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The top quark

il Misaal Discovery in 1995 at Tevatron:

CDF = H
Leptons
2w @

2008 results 3 * [‘ F@\ |
Onio(pp — tt)  7.6-7.9 pb °, M [N |
CDF 7.840.9 pb DY i1 A Nalb o Aal

100 200 100 200

D@ 70 =+ 06 pb Fitted Mass (GeV/c?)
Miop =172.4£1.2 GeV/c?



Introduction Cross section Jet multiplicity Outlook Summary

0O0@0000 00000 [e]e]e} 00000 [e]

Why study ¢t events?
Many reasons

tt as signal:
- cross section
- properties: mass, width, spin, charge, W helicity
- couplings:
- Br(t — Wb) (Vi)
- Br(t — Hq)
- Br(t — Zq) (FCNC)
tt as background:
- single top, WH
- ttH (1,000x smaller!) < my PhD funding
- SUSY (i)
- Heavy resonances (Z' — tt)
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tt production at the LHC

- =
gg — tt ~ 90% qq — tt ~ 10%

Br(t — Wb ~ 1
Br(W —qq') =~2/3
Br(W — fvy) =1/3

Onio(14 TeV) = 908 pb
) nio(10 TeV) = 425 pb
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Where to study tt events?
The ATLAS detector

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

pp @ /s=14 TeV
Lyp ~ 103 cm 257!
Ntf:E'Jt{z 1 Hz

LHC: 2009

[ Ldt ~ 100pb~" @ 10 TeV
Nz = 40,000

/
Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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How to analyse tt events?
The Atlas computing model

Data locations

Tier-0 1x : CERN
Tier-1 10 x : NL,UK,ES,DE,IT,FR,TW,CA,BNL,NDGFT1
Tier-2/3 oo x : within a cloud, eg. NL

Ji - g’ s
Main principle J; — -~ Jobs to data

w .

Where to run?

- LCG grid
- Nikhef cluster: STOOMBOOT (SARA)
- Local desktop
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A typical tt event

Atlantis event display

Simulation...

ATLAS event.JiveXML_105200_165004 run:105200 ev:165004 geometry: <defaut> Atlantis

5
=I
sI

eal beam!

.,

event from
2nd beam
seen in ATLAS

II |
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Commissioning analysis (100 pb™!)
Monte Carlo exercise
@ pass trigger: e / u
@ 1 isolated lepton: e / u
o Er > 20 GeV

@ 3x jet pr > 40 GeV/c
1x jet pr > 20 GeV/c

<

NB: no b-tagging used
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Commissioning analysis (100 pb™!)
Monte Carlo exercise
@ pass trigger: e / u
@ 1 isolated lepton: e / u
o Er > 20 GeV

@ 3x jet pr > 40 GeV/c
1x jet pr > 20 GeV/c

W +jets
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Commissioning analysis (100 pb™!)
Monte Carlo exercise
@ pass trigger: e / u
@ 1 isolated lepton: e / u
o Er > 20 GeV

@ 3x jet pr > 40 GeV/c
1x jet pr > 20 GeV/c

<

NB: no b-tagging used
Reconstructing hadronic top

o take 3-jet combination with highest pr
o require 2-jet combination A(M;; — My) < 10 GeV/c?

(tf) _ Ngauss(s'ég)

(* Ioa
iy €peak
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Commissioning analysis (100 pb™!)

Monte Carlo exercise

Event selection

5 20 3
@ pass trigger: e / p gzooj 3
@ 1 isolated lepton: e / p %mi =
o Fr > 20 GeV Suo ]
@ 3x jet pr > 40 GeV/c £

1x jet pr > 20 GeV/c ) S Tm w0 A W e

NB: no b-tagging used

Reconstructing hadronic top

o take 3-jet combination with highest pr
o require 2-jet combination A(M;; — My) < 10 GeV/c?

(tf) _ Ngauss(s'ég)

(* Ioa
iy €peak
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Reconstructing hadronic top mass

2 £ 1 > 250 E

6 SOF D TTbar (muon) B 3 E B

2 £ 3 < 200 3

N 40 l:lTTbar (muon comb.)  — 3 C 7]

% E D Background E E 150 |

S 30 5 2 1O B

> E B 5 F B

[ F 3] > r B

S b & g 100 o =

] C B ° E ]

2 £ ATLAS 4 2 E ATLAS I

5 b S =

z o ] ERN? = ]

