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Top quark pair properties

spin correlation, charge asymmetry and complex final
states at LHC in ATLAS
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The top quark

* Heaviest particle, m,,,~173 GeV
* Decays before hadronization

* Yukawa coupling ~1

dilepton

lepton+jets

Introduction

Properties
» Test SM predictions
* Search for New Physics

Top pair analyses — common features
Requirements:
* single lepton trigger
* isolated lepton(s)
* missing transverse momentum
* anti-k, R=0.4 jets
* b-tagging
Backgrounds:
* W/Z+jets (data-driven)
* Fake leptons from multijet (data-driven)
* Single Top, Z+jets, Diboson (MC)
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* Charge asymmetry:
Eur.Phys.J. C72 (2012) 2039

lepton+jets
dilepton ATLAS-CONF-2012-057

* Spin correlation:
dilepton Phys. Rev. Lett. 108, 212001 (2012)

* Ity cross-section:
lepton+jets (+photon) ATLAS-CONF-2011-153

* Search fort¢Z production:
3 leptons ATLAS-CONF-2012-126

F.Rubbo - Top Properties at ATLAS -



Charge asymmetry



JATLASIEEB 2=
FBexeerivent B I A B2

Charge asymmetry — |+jets
[\/5=7TeV, 1.04 fb ]

Eur.Phys.J. C72 (2012) 2039

single lepton

e Reconstruction: kinematic likelihood fit LHC
* Asymmetry: t
An‘ B NAIlyI=0)—-N(Alyl<0)
ST NAIyl=0)+N(Alyl<0)

Rodrigo, G., arXiv:1207.0331

dy

do

WlthAlylzlytopl_lyanﬁtopl ’
1
. . . _ o
* SM prediction : Ac=1.15% [ A.=-0.019 + 0.028(stat.) + 0.024(syst.) ]
JHEP 1207 (2012) 151
gzooorl LI | T 17T | T 17T | T 17T | T 1T | LI I__ .
~ r ATLAS u+24jets (21 btag): %' E‘A.".quls‘s;r#u‘la‘ﬁo‘n‘H‘HH‘HH‘HHE > 0.4;\ L ) O B Y O B LA
%1800?det=1.04fb'1 —- data E P - ol . 3 | Amas . w+=4jets (= 1btag) |
,31600;— :]W+iets —; 2 1, - s aEE == 7 ;go.ss;fl_ dt=1.04 fb e NLO
- I Z+jets E N | T o E
14001 Diboson ] 2 ams - | 0.3 —— .
C Il Singletop 7 p - - 1 C ]
1200: I Multijets . 1; = Em= ] 0-25; -
r Uncertainty | 2f - - .
1000E : : L] ! I | Lz‘.‘jets(ﬁ‘hmg); 0.2F | .
800:_ _: N * B ° ! GenerzatedAlyi3 015; é
600 = - ]
L — e 0.1j ]
4001 7 [ arXiv:1010.0632 > 3 ]
u ] . . . 0.05[ —
200 4 Iterative Bayesian Unfolding - ]
: : 07\ | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | |
0 -3 -2 -1 0 1 2 3
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= Charge asymmetry vs m -

Eur.Phys.J. C72 (2012) 2039

Vs =7 TeV, 1.04 fb!
single lepton

©0.15¢ -
. < B f Ldt=1.04fb" ATLAS
* Ac vs m - : more sensitive to bSM effects 0.1E e Unfolded data h
* two bins: below/above m - = 450 GeV L woenLo ]
* CDF reports Az deviations from SMin highm . 0.05[- ’ -
region (> 450 GeV, 3.10) and m: dependence i i
(slope, 2.80) arXiv:1211.1003 Vs : ° =
-0.05E ¢ -
-0.1F -
-0.15" :

<450 > 450
m; [GeV]

* ATLAS measurement compatible with SM
* Some tension with flavor changing Z’ models

-0.051- |
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Charge asymmetry — dilepton
Vs =7TeV, 4.7 fb! based _ ATLAS-CONF-2012-057
di-lepton Top based asymmetry: 0 po0of T T
Att_ N(A Iy I> O) _ N(A |y |< O) g1800:_ ATLAS Prellmmar)-/1 -y E
= = - - Ldt=4.71b single top .
) T N(Alyl>0)+N(Alyl<0) E o o — E
SM: A:=1.15%  (same as for lepton+jets channel) : ot B
1400:_ %%E:%%%%%é% @Norm. uncertainty |
[ A’ =0.057 +0.024(stat.) + 0.0lS(syst.)] 12000 -
1000 ]
combined: : 800 o E
dilepton (4.7 fb) [ A.=0.029 + 0.018(stat.) £ 0.014(syst. )] 6001 g
& I+jets (104 fb'l) 4001 -
10 A U L R U L
o L ATLAS Preliminary ® 2011 Data i
~ 1600 L —_
-'UE) - eu -fL dt=4.71fb" =;irf|:op - -
2 1400- Qoerer Lepton based asymmetry: - 1y
1200f 2 EEE Norm. wcerny | AL = N(AInl>0)—-N(A Inl<0)
1000f © NAINn>=0)+N(AInl<0)
800} * includes top polarization effects.
600" * does not require full reconstruction.
400F SM (MC@NLO): A- = 0.4%
200f o
i [ A.=0.023 + 0.012(stat.) £ 0.008(syst.) J

