — ;i Bkg. Sig.

01~LHCb simulali;on

@ Loose selection
@ Event classification in a 3D space:

Events (a.u.)

@ Invariant mass m,,,... oos-
e Topological MVA o0af-
o Particle identification MVA ool
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Motivation and Strategy

Motivation
@ Lepton Flavour Violation
@ 7~ — ptu~p~ is very suppressed in SM
@ Could be enhanced by physics beyond SM

Strategy very similar to BY — ;i ;~

@ Loose selection EIL: Litc
g . . ©3000F Preliminary ~ J
@ Event classification in a 3D space: Zaso0f E
e Invariant mass my,,.. E”’""é‘ E
o Topological MVA (7 O
o Particle identification MVA 3 3
@ Normalisation to D§ — ¢(M+M_ )77_ of 19‘40'& 1960 1980 3000 2020
mupT)(MeV/ic)
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Searchfor v~ — ptp = p—
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Motivation and Strategy

Motivation
@ Lepton Flavour Violation
@ 7~ — ptu~p~ is very suppressed in SM
@ Could be enhanced by physics beyond SM

Strategy very similar to BY — ;i ;~

@ Loose selection
@ Event classification in a 3D space:

@ Invariant mass my... :
o Topological MVA O B A s
o Particle identification MVA i 3

@ Normalisation to Dg — ¢(pup~)m™
@ Limits extracted with the CL, method
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Searchfor v~ — ptp = p—
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@ Preliminary upper limits 95 (90)% C.L. extracted using the CL;
method

B(r~ — ptpu p~)<7.8(6.3)x 1078

— —-Expected Bkg Only (1,2l0)

Observed
_r 1F T T ]
© b LHCb preliminary |
0.8 8
o6 B
0.4 —
o2f b

10
BR(t — p p w)[x 10°]

@ Results comparable with Belle pis ss7 2010) 139, arxivit001 3221
B(r~ — ptp—p~) <21 x1078 at 90% C.L.

Mathieu Perrin-Terrin  CPPM Rare decays to purely leptonic final states at LHCb July 6th, 2012 17/18


http://dx.doi.org/10.1016/j.physletb.2010.03.037

Summary

SM 95% C.L. Bounds
ATLAS

arXiv:1204.0735
CMS

@ LHC (LHCb) searches for B?s) — ot

[T JHEP 1204 (2012) 033, arXiv:1203.3976.
LHCb

[T PRL 108 (2012) 231801, arXiv:1203.4493

0 T~ -9 + +
B(Bs THH ) <42 (45) x 10 u ﬂ:tﬁ:?)Ngzl\élS—o:;HCb
B(B® — ptpu~) < 8.1 (10) x 1071

0 10 20 30 40 50
B(Bs — ptp~)x107°

@ Very first limits (preliminary) on the B?S) — ptu~ putu~processes:
BB — ptp ptp~) <1.3x1078
BB — ptpptp~) <5.4 x107°

@ First limits at hadron collider (preliminary) on 7= — ptpu=p™:
B(r~ = ptpp")<78x1078

@ All analyses performed with 1 fo~", outlook for 2012; another 1.5 fo—!
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