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2 Introduction

* Top quark is a natural probe for new physics
* New physics can appear in both top quark production and decay
* This talk focuses on LHC results in searching for new physics in top decay

* Many searches at LHC could show new physics by looking at the top decay

e FCNC in top decay

e search for baryon number violation in top decay covered b)’ this talk

* measurement of the B(t—=>Wb)/B(t—=*Wq) ratio

* measurement of the W boson helicity from top decay _

e search for charged Higgs (t—=H"b)

® oo ( \
o —— *TOPQ-2011-22  (ATLAS)
* Three analysis will be shown: « TOP-11-028 (CMS)
_* B2G-12-002 (CMS)

J
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Search for FCNC in top decay

CMS /!
3
S
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Motivations
e According to the SM the B(t—Whb) is ~100%

* Branching ratios for FCNC top decays are known to be extremely small

* no tree-level FCNC processed in the SM
* they can be produced at one-loop level
* because of GIM cancellations, the one-loop effects are suppressed

e typical branching ratios for FCNC top decays are of the order of 10-'2 or lower

 Many extensions of the SM predict higher BR for FCNC top decays

* supersymmetric model with R-parity violation

e technicolor models <«—| B(t—Zq) could be up to ~10-

* quark-singlet model

* Direct searches for the FCNC decay t— Zq performed at Tevatron
e upper limits: 3.7% set by CDF and 3.2% set by DO

* t— /q search also performed at LHC by ATLAS and CMS experiments
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ATLAS search

EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH (CERN)

@

N7

Nepr-<p»

arXiv:1206.0257

CERN-PH-EP-2012-139
Submitted to: JHEP

A search for flavour changing neutral currents in top-quark
decays in pp collision data collected with the ATLAS detector at
Vs =TTeV

1 Jun 2012

* Search for t—Zq decay in tT pairs
* Based on 2.1 fb-! of pp collision data at v/s = 7 TeV (201 |)

* The three leptons final state used for the search:

tt — WbZg — lvbllq
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http://arxiv.org/abs/1208.0957
http://arxiv.org/abs/1208.0957

NeP»r->»

Object definition

, , ID leptons
* Lepton candidates are selected using: p
e the full ATLAS detector (inner detector, calorimeter and muon spectrometer)
* only the inner detector -«

Track leptons or “TL”

e |D electron candidates:
* reconstruction starts from energy deposits in the EM calorimeter (clusters)
e clusters are matched to reconstructed tracks in the inner detector

e ID muon candidates:

* reconstruction starts from track segments in the muon system
* segments are combined and then matched with reconstructed tracks in the inner detector

e TL candidates:

e defined by inner detector tracks
* a series of quality cuts are applied to keep the misidentification rate low

* Jets:
* reconstruction uses the anti-k; algorithm (R = 0.4)
* energy corrections (pt- and N-dependent) are applied
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Event selection |/3

* single electron or muon trigger

NeP»r->»

e exactly 3 lepton candidates, 3ID or 2ID+TL, requested:

e for 3ID events, requirements on lepton candidates are:
e pt > 25 GeV/c for the leading lepton and pt > 20 GeV/c for the other two

*In| < 2.5 (2.47) for muons (electrons)

e for 2ID+TL events, requirements on lepton candidates are:

e pt > 25 GeV/c for the TL candidate and pt > 20 GeV/c for the two ID candidates
e |IN| < 2.5 (2.47) for muons (electrons)

e 3ID and 2ID+TL analysis are orthogonal
* all lepton candidates are requested to come from the same primary vertex

e veto for cosmic muons
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Event selection 2/3

* lepton candidates requested to be isolated:

NeP»r->»

e ID electrons: calorimeter JEr < 3.5 GeV (AR =0.2) «—

calorimeter-based isolation

e ID muons:

e calorimeter 2ET <4 GeV (AR =0.3)
e >pt <4 GeV (AR =0.3)

<«—— tracking-based isolation

* TL candidates: >pr <2 GeV (AR = 0.3)

