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Top quark signature

t>Wb, W>¢V or W-jet jet

Electrons: Calorimeter and tracking information.
— lIsolated , high p;

Muons: Muon Chamber tracks matched to inner detector
track.

— lIsolated, high p
Neutrinos: indicated by E,Mss= - 3p_ of detected objects
Jets: Anti-k; algorithm, R=0.4
— High pT
b-jets: identified using secondary vertex and/or track impact
parameters.
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tt>ev + uv + jets

Run Number: 160958, Event Number: 9038972
Date: 2010-08-08 12:01:12 CEST




b-Tag efficiency
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b-jet tagging Calibration

One example of using data to calibrate results.
— Use b—->uX to enhance b-jet purity, and measure tagging efficiency.

— Determine scale factor to correct eff. Determined from MC.
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= . .
Y tt cross section in lepton+jets

ATLAS-CONF-2011-121 f£=0.70 fb!
* Uses e/ final states (plus jets)

* likelihood discriminant using kinematic differences between signal and

background. S Nocte 2
. . i=3 1PT;
— Lepton n, leading jet p;, aplanarity, H; 3, = ZNobjects |
i . . =1 Dz,j
e Simultaneous fit for Signal and Background ’
3 SOF ATLAS Preliminary ':Eja(az'm%,\'sl#e'v' T 3 4505_' ATLAS Preliminary ' :rfata'zon.\hhe'v RRRE
o - ILdt=0.70fb'1 ) et - © = JLdt=0.70 fo! ) et 3
E 500:— w5 Jets @ oo Mutiet —: % 4005— w+>5 Jets B cco Muttiet _E
£ - B other Ew 3 g 350 ;_ @ other EW _;
o A0 +o = - 300~ —=
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p,(leading jet) [GeV] m(W) [GeV]

o= 179.0  3.9(stat) + 9.0(syst) * 6.6(lumi) pb  -argest syst. is differences
between MC generators
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Summary of cross-section

measurements

All ATLAS measurements of o

are consistent with each other. ATLAS Preliminary Ineory (appron L)
form,=172.5 GeV
Data 2011 —— stat. uncertainty
. . . - total uncertaint
NNLO prediction of og is Channel & Lumi. g
consistent with measurement, Single lepton 0.70 6" e 179+ 4= 9= 7 pb
albeit with larger uncertainty. Dilepton 070167 e 173+ 6 *14 * 2 pb
_ e _ Al hadronic . 167 =18+ 78+ 6pb
§_ :—NLO QCD (pp) ¥ Single-lepton 179+ 12 pb : 1.02 fb :
b-:: | [JApprox. NNLO (pp) A Dilepton 173 "7 pb . . s
--NLO QCD (pp) O All-hadronic 167 + 81 pb - Combination o 177+ 3 7 0= 7 pb
102 E{JApprox. NNLO (p5) @ Combined 177 *//pb _’ = :
C mCDF ]
oo 200 New measurements
i ’ 180k Thag + jE1S 1.67 fb 200 = 19 = 43 pb
102— *% ol 2|I7r}29ronic 16812 %+ 6pb
L | | | | |
i 50 100 150 200 250 300 350
L R S 7 8 Oﬁ[pb]
\s [TeV]
NEW: e/u+ Tt jets  arXiv:1205.2067 [L=2.05fb!
oz = 186.0 + 13(stat) £ 20(syst) £ 7(lumi) pb
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tt + jet

ATLAS-CONF-2011-142 fL =0.70 fb!
lepton (e, p) + 2 4 jets (p;>25 GeV)

Events

Data/MC@NLO

Background subtracted N.

et distribution, with jet p; cut
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ATLAS-CONF-2011-153 fl: =1.04 fb!

* Probe top QED coupling

 lepton (e, n) + =>4 jets
*  p;ly)>15GeV
Generator > 8 GeV

* Fit Sand B templates for p;°"¢2%in e+jets and p+jets simultaneously.

p;c°"e20 = scalar sum of track pT with AR<0.2 around photon candidate

et+jets H+jets

i= L L LA B B LN B B T = 20 L L L L B BN B BN T

8 . 8 .

~ 50 I Ldt=1.041" e+jets = I Ldt=1.041" p+jets

: —e— data : 60 —e— data
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O = 2.0.0 * 0.5(stat) * 0.7(syst) * 0.08(lumi) pb SM 2.1 £ 0.4 pb
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Top Quark Mass

> _I | LI I T 17T | | B L | T 17T | LI I T T [

arXiv:1203.5755 [£=1.04 fb! & 600F ATL_AtS - e 2
. Lo B w + jets I single top, mt0p=172.5 GeV:

* (e, p)tjets 5 5001 ILdt=1.04fb" Z 1 jets B
* At least one jet b-tagged § - o -
B e multijets 7

 Observables: L 400:— w S:c[;nai:fyt E
— Jet-pair mass (m Z ]

e () 3000 .

