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Motivation to study top quark properties

@ Precise tests of the Standard
Model and verification of
NP QCD calculations:

Top Mass

Top quark polarization
Spin Correlation
Measurement of o,
W helicity

Charge asymmetry (*)

>
>
>
>
>
>

0 ind h Figure: An old Chinese proverb: if one
@ OUpens a window to searc wants to see far away, he needs to stand

for new physics on the ‘top’.
Search for FCNC
Search for new heavy quark

>

> . * See talk of
> Search for top-jet resonances

>

>

Pier-Olivier DeViveiros

Search for tt + large Efiss
Search for tt resonances (*)
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> I+jets (7 TeV, 1.04 fb~1, Eur.Phys.J. C72 (2012) 2046)
> di-lepton (7 TeV, 4.7 fb~!, ATLAS-CONF-2012-082)

Events / 10 GeV

goo T T T
g ATLAS
700; u +jets
600 fL dt=1041"
500F — P+ Pug
E """ Phkg
400 e Data
E JSF =0.986 = 0.006
300E Mg, =175.0 % 0.9, o GeV
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@ |+jets: myop and jet energy scale factor (JSF)

simultaneously fitted using the mjg;’ and

reco

my,° distributions

® | mip, = 174.5+0.6(stat)+2.3(syst) GeV |

@ di-lepton: M, =

_ min _ {Max[Mt(my,, pT"*), MT(mmp,, pT"2)]}
400  p7L,pT2

° \mmp = 175.2+1.6(stat) 3% (syst) Ge\/‘

1 T
3% ATLAS ﬁ’relim‘ina/y‘ "¢ baa

T T T T
@ Calibration curve QZZZJ veliminary Sua famurw Dncresce]
determined in MC B 1 2120 i3
Jra=aze g [t
. E 15100 EANorm. uncert.
@ Largest systematic 18 1 a0
uncertainties: Jet 12 E 60 5

Energy Scale (JES), 120
b-jet JES, tt modeling 15

Linear fit parameters. 40
Siope =0.629.= 0.005
Offset = 19.9: 09 GoV
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Top Mass: overview

@ Measurements have been done in several channels

ATLAS m,,, summary - July 2012, L =35 pb™- 4.7 fo’* (*Preliminary)

ATLAS 2010, I+jets*

CONF-2011-033, L =35pb o

—_— 169.3+4.0+£4.9

ATLAS 2011, l+jets
Eur. Phys. J. C72 (2012) 2046, L =1.041b"

—o— 1745+0.6+2.3

ATLAS 2011, all jets*

CONF-2012-030, L, =2.05fb 1

———— 1749+ 2.1+ 3.8

ATLAS 2011, dilepton* ————

CONF-2012-082, L, =47 bt

1752+ 1.6+ 3.0
+ (stat.) + (syst.)

Tevatron Average July 2011 HOH
173.2+0.6 +0.8

ATLAS Preliminary

| | | | |
150 160 170 180 190
My, [GeV]
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Top quark polarization (7 Tev, 4.66 fo—!, ATLAS-CONF-2012-133)

@ In SM top quarks are

produced almost unpolarized

@ In some BSM scenarios, top quarks are produced polarized
@ Polarization was measured in /+jets using 6, polar angle of
the lepton in the top quark rest frame:

1 N(cosf > 0)— N(cosb, < 0)

f=Z+

2 N(cos; > 0)+ N(cos, < 0)

@ f is measured using
template fit method:
fully positively VS.
negatively polarized
top quarks

Events /0.1

@ SM expectation:
fsp = 0.5

Ratio

L - AR AR RARRRas
ATLAS Lat=asonm’ o ous IS --Data
4000 b eliminary é,mv =H 5 4000F  ATLAS Preliminary
3500) = 2 Jrer=ason’ - ap=0
£ 3500
o V5=7 TeV —ap=+1
3000 —apet
2500
2000
1500
1000
500