* at least two jets

e pT > 25 GeVand |n| <25
e separated by AR > 0.4 from the TL candidate

* transverse missing energy > 20 GeV
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Event selection 3/3

e in 2ID+TL events, one jet is required to be b-tagged

NeP»r->»

e events must be kinematically compatible with the signal-like final state

e constraints (based on MC) are:
e masses: m:= 1725 GeV/c2, mw =804 GeV/c2, mz=91.2 GeV/c2
* resolutions: 0. =14 GeV/c2, ow =10 GeV/c2, 0z =3 GeV/c2

* events are rejected if:

e the reconstructed top masses are not within 40 GeV/c? of m.
e the reconstructed W mass is not within 30 GeV/c? of mw
e the reconstructed Z mass is not within 15 GeV/c2 of mz
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Background estimation

* backgrounds categorized by the number of real and fake leptons:

NeP»r->»

* three real leptons backgrounds (WZ and ZZ)

* backgrounds with one fake lepton (Z+jets,WWY, dileptonic tt, and ttW/Z)

* backgrounds with two or more fake leptons (VW+jets, semi-leptonic tt, single top)

e for the 3ID selection:

* diboson contribution taken from MC (dominant background)
* one fake lepton backgrounds: Z+jets estimated from data, the others taken from MC

* backgrounds with two or more fake leptons (estimated from data) negligible

e for the 2ID+TL selection:

* the dominant contribution comes from events with at least a fake lepton (from data)

e contribution from three real leptons backgrounds from MC
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e sood agreement between data and expectations
* reported uncertainties are statistical plus systematic
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* many sources of systematic uncertainties considered ~

e ~90% of 2ID+TL background estimated from data

* 95% CL upper limits on the number of signal events
derived using the CLs method

NeP»r->»

3ID 2ID+TL

Source Background Signal | Background Signal
Luminosity 4% 4% <1% 4%
Electron trigger 4% 1% <1% <1%
Electron reconstruction modelling 10% 3% <1% 2%
Muon trigger 3% 1% <1% <1%
Muon reconstruction modelling ™% 1% <1% 1%
TL reconstruction modelling — — 2% 1%
Jet energy scale 11% 1% 1% 1%
Jet reconstruction efficiency 5% 2% <1% <1%
Jet energy resolution 1% 3% 1% 4%
Emiss modelling 4% 1% <1% <1%
LAr readout problem 3% 1% <1% 1%
Pile-up 4%  <1% <1% <1%
b-tagging — — 1% 6%
Top quark mass <1% 2% — 3%
Ot <1% 8% — 8%
ISR/FSR <1% 3% - 6%
PDFs — 3% — 3%
Z7 and W Z shape 33% — 5% —

ZZ and W Z cross section 4% — <1% —

77 and W Z heavy-flavour content — — <1% —
Fake leptons 1% — 17% —

Total 38% 12% 18% 15%

* limits on the number of signal events converted to a limit on BR:

using O = |65 pb and constraining B(t—=Wb) = |-B(t—4q)

e /Z,WZ and signal acceptance assumed to be fully correlated between the 3ID and 2ID+TL analysis

e observed upper limit on signal BR is set to 0.73%
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channel observed (—1o) expected (+410)
31D 0.81% 0.63% 0.95% 1.4%
2ID+TL 3.2% 2.15% 3.31% 4.9%
Combination  0.73%  0.61%  0.93% 1.4%




CMS search

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

[ O iapyprramae ,
CA ,

= arXiv:1208.0957
s \i\\\\\ \\ \\
CMS-TOP-11-028

/

]

Search for flavor changing neutral currents in top quark
decays in pp collisions at 7 TeV

e Search for t—=Zq decay in tt pairs
* Based on 5.0 fb-! of pp collision data at /s = 7 TeV (201 |)

* The three leptons final state used for the search:

tt — WbZq — lvbllg

e four cases (eee, eey, uue, uuu)
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http://arxiv.org/abs/1208.0957
http://arxiv.org/abs/1208.0957

Object definition

e Muons:

* reconstructed by using segments in the muon spectrometer and reconstructed hits in the tracker
* |D and quality cuts applied

