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1824 Outline

e \Why the top quark?

e Top production & decays

e | HC & ATLAS detector

e T[op pair production cross section measurements
e 3Single top cross section measurement

e Top mass measurements

e Summary

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
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1 Why the top quark?

e Inthe SM it's the only quark:
1. With a natural mass:

Miop — ytv/\/§ ~ 173 GeV = y; = 1

e Top quark interacts strongly with the Higgs sector - special role in
EWSB?

2. That decays before hadronizing:
Thad ~ 2 X 10_248

Ttop = D X 107%°5

e Top is a unique window on QCD & EW physics.
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1 Why the top quark?

e Higgs mass in the SM is sensitive to the top quark mass:

80.70 |_ experimental errors 68% CL: N
t [ —— LEP2/Tevatron (today) 7

80.60 — —

R e %80.50;
H H = 80.40 -
160 165 17(2nt [Gev1]75 180 1_85
3
. t 2
e |n effective theory approach: Amy ~ Q72 Yy A

e Forlessthan 90% cancellation: A <3 TeV

e Top quark could be the place we see new physics.
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Top Production

e Top pair production: QCD process, dominated by gg fusion.

e |arge cross section, g = 165 pb

e Test perturbative QCD, large sample for top properties studies.
e 3Single top production: EW process

e Smaller cross section: Oichan = 66 pb

e Probe EW interactions of the top quark.

g t U d

g t b t

Mark Owen Top Mass & Cross Section @ ATLAS



MANCHESTER

1834 Top Decays
e SM top decays ~100% to W=b.

e Final states dictated by W boson decays.
Top pair final states:

All hadronic:
e 2Db-jets +4 g-jets
e High Br

e |Large multijet background

Lepton plus jets:

e e/u+v+2b-jets+ 2 g-jets
e Good Br
e Manageable backgrounds

Di-lepton:
e ee/uUu/ey+vv+2Db-jets
e Small Br

e Small backgrounds
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LHC & ATLAS
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uses 2011 data (L=146 pb™). Day in 2011
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1924 All Hadronic Search

e Select events with 6-jets, two of which must be identified as
originating from b-decays using a secondary vertex tagger.

e Discriminate between signal & background with x?:
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Lepton + Jets Cross Section

e Select events with high pT lepton, high transverse missing
energy and multiple jets.

e (Cross section can be extracted with and without the use of b-
tagging information - provides confirmation it really is the top
quark.

e Multijet backgrounds modelled using data, W+jets shape from
simulation, but normalisation typically allowed to float.
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1824 Lepton + Jets Cross Section

e Analysis without b-tagging combines 3 variables that separate
top from W+jets in a likelihood discriminant:
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1824 Lepton + Jets Cross Section

e Analysis with b-tagging is similar, but adds continuous b-jet
probability variable:

§ ATLAS Preliminary w+=5jet
B 102k —e—data —
Q = ™ C I+ =
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L B Il QCD
B I Other
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1824 Dilepton Cross Section

e Select events with two opposite sign leptons.
e Foree & uy, reject Z events with MET and m) selections.
e Backgrounds:

e /Z+jets - for ee & yu normalized in data control region
o W +jets + QCD - extracted from the data.

e Diboson / single top - from MC.
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1824 Dilepton Cross Section

e (lean final state - cross section extracted from counting events
with at least two jets.

e Analysis with b-tagging uses looser kinematic selections.

| | |
160~ 21/ as all channels
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I T
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Number of jets H; [GeV]

o(tt) = 173 & 22+18(8y3t ) (lumz) pb (w/o b-tagging)
o(tt) = 171 + 22775 (syst.) T (lumi.) pb  (w/ b-tagging)
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1824 Dilepton Cross Section

e Alternate techniques possible to cross-check primary results:
e Perform 2D fit for cross-section & b-tag efficiency.
e Add Z sample & perform 2D fit for cross-section & luminosity.
e Perform ‘inclusive’ dilepton analysis by fitting n(jets), MET.

g :ATLASPreler"nary .fni;mbinedﬁt '._'_| 44;‘““”“““” H“H“H“H“H: ;1207\\\\‘\\\\‘\\\\‘\\\\\\\\\\\\\\\\\\\\ ;‘1207\\\\‘\\\\‘\\\\‘\\\\HHHHHHHH
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u 0 e ’ 4 = fL 35 b’ = | fL=35pb'
200 asf 1 0T g = S
- . i = ! i —
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160 34 ERR ] = = sl = 3 3
32 * Central value = i L1 = = z E g
140 301 .68/ | = 20 g — : 20~ = o
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120511111xuHmumuumumuux 287 = Om‘;‘? SUFE Qs oo T b T
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% oz [pb] Number of jets (WW) Number of jets (t)
cirlpbl | aww [pb] 7zore [pb] All results consistent
ep 163+28+14+6 | 46+26+9+2 | 1400+290+160+40

top quark production
well established at LHC.

