


Beam splash events @ ATLAS

 First beam splash events recorded by ATLAS on Sunday April the 5%
* (Re)comissioning of LHC and ATLAS with beams has finally started!
* Hopefully we’ll get first collisions @ 13 TeV before the summer

https://twiki.cern.ch /twiki/bin /view /AtlasPublic/EventDisplayRun2Start
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Three Genera tions
of Matter (Fermions)

Top quark physics =@

=]
& down strange

]
Q
-

0 Top quark basics:

0 Mass: 173.21 £ 0.51 £ 0.71 GeV (PDG, Chin. Phys. C, 38, 090001
(2014))

0 Decays: charged current weak decaysint - Wb

0 Why study top quark physics?
0 Yukawa coupling with the Higgs ~1->Important role in the EWSB

¢ Life-time shorter than hadronization time = Unique possibility to
observe a ‘bare’ quark

0 Precise tests of the Standard Model and verification of pQCD
0 Privileged window to search for new physics
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Top cross section
measurements

e tt:inclusive and differential
« Single top

« tt + y associate production
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Top pair production and decays

_ g t 9vsooor—— ¢
Production mechanisms at LHC %W ] :
g f gy T
0 Gluon-gluon fusion (~85% @ 7 TeV) g .
¢ Quark-antiquark annihilation a> < ;
Decays Top pair final states
ot - Wb(~100%)
"alljets” 44%
I*, q
* ~!
f W " v, q Hets 15%
b
W — lVl ~33% L + jets 15%
W = qq’ ~66% "dileptons” " uLepton + jets”
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tt inclusive cross section:
summary

o(tt) @+/s = 7 TeV o(tt) @+/s = 8 TeV

ATLAS+CMS Preliminary o summary. ¥s =7 TeV TOPLHCWG July 2014 ATLAS+CMS Preliminary G summary, \s = 8TeV TOPLHCWG Sep 2014 GOOd agreeement Of
"""" MNHLOGNMLL ftop++ 2.0, POF4LHC, m= 1725 GeV' _ stat uncertainty
ccale uncerlainty — alunceany | | NNL?:@E%&?&” 2.0), PDFALHC — stat. uncertainty all measurements
scake @ POF & o uncertainty SRyl Hum) Ezoa‘l’e-unce-rtaimy — - lotal uncartalnly With SM rediCtiOnS
scale ® PDF & a4 uncertainty O Histat) £(syst) (lum) p

ATLAS, kjets — 179149+ 7pb L0 i
ATLAS, dilepton (%) — 173z6" ! T La-n7 It

alljets () - - -+ +18+ 78+ 10l ATLAS l., e/u+jet = 3
ATLAS, all jat 167184 T8 Bpb | prel., e/p+jets |_]—- — 241£2131x9pb Experlmental
ATLAS combined i 17743347 pb [P ATLAS-CONF-2012-149, L,,=5.8 fo
GMS, I+jsts () —— 16443+ 127 o Lotk uncertalntles
CME, dileptan (7 — i 17044+ 16£8p0 L=t CMS prel., e/p+jets — o« —— 228+ 972+ 10 pb
oM, 5, it (1) _ 1G24 260pD  Lri CMS-PAS TOP-12-006, L, =2.8 b o already Comparable
CMS, all jats (*) ————————{ 138+ 20+ 40+ Bpb La=1.4 1t . .
CMS combined st 166+ 25 1148pb 0 in OMS, e/pse i 2575352427 pb with theoretical
LHC combined (Sep 2012) e 173+ 2+ B+ Gpb L0714 b ar)(iv:1407.664%, L ‘:IB‘Gfb' - -
ATLAS, I+jets, b—Xuv —— 18512+ 17+ 3pb Lawad 7 It Ones
ATLAS, dileptan = p, b-tag (= 182.04 31+ 42+ 368 pb Lot ATLAS, dilepton en [ 2424+17+55+75pb