£ AL e Pettaennt sl s L e
€0 100 150 200 250 300 350 400 450 500 100 150 200 250 300 350
M [GeV] M, [GeV]
‘ electron muon

tt 1,262
background 374

1,606
495

[ Npcat 327

508

background: W -+jets, Z+jets, single top, Wbb+jets, WW, WZ, ZZ



Introduction Cross section Jet multiplicity
00080

Systematic uncertainties
Results for 100 pb~*

Outlook

Summary

Likelihood fit

Source Electron | Muon
(%) (%)
Statistical 10.5 8.0
Lepton ID efficiency 1.0 1.0
Lepton trigger efficiency 1.0 1.0
50% more W +jets 1.0 0.6
20% more W+jets 0.3 0.3
Jet Energy Scale (5%) 2.3 0.9
PDFs 2.5 2.2
ISR/FSR 8.9 8.9
Shape of fit function 14.0 10.4

Likelihood method: Ac/o = (7(stat) £ 15(syst) £ 3(pdf) =+ 5(lumi))%
Counting method: Ac/o = (3(stat) £ 16(syst) £ 3(pdf) + 5(lumi))%



Introduction Cross section Jet multiplicity Outlook Summary Backup
0000000 [e]e]e]e] ] [e]e]e} 00000 [e] 00000

Overview

Introduction
Cross section measurement
Jet multiplicity

Towards data

e 6 6 6 ¢

Summary



Introduction Cross section Jet multiplicity Outlook Summary
0000000 00000 @00 00000 [e]

Why is jet multiplicity important?

Effects on cross section measurement

€peak = €sel * €reco

14000y [HIMcaNLO
12000) WAlpgen

@ selection
efficiency o

Number of events

nte g 4, 3, by @5 =
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Why is jet multiplicity important?

Effects on cross section measurement

€peak = €sel * €reco

Jet multiplicity Outlook

Summary

[e]

% 14000~ MCaNLO
. S 12000F W Alpgen
@ selection 2 ook
E
o 5 sooof —
z —
efficiency o3
4000 —_—
2000
W T e
cut
Esw— E EZS‘F E
g s ERE-2e E
gmi E| gzw— 3
g § ol
. H 4 jets H 5jets
@ reconstruction 3 .3
& a0f 3 Buwf E
. E E
efficiency 2 wp ERNS 3
0106 180200 550 400 550 400 40 B 0106 180200 550 40880 400 4508

M, (GeV)

M, (GeV)
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Estimating jet multiplicity

Uncertainties Monte Carlo

@ Accuracy
technique

LO NLO ME+PS
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Estimating jet multiplicity

Uncertainties Monte Carlo

] Accuracy Top Mass Pythia 6, Q2 ordered
g 5 0.003¢ Pythia 6, p? ordered
technique A Viia . by
r Pythia 8, p? ordered
0.0025[— )
C Herwig, angular ordered
F Herwig++, angular ordered
0.002[—
0.0015
@ Parton 0.0
shower 000051
L oo b b e Lo e b |
foo 150 200 250 300 350 400
m,/ GeV

from CTEQ/MCnet summerschool talk:
Alex Flossdorf
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Estimating jet multiplicity
Uncertainties Monte Carlo
% m; 1 (ala Pythia)
@ ACCuraCy 3 E P, of the 2-nd extra jet
=
technique g
10" E ° @ (wimpy)
F o a(powen
0% 4 P (wimpy)
E 4 P2 (power)
10°, 1
GeV
[~ g .
Parton from Fabio Maltoni
shower

do/dPy (pb/bin)
3

o ISR/FSR

1£+0,1,2,3 partons + Pythia (MMLM)

Py of the 2-nd extra jet

105 Q wimpy)
parameters :
© @ (power)
107 4 P (wimpy) 4
4 P (power)
e | ) |, [MadGrapn)
50 100 300

I
200 250

350

Gev
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Estimating Monte Carlo uncertainty

Comparison

& @ 1600F
S 101 —— MCatNLO/Herwig - g E
=] —— Alpgen/Herwig 3 3 1400 —— — MCatNLO/Herwig
2 —— AcerMC/Pythia ] = F —t—
£ E g 1200? —_ — Alpgen/Heriwg
E] E €  1000p — AcerMC/Pythia
3 ] E
5 | z 800:*
2 — 6005 =
o E
g E 400
o 3 r R
. F d 200 J——
ATLAS\ | | | i 0: L L ! 1 | EE‘_‘_‘ n
0 100 200 300 400 500 3 4 5 6 7 8 9 10
p.(th) [GeV] Nig
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Estimating Monte Carlo uncertainty