* selection criteria used are ~99% efficient for muons from W and Z decays

e Electrons:

* reconstructed by matching energy deposits in the ECAL with hits in the tracker (strip + pixel)
* |D and quality cuts applied

* selection criteria used are ~95% efficient for electrons from W and Z decays

* Jets and MET:

* reconstructed using the particle-flow technique
* anti-k jet clustering algorithm used, with cone R = 0.5

* energy calibrations and pile-up corrections are applied
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BASIC selection |/2

Final state | eee eepy ey WP

* double lepton trigger (ee or pp) Efficiency | ~99% | ~98% | ~91% | ~93%

* two opposite-sign leptons consistent with the Z boson
e pT > 20 GeV/c within |n| < 2.5 (2.4) for electrons (muons)

e isolation cut = 0.125
e identification criteria
e invariant mass within [60, 120] GeV/c?

ECH ENH E7
isolation variable: | = —L L L within AR = /(An)2 + (A¢)2 =03

P

 exactly one additional lepton

e pT > 20 GeV/c within |n| < 2.5 (2.4) for electrons (muons)
* isolation cut = 0.1

* tighter requirements on electron reconstruction
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BASIC selection 2/2

* all leptons must come from the same primary vertex

* missing transverse energy larger than 30 GeV

e MC events are weighted to reproduce:

* data trigger and reconstruction efficiency

* data pileup distribution

e Expected and observed yields after the basic selection:
uncertainties are statistical plus systematic

Channel uue UUU eee eey
Drell-Yan | 2.0+ 0.9+ 0.3 09+0.6+0.1 28 +1.1+04 09 +0.6+0.1
WZ 46.1 = 0.3 -+ 6.1 60.3 + 0.4 + 8.0 409 4+034+54 486+04+64
77 177 +£02+23 21.74+02+29 151 +02+20 182 +0.1+24
WW < 0.001 < 0.001 0.18 £+ 0.06 &= 0.01 < 0.001

tt < 0.001 05+02+0.1 09+05+0.1 09+04+0.1
Single top < 0.001 0.14 £+ 0.09 £ 0.02 < 0.001 < 0.05
Total 66 +1+7 84 + 1+ 9 60+1+6 69 +1+7
Observed 73 87 85 61
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Signal reconstruction

e for the FCNC decay, the top mass can be fully reconstructed

e for the t — Wb — lvb decay, the top mass can be reconstructed by:

mM1ss

® assuming K as pgv and constraining M, to the W mass

Px = Pzv

Py = Pyv

D, = pzl(pxlpaw + pylpyl/ + M{%V/2) + El \/(pa:lp:m/ + pylpyl/ + MI%V/2)2 o E%y (E12 T pzl)
. Ef —pZ,

e signal-like final states selected with additional cuts on jets, mzj and mws

o the search for ¢t — WbZq — lllvbg is performed using two strategies:

e St-cut based selection é (reference analysis)

* b-tag based selection
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ST selection

* at |least two jets (pT > 30 GeV)

e candidate events should have St > 250 GeV

e St is defined as the sum of the prt of the leptons, the pt of the jets and the missing energy

* mzj and mws requested to be between 100 GeV and 250 GeV

r 1 _I T T T | T T T T T T T T | T T T T | T T T T T 1 _I T T T | T T T T T T T T | T T T T | T T T T
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b-tag selection

* at least two jets (same cuts as St selection) with exactly one b jet

* jets are requested to be associated to the same vertex of the Z candidate

* mzj requested to be within 25 GeV of the assumed top mass (172.5 GeV)

* mwb requested to be within 35 GeV of the top mass

>| 8_ T T I I I I I I | T T I I | I I I I | I‘ T >|45__| I T T | I I I I | T I T T |1| I I I | I‘ T I &
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Backgrounds

e diboson backgrounds taken form simulation

¢ Drell-Yan and tt are estimated from data

e two data samples considered:
|. basic selection plue at least two jets and a loose requirement for St, mz; and mws