All channels | 171+£22+14+5 | 59+21+12+2 | 1400+290+160+40

Theory 16574 46.2*37 1076+34
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1824 Combination

e (Combine untagged dilepton analysis with tagged lepton + jets
analysis in a profile likelihood fit.

—— T S _
ATLAS'Pre”mina'l’y l ------- Theorly (approx. I\llNLO) ‘\g 3'55_ _E
Data 2010,fL=35 pb’ m, = 172.5 GeV ! 22‘ E
L+jets w/ b-tagging F—|—A—|—| 186+ 10 5 =6 12: :

' - \s=7TeV =
Dilepton w/o b-tagging — 17322 */° *3 1§det=35 . _
Combination Hot 1809 =156 OO "ATLAS Preliminary E
L+jets w/o b-tagging | ‘ 171217 *2 .6 8506 07 08 08 1 id "1!2'"'1{3',"'1;{1/;'1.5
Dilepton w/ b-tagging ~ ~ ,. — 171222 21 /7 o

’ sta=sysh=umi)| 07 = 180 £+ 18(comb.)pb

080 fo0 150 200 250 300
o-[pb]

e Achieve 10% precision on top pair production cross section with
2010 data.
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"‘Cross Section Summary

1824
L L L e e
ATLAS Preliminary _______ Theory (approx. NNLO)
Data 2010, f L=35pb’ m, = 172.5 GeV
L+jets w/ b-tagging:
Multivariate N 18610 *2! .6
Top mass profile fit ._._._H 1568 1P x5
Top mass standard fit ._..._._._. 183 + 14 f’128° +6
Counting — , 156 + 10 f;’; +6
L+jets w/o b-tagging:
Multivariate — . — 171217 2 :6
1D lepton v fit - 204+25 +39 +7
1D An__ (jet) fit — 168+21 =24 +6
Counting : —k 15411 *20 25
Dilepton: '
Counting -+ ,. 173222 *1° *?
Counting w/ b-tagging 171222 *21 7
tt/z R 178 =22 + 20
Inclusive + ‘ 171222 +14 =5
b-tagging fit o & 176 +22 +22 +6
Combination . 180+ 9 =15+ 6
i (stat)=(syst)=(lumi)
cevc e e b e e e e
0) 20 100 150 200 250 300
o[ pb]

Results cross-checked with
different methods.

All results consistent with each
other & the SM prediction.

Further improvements
expected with 2011 data.

Mark Owen
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E GSM—4pb

e Searches with 2010 data for t-channel & Wt production.

e New 2011 result - observation of t-channel single top
production.

Mark Owen Top Mass & Cross Section @ ATLAS
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& Single Top t-channel

e Select events with high pt lepton, ==2 jets, one of which must
be b-tagged.

e Backgrounds higher than top-pair production (\WW+jets events),
plus must remove top-pair events.

e Use MET & Mt requirements to remove multijet events.

e Background modelling checked in 0 tag data:

7)) T T T 1. v T T T T . I

o 2 4000F e ;
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@ I g Bl single-top s-channel @ 3000 12
3 1= WMt S i 13
— » 7 4 40 — (@]
o o I W-+heavy flavour S . 1o
S 5000 . 3 W-+light jets g 2000p 1%
! . {x . ! {8
© ’ g Diboson © - i C—EU
2. | é ) Z+jets 1000 é
S, NS B Multijets i 16
N ~— : * ATLAS data - 1=

® 7700 200 300 400 0

M(lv j) [GeV/c?]
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& Single Top t-channel

e [wo analyses: one using cuts on kinematic variables, the other
a Neural Network discriminant:

2 ATLASProlminary | 156 pb' @ 7 Tev ] _ _ £ 10000727 A5 Freiminary 156 pb" @ 7 TeV |
o) [ 2 jets tag 15 Bl single-top t-channel GCJ 2 jets 0 tag {s
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o | 18 B single-top s-channel L / S
© - 1= Mg 2 &
o . 1% B W-+heavy flavour _g =
'CC) 40 —1e [ W+light jets to) cg
© - 13 Diboson % 5
O i 1= B Z+jets S ®
20'_ 1€ Bl Multijets T
I 1s - ATLAS data £
L 40 c
i 1= cEJ
®~"100 200 300 400 500 '
Ml\,b [GeV/C2] 02 04 06 NONSOUtpUt1
Cut-based Neural
| Lepton + Lepton- | network 2 ATLASPreliminary 156 pb” @ 7 TeV] _
single-top t-channel 322+ 11.7 133%3.6 66.4+19.6 0 400[2 jets tag s
single-top s-channel 0.3+0.1 0.2+0.1 0.9+0.2 L T 2
single-top Wt-channel  0.6+02  0.6+0.3 1.0+0.2 @ 15
i 3618  32x16 | 63£3.0 3 1=
W+light jets 2614 21%26 9.0+ 1.9 © 1o
W+heavy flavour 149+53 159+54 | 358+127 S Iz
Diboson 03£02  03x0.1 0.4%0.1 O 1<
Z+jets 06+05 05+04 1.0+0.8 1€
Multijets 1.6+12  07+09 3 e o R
TOTAL Exp 569+ 13.0 368%7.2 //124.4 +23.7 g
S/B 1.31 0.57 1.14 OO
DATA 72 43 N\, 134 02 04 06 08 1
T NN output
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& Single Top t-channel

