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Single-Top s-Channel Production

Introduction

Motivation:
Feb 2014 | CDF& D0 @1.96 TeV, 9.7/fb
q t NN, BDT, ME combination = 6.30
w* Dec 2013 |CMS @8TeV, 19.3/fb
BDT analysis = 0.70
q" b Oct2014 | ATLAS @8TeV, 20.3/fb

BDT analysis = 1.30
First evidence in pp collisions at the LHC ?

Event selection:
» Isolated high-p; elu & 2 b-jets & large F;
» Main backgrounds: tt, W+jets, single-top t-channel



Single-Top s-Channel Production

ME discriminant

.é"ega&‘é.
» Build ME discriminant for each selected event
Discriminate s-channel against t-channel, tt, W--bb, W+-c + jet, W+jets light-flavour

» Signal probability for given event X:
(Bayes’ theorem)

PSP = Ss P(S)P(XIS)
Ys P(S)P(XIS) + X P(B)P(XIB)
» Process likelihoods, P(X|H):
» s-channel, 2 outgoing partons
> s-channel, 3 outgoing partons
t-channel (2—3)
> ft, single lepton | di-lepton
> W +2 outgoing light partons
> W+bb
» W+c+1 outgoing parton
» P(H): a priori probabilities given by relative MC event yields
» Signal shape differs from background shapes

v

-> signal extraction: template fit of ME discriminant distributions



Single-Top s-Channel Production

Analysis outline

Prod. time: 2 weeks
CPU h: ~200k

Matrix Element Method

Transfer—
functions
' i

TopRootCore Event Selection Compute Process Likelihoods
* Basic event selection == *2jets (45 s/event)
* Systematic variations
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{ Analysis: 2-3 weeks (Grid)
CPU h: ~500k

Template Fit
* RooFits / RooStats _’
* Extract signal

“Systematics A=

X-section, limit ...
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» Compute all event probabilities for all systematics in parallel & GRID
» Total computing time for all processes per event: ~45s only

(Achieved by random number transformations, MC integration optimization, exploiting crossing symmetries, smart caching etc.)

» Analysis can be run on a feasible time scale
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Results

Post-fit ME discriminant
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» Observed significance  3.20
» Expected significance 3.90

’ First evidence for single-top s-channel production at the LHC

ATLAS-CONF-2015-047



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-047/

ME vs. BDT Comparison

Single-Top s-channel analysis
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Performed detailed comparison between (old) BDT and ME analysis

Partial improvement by better calibration, improved/larger MC sam-
ples and improved event selection

MC statistics:

>

The BDT suffers from an insufficient number of training events for
some of the main backgrounds
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BDT
BDT

tt background ’ W-+jets background ‘

#events for BDT training #events for BDT training

discriminating power
discriminating power




Memlk Fact Sheet

Purpose:

» A C++ package for the computation of ME event likelihoods
Dependencies: ROOT, CUBA, LHAPDF
Input/output: ROOT-based ntuples (generic or user-defined)
Processes:

» Already implemented:

> single-top: s-channel 2—2|3, t-channel 2—2|3
> t: single lepton | di-lepton B ~ ~ ~
» W+qq, W+qqq, W+cqg, W+b, W+bbg, WH— bb, WgH— bb

» Adding more processes possible (not automatized)
Performance:
Per process (depending on precision) 1-10s
For a typical single-top event (7 processes) 40-50s

20fb~" including ~90 systematics 2 weeks

Availability: will be public soon — currently upon request only