2. like the previous selection but with a looser requirement for the third lepton
* selection 2 contains events with 3 real leptons and 2 leptons plus a fake

e composition of true and fake three-leptons events estimated:

 from the efficiencies for true and misidentified leptons

e diboson events are subtracted (from MC) to obtain the DY and tt estimate

e QCD multijet background negligible
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Results and limits

* Data and expected yields from the two selections (statistical and systematic uncertainties reported) :

Selection St b-tag
WZ background 13.59 £0.20 £2.58 | 0.718 £0.011 = 0.150
Z7 background 1.09£0.02£0.21 | 0.058 £0.001 +=0.012

Drell-Yan and tt background 1.52+0.46 =0.41 | 0.055+0.017 = 0.012

Total background prediction 16.20+= 0.51 == 2.62 0.83 == 0.02 £ 0.15
Observed events 11 0

Expected limit at the 95% CL | B(t — Zq) < 0.36% | B(t — Zq) < 0.42%
Observed limit at the 95% CL | B(t — Zq) < 0.24% | B(t — Zq) < 0.30%

* No excess beyond the SM prediction found in both selections

e 95% CL upper limits on B(t—Zq) have been set using the CLs approach

* Many sources of systematic uncertainties have been considered

Source St selection [%)] | b-tag selection [%)]
Trigger efficiency 4 4
Parton distribution functions 6 6
Lepton selection 7 7
Pile-up events 7 7
Missing transverse energy resolution 8 8
Cross sections 8 8
b-tagging 0 9
Jet energy scale 10 10
Total 19 21

* The final limit, taken from the St selection because of the higher sensitivity, is: 0.24%
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Search for Baryon Number
Violation in top decay

Davide Pagano TOP 2012 - September 20,2012



Motivations

This analysis has been triggered by the following theoretical work

arXiv:1107.3805 Baryon number violation at the LHC: the top option

Zhe Dong®, Gauthier Durieux®, Jean-Marc Gérard®, Tao Han®, Fabio Maltoni®
“Department of Physics, University of Wisconsin, Madison, WI 53706, USA
b Centre for Cosmology, Particle Physics and Phenomenology (CP3),

Université catholique de Louvain, Chemin du Cyclotron 2, B-13/8 Louvain-la-Neuve, Belgium
(Dated: 19 July 2011)

Baryon number violation (BNYV):

* In the Standard Model - We have accidental BN conservation (no fundamental principle
justifying it). Non pertubative BNV processes arise in SM because of B (and L) anomaly.

* In Grand Unified Theories - Violation arises from the gauge group extension (mainly
mediated by new gauge bosons)

* In Supersymmetry -Violation arises from the introduction of new fields (renormalizable R-

parity violating interactions allowed by s-fermions)

* In black holes physics, string theories, ...

LHC will let us test the baryon humber conservation beyond the TeV scale
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CMS search

Available on the CERN CDS information server CMS PAS B2G-12-002

CMS-PAS-B2G-12-002

CMS Physics Analysis Summary

Contact: cms-pag-conveners-b2g@cern.ch 2012/09/13

Search for baryon number violating top quark decays in pp
collisions at v/s = 7 TeV

The CMS Collaboration

* Search for t—Ibq decay in tt pairs

* Based on 5.0 fb-!' of pp collision data at /s = 7 TeV (201 |)

* The lepton plus five jets final state used:
pp — tt — [bbjjj

¢ electron and muon flavors used
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Analysis strategy

This approach largely reduces the impact
of some systematic uncertainties

|. Define a BASIC selection

* Normadlize data and MC and reduce non-top background
2. Define the signal region with a TIGHT selection

3. Expected yield as a function of the BNV top quark decay branching ratio (BR):

1 e-(BR) 1 el (BR)
Niy = (NBs — Niiy) x x W NI
exp — obs bck 1+ O'tWGFW(BR) eg BR) + 1+ ‘theg(BR) €FW(BR) T bck
i€ (BR) oiwepy (BR) _

* signal contribution from tt and tVV: single top t- and s-channel treated as non-top background

