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I Overview

* Introduction: Top Quark
* Production

* Mass

* Properties and Searches

* Summary
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I L HC: Top quark factory

Heaviest particle of the standard model
Top pairs is the dominant produced process, but single

— Life-time shorter than hadronization time top are also produced. . .

e Privileged window to search for new physics. g —

g phy oo 1)) t W

e The LHC is a top quark factory. b t
1 )
— More than 12M tops have been produced. 9 "00000 J b

e The large number of top events allow the study
of its properties.

Top Pair Branching Fractions

“alljets™ 46%

Top quark decays almost 100% of
the time in h+W. wHets 15%
Top quark events are classified
according to the decay of the W
bosons.

u+jets 15%

et+jets 15% ] 3
"dileptons” "lepton+jets”
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Top Quark Production
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7 and 8 TeV
Many measurements of the inclusive cross-section have been performed
ATLAS+CMS Preliminary o, summary, \s =7 TeV  TOPLHCWG Sep 2014 ATLAS+CMS Preliminary o summary, \s =8 TeV TOPLHCWG May 2015 GO Od agre eement Of
"""" NNLO+NNLL (Top++ 2.0), PDF4LHC, m‘op =172.5 GeV — * stat. uncertainty
[ scale uncertainty = = = totaluncertainty | | v mNL(z*:l'\;gLSLgLO\?*'*' 2.0), PDFALHC -_— stat. uncertainty all measurements
scale ® PDF ® o uncertainty o =(stat) =(syst) =(lumi) top = " — — — total uncertainty . . .
s [ scale uncertainty ;
e oo B unceriny o sty +sysy=um) | With SM predictions
ATLAS, l+jets =i 179+ 4+9+7pb L,=0.7 b’
ATLAS, dilepton (*) = 173=6"1f Spb Lo=0.7 " .
ATLAS, all jets (1) | . 1 167+18+78+6pb L0 ATLAS, lepton+jets 260+ 1 fi? + 8 pb EXperlmental
ATLAS combined 177:3'%+7pb L0710 " arXiv:1504.04251, L,,,=20.3 fb” L
’ uncertainties
CMS, l+jets (*) e 164+ 3«12+ 7 pb L;,=0.8-1.1 fb”
CMS, dilepton (4 — 170=4x16=8pb L1t CMS prel., lepton+jets o 228+ 972410 pb smaller than the
CMS, Tyt (%) L ° 149+24+26+9pb  L=110 CMS-PAS TOP-12-006, L,,=2.8 fb™ - th t 1
CMS, all jets (*) ] 136+ 20+ 40 = 8 pb Ly=1.1 16" eoretica
CMS combined —e PYETI 08111 .
com '|ne 166+ 2+ 11=8pb L,,=0.8-1.1 by CMS, Iepton+1h — | 957+3+924+7 pb ones ( 1% more
LHC combined (Sep 2012) 173+ 2+ 8+6pb L,,=0.7-1.1 fb" PLB 739 (2014) 23, L,,=19.6 ! . )
" recise
ATLAS, I+jets, b—=Xuv e 165+ 2= 17+ 3 pb Liy=4.7 fo"! p
[ATLAS, dilepton e, b-tag 4 1829+ 8.1 4.2 3.6pb L 461" | ATLAS, dilepton ep 242.4+17+55+75pb
ATLAS, dilepton e u, N -ET™ - 1812228737+ 33pb L,-46m" EPJ C74 (2014) 3109, L,,=20.3 fb .
ATLAS, 7,4+ — 186+ 183+20=7pb  L,=211" ATLAS Dllep ton emu
ATLAS, 1, +Hets 7 = 194+ 18=46pb L1710 CMS, dilepton (ee, uu, ep) —o 239.0+2.1+11.3+ 6.2 pb measurement 1s the
ATLAS, all jets L 1 1681278+ 7pb L4710 JHEP 02 (2014) 024, L,,=5.3 fb" .
— most precise
CS, diopton 1 161925152 36pb Lozt LHC combined ey (Sep 2014) 2415+1.4+57+62pb | Measurement to
CMS, 1, ¢+ =i 143+ 14222+ 3pb Ly=221b" CMS-PAS TOP-14-016
CMS, T, Hets —_ 152£12:82+3pb  L,-30f ATLAS-CONF-2014-053 date
CMS, all jets —_— = 139+ 10+ 26+ 3 pb L,=3.5fb" L =5.3-20.3 fb"
Effect of LHC beam energy uncertainty: 3.3 pb Effect of LHC beam energy uncertainty: 4.2 pb
(*) Superseded by results shown below the line (not included in the figure) (not included in the figure)
III|IIII|IIII|I I|IIII|IIII|IIII|II IIII|IIII|IIII III|IIII|IIII
50 100 150 200 250 300 350 100 150 200 250 300 350 400
o [Pb] o,; [pb]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/TOP/
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13 TeV
e First measurement using 13 TeV data.

