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Beyond the Standard Model
with top quarks

Introduction Z' SUSY Workflow Plan



Dali's view of BSM 1

All is there:
space-time deformation,
symmetry broken
super-partners ....
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Introduction

Top can be use as a probe for new physics searches ... because
= Top quark is the heaviest particle of the SM

= heavily coupled to higgs boson (Yukawa coupling)

<+ play a leading role in many BSM models

New physics can be search in
@ production mode

» decay mode

@ associated production

Topics:

@ Ttbar resonances (Z') Z'- ttbar

@ SUSY with top stop decay ...

® Fourth family: t' (orb") pp - b'b'-> W*W-t tbar
@ 4 tops (compositeness). pp — ttbarttbar

@ Charged Higgs

|

PAG involved: Top — SUSY — New Phenomena — Boosted top task force

Actually we are focused on Z* and SUSY searches
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Search for resonances: /'

Actuality:

Several (4-5) notes in preparation in
We are Involved in the semi-muonic channel @ low masses (<1-2 TeV) with Lyon's group

Update: 350 .

i -z
@100 pb* @ 10 TeV instead of 1 fb* @ 14 TeV 3001 -y
@ Muon quality cut (x?, nof hits, dO) B B 4od (190s1)

@ Muon isolation  (AR(u,j),P/)

@ Jet combination (usage of a X? involved until 8 jets
@ Reconstruction with a external KinFit

@ Samples: 500-750-1000-1250-1500 GeV

@ Estimation of QCD background

250+

200f

1508

Improvements:
100

@ selection efficiency (muon isolation)
@ purity X?ranking 50
@ linearity of Mtt reco vs gen and resolution (KinFit)

A first draft should circulate soon (boosted top — top PAG) 9400 600 800 1000 1200 1400 1600 1800

A combinafion ot the analysis/channels should be prepared next weeks
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Search for resonances: /'

Study of the jet algorithms
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Jet reconstruction is improved with KT4:
limit the merging effect
allow to distinguish the 4 jet topology
should improve the sensitivity to Z'
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Search for resonances: /'

Actual status from TeVatron

3'302_ () DY, L=3.6 fb" —=Data
Last meeting (nov 08) \g1601 Prelim. [ 17 (650 GeV)
fMA0- Bl
No excess found 5'20:_ W-+jets
Limits on a Z' leptophobic width 0, =0.012 M, ,31 - Other MC
: e : : 00
In a specific model: topcolor assisted technicolor: = B Muttijet
«DO: m,> 760 GeV @ 2.1 fb-1 80F
« CDF: m_,>720 GeV @ 1fb-1 60E
40 *
o B L L B B NN UL B BN 20— -
Qo 1.2 ' Expected limit 95% CL — OOE'_,_,_,_,_,_,]___L o
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>'<T 1:_ ® Observed X cross—sectioE Mti [GeV]
0 0.8- rolbcasediaiodintars Winter 09: analysis updated:
- g‘?lf‘“_““’ L=361" 7 «DO: m.>820 GeV @ 3.6 fb-1
O reiimina ]
: v . * CDF: no excess @ 2.7 fb-1
04— ~
= - Limitation: E(CM)
0.2 e : Luminosity
P V) U PN I FRPRS SR AR PR AP N it PP
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M, [GeV] Waiting for LHC starfup ...
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Search for SUSY with tops:

topology considerations ...

Aim:

Inclusive analysis with top:
looking for SUSY events where an hadronic top (probe) is produced (ex: stop decay)
analysis performed in leptonic channel (muon)
selection: 4 jets (3 coming from top)
1 isolated muon (coming from SUSY decay chain)

Main background:

@ obviously ttbar (as to be estimated)
@ WH+jets

How to distinguish SUSY from top: » QCD

@ excess of MET due to neutralinos

@ higher jet multiplicity (#,HT ...)

e difference in the (u,”4" jet”) system: doesn't come from top decay (M (W) ...)