0

0Bttt
1708060402 0 02 04 06 08 1
cos(6)

o Results of the fit: |f = 0.470+0.009(stat) 9923 (syst)

—0.032
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Spin Correlation (7 Tev, 2.1 -1, PRL 108, 212001 (2012))

e tt — ITuvb,I~vb produce charged leptons possessing
correlations in azimuthal angle, A¢

i i oA = NADFNU) =N N
@ The degree of spin correlation of tt, A = TR DTAD

Frorr TrrTrTTTT TrrTrTrTTT T
F « data ATLAS - measured _ ASM . fSM
g o A =A f

) 3
i (uncorrelated) Ldt=2.11b"
single top B

7°0§-Z/w+;ers 7 @ The fit includes a linear superposition:
600 g fake Teptons Ll fM x ( SM prediction ) +

(1 — £°M) x ( uncorrelated model )

@ The four di-lepton channels fitted
simultaneously to get a common

| = 1.30:40.14(stat) § 3 (syst)
0
8 pmeasured — (.40--0.04(stat) )53 (syst),;

@ Zero tt spin correlation is excluded with a significance of | 5.1

fSM

e D@ Collaboration reported the evidence with a significance of 3.1c
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Measurement of tty cross section (7 Tev, 1.04 o1, arLas.conr-2011.153)

@ Electroweak couplings of the top quark: investigating tt with
an additional gauge boson, e.g. tty and ttZ

@ ttry cross section measurement: based on a template fit
using p%’”em distributions of photon candidates

(prcr""ezo: prfaCkinaconewithR<O.2) £ 5 T T
N fL dt=1.0415" u+jets E
fit t Fjet Fjet = 60 ATLAS Preliminary E?{.ﬂa E
it parameter e+tjets utjets - = [N, E
hadron fakes 21+ 6 28 +8 Ebkg tty E
_ electron fakes B
e fake v from tt | 7.4 + 1.7 109 £ 2.2 40 @ hadron fakes
tty background 0.2 0.4 30 E
non-tt 6.7 3.8 20 =
total background 78 £ 14 1opa ¥ E
total signal 46 + 12 of
2 4 6 8 10 12 14 16 18 20

pf:ronSZO [GeV]

® |04, - BR = 2.0+0.5(stat)+0.7(syst)+0.08(lumi) pb
o Consistent with the SM prediction: 2.1 + 0.4pb (arxiv:1102.1967)

* Search for ttZ production: ATLAS-CONF-2012-126
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W helicity: template fit (7 Tev, 1.04 -1, JHEP 1206 (2012) 088)

@ In t = Whb, W polarization can be longitudinal, left or right-handed

@ The angular distribution is:

g#((’(,*) = %(1 — cos?0*)Fy + %(1 — cost*)?Fp + %(1 + cos0*)?Fg

@ Method 1: comparing the observed cosf* distribution with templates for
W boson helicity states obtained from simulation

1

F L

b
v

t?llt
IR

~0.3

w w
@ S e e e A T S A B A A
T_. T L 0.16]- ATLAS Simulation single lepton channels — ‘GE)ZOOO;’ ATLAS single lepton channels
o ! 5 o1at o rgemote 3 (18005 [La_goars’ oo
“ ‘l 3 r — F, template ] 1600E - SMexp. ]
N C F.template ] £ Bkg best fit
b = 0.12¢ n templ ] 1400F i [ Unc. best fit |
it oo £ C ] £ oo s e 3
Fy~0.7 Fg~0 2 0.1 | 1200F 7
* 0.08F E 1000F r&+
=L > 0.04F 7 0% E
'/W+ F 4001 E
3 0.025; 1 200} . .
Lo n ol e T T O NN VR S S |
9 05 0 05 1 9 05 0 05 1
cos 6* cos 0" &

W polarization fraction

longitudinal (Fo)  left-handed (F.)  right-handed (Fr}N

SM prediction
Measurement

0.687 + 0.005 0.311 + 0.005 0.0017 £ 0.0001
0.66+0.06+ 0.07 0.33+0.03+0.03 0.01+0.03+0.06
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W helicity: angular asymmetry (7 Tev, 1.04 -1, JHEP 1206 (2012) 088 )