F.Rubbo - Top Properties at ATLAS - 7



Spin correlation

F.Rubbo - Top Properties at ATLAS -



QATLAS REBS ==

Fexeerivent B AR SS : :
Spin correlation
_ -1
[‘/? 7TeV, 2.11b ] Phys. Rev. Lett. 108, 212001 (2012)
dI'IEpton = 06—
2 ATLAS Simulation -
= i i
. . e S o5 —tt(SM) h
d:():gs nggygifore hadronization = spin info in % --tf (uncorrelated) -
y ucts. =

* top/antitop spin correlation:

_ N+ N = N(1) = N
NI +NU)+NMD) + N
» depends on qq/gg fraction.

* opening angle between leptons (Ad) carries 0.1
information about spin correlation.

A

_____

R I T
’GSQ,’ l helicity basis ( Phys. Rev. D 81, 074024 (2010) ):
) V\\b\/,’ ) * along top/antitop direction in C.M. reference.
— P 4— * ASI\/Ihelicity =0.31

maximal basis ( arxiv:hep-ph/0412097 ):
* maximal correlation from gluon fusion.
o ASM =0.44

maximal
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Spin correlation — fit
— -1
Vs =7Tev, 2.1 Phys. Rev. Lett. 108, 212001 (2012)
di-lepton o R A
S 900 . gat ATLAS —
* The A distribution is fit with two signal 2 goo—Dtta(gM) det P
samples: w/ SM spin correlation (SM, solid line) /tt (uncorrelated)

700- . smgle top
diboson

______

and w/o spin correlation (UC, dashed line) :

500

* fo\1 is the fitted fraction of SM sample -

_ 400F

Nmeas = fsmNsmt(1-fspm) Nye “00r

meas SM -
Abasis = Abasis. fSM 200;_'“I

-f,,, = 0 = no correlation 100

- foy > 1 =2 correlation > SM prediction = 12 .

4 N\E ! +++++++++

foy =130 =0.14(stat.)’) 22 (syst.) L

Apcticiy = 0.40 = 0.04(stat.) o (syst.) A =031 A
_ Amaima = 0.57 £ 0.06(stat.) "1, (syst.) | [ASMmaximal = 0.44 ]

The result (f;,,~1) is compatible with SM prediction.

First observation of spin correlation. 5.10 significance wrt no-correlation hypothesis.
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ol Electroweak couplings

* Studies of top pairs produced in association with vector bosons allow to test the
electroweak coupling in the SM.

* Anomalous couplings are symptoms of bSM physics.

* First step: measurements of inclusive It + )//Z cross-sections.
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Vs =7TeV, 1.04 fb!
single lepton

ity cross-section

ATLAS-CONF-2011-153

Measurement of #f + photon (pr>8 GeV) cross section:
- Template fit of photon isolation

cone20 . . .
observable p; : Y data-driven background estimation:

e L * misreconstructed photons from
% E_ j‘Ldt=1.04fb_1 _promptY _. . jets Or
é 0.8~ ATLAS Preliminary — hadron fake -
5 o6l -
PR i E |pT|
é 04; | tTGICkS_E -rrrrrrrprrTr T T T T T T T T T T T T T T T
E’ ool E :i‘ 50 f Ldt=1.041" itlftgata

C I_I ] ATLAS Preliminary Oty

P e S - 40 1 non-tt bkg

o 2 4 6 8 10 12 14 16 18 20 B bkg tiy

pﬁ_onezo [GeV]

* Largest uncertainties: JES, ISR/FSR and photon ID
efficiency 20
* Significance: 2.70 10

[SM: 0, BR=Q2.1£04) pb} e

p:_oneZO [GeV]