Comparison

S —

3 o 1600¢

0 o —— MCatNLOMHerwig | g ==

S’; E —— Alpgen/Herwig E| 3 1400  —f— — MCaNLO/Herwig

E —_——

~ ——— AcerMC/Pythi ol

P cerMCIPythia g 1200 —_ —— Alpgen/Heriwg

T E

S 102t g 1000; — AcerMC/Pythia

g Z 8001

5 600* —_

- 5

T 10°E 400

g E E

[y F 200~ —_—
7‘A‘T‘L‘AS\H"\H“\““\‘m‘\i 0:‘ 1 z - > ‘
0 100 200 300 400 500 3 4 5 6 7 8 9 1

p,(t) [GeV] Njet

tt(ll') | €sel | €reco | €comb

MC@NLO | 27.72 £ 0.40 | 19.30 +£0.67 | 5.35 =£ 0.20
AlpGen 2887 £041 | 1939 =£0.66 | 5.60 =+ 0.21
AcerMC 3040 £041 (1749 £0.62 | 5.32 =£ 0.20
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Implications for ttH

Looking a bit further

o(pp — tt) ~ 900 pb o(pp — ttHis) =~ 700 fb

sample | commissioning b-tagging
tt(p) 3,677 950
ttH 4 2
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First data
Plans for 2009
Measure jet rates in events with:
@ isolated u
o Fr

@ (many) jets
CDF 1995 ATLAS ...7

T
a2
§ 8 3 £ DTI’bar (muon)
E6 = Py
0, Z ., _5 {___iBackground

h RN :

2103 o s 0 5 =1

g Proper Time (ps) z

z
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Predicting W + jets

Preparing for first data
o (W + n-jets)

Tevatron LHC

Apgen ——
251
A . s af
§ g 2
= i %
z & @
3 i 3
= r = s
2 N ¥
= N S
% R v 1
R
05+
0 0
20 21 22 23 24 20 21 22 23 =4

hep-ph/0706. 2569
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MCnet studentship

Plans for 4 months

_ = ’lo// I'F -‘
—MCnet

Q Get more familiar with Ariadne/CKKW-L
© Ariadne in ATLAS framework

@ Ariadne CKKW-L in ATLAS framework
Q Study W+ jets in tt analysis

@ Other processes (?)

Q ...

Backup
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Summary

The Atlas experiment

Top cross section measurement

°
°

@ The effect of jet multiplicity

@ Importance of good Monte Carlo prediction
°

Future plans
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10 vs 14 TeV

Jet multiplicity in ¢f events

0.25 — 14 TeV (12.0.6)

— 10 TeV (14.2.20)
0.2
0.15

0.

[

0.05

0 2 4 6 8 10
Good jet N
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10 vs 14 TeV

Selection Efficiencies

Jet multiplicity Outlook Summary
[e]e]e} 00000 [e]

muon channel

0.8

0.6

0.4

0.2

\\\‘\\\‘\\\‘\\\‘\\\

_|:

5200

—14 TeV (12.0.6)

—10 TeV (14.2.20)

1 1 1 1 1 1

\\\l\\\‘\\\‘\\\‘\\\l

5

1n

¥, 4jzo 3j b, mu20i  sel

40 tag
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10 vs 14 TeV

M;;; with My constraint (muon channel)

250F~ = 140F -

> T 1 > F ]
& r 1 & 120 —
= 200 |:| TThar 4 = F |:| TThar ]
S 1 S 100 E
@ 150 . Wjets 3 3 sob . Wiets E
e L 1 g 8or 1
g r 1 g F 1
9 100 A o 60— E
k] L | k] £ ]
3 F ] 3 YF =
50 3 £ 1
ETL ] 5 af- E
z £ ] z £ J
807100 150 200 250 300 350 400 450 500 8077100 150 200 250 300 350 400 450 50

M, (GeV) M; (GeV)

\ CSC MCo8 |

tt 1,725 890
Wjets 318 297
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Results from CSC

Counting method and likelihood fit

Likelihood fit Counting method
Source Electron | Muon Electron

(%) (%) (%)
Statistical 10.5 8.0 3.5
Lepton ID efficiency 1.0 1.0 1.0
Lepton trigger efficiency 1.0 1.0 1.0
50% more W +jets 1.0 0.6 9.5
20% more W +jets 0.3 0.3 3.8
Jet Energy Scale (5%) 2.3 0.9 9.7
PDFs 2.5 2.2 2.5
ISR/FSR 8.9 8.9 8.9
Shape of fit function 14.0 10.4 -
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