@ Method 2: polarization of the W bosons can also be obtained through

angular asymmetry:
AL = N(cosf* >z4 )—N(cosb*<zy) . zy = :t(l _ 22/3)

~ N(cosO*>z+)+N(cosb*<z4)'
@ lterative unfolding procedure until the method converges, backgrounds
are subtracted before that

o In |+Jets %O_si‘A‘Tl‘.A‘S‘ T ‘si;gl‘el‘ept‘on‘cr;an‘nel‘s,:
@ 0.5 ]
> Ay = 0.52 £ 0.02(stat.) & 0.03(syst.) s I fl.dt:1,04fb" ; Unfolded data
> A= 0843 001(stat) £ 0.02(syst)  Bo4r 4. 77 Shexpectaton |
@ In dilepton: - 0a # ]
> Ay = 0.56 4 0.02(stat.) & 0.04(syst.) N ]
> A_ = —0.84 + 0.02(stat.) 4 0.04(syst.) 02 ]
@ Systematic: lepton misidentification, odr E
jet energy scale, MC modeling i T
07 e e b b w0 1

@ Combining both channels: i R 0 0% oser i

\FO = 0.67+0.04+0.07, F, = 0.32+0.04+0.02, Fx = 0.014+0.02+ 0.04 \

@ At the same precision level as Tevatron combination and CMS result
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W helicity: overview and anomalous Wtb limit

@ An overall combination of both measurements is done using
the ‘best linear unbiased estimator’ (BLUE) method.

AR gt oamas mosncl
ATLAS f Ldt=1.041" Fa | Fu Fo © os ~—t— oo
06F fL dt=1.04 15" allowed regions 3
I NNLO QCD ol 1
Combination F El
‘=4 Data (F/F,/F;) o2 E
Template (single leptons) e e 0} ﬁ ]
Template (dileptons) | e — 3 TopFit Vet veo
Asymmetries (single leptons) ~#+ - A 04E o 53 55 v
Asymmetries (dileptons) RURENST 1 I Sl L Wib = Re(g,)

Over‘all combinati‘on e - | ek | —% by* (VLPL, + VrPr)t W,

o 05 1 _ &g fpic"qy -
W boson helicity fractions W Cﬁb My (gLPL +grPr)t W, +
M)

> Vi is modified Vi, with contribution from new physics

> VR, gL, gr are purely due to the possible presence of new phenomena

> Pr, and Pg are chirality operators
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Do we know what we don't know?

@ Top quark was born in the family of
particles and an ‘ID’ is licensed for it.

@ How is it connecting to the ‘universe’
outside of the family?

Aerylic felt with
gravel fill for

maximum mass.

@ Let's go further and see !
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Search for FCNC single top production (7 Tev, 2.05 fb=1, PLB 712 (2012) 351-369)

e In SM, flavour-changing neutral-current (FCNC) processes are forbidden
at tree level and suppressed at higher orders

@ BSM with new sources of flavour predict higher rates for FCNCs
@ A single top production search: qg — t — W/(— [v)b, where ¢ = u,c

-3
~ T L i(w\ T T T T ™3
= " EES 20 CRE
S dei:ZOSlb.E:TFeV 3 £ qgb ATLAS Ldt=2.05f" 3
2 1 = = E|
s ® data 1 SI< 16 Vs=7TeV 3
o — FCNC (0=100 pb) 3 Eoeeeenl E
| K3 E 14 Excluded region
M single top E £ E
B Z+ets b-tagged 3 126 3
Wejets E E E
= Wbb,WeT,We E 12; — Observed E
multjet E Eo |
7. uncertainty 3 o Expected E
1« E
77 %%s E 2r ! 3.,
E £ 1 [ | Ll 3x10°
00 1 2 3 4 5 6

0-1 -0.8-06-04-02 0 02 04 06 08 1 ugl 7 ,
NN output [TeV]