[ electron fakes

30 @B hadron fakes

I"-""I_._|.l_"" TTTTT

[ Oy - BR = 2.0 £ 0.5 (stat.) £ 0.7 (syst.) = 0.08 (lumi.) pb]
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Search for ttZ production
y 2 TeV. 4.7 fb-! ATLAS-CONF-2012-126
s=7TeV, 4. - > L B LB
8103% ATLAS Preliminary . data 4
Search for ¢#Z events in 3 leptons final state: Qgpels Wiz
iz , P 2107 f Ldt=4.7 fo"Ns = 7 Tev Il ZZ+jets
e 1 from leptonic W decay S f [ fiw ]
) > 1nL i ]
* 2 same-sign, same flavor from Z decay @ 10 —H
1L [ ] Other ]
10‘% E
1072 ]
Eu P IR L v v v 1y |§
60 70 80 90 100 110 120
m, [GeV]

exp. signal: 0.85 *+ 0.04(stat.) + 0.14(syst.)
background: 0.28 + 0.05(stat.) + 0.14(syst.)
observed: 1

[Oﬂ—z <0.71 pb @ 95% C.L. ]

SM @ NLO: O, =0.14 pb
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Summary

* The large data samples delivered by LHC allow for precision measurements in the top
sector.

* Presented measurements of top pair properties: charge asymmetry, spin correlation,
tty cross-section and the search for ttZ production.

 All measurements are compatible with SM predictions. Some expected effects are
already observed with good sensitivity: 5.10 spin correlation and 2.70 ff + photon.

* Systematic uncertainties are quickly becoming the main limitation for precise
measurements. Large improvements are on the way.

* Cross section and charge asymmetry measurements will benefit from 8 TeV large
dataset.

* Updates with full 7 TeV dataset and new measurements at 8 TeV coming soon...
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Spin correlation

e correlation in maximal basis
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* fSM
||||||||||||||||||||||||||||||||||||||||||||||
f Ldt=21f" ! ATLAS
ee —e 1.47 +0.40 %078
m e 0.84 0.32 0%
eu @ 1.40 +0.17 3%
combination H+H 1.30 +0.14*3%]
'SM
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
1050 05 1 15 2 25 3 35 4
SM
. . . . f ]
e correlation in helicity basis
T T | T 1T T | T T T | T I: T | T T T | T 1T T | T T | T 1T T |
f Ldt=2.11f" ! ATLAS
—e 0.46 +0.12 %02
i el 0.26 £0.10 %213
eu @ 0.43 £0.05 >
combination %H 0.40 +0.04 "%
'SM
1 1 | 1 1 1 | 1 1 1 | 1 I: 1 | 1 1 1 | 1 1 1 | 1 11 | 1 1 1 |

T T T : | T T T T | T T T T | T T
f Ldt=2.1fb" ! ATLAS
—e 0.65+0.17 35,
uu —— 0.37 0.14 %312
eu @ 0.62 +0.07 *21°
combination %H 0.57 +0.06 %312
'SM
1 1 1 1 | 1 1 1 1 : | 1 1 1 1 | 1 1 1 1 | 1 1

-02 O 02 04 06 0.8 1

0.5 1 1.5

0
Eﬂupbo Top Properties at ATLAS - A 16

maximal



JATLAS REEBR
FBexeerivent Bl T A

=

0

* fit parameters

ity cross-section

* hadron fakes in
different p; regions

#v /bin

fit parameter fit value with statistical uncertainty
hadron fakes in the e+jets channel 21 + 6 events
hadron fakes in the p+jets channel 28 +8 events
electrons faking photons from #7 in the e+jets channel 74 +1.7 events
electrons faking photons from #7 in the p+jets channel 109 +2.2 events
tty background in the e+jets channel 0.2 events
tty background in the p+jets channel 0.4 events
non-zf background in the e+jets channel 6.7 events
non-#7 background in the p+jets channel 3.8 events
total number of background events 78 + 14  events
total number of signal events 46 + 12  events
tty signal (before selection and acceptance cuts) 2100 + 500 events

F.Rubbo - Top Properties at ATLAS -

1 T T T I T T T I LI I T T T I T T T I LI I T T T I LI I LI I T T 7T
L det=1.04fb'1 _ 15GeV<pT< 20 GeV |
i —— 20GeV<p_ < 30GeV _|
0.8— ATLAS Preliminary Pr ]
» — 30 GeV<pT< 50 GeV |
0.6 — 50GeV<p, <100 GeV _
0.4—= —
°2 b= | i
0 _I 1 1 I 1 1| I 11 | I 1 11 I 11 1 I 11 | I 1| 1 I 11 | I 11 | I 1 1 I_
0 2 4 6 8 10 12 14 16 18 20
cone20
P2 [GeV]
* p-value
T T I T T T T I T T T T
o — background only
L p-value = 0.71 %
1 — —
i det=1.O4fb'1 1
B ATLAS Preliminary 7]
0 L ! Il Il Il Il | I I“-.__. | L L L L | L L L L
0 50 100 150 200 250

number of observed events
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