TOleplan e N B - T CT08 et a0/ Looh arXiv:1406.5375, L, =20.3 fb"'
ATLAS, 1,,_+ it 1834134204 7pb Lozl Dllepton elfl
ATLAS, 1, _+sts it 104118446 b L CMS, dilepton (ee, py, ep) —o—1 239.0+2.1+11.3+6.2pb A
ATLAS, all jsts + 1Bt 12 1+ Tpb L7l JHEP 02 (2014) 024, L,,=5.31b" measurem ent 1S the
CMS, l+jels e 15812+ 10t 4 pb L-2223hk i
CME, dilsptan e 1621251 4ph L~z LHC combined ey (Sep 2014) 24155141574 62pb most preCISe
CME, 7, i+ i 1431 14122+3pb  L-z2lt GMS-PAS TOP-14-015, - wIlaTolIb,
CMS, 7, +ets i 15241243213ph  L.-2alk ATLAS-CONF-2014-054. measurem ent tO
CMS, all jats —t—— 1391102261 3ph  L-ast L,=53-20.31b"
) ) . Effect of LHC beam energy uncertainty: 4.2 pb date
[*] Superseded by resubis shown below the line Effect of LHC beam enengy uncertainty: 3.3 pb (not included in the figure)
III|IIIIIIII|I I|IIII|IIII|IIII|II I\I\ll\ll‘\l\\ll\II‘II\I‘III
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oy [Pb] o [pb]
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tt inclusive cross section
ey channe] 778 =1

Vs=7TeV, [ Ldt = 4.6 b1
\/——8TeV,det—20.3fb 1

¢ Simultaneous fit of the total and fiducial tt production cross section, b-jet
reconstruction and tagging efficiency in 1- and 2-btag samples

0 Significant reduction of major (btag) systematics
¢ Fiducial phase space: less MC generator dependent

0 No extrapolation to the full phase space
300 — —

g ATLAS i
cx v e, uyen, cnfb"1 . NNLO+NNLL predictions
B0- et . 7TeV: off' = 177.3 £ 9255 pb
= o biag 2031 ] 8 TeV: off* = 252.9 + 11.7X&¢ pb
200 —

@tal cross section [pb]
7 TeV:0, = 182.9 1+ 3.9%]
8TeV: 0, = 242.4 + 4.3% 7

NNLO+NNLL

m,=172.5 GeV

PDF & og unlcertainties following IPDF4LHC
7 7.5 8

Vs [TeV]

150 Fiducial cross section

. 7 TeV: 0,z = 2.615 pb + 3.8%
| 8 TeV: 6, = 3.448 pb + 4.1%

100
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Top pairs differential cross section measurements

in ATLAS

Total o, measurements show very good agreement with the SM

 New physics phenomena can still affect the shape of o,

Top reconstruction strategies

4 ’ I

«

‘Resolved’ topology

‘Boosted’ topology t

0 Optimizéd for low‘\-pt (<300 GeV) top 0 Optimized of high-pt (> 300 GeV) top

quarks quarks

0 Top-quark decay products are well 0 Top quark decay products are not isolated
separated and can be recostructed 0 Hadronically decaying top quark is
individually reconstructed in a single large radius jet

0 Top-antitop kinematic evaluated from the

reconstructed decay products

7ae zols
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Top pair differential cross section

arXiv:1502.05923, Submitted to JHEP
Vs =7TeV, [ Ldt = 4.06 fb~1

: : . : d
0 Top-antitop differential cross section (ﬁ) where X = m¢g, prer, [Veel, Pre and |ye|

0 Fiducial measurement: pseudo top (£) observables instead of parton tops

0 Cut-based analysis in the [+jets channel

¢ Final fiducial level measurement extracted via unfolding methods

= ‘% - | ATLAS ws-7Tevesn | Q) B ' CATLAS ws-7TeVasw | o[ 8 ATLAS 15-7Tev. 461"
= General trend |O-_(D| ] - ::;:lf-j @ syst. uncerl. 1 I_‘: | - SD:: @ sysl. uncerl. 1= 9 [ sl - ::: & syst. uncert.
. —1 0-2 oo ALPGEN4PYTHIA z |« 10 ALPGEN+PYTHIA 