e Similar method as used for the most
precise Run 1 measurement.

« Simultaneous fit cross section, b-jet
reconstruction and tagging efficiency.

e Dominating systs: integrated lumi, top
pair modelling

o7 = 825 + 49 (stat) + 60(syst) £+ 83(lumi) pb

 Consistent with QCD NNLO predictions

Inclusive tf cross section [pb]
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Nclusive top palr production

» 430¢ I | I I ]
§ 4005_ ATLAS Preliminar1y ® Data 2015
W UF \s=13TeV,78pb " [t Powheg+PY ]

350 m Wt

300 1 Diboson

E B Mis-ID lepton
250F P
2005
S S—

150
100
50

0
0 1 2 >3
Nb-tag
o ATLAS dilpon 18- 13TeY, L=7eps"  ATLAS Preliminary

-y
o
w

10?

10

E ® ATLAS dilepton \s =8 TeV, L =20.3 fb™
[ A ATLAS dilepton \s=7TeV, L=4.6 b
[~ ¥ Tevatron combined* \s=1.96TeV, L=8.8 b

* Preliminary

E==— NNLO+NNLL (pp)

= NNLO+NNLL (pp)
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
my,, = 172.5 GeV, PDF & a4 uncertainties according to PDF4LHC E

4 6 8 10 12 14
\s [TeV]
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Differential top pair production

8 TeV
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e Total cross-section measurements show very good agreement with the SM

— New physics could still affect the shape

* Measurements performed in two topologies

Resolved Topology

Boosted Topology

Top p, <300 GeV

> 300 GeV

Decay products Well separated and can be
reconstructed individually

Not well separated

Reconstruction Top reconstructed from the
decay products

Top reconstructed in a single
large radius jet
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Differential top pair production’

7 TeV JHEP 06 (2015) 100

* Top-antitop differential cross section as a function of the mass, p,
rapidity of the top pair system.

o . . W
— Measurement performed in a fiducial region
— Using particle level tops observables
 Analysis performed in the lepton+jet channel b
e Data softer than MC, observed as well in the parton level analysis
L _ stat. ® syst. uncert. — stat. ® syst. uncert. = L ] stat. ® syst. uncert.
NERE e, | 2| 10F e Iy AT Kot
2 | L —_—— N oy = —_— N o 3 3 o= e — — ALPGEN+PYTHIA (o, UP)
G, oL e ] Y3 P, Chimeewmiow| GE O T, D pmmemedom
E fr— = - T + ©
= ; ; - _ _ _ _
C . 15 E 10° E
i : : = E i == ]
10°E E i 1 B i
F ] -1
C —_— ] 107k 10% = — e — — —
- 4 r F 3 j
(1] 18 T T T T 1 L 1 L |
© 2 E 1.8¢ « 1.8 \ T | \
s 1% 1 E 1e % 16 .
O = ————— — . e — — — — a E = 1.4F —— e R ———
QO 1.2 — = 3 1.4¢ : i - E
I o —— L 1.2 3 R e s o P
LI% 0-8;_ --I..--ril‘iﬂlrlilikﬂl’JL‘HHJ:J'{\‘E-\Jrli!:ﬂl’ik‘lﬂifg é 081:_ ; § 081_ _:
0.8 G X .o E W g ! I I ! E
% 00 200 300 400 500 i g SUSRERSR O o v vevseee 0 6t —phr e 8

p.(tt,) [GeV] v m(},) [GeV]