@ First measurement of FCNC with top production at LHC most strlngent
upper limits on the coupling constants and branching fractions

o | Kygt/N < 6.9-1073 TeV 1 o |B(t — ug) < 5.7:107°
Kegt/N < 1.6-1072 TeV 1 B(t — cg) < 2.7-107%
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Search for FCNC in top decays (7 Tev, 2.05 o, JHEP 09 (2012) 139)

@ The top-quark FCNC decay BR in several SM extensions is typically
many orders of magnitude larger than the SM BR

e Searching for tt — ZqWhb — liq/vb: events selected with ‘3ID" (3
identified leptons) or ‘2ID+TL' (2 identified leptons + 1 track lepton)

S T T > T T T T
Y The expected and (ND r ATLAS o data (g 12;ATLAS ® data
N oL ---- ft> WbZq slgnal e T ---- fl> WbZq s:gnar
observed 95% C.L. ¢ :det=2.1 ' Wz P :fl_dt=2.1 ' Elawz ]
. 2 ol [ Jaem 5 10p [ letem .
upper limits on @ Prap I zsiets 1@ fap I zers ]
the FCNC tOp 8;7 b;(gDsL:;"csenamly 8; b:(;s:rl:rramty
quark decay o Z . ]
t — Zq BR. i3 7 ]
; W
2} / .T% ] ’ ]
L ] 7
Ol o2 EEHA | Sdesd J ok oo
80 85 90 95 100 105 140 160 180 200 220
channel | observed | (—10) expected (+10) m™GeV] my (GeV]
3ID 0.81% | 0.63%  0.95% 1.4% N\
2ID+TL 3.2% 2.15%  3.31% 4.9%
Combine | [0.73% | | 0.61%  0.93% 1.4%
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Search for new heavy quarks (7 Tev, 4.7 -1, arxiv:1301.1583)

@ First search for excited-quarks coupling to the
third generation of SM quarks, complementary 4 b
to the first generation coupling search

@ Search for b* — Wt in /+jets and di-lepton

~

—— ———
ATLAS o Data

Lepton + jets channel === b’ (800 GeV)
mwt

—
Expected limit

(s=7TeV [ Expected = 1o

. pp—b*— Wt Expected + 20

Events / GeV
=
R

Ldt=4.71f" EHOthertop — Observed limit

[ W+jets HF * (cP=g =1xP=q =t
10 Vs =7 Tev [ WH+light jets — b" (=g, =1x7=0,=0)
[ Z+jets heory uncertainty
L [CIDiboson
.l Multijet

0l il il

e

O [T T

: 1 R R R
400 800 1200 1600 2000 400 600 800 1000 1200
reconstructed mass [GeV] m,. [GeV]

considered to extract b* quark coupllng and mass limits

@ Limits shown for purely left-handed couplings and unit strength
chromomagnetic coupling, \Iower limit of 870 GeV\
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Search for new heavy quarks (7 Tev, 4.7 b1, ATLAS-CONF-2012-130)

@ Covers broad spectrum of BSM scenarios: pair production of down
type heavy quarks (b'), single and pair production of Ts/3 (with
charge i%) and four top quarks final state

@ Counting experiment performed in same charge
ee, ey, p channels

@ Main backgrounds: charge mis-identification,
lepton mis-reconstruction, diboson and tt

o Lower I|m|t on b’ and Ts/3 mass: ‘>0 67 TeV at 95% C.L. ‘ on the

four top quarks production cross section: ’<61fb at 95% C.L. ‘

§ T T < 3 T AR AR R S T
T ATLAS Prellmlnary |

% 1 chu: 471" 5=7TeV ! Ldt=47f"
o [

x \s=7TeV
:EL 1 l

v 10 I

— — expected limit @ 95% CL

_..._.Expected

observed limit @ 95% CL

I
I ) I I L | ATLAS Prehmlnally
0.3 0.4 0.5 0.6 0.7 0.8 << T S I S
O 6 0.65 0.7 0.75 0.8

e . (1eV]

o—
o
ol
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Search for new heavy quarks (7 Tev, 1.04 -1, PLB 718 (2013) 1284-1302)