— Jet-triplet mass (m,) ! -

* Two parameter fit 200 |
~ m, i ]

_ 100 -

— JSF = Global Jet energy Scale Factor N ’

(pr and n independent) : o S

100 150 200 250 300 350 400
mies° [GeV]

m, = 174.5 * 0.6(stat) * 2.3(syst) GeV
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Top quark mass

Already Systematics Iimited ATLAS (Date: February 23, 2012)
e+jets (1d) _ = 1729+ 1.5+ 25
. .
3 main sources wets (1d) —t—e—t— 1755+ 1.1 2.6
— Relative energy scale between b-jet
. . e+jets (2d) _— 1743+ 0.8+ 2.3
and light jet
, wjets (2d) —+e+—1  175.0+ 0.7+ 2.6
— Modeling of ISR and FSR
. . l+jet —— 1745+ 0.6+ 2.3
— Light quark jet energy scale e
Most precise (CDF l+jets) = 173.0+ 0.7+ 1.1
Tevatron September 2011 Ko 173.2+ 0.6+ 0.8
(stat) (syst)
| | | | |
160 165 170 175 180 185 190
mtop [GeV]

Will be challenging to reduce systematics to level of Tevatron.
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Spin Correlation in tt productio

(,) :I T 17T | T T 17T | T T T 17T | T 17T | T T 17T 1‘
. € 900F ATLAS -
arXiv:1203.4081 fL=2.1fb? RN 5o :
: = " 800E i (uncorrelated) Ldt =21 fo '~
* Di-leptonic t t events (ee, pu, ep) - W single fop -
"y 700F m Z/y *+jets E
* Sensitive observable: A} 500k diboson :
between leptons in lab frame. - M fake leptons -
. . 500 =
* From fit, extract M = fraction of - ]
standard model-like events. 400;_ E
* (Can also determine asymmetry 3003_* """ _
between aligned and anti-aligned 200~ E
t and t spins. 100E ==
— A =AM __fM

basis 7 basis % 05 1 15 2 25 3

Ag

SM = + +0.27 . ] ) ) .
oM =1.30=0.14_5, Inconsistent with zero spin correlation with

significance of 5.1 sigma
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Charge Asymmetry in tt
production

arXiv:1203.4211 [1=1.04 fb!

Tevatron experiments report 2-30 excess over SM expectations in A

At LHC, A;=0, but BSM effects would be manifest is a charge asymmetry.
~ N(A|y| > O)—N(A|y| <0)

c'!zooo_l T T | L | T 17 l T 17T ] T 17T | T T 1]

C — 2 - ATLAS L+ >4 jets (= 1 b tag) |

N(A|y| > O)+N(A|y| < O) ‘31800‘_'[Ldt=104fb'1 —e- data E

2 1600C ' L4 =

w r W+jets .

E Z+jet .

where A M = ‘y ‘ — ‘y—‘ 1400 Diboson
t t 1200~ [ | Sing_l'e top

SM value is A:=0.006£0.002 (MC@NLO) e

800F

e ATLAS uses (e,u)+jets. zzz
* Lepton charge determines t(t) 200"
% 2 1 0 1 2 3
Aly|
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0.15

Constraining BSM with A

00.15 I
<

* Two inv. mass bins: E det=1-04 fo' ATLAS 1
_ mt_t< 450 GeV 01:_:/.— Unfolded data ]
— mg> 450 GeV 0.05'—/% e _:
Ac=-0.018 £ 0.028(stat) £ 0.023(syst) S s :
OL[ //////////////////////////// 1
-0.053 + 0.070(stat) + 0.054(syst) m < 450 GeV : ;
-0.008 * 0. 035(stat) + 0. 032(syst) mg> 450 GeV  -0.05= . .
-0.1- s
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Limits on allowed A and Az regions
can constrain models proposed to
explain the value of Az observed at
Tevatron.

14



Single top cross section

u d
ATLAS-CONF-2011-101  f£=0.70 fb
W*
W+
* t-channel W-exchange "
e Cut and neural network analysis
— ¢+ EMsS+2 or 3 jets b b
— b-tagging 2 - 'é:_l'l_;AéltP'reiin'ﬂr;alry. 070 b'@7TeV A
— Kinematic quantities L%J I o T | ]
o = 90 & 9(stat) 35 (syst)pb § 1008 j
2
C
< 5
O 50k
m,,,, after cuts on
Niev Hr, An(jets)

for 2jet sample o~ 500 300 400 500
(one b-tagged). Myep(VD) [GEV/C?]

o
—
o
o
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ATLAS-CONF-2011-104 £=0.70 fb?
e Associated Wt production