e C(Cross section extracted from profile-likelihood ratio fit.

2
1.8F
1.6
1.4
1.2
’
0.8
0.6
0.4

C
LI -

- log likelihood

_ oy = 97125 pb (cuts)

ATLAS Preliminary —
0.2 156pb'@7TeV 3
C | . (o8 qeural netlwork m

o/Ogy
e Significance of result compared to background-only model is
6.20 (5.70 expected) for NN, 6.10 (4.40 expected) for cut

based.

e Dominant systematics: Signal modelling, b-tagging.
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1834 Top Mass

e |epton plus jets channel allows direct reconstruction of the top
quarks from the decay products.

e (Can reconstruct the top mass from the 3 jet (bjj) mass.

e To reduce sensitivity to JES use: Roo — Iy _ My
2T preco T
W JJ
1_014_ IIIIIIIIIIIIIIII BRARNEEEEEREREEERRRY %25ILAITILAISIFI)rIelrInInIaIryIIIII\/I—IH.I.IIVIdHIIIII_ > [TrrrprrrT [TrTrr[rrr [ rrr 1T
S - _ ] — imi . 7 TeV data 7 [} - ATLASPrellmlnary e \s=7TeVdata
@ 0.12F %Z :;gg 225 . 0 i [Jfmreseev | o 300 [ Jm,=1725Gev
?, E B m,,, = 180 GeV - 3 20-_ i stop. m_=1725 Gev_- S E i stop, m_=172.5 GeV E
Lﬁ 0.1_— Bl m,,, =190 GeV — "g i Z+tijets "UE) 25:_ Z+jets _:
8 i T Sig L%J B Wijets ] q>) B W-jets ]
% 0.08- ATLAS Proli . 150 WW,ZZ,WZ - W 20F WW,ZZ,WZ -
i reliminary i i - ]
% 0.06k \s = 7 TeV Simulation ] - Bl cco : 150 B oco -
Z : i 10 -1 — B -1 ]
i - L=35pb - C L=35pb ]
0.04( i f ] 10 } f .
0.02f /i o - 5 #
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1834 Top Mass

e Use 1D template fit to extract the mass.

e Signal templates parameterized as a function of mi, background
template independent of m:.

™ 40—
o ATLAS Preliminary e N\s=7TeV data
Z, 35 Best Fit background
g @ —ereee ] Mass extracted from binned likelihood fit:
25 2 ; \ ]
20
° m; = 169.3 £+ 4.0(stat.) £ 4.9(syst.) GeV
5 . .
oL Tevatron July 2010 combination:
o my = 173.3 £0.6 =0.9 GeV
o 30 ATLAS Preliminary * \s=7 TeV data -
P Best Fit background
g 25~ f L=35pb’ Best Fit tt + background ) )
L My, = 173.82 6.7 GeV Dominant systematics e-channel u-channel
ISR and FSR (sig. only) 2.2 GeV 2.6 GeV
Jet energy scale 2.3 GeV 1.9 GeV
b-jet energy scale (+2.5%) 2.5 GeV 2.5 GeV
Total systematic uncertainty 4.8 GeV 5.0 GeV
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1834 Top Mass

e Primary result is cross checked with two other methods:

Full kinematic fit to Simultaneous fit to m; &
reconstruct entire event, overall JES factor:
then use template fit:

> : I I I I | I I I I | .I I I I | I I I I | I I I I | I I I I | I I I I : 1 _2 | T T T T | T T T T T T T | T T T T | T T T T | T T T
e — Tagged mu + jets L=35pb" e \/s=7TeVdata m cuf) B _
< 70 J [Jim <256y - > n +i ATLAS Preliminary
Ry - e s-,toptopm =172.5 GeV = 1.15 u ]etS ] —
o 60— p - t’ P —] - 35 pb’
& F | e - : 25 7 TeV data ]
o 50 Wiiets - 1.1 ~
m WW,ZZ,WZ - - ] -
— 7 N o Z
40 B oco s 1,05 =
30[ = - -
- 3 Ly ]
20 ATLAS Preliminary — - .
10E- e 0.951— —
0 : : : ‘ - O |_ 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1
0 100 200 300 400 500 600 700 '?50 155 160 165 170 175