@ Heavier fourth generation quarks often present in new physics models

@ Generically assuming vector-like quarks coupling to the third family
without a specific model (specific BR's)

@ Search was done in /+jets channel and optimized for t' — Wb decay
@ Most stringent limit up to date: ‘mt/ > 656 GeV @ 95% CL‘

= s -
& 1OFrTr T e e T e, MeTd00CEV ATLAS
E ] . d
2 [ana = 471" ] TEx . :
= S I5=7TeV, [Ldt=47 10 ] 3 08 \Vs=7TeV, dex=4.7fb‘
= = i £
N r 1y (approx. NNLO prediction - 10 g 04 £ g
1 Theory (approx. NNLO prediction - 1) m [ 2 e N ... 5% CL expected exclusion @ SU() singlet
r e 95% CL expected limit (stat + syst) 7 0.2 .,
g E== ““m;mm"’w " ) ) ‘ ‘ 5, 95% CL observed exclusion  Jk SU(2) doublet
] 1= — 7o 02 04 06 038
E expected lmit + 20 B 1 -
E [ oot expeceanimn 2 El “o, m, = 450 GeV Rorg, m, = 500 GeV
F 95% CL observed limit 1 o.8f %, 0.8- %,
[ ] . Y
I 7 0.6 0.61
[ 1 0.4F 04f
10":— = 0.2 0.2
E E 7o 0.2 OA. 06 08 5 0 0 02 04 * 05 08 1
[ i ™ ”o,%% mo=550Gev| T % M, =600 GeV &
0.8 0.8
b BR(t'—Wb)=1 b 0 % <
0.6P% 0.6%
ozl Lo oo b o Lol Lo
350 400 450 500 550 600 650 700 750 800 o4F ° o4F °
t' mass [GeV] 02f 0.2- e
0 0.2 0.4 ﬂS 0.8 = [ 0.2 0.4 0.6 ﬂ..E “I
BR(t' — Wb)
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Events / 175 GeV.

(data-SMYSM

Search for top—jet reSONaANCES (7 Tev, 4.7 fb=1, PRD 86, 091103 (2012))

@ In the models beyond SM, a new heavy particle, W’ or ¢ can
be produced at the LHC in association with a top or anti-top

@ my and myg; are formed with an additional jet, which
gives largest mass

@ Assuming unit coupling, the expected 95% C.L. lower
limit on the mass of the new particle is 500
(700) GeV in the W’ (¢) model

T T | - T T = T
ATLAS Data [Lat=471" = \ 2
.\ EI J 3 Sl ATLAS J =N -
5 3 Z E 3 g B\
g ENN S=7Tey — Obsenvedimit g F =77y — Obsenedimit
Wvers b s - o Expected imit 3 ENN e Expected imit
it otr _ 2 LA\ fuacero: e 4L \ fraeern m
""" W 300 GeV 3 S = \ +20 i 5. +20 B
10f \ COF excluded, g,=1 5 10F N COF excluded, g,=1 5
— b a0y E - El E El
we o ! E 3 E =
= e
s
w0l w0t 3
= EuL | ol E | N H
ST 0 B0 200 o0 600 600 1000 1200 1400 1600 1e00 3000 200 400 600 600 1000 1200 1400 1600 1800 2000
m, [GeV] W' mass [GeV] @mass [GeV]

* Search for tb resonances ( PRL 109 (2012) 081801,)
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Search for tt+large ET"%° (7 Tev, 1.08 -1, PRL 108 (2012) 041805)

@ Exotic top partners can decay:

— % 90
- . . - 3 ™
TT — ttAoAo (identical to tf final state, g s fiocran i
. ; . £ 79 )
with large E}"S* from Ap pair) 5 o
_ ) . 502 asrons gty
o tt — lvb,qqb, >4 jets, E7"* > 100 GeV, w0l
mT(l, Erfmss) > 150 GeV z
10|
Exclusion limits at the 95% C.L.: 0 50 200 2e0 500 see
EP™ [GeV]
> ’ T mass up to 420 GeV‘ excluded for mp, < 10 GeV ’
>[330 < T mass < 390 GeV | for ma, < 140 GeV
3 ‘ g 0 "ATLAS
2 = N v
< La=t.04f” 71 E
\s=7 TeV E
o 1
[}
— — Expected Limit (+10) 5 F
A, Mass = 10 GeV
== Expected Limit (=1 ]
Observed Limit
,, -+ NNLO Spin-1/2 TT Theory =10
N % 10 =:=i=:=:= NLO Scalar TT Theory =1o L |
300 850 400 450 500 550 600 300 320 340 360 380 400 420 440
T Mass [GeV] T Mass [GeV]
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LHC has been running successfully at 7 TeV and 8 TeV. ATLAS has
recorded >90% good quality data.

Top quark measurements are now entering the precision era at LHC
Besides, an effort is made to search for new physics in the top sector

Topics covered in this presentation:

> Top mass measurement > Search for FCNC

> Top quark polarization > Search for new heavy quark
> Spin correlation > Search for top-jet

> Measurement of o3, resonances

> W helicity > Search for tt + large EIsS

Additional results can be found at
ATLAS top group public results web page.

the results at 7 TeV
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Back up



Object definition and event selection

@ Electrons: @ Missing transverse energy EMss
> EM cluster with track matched > Vector sum of energy deposits in
> lIsolation in tracker and calorimeter calorimeter
> Er > 25 GeV, |n| <1.37 or 1.52 > Corrected for identified objects
< <2.47 .
I @ b-tagging:
® Muon: > Neural network based b-tagging
> Tracks in inner detector and muon algorithm MV1 with average
spectrometer b-tagging efficiency of ~70% and
> lIsolation in tracker and calorimeter light jet rejection factor ~140

> pr > 20 GeV, |n| <2.5

@ Jet:
> Reconstructed from topological b 57’f‘i‘75’
clusters using the anti-kt algorithm t e
(R=0.4) 9 o
> pr > 25 GeV, |n| <2.5 t ST g
5 Ve, 0, Ve, "

@ Event selection:
> lepton+jets: lepton trigger, exactly one lepton, >3 or 4 jets, b-tagged jets, E
> di-lepton: lepton trigger, two opposite charge leptons, >2 jets, b-tagged jets, %

E{E“SS, Z veto
> full hadronic: mixed jet triggers, >5 jets, b-tagged jets
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Top Mass: full hadronic (7 TeV, 2.04 fb™1)

Preliminary: ATLAS-CONF-2012-030
Event selection: 5 jets with pr >55 GeV, 6th jet with pr >30 GeV

2 2 2 2
(mjy jp —mwW) . (mjy jp, b1 —Mtop) . (mj3 jg —mw) 4 (Mj3 jg b2 = Mtop)
2 2 2

XZ(mW, Meop) =
s o B o

w top w top
From MC: ow = 10.2 GeV and o4p = 17.4 GeV
Minimizing x? to find the best combination
P P > 300 g
; 900| ATLAS Preliminary 8 [ ATLAS Preliminary e \5=7TeV 2011 Data J
800 f'—d‘:”‘”b" 2 250F det:zoub‘ —— Fitfor Data E
2 700 * \5=7TeV 2011 Da > F — Py ]
& 600 [iim,=1725Gev H = b P E

[ Background

150

100

50F

0 5 10 15 20 25 30 35 40 45 50 0 120 140 160 180 200 220 240 260 280 300

mass 2 m, [GeV]

Using the calibration curve and data:

Meop = 174.9 £ 2.1(stat.) £ 3.8(syst.) GeV

Largest systematic uncertainties: 4j+2b or 5j4+1b mixing; matching
criteria for leading pr jet; background modeling
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