+ = 2BR(1 — BR)egnv.su + (1 — BR)?e5u g0 + BR? €3 nv By

X=1B
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BASIC selection

* single muon or single electron plus three jets trigger

e exactly one tight lepton

Main thresholds (muon pr, missing Et, X2,
jet pr and b tagging) tuned by minimizing
the expected limit on the signal BR

e pt > 35 GeV/c within |n| < 2.1

e isolation cut = 0.125 (0.1) for muons (electrons)

| — S

¢ identification criteria

e veto for events containing an additional lepton
* pt > 10 GeV/c (Er > 15 GeV in case of electrons) within |n| < 2.5

e isolation cut 0.2

e at least five jets
e pt > 30 GeV/c within [n| < 2.4

* reconstructed using the anti-kt clustering algorithm (R = 0.5)

* energy and pileup corrections applied

e at least one b-tagged jet
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TIGHT selection

e for the TIGHT selection it is additionally required:

* missing energy < 20 GeV
e X2< 20

* X2 gives the compatibility of event kinematics with the signal-like final state

. . [T L L L L L
2 (xz L ) < 0.09 ; CMS Simulation| —E
= S 0.09 . _
O'. 42008—_ . \s=7TeV _

. 1 o - 1 uchannel

‘ Wo.07F 3
0.06} ' —— ti (BNV, SM) 3
¢ three variables used: . L tismsw) -
0.05 - I —— Wajets B

* BNV decaying top mass
* W boson mass (b-tagged jets not allowed)

* hadronically decaying top mass

* mass values and resolutions taken from MC o2

e all possible combinations are considered and the one with smallest X? is kept
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Background estimation

e tt and tVV are normalized to data in BASIC

* TIGHT yields are then extracted from their efficiency to pass TIGHT once BASIC is passed

e QCD multi-jet and Y+jets contributions estimated from data

* multi-jet: control region defined by reverting the isolation cut on the lepton

L QCDiSO
B QCDanti—iso

Nyeg = R(NSHI=s0 — Nanti—iso) R < from simulation

data non—gqcd

¢ for the electron channel an alternative method has been used as cross-check:
» it is based on fitting the observed isolation variable distribution with template shapes for

the QCD and non-QCD contribution (compatible values)

* Y+jets: control region defined by reverting the photon conversion requirements

* all other backgrounds are estimated from MC
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 data and expected yields in the BASIC (before and after the correction) and TIGHT regions
* reported uncertainties are statistical plus systematic

Dataset Cross section (pb) | Basic - Yield | Basic - Corrected yield | Tight - Yield
tt 157.5+£24.4 7816 4+ 1960 7715 4+ 1940 584 + 81
Wjets 31310 £ 1560 1288 4+ 770 1288 + 770 76 + 42
Z+jets 3048 £ 132 182 + 109 182 4+ 109 36 + 20
WW 43.0+ 1.5 9.9+6.0 9.9+6.0 0.97 +£0.53
WZ 18.2 4+ 0.7 6.7 +4.0 6.7+ 4.0 0.92 £0.51
77 5.9+0.1 1.24 £0.75 1.24+0.75 0.32 £0.18
tW 15.7+0.8 233 + 61 230 £ 61 12.8 1.8
t-ch 64.6 £ 3.4 45 + 27 45 4+ 27 23+1.3
s-ch 4.63 + 0.19 4.8 +2.9 4.8 +2.9 0.26 +0.14
ttW 0.16 + 0.02 26 £ 16 26 £ 16 20+1.1
QCD - 35+35 35+ 35 9.0£9.0
Total Exp. - 9647 4+ 2180 9544 + 98 724 4+ 39
Data - 9544 4+ 98 9544 + 98 796 £ 28
Dataset Cross section (pb) | Basic - Yield | Basic - Corrected yield | Tight - Yield
tt 157.5+£24.4 6769 + 1700 6387 4+ 1600 497 + 72
Wjets 31310 £ 1560 1130 + 510 1130 + 510 88 + 35
Z+jets 3048 + 132 275+ 120 275+ 120 82 + 33
WW 43.0+ 1.5 8.4+ 3.8 8.4+ 3.8 0.80 + 0.32
WZ 18.2 4+ 0.7 6.8+ 3.1 6.8+ 3.1 1.10+0.44
77 5.9+0.1 1.67+0.75 1.67£0.75 0.37 £ 0.15
tW 15.7+0.8 188 £+ 50 178 4+ 47 14.6 + 2.1
t-ch 64.6 + 3.4 38 £ 17 38 £ 17 3.2+1.3
s-ch 4.63 + 0.19 3.9+1.8 3.9+1.8 0.30 +0.12
ttW 0.16 + 0.02 23+ 10 23 £10 1.77+0.71
QCD - 374 + 190 374 + 190 109 + 54
Total Exp. - 8817 £+ 1890 8425 + 92 798 4+ 66
Data - 8425 + 92 8425 4+ 92 843 4+ 29