Differential top palir production
8 TeV ATLAS-CONF-2014-057

First cross section measurement as a function of top py

(boosted)
Semi-leptonic channel with p; of the hadronic top > 300 GeV

Boosted hadronic top defined as a single large-R jet

e Fiducial (particle level tops) and total (parton tops) phase
space measurements are performed Main uncertainties:
* Measured cross section in general lower than predictions, large-R jet energy scale

same behavior observed in the resolved analysis

% 10 i Data % 1 02 EEAV Data
0] -\ ® ALPGEN + HERWIG % - o ©  ALPGEN + HERWIG
~
Q2 B 1\, B MC@NLO + HERWIG = 10 %Z%z o MO@NLO + HERWIG
_ e N\ A POWHEG + HERWIG o oo A POWHEG + HERWIG
Q C .IAv v POWHEG + PYTHIA g\ 1 I O\:‘ v \4 POWHEG + PYTHIA
= ~ ° 1= g_
T 10 LM B F SINA
© = © L
- ATLAS Preliminary o . 10" =ATLAS Preliminary 5 -
(02 203 b, \s =8 TeV =4 = 20317, \s =8 TeV D
.‘(E 2:_| PRI B PRI BT RS ra | 1.| | | . P | - 1 -'(E 2__| PRI B SRS S S BT R | T | 1 P IR 1 |
© = o o ] E o
Q 1.5 ° A’ M A 1.5 o v v o v
— ymymy Sy EA_m s 4 C av@vh’ o O O
O 1E -------------------------------------------------------------- a 1%?@5.. A A A T B Ao
= o5 = 05F
0E .. . . . . . . . . E
O — 1 1 1 1 1 1 1 1
300 400 500 600 700 800 900 1000 1100 1200 300 400 500 600 700 800 900 1000 1100 1200

Particle top-jet candidate P, [GeV] top quark p_ [GeV]
N
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7 and 8 TeV
Several measurements at 7 and 8 TeV “ATLAS Preliminary | October2ota -
have been performed  single top-quark production t-channel

10?2 Wt

e Cross section for t and Wt channels

d

NLO+NNLL at m = 172.5 GeV

ZS " MSTW2008 NNLO PDF
| stat. uncertainty

e Differential cross-section in the t

channel 10

P s-channel
% t-channel 4.59 fb" arxiv:1406.7844

3 t-channel 20.3 fb™' ATLAS-CONF-2014-007
B Wt 2.05 fbo ' pLe 716 (2012) 142

T Wt 20.3 fbo! ATLAS-CONF-2013-100

— Y s-channel 95% C.L. limit 0.7 fbo! ATLAS-CONF-2011-118
| 2 s-channel 95% C.L. Iimit|20.3 fbo! ariv:1410.0647

1 | 1 | 1 | 1 | 1 1 | 1 | 1
5 6 7 8 9 10 11 12 13 14
\s [TeV]

|

e Upper limit for the s channel

A\

single top-quark cross-section o [pb]

» Top/antitop t-channel ratio

Results are compatible with
NLO+ NNLL predictions

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/TOP/ 19
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NV and /2 production cross sections

 Final states with two, three or four leptons
are considered

o |

— Simultaneous fit performed in 20 signal

300

.
.~
~
Y

and control regions g
 'The background-only hypothesis with N A —
. . _ . = L i
neither #W nor tZ production excluded 2  [ATLAS Prellliary . ariassestFi -
S - ——— ATLAS 68% CL i
at 7.1c B 500\s=8Tev, 20.3 10NN ATLAS 95% CL ]
i L. § B + NLO calculation* ]
* Measurement dominated by statistical 2 oof BN Z Theory uncertainty
uncert ainti es ’3 - I ttW Theory uncertainty :

[ ATLAS Preliminar [

£ -

€ 10°Fys -8 Tev, 203 b sk 4L ]

< @ Dat N Total unc. L - -

3 105 -T:pa \-c;:rguen;isln [ [ 1 200

[} [ Non-prompt i r 1 - i

§ 4 ar ] - -

210 ! B 1

Lu [ —
1o 100|— g
10° D DORET T i

* Campbell(2012), Garzelli(2012)