@ different event shape (centrality, sphericity ... )

Build variable using that ditferences and search SUSY in the fails of
these variables ... after Ttbar esfimation
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Search for SUSY with tops:

event reconstruction ...

Aim

To identify these event we will use an hadronic top as a probe which
suppose an event reconstruction

SUSY production:

@ high jet multiplicity environment
3 jets coming from top decay are not the 3 leading jets ....
importance of jet algorithms
@ top more boosted (higher Pt, decay products more collimated, lowest
angle)
cannot play too much with jets Pt constraint
Importance of jet algorithms
@ top mainly centrally produced
cannot play too much with jets Eta constraint

Event reconstruction:
@ NN/LR: too much hypothesis dependent (to be avoid for BSM searches)

@ KinFit: resolution between ttbar & SUSY — no real gain (no resonances)
@ ¥? sorting more adapted

Introduction ' Workflow



Search for SUSY with tops:

background estimation ...

Ttbar estimation in the tail of variable used for search (ex: MET) is required

Different methods exists
No one is perfect ...
We have to find one adapted to our signal

Possibilities:

- estimation from MC/Data (shape and/or normalisation)
- estimation of only tt or all bkg in one/several steps

Data driven techniques:

@ ABCD method

@ fit 1D (extrapolation)

@ Template fit

@ Matrix Element method

@ Forward jets

@ Charge asymetry

@ extrapolation of the shape & normalization
@ top redecay (mixt between data&MC)
QCD @ smearing function (fake MET estimation)

W+jets {
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Search for SUSY with tops:

study @ MadGraph level

Activity started by Alexis Kalogeropoulos
Actually a set of SUSY & ttbar samples are available using
MadGraph + Pythia (PS) + PGS (detector simulation)

Aim:

@ Benefit of MadGraph flexibility to implement new physics (not only SUSY)
@ Analysis easily realized ( ~ not too much CPU limited .. )

@ Scan of parameters can be performed

@ Test different variable to distinguish between SUSY & top

@ Test ideas @ generator level before full RECO level !

Next step:
@ Develop an interface to produce TopTree using MadGraph samples !

— Analysis' tools will be the same @ MadGraph & CMSSW level !!
@ Compare variables for SUSY searches
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Greg/llaria/Joris/Petra & | developed tools the last months to have a full analysis strategy
in place. It's almost done !! ouff....
* Root-trees can fit on a laptop !
% Standalone c++ code compiled ( root)

% Produce log file & plots % Code can run interactively or via grid
% Should be centralized in (script using glite command)
the future ...
1 2 3 4
RECO/AOD», PAT-uples H sl ROO!-trees H Results !!!
% Already 3 “rounds” ! % ~ 4.5 Go of Root-trees
%* Publication #* Wiki
#* wiki
Compare to Fwlite:
(1) “PATification” tcllmte compression ;acior:. :}1&(3)0
(2) SanityChecker ata compression factor:

(3) TopTreeProducer
(4) Analysis
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http://mon.iihe.ac.be/trac/t2b/wiki/TopPatProductionRound3
http://mon.iihe.ac.be/trac/t2b/wiki/TopPatProductionRound3

1 2 3 4
RECO/AODH. PAT-uples » sl ROO-trees »Results!!!

SanityChecker

@ KinematicsChecker general
@ ResolutionChecker

@ MuonChecker

@ JetMETChecker } objects

@ VertexChecker

@ TtGenEventChecker Ttbar oriented
@ TruthRecoChecker

(1) “PATification”

(2) SanityChecker
(3) TopTreeProducer
(4) Analysis

TopTreeProducer
@ TRootEvent general
@ TRootRun
@ TRootMuon
@ TrootElectron objects
@ TrootJet
@ TRoOOtMET
® TRootGenEvent Ttbar oriented
]
@ TRootSpinCorrelation } Analysis
@ TRootNPGenEvent specific