* Cut-based analysis, both W—>¢v

o = 14757 (stat) Ty ] (syst)pb

0,< 39.1(40.6) pb @95%CL
— obs(exp)

ATLAS-CONF-2011-118 £=0.70 fb?
* s-channel W

 Cut-based, W—>¢v

* 0,<26.5(20.5) pb @95%CL
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FCNC single top production

>5000:"'|"'|"" rrrrrryrrTpr T T T T T T T
8 4500§—ATLAS ILdt=2.05f61,\s=7TeV —i
arXiv:1203.0529 [£=2.05 fb! $ 4000 ° FoNC (o=100pb)
€ 3500F mi -
e gg—>t->Wb, W7V & 30001 = ﬁig?ltft " -
. 2500;— 7 +_escE c _;
* Neural-net analysis 2000t N e
. g . 1500F : ’ =
* Most significant variable: 1000 4 (5, buged
— W p; AP(b-jet, &), lepton charge 5004 .,
% 20 40 60 80 100 120 140 160 180 200
p¥ [GeV]
0
* 0(gg—=>1t):(t>Wb) < 3.9pb @95%CL & 7o00prmrrrrrrr PR
£ 6000F ¢ gaa SEmREEE g
L%’ 5000;_ : ;CNC(0=100pb) b-tagged _
E [ | smgletop .
« B(t->ug)<5.7-10° -
ug) * C m W:Ee:;lcE We

3000~ M multijet

* B(t>cg)<2.7-10" o pest .

2000

1000F

0

O 05 1 15 2 25 3 35 4 45 5

AR(b-jet,lep)
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W polarization in tt decays

1000— ATLAS Prellmlnary

Events

N _[Ldt 0.70 b P.
800— —bkgb m

ATLAS-CONF-2011-122  [£=0.70 fb-! S e bttt

600

O = helicity angle of lepton in W-decay
from top.

400

200

[ ) S———

e Uses both di-lepton and (e,u)+jets
eventS, -1 -0.8I I I-0‘.6I ‘ ‘-0|.4‘ I ‘-0|.2| I I(IJI ‘ I0!2I I I014I I ‘0!6‘ I IO{:;SI Ie*1

1 dr 3 2 3 2 3 2

— = - (1+ +-(1- Fr+=(1- F,
T Toos o 8(1 cos0*)” Fr 8( cos0*)" Fp, 4( cos® 0*) Fy
NNLO QCD calculations (Czarnecki, Korner, Piclum)

F_0=0.687+0.005, F_L = 0.311+0.005, F_R =0.0017+0.0001

Under assumption that F;~0, ATLAS measures
F,=0.75+0.08 (stat+syst), F =0.25+0.08 (stat+syst)
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¢ Limits on anomalous couplings (&)

from W polarization

New physics can be parameterized in terms of an effective

Lagrangian.

L = —il_?’y'u (VLPL —+ VRPR) tWM__

V2

2
where Vi =V +C3A

A2
2 - 02
gr = \/§ch F

1 33*'U

2
v
gr = \/503?/[/ A2

Constraints can be placed on
these anomalous couplings
as well.

g ;0" q

b
V2 My

(QLPL + gRPR) tWM_ +h.c.

A=)
o)
o

T T T T T T T T T

. ATLAS Preliminary

1+ _
- _[Lolt:o.mfb1

T T T T T
68% CL
95% CL

allowed regions -

F TopFit

04 02

~ 02 04
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Summary and Outlook

In 2011, ATLAS collected a large number of top events.
* tt production

— Cross-section: uncertainty dominated by systematics, smaller than theory
uncertainty

— Mass: uncertainty dominated by systematics. Considerable effort needs to be
invested to reach Tevatron precision.

— Properties: so far all consistent with SM predictions.
* Single top

— Cross section: measurement/limits on all channels.

— Worlds best limit on FCNC B(t—>u(c)+g)

* | haven’t shown a lot of searches made.

Outlook (1): (2011 data set)
Use full 5 fb-t. Many analyses still in progress.
improved simulation, larger data samples
Systematics improving as we study data more closely.



Outlook (2): 2012 prospects

2012 Data taking has begun
Already > 1 fbl

IIIIIIIIIlIIIIIIIIIII IIIIIIIIIIII

o 161" ATLAS Online Luminosity s =8 Tev E

> 1.4 [ LHC Delivered -

_ 8 ~  [_] ATLAS Recorded 3
Peak instantaneous £ 12 | . -
3 1-_ Total Delivered: 1.23 fb_1 =

Ium|n05|ty has already 8 E Total Recorded: 1.14 fb E
© 08 —

exceeded 2011. 8 oeb E
= r B

0.2 N

Much more to come! - P T T :

29/03 05/04 12/04 19/04 26/04 03/05 10/05
Day in 2012

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults

James A. Mueller Loop Fest 2012 21