1 1 1 1 | 1 1 1 1 | | 11 1 1 | 11 1 | | 111 | I 1 1
oO 100 200 300 400 500 600

ttW cross section [fb]

noZ z z Y74 Z noZ noZ z ee e bu Z z z noZ 0 DF DF DF SF  SF
1-2b  2b 2b Ob 1-2b 1-2b 2b 2b+  2b+ 2b+ b 2b+ 2b+ 2b+ Ob b 2b+ 1b  2b+
3j 3j 4 3j 4j 5j+  5j+ 4+ 3 4j+  2-3j

11
ATLAS-CONF-2015-012
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Top Mass Measurements
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I \Nass measurements

e Mass of the top is a free parameter of the SM
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ilepton and lepton+jet channels

-D

e Typically the mass is measured in top pair events
e Possible to use other topologies

—Single top in t channel

* The measurements can be done using

e Extract the MC mass

—Template Fit

e Multidimensional fit reduces the JES related

Mige” [GeV]

uncertainties

— Normalized differential cross section of # + 1

jet to extract the pole mass.

»

* The “pole” in the top quark propagator

13
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tt — l+jets and #t — dilepton 7 TeV

% S0 ey T T e T
B soo 7TeV.asw’ T St
 Lepton + jets channel uses a three- E 1o ; Uncerainty
dimensional template 200
— Determines the top quark mass, JSF and 200
bJSF 100 .
— ATLAS’s most precise measurement H 180 920‘,1];301[]20
op
e Dil n channel ne dimensional 8 70 Amas - data,iets
. epton channel uses a one dimensiona S ool s ey, a5 55 et kg |
t |_;§_| 500 + Uncertainty
* The /+jets and dilepton results are 400
combined 300
200
100
Miop = 172.99 £ 0.48(stat) £ 0.78(syst) )

Main uncertainties

lepton+jets: JES, b-tagging

Dilepton: JES, b-quark JES = 14
arXiv:1503.05427 submitted to EPJC
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\Vass measurement In single-top

8 TeV

—_
n
o
o

T | T T T | T T T T T T
® |s=_8TeVdata =

T Bestfitm,, = 172.2+0.7 (stat) GeV *

1000—!

ATLAS Preliminary

e First measurement of top mass in
single top decays

Single-top t-channel signal 1

tt signal

Background 0 171.33 172n._|(?‘u7p [Ge\1/]74
+*

Events /2.5 GeV

* Template method using the invariant
mass of the lepton and b-jet 500

I Ldt=20.3 "]

—Reduce systematic uncertainties

1 1 1 1 1 1 1 1 I 1 1 1
60 80 100 120 140

e Using neural network to optimize the m(ib) [GeV]
purlty ~50% g :gJT{e-thSRPr;"ergtipofz + muons e DATA \‘s:8TeV:

. . . . . £ 20000 — X\ W t-channel —

e Main uncertainties: JES, Hadronisation, § | \ B W channel 1
. i [_] Z+jets, diboson |
W+jets bgr. [ incomany
10000 — JL dt=2031" ]

Miop = 172.2 £ 0.7(stat.) £ 2.0(syst.)GeV B

NN output

ATLAS-CONF-2014-055 -5



7 TeV

- Hard gluon radiation of top quark depends on mass of the top

4
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—ole mass measurement In [H+ets

N »> 4 2 %
3] L %
o A

5, =

w, = N
2, <4
T.1972-"

1 dor __ 2mg
R pole . tt+1-jet . pole Os = ,
(mt apS) — ~ d (mt ’pS), ‘\/Stt_+1-jet
O ti+1-jet s
S SO amas T T T T T g T
?‘9 700?\‘5:7Tev, 461" (1, m=172.5 GeV _;
- Unfold R + extract the pole mass using NLO calculation g 0 By, AT
400? .7 " é
— . . o e . 300 g =
- ¢ system is reconstructed by chi2 minimization 200F- . . E
102? I —
- Extra jet is required to have a p_ > 50 GeV g L o
s (e e ]
S 05002 0% 0a 050 07 08 09 p_1
mP® = 173.7 + 1.5 (stat) + 1.4 (syst) 1% (theory) GeV s
—~ 45 T T L
%i A ATLAS {1JRI@NLOYPS for m*= 3
S oo verTeviast!  TTUIREN ]
Main systematic uncertainties: o 1727 Gev oestt)
25F = =
-JES + b-quark JES This result represents the most precise 155 =
- ISR/FSR 3 — E
measurement of the top-quark pole mass g E
- PDF
to date.