The “Layer 2” is still missing ...
| implemented it but it's not finished ...
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Worflow
1 2 3 4
RECO/AOD». PAT-uples » * Root-trees HResults "

Store all this information in a DB
— will be done by Olivier: thanks :-)

Ideas:
Webpage: forms
status of the PAT-uples production ...
DB: all the information & links stored (diff DB & links)
Storage: SE for PAT-uples & TopTree
msa3 for logfiles & rootfiles from SanityChecker

Aim: go on the web and in one click find the location of TopTrees to use
(previously checked .. ) and the “kfactor” for the plot normalisation ...

Com:

wiki (used) :https://mon.iihe.ac.be/trac/t2b/wiki/TopQuarkGroup
“webpage” (empty):
http://w3.iihe.ac.be/~echabert/TopGroupPage/

(1) “PATification”
(2) SanityChecker
(3) TopTreeProducer

(4) Analysis Code: cvs directory UserCode/TopBrussels
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After weeks of development ... you have more or less all the tools in hand for the analysis ...
Now benefits/results should arrive soon ....

New physics

@ Z'. final note should arrive soon for approval
@ SUSY with top: reconstruction
ttbar estimation
limit on SUSY parameters
scan of the parameters
@ More generally:
comparison of variables for BSM search
compare performances
background estimation
@ | HCO09 TH Institute (may):
“Top quark physics:from the Tevatron to the LHC”
strategies for BSM study should be discussed

@ New physics activity in the group started !

@ After a development phase results start to be produced ...

@This activity could grow up with new comers (PhD/students ...)
... enough possibilities ...
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Search for SUSY with tops:

(e] o]0} (e]0)Y, conS|derat|ons

Recherche de SUSY inclusive avec des quarks top.

(Modele mSugra)
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800 |

m, , (GeV)
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CMS |

Systematic Uncertainties included

N 0 EWSB

1 1 - | - 1 H i i { i [
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m, (GeV)

QDDD

| émsnb‘ CJ Totaisusy

______ + SUSY(withTop)
D SUSY(noTop)
A tt

Events / 30 GeV

MET (GeV)

Sélection:
*HLT: ljet+MET
*au moins 4 jets Et>30 GeV & |n|<2.5
au moins 1 b-jet
-1 muon isolé Pt>5GeV & |n|<2.5
- MET>150 GeV

Reconstruction:

- ajustement cineématique (W,top
hadronique)

- P(x2)>0.1

» AD(top,MET)<2.6



ABCD

assumptions:
D—C (B) Bkg. dominates in A, B and C
- (A) possible problems:
signal contamination in C
— affects the measured MET

shape
signal contamination in B
E/T —  affects normalization
my-control- my-signal- blue: predicted Bkg. in D

region A, C region B, D black: true Bkg.
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1D fit

o [ repeated the studies using new Rellso.
o [ found Landau function give the most optimal results.

o If we restrict ourselves to a fixed range for different njet
bins, then the optimal range is 0.1 to 1.1.

New Rellso distributions (1-jet) New Rellso distributions (2-jets) QCDest_CombRellzo_2j

QACDest_CombRellso 1)
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5000 M " 0.3408 —— Allevenis (s+h) | Mean 04058
- —— All evenis (s+h) H::;' 0 57 00 RMS 0.3572
— - C r' ! ndf 2267117
R r 7' ! ndf BT T "
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-,-ur:r:z( 1o
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Template fit

o Variables for the fit need to have different shapes for Signal and Background

o Used variables: 7(y) and M3, where M3 is the inv. Mass of those
three (out of all) jets with the highest vectorial summed Et

o Similar shape for W/Z+ Jets, use only W+ Jets template

0.1
i ! il

—Wslets 0.1k —Wleis
Z+leis Z+lets
- -
0.05 [ uus- ——'_:Lﬂ_ﬁ_ -
L [n -Lrli-r:—“ |' | J I .
1 1 Uh 1
LI s L
=L |
— —_—— _-—_‘_::____ ) - -
u 1 1 L L L L i i _F".:E_T-r'l""-:l u 1 i 1 i | 1
200 400 600 BOO -2 0 2
M3 [GeV/c?] g
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Matrix element