M [GeV]

Miop [GeV]

my = 174.8 £ 2.7(stat.) £ 7.5(syst.) GeV m; = 166.1 + 4.6(stat.) £ 4.4(syst.) GeV
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Top Mass

ATLAS Preliminary - Winter 2011, L =35 pb’’

default (1d TMT, R ), e+jets @ 173.8+6.7+ 4.8
default (1d TMT, R ), u+jets O 166.7+ 5.0+ 5.0
default (1d TMT, R_), comb @ 169.3+4.0+4.9
2d TMT, e+jets O 168.3+6.2+ 43
2d TMT, u+jets @ 163.5£6.7+ 4.6
2d TMT, comb O 166.1+4.6+4.4
1d TMT, KLF, e+jets @ 179.0+4.3+7.5
1d TMT, KLF, u+jets —— 172035+ 7.5
1d TMT, KLF, comb - 1748+ 2.7+7.5
Tevatron July 2010 L 173.3+ 0.6+ 0.9
+ (stat.) = (syst.)
I I I I I I I
140 150 160 170 180 190 200
My [GEV]

e All three methods give consistent results.

e Main analysis has 3.7% precision.

e | ooking ahead:

Mark Owen

Improvements in JES.

Exploit new data.
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i Top Mass from Cross Section

e Standard top mass extract relies on the top mass parameter in
the MC.

e Not clear theoretically which renormalization scheme this mass
corresponds to.

e |ndependent approach: Extract the mass by comparing
measured top pair production cross section with theory.

e Mass is well defined in the theoretical calculation.

Mark Owen Top Mass & Cross Section @ ATLAS



MANCHLESTE

i Top Mass from Cross Section

e [Extraction obtained using lepton + jets cross section
measurement:

= 500
2 -1
2 4500y ATLAS Preliminary, f L =35 pb
' k!
o 3 . .
400 e == o(pp — tH+X — l+jets+X)
kY —— Measured dependence of ¢
3505 kY —— NNLO approx. Kidonakis
kY ‘i:“ —— NNLO approx. Langenfeld et al.
300 : Y NLO+NNLL Ahrens et al.
25011, %
2000 e TR
T T Sy
100
50—

140

e (Consistent with direct measurements and equivalent DO

analysis.

Mark Owen

qe0 180 200
Top quark mass [GeV]

ole
My

Top quark mass from cross-section
ATLAS Preliminary, L, =35 pb

@
ATLAS, approx NNLO (Langenfeld, Moch, Uwer) 166.4 +7738
® +7.8
ATLAS, approx NNLO (Kidonakis) 166.2 -,
® +8.0
ATLAS, NLO+NNLO (Ahrens et al) 162.2 77
® +5.9
DO, approx NNLO (Moch, Uwer) 169.1 ),
DO, approx NNLO (Kidonakis, Vogt) L 54
® 455
DO, NLO+NLL (Cacciari et al.) 167.5 ;4
Tevatron direct measurements (July 2010) 173.3 :1_'11

| | | |
150 160 170 180
m,__ [GeV]

top

= 166.4775 GeV
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1834 Summary

e First year of LHC data has already led to precision
measurements of the top pair production cross section.

e First 2011 data has allowed observation of single top production
at ATLAS.

e First top mass measurements performed.

e Stay tuned for more results with 2011 data later in the Summer.
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1824

The Universit
of Manchester

Backup
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MANCHESTER
1824 Wt Search Result

e Use lepton + jet events like for t-channel, but optimise the cuts.

e |n addition include the di-lepton channel.

5 |||||||||||| IIIIIIIIIIIIIIII ||||||||||||||| I__

o [72)

E | Dilepton Combined : ATLAS Prel|m|nary ‘qr:“J 3 ATLAS Preliminary 3 2 T T T IR LA S B
~ 10~ ¢ p 3 2 18f 3
@ - ata Ldt= 35 pb™ 230 < .
2 [ @ f : 5 [ JL=35pb] '@\s=7TeV S qeh E
o 8r B Fake B 3 25 Muon, 3 jets 1 8 14 —
S [ [z cemses ] § o0 f 1.2 =
_8 6_ |:|Z—>rr+jets Q—_ E 1E _f
§ i [ ] piboson § 15 F 0.8 =
4= WlTopeo -~ : i 1 3 E
B ] 10 L, ' .
] F wi . - ATLAS Preliminary
2- 5C ik i s=7 TeV, L= 35 pb™ ]
i f % =H LW O comblned E
- B p— 1 1 I 1 I 1 I 1 1 I I_

0 0 b el 8 10 12 14

o o5 1 15 2 25 3 005 1152253 35 4 45 5 e
A (i, ET™) A R(leading jet, 2" leading jet) M

o; < 158 pb observed
o: < 94 pb expected
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