- Theory Uncertainties

arXiv:1507.01769, subm. to JHEP

R / Kbest fit

0.8 1
p, (parton level)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/TOP/

ATLIAS Preliminlary Top qluark pole r.nassldeterminationsI
compared to direct measurement

DO approx NNLO: MSTWO08, 1.96 TeV 2009 169.1 if

DO approx NNLO: MSTW08, 1.96 TeV 2011 167.5_+j'§

CMS NNLO+NNLL: NNPDF2.3, 7 TeV 2013 176.7?2'2

ATLAS NNLO+NNLL: PDF4LHC, 7 TeV 2014 1714 £ 2.6

ATLAS NNLO+NNLL: PDF4LHC, 8 TeV 2014 1741 £ 2.6

ATLAS NNLO+NNLL: PDF4LHC, 7-8 TeV 2014 172.9?2'2

ATLAS NLO: fi+1 jet, 7 TeV 2014* 173.7_+2'?

Direct reconstruction LHC+Tevatron 2014 173.3 i. 0.8

NI TR S RS SR SR RSN SNS N NS R RS

140 150 160 170 180 190

m " [GeV]

t

17


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/TOP/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/TOP/
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Top Properties and Searches
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
8 TeV

Top pairs produced via the strong interaction are produced almost unpolarised

— Spins are correlated and information transferred to decay products.
The correlation is extracted from dilepton events

— Difference in the azimuthal angle of the two leptons

— Used to probe BSM

Top squarks with masses between the top quark mass and 191 GeV are excluded at the 95% confidence level

tf, production, ;> b 7, / T ¢ X7/ t> Wb ¥ /T t X,

5 1 6000:_ I ) I [I)at'a I l I I I I ' IAlTL'AIsI _: ;‘ 450_L LI | L | L | LI | T T 1T | T 17T 1T I__
ﬂ 1 4000 r SM i 7 8 C ATLNAS Vs=8 TeV, 20 fb”' %' 40
5 1 2000; [] o 1s=8TeV,203fb" 1 = ,of =% LtiL combined - & g0 -
r ff (A=0 — C N T 0, L0 ' € 20
w T ] & - EmioWbymiryY  ww
C ] - EEioWbE tiL, t2L 10
10000} [ Background - 30 ey | . i o .
C e P - C i 7 X 170 180 190 200 210
8000 C |:| t1t1 ’ 180 Gev =S ] 300 - = A " o rnﬂ [GeV]
C  _ Fit e ] - —— Observed limits =-=- Expected limits All limits at 95% CL ]
6000 Mt e = F 0 mits at :
4000 C e e—r—l...... ] 250|— Y —
2000 3 200F =
B e - .
0 150— 4880 ), —
1.2F j ' T T _ .
1.1k 100f —
o e [ _
IS == = Ep S S S ]
o o : -
0 8 = i T R N AR T 1 9
) 0 200 300 400 500 600 700 800

A(]; [rad] / = m; [GeV]


https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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8 TeV S AN MM A A M A
0] - ATLAS Preliminary ¢ data 1
< L ---- ft— bWqZ signal |
u, C % 5's=8TeV, 203 fb™ vz .
§ r Wl otrer 31 1
e Flavor changing neutral currents are predicted "o —
by the SM t g_ 3; stat. uncertainly_:
: : q i

—Highly suppressed by the GIM mechanism Z i ;
e Looking for tt events with one top quark t—qZ L o ]
. N 75 80 85 90 95 100 105 110
and the other +— bW with both bosons decaying m [GeV]

* Faryd 1—| TTTTTT T T TTTTIT T T TTTTIT T T TTrT T T TTTTIT T TTTTTH

N E | g

leptonically 3 'F MU

\..I/ = EXCLUDED -~

10 LEP REGIONS -

. e e . . . . . = = CDF (ay=cy only) N 3

 Chi2 minimization is used for kinematic T Y ]

. . .. . 2 _
reconstruction and to discriminate signal and - L
backgr ound o N ~ (ar=uronly) ]

107° =-ATLAS Preliminary —

B cMS .