Muon channel

Electron channel
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3 MET and X? distributions
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® 95% CL upper limits on the signal BR set using CLs

* many sources of systematic uncertainties considered q

e |4 nuisance parameters affecting N'exp

muon channel

Nuisance parameter Value Corr | Uncorr Tot Value
[ By sm | 0.00996+0.00010 | 19 | 5 20 | 0.008630 = 0.000082 |
| €das caa | 0.000754+£0.000032 19 | 5 20 | 0.000671 = 0.000026 |
ERNV SM | 0.06627+£000079 | 19 | 5 20 | 0.0613£0.0015
€INV.SM 002101£000051 | 24 | 5 25 | 0.01957 £ 0.00095 |
| €BNV BNV | 00551400014 21 @ 5 22 0.0592 = 0.0021
| €ENv.BNY | 001761000089 @ 24 | 5 25 0.0176 + 0.0013
€8y | 0.00297+0.00014 = 23 | 10 25 | 0.00240%0.00011 |
el " 0.000166+0.000037 | 33 | 10 35 | 0.000198 = 0.000036 |
cg_\yv 00220+00015 | 23 | 10 25 | 0.0191£0.0015 |
EENY 0.00716 +0.00097 | 28 10 30 | 0.00661 % 0.0009 |
N 1598 + 60 | 59 | 10 60 | 1860 + 57 '
Niy 127 15 54 10 55 286 17
0y ' 157.5 pb 0 15 15 157.5 pb
Otw | 15.7 pb 0 | 8 8 15.7 pb
* the 10 efficiency terms are assumed correlated
* the

| Systemahc uncertainty (%)

electron channel

19 5
19 5
19 | 5
24 | 5
21 | 5
24 | 5
23 | 10
23 | 10
23 | 10
23 | 10
4 | 10
39 | 10
0 | 15
0 | 8

* the observed upper limit on signal BR is set to 0.67%

[ Systcmatlc unccrtamly (%)
Corr Uncorr |

Tot
20
20
20

* & & & 5EEREERSE

Source of systematic effect | Uncertainty
Jet energy scale +o(pr, 1)
Jet energy resolution from 10% to 20%
Lepton efficiency 2%
Unclustered energy 10%
tt cross section 15%
tW cross section 8%
Wets cross section 50%
Z+jets cross section 30%
tt and W+jets scale Q? 0.5Q% and 2Q?
tt and W+jets matching threshold 10 and 40 GeV
Pileup +0.6
B-tagging +o(pr, 1, flavour)
Luminosity 4.5%

95% CL Upp. lim. | Exp. lim. | 68% exp. lim. range
Muon ch. 0.0076 0.0044 [0.0028, 0.0057]
Electron ch. 0.0072 0.0054 [0.0035, 0.0087]
Combined 0.0067 0.0041 [0.0027, 0.0060]
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2 non-top background yields are assumed correlated (but uncorrelated with the efficiencies)




33 Conclusions

e Top quark is a probe for new physics
e New physics can be looked for in both top quark production and decay

e Results from LHC searches sensitive to new physics in the top decay shown:

* FCNC in decay (like t—Zq)

e search for baryon number violation in top decay

* Shown analysis performed using +/s = 7 TeV of pp collisions collected in 201 |

* No evidence of new physics so far

Thank you!