« Define 3 set of cuts : loose, medium and tight (loose = no isolation,
medium = isolation on at least one selected leptons, tight isolation on

2 leptons).
) { { )
N =Ng+N Wijess T N 0CD
m m m m
N"=Ng+N Wjers T N OCD
N'=N.{+N, N!
=Ng TNyt TN ocp

N = signal +physical background (Z+jets, dibosons)
Ny.ois = WHjets events + tt semi-leptonic (1 fake lepton)

¥l

4

N~ (2 fake leptons)

We can introduce the efficiencies to pass from loose to medium and
oose to tight cuts: &tand g->m .
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Charge asymmetry

« W+ and W- cross sections are different at LHC .

« For the single lepton channels, the number of selected events which have a
selected lepton (negative charge) is different than the number of selected
events which have a selected anti-lepton (positive charge) .

«  W+jets background can then be estimated.

N.-N_  eloy—elo. 0p—o0_

N.+ N eiLos +e Lo o 1o Assuming that ¢ =¢’

«  Where N*(N°) is the number of selected W events with a positive (negative)
charge, ¢ (¢7) are the global selection efficiencies, L is the integrated
luminosity and o*(o”) the W*(W") cross sections.

Ny +N_ N N_)  Where (N*-N°) is estimated from data!

Can also be estimated from data (with some assumptions)
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Shape - Normalisation
The eujj control sample

=' LI L] T T T [rrryrrrJrrrJ 71 —: ] -
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Get the M(lj) shape from the ewjj sample . 7, M(lj) min
. v Al |
Get the normalization from: 1-% % IL
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. NC@mm! . .
Extrapolate ratios R, = ] - from small to high N, bins;
N, Forward Central
combine them with forward yields to’predict central yields at high N, :
- 1f 2 T
ad s .
22 0.9k S10° F T
| — Extrapolation] 2 | .
- A H
0.7} / \ 105
U‘Gf__i_ * . —r ¥ + 1=
0.5F 10%}
0.4f  Solid markers:
0.3 10°E observed yield __
0.2y -Open markers:
L | 102 - Prﬂdiﬂeﬂl-yiﬂlfi ----- e
" | I R T B | ) Ll L Ll g da g a1y L
2 3 4 5 &6 0 1 2 3 4 5 6 7
N; N

Details of event selection criteria are not important for this presentation; AplgenJMC
with 0-5 partons is used everywhere; MET is not used unless otherwise indicated.
NB: the definition of Ry, here is different from that in our earlier talks
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Top redecay

Dileptonic tt: top redecay ««.. ®7

Y
% W H neutring
b | s &

W Tag seedevents (withlow E. ) -
containing 2 tops . a .
B Reconstruct 4-momentum of tops -
B Redecay/hadronize with Pythia . @ °
B Simulate deca Emducts with fast Y. g 3.
simulation (AT
B Remove from seed event original > Bl RR Rt A TR AR R
decay products and merge new O r UJL — e A
o I : bbgg bk
ones = [ I 2+ jeta i
: = BV =t
B Apply standard SUSY selection = Job I WWW2/Z2itWhg—
cuts on merged events 3 F = sinay ;
. i . c - ®  Estmate ]
B Normalizatonto datainlowk, .~ 2 | ATLAS T
region s | preliminary -
Statistic uncertainties ~30% ’ H H H H E
Systematic uncertainties ~30% PO b
: . i 4 1
SUSY contamination ~60% 0 00 200 300 400 500 600 700 BDD QDG EIDD

ET™ (GeV)
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