. . 104 , ZEUS

 No evidence of FCNC is found : > ar-orony) 3
10°F 3

e Observed upper limit on ¢ = ¢Z branching et b

o . . 107° 107 10°° 1072 107"
ratio is established at 7 x 10~ BRt>qy) 20

To be submitted
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8 TeV

Single top production viea FCNC

— Observed

— - Expected
[t 1o
0 (I
0 1 2 3 4 5 6 7
Kygt /A [TeV
><1|0'|3

S 1 ATLAS Prelummary \S 8 TeV 20.3 fb—
é 1 Excluded region ]
<

5 1
“

— UL L
?0.30 ATLAS Preliminary \s=8TeV, 20.3 fo' ™

m 0.2
_ — Observed
0.2 — - Expected
[+ 10

Excluded region

_IIIIlllllllllllllllllllllll

PR R N R
0.00 0.02 0.04 0.06 0.08
B(t—ug)

R
é\xrf‘ Slrd}

/HELMHOLTZ ]
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2,
LOTYES

S
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e Search for single top production via gu/c —t
e Only leptonic decay channel is considered

e NN used to discrimate signal and

background
 Upper limit are established on

— 'The cross section times branching ratio

— 'The coupling constants

t

] — 16000
& F ATLAS Preliminary ¢ Daa o " ATLAS Prelimi ¢ Data
~ T s=8TeV, 203fp" g FONC(E0PD) & 14000pATEAS Preliminary - £oNG (50 pb)
~ L OoF s eV I Single top = C\s=8TeV, 20.3fb I Single top
%) E Signal region " c Lo . "
=] = . Q  12000FSignal region . it
[ F [0 W+LF i} r 0 W+LF

g9 D 12000 . W HF s W HE
[0 Z+jets, diboson 10000~ 7 B Z+jets, diboson
10000 W Multi-jet F . Multi ot
Uncertainty Uncertainty

©
c e]
3 1.1 , 5 1.2
o 2
° N i . =4 1.1
8 7 7 i 3 i i
9 0.9 'g 0.9~
© . . . , . . . ) ) — 0.8+
© © . , .

X1 0_3 8 0 05 1 15 2 25 3 35 4 45 5 < g 05 0 05 12 1

AR (top, /) O

NN Output

To be submitted
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I Summary

e ATLAS has performed multiple measurements on Top physics

—Production, mass and properties

e All the results are in agreement with the SM
» Some properties have been used to exclude BSM models
* More exciting times are coming with 13 TeV

e Stay tuned for new results!

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
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Charge Asymmetry Measurement -

At LO the standard model predicts a symmetric top pair production under charge conjugation

* At NLO a non-zero asymmetry is expected
Tevatrond top

* Effect can be measured in the l+jets or dilepton channel antitop  L-HC ‘a‘:ﬂi_mp
Observables at LHC \ >
n n
Top based asymmetry uQ; o AITLAI|SI A mléggt;.w
- N(Aly| >0)—N(Aly|<0) § s=7TeV, 461" OBZ

A = — ; At — 600 M ’ ingle to
|y| |ytop| ’yantztop| c N(A|y| < 0) n N(A|y‘ N O) m aﬁi‘:’gis;)t?(p
akKe

Lepton based asymmetry 500 P2 Stat. © Syst.

N(Aln| > 0) = N(Aln| <0) 400

0 _
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200
* Latest results in the dilepton channel at 7

TeV
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* Kinematic reconstruction is required in
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order to compute the top based asymmetry -~
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Charge Asymmetry Measurement

7 TeV JHEP 05 (2015) 061
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8 TeV

e The measurement of angular distribution is sensitive to supersymmetric
top squark (stop) pair production

e Stop decays to a top and a very light neutralino, changing the spin
correlation value
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Others spin correlation measurements

ATLAS tt spin correlation measurements

-1 _
J Ldt=4.6fb ,\s=7TeV fgy £ (stat) % (syst)

Ao (dilepton) —_— 1.19 £ 0.09 £0.18
Ao (l+jets) s 1.12 +0.11 £0.22
S-ratio ® 0.87 £0.11 £0.14
 cos(®,)cos(®) i
..(") . (9) o 0.75 £0.19 £0.23
helicity basis
(cos(d,)cos(8) i
.( ) .( ) o —— 0.83 +0.14 £0.18
maximal basis !
0 05 1 15 >
Phys. Rev. D. 90, 112016 (2014) Standard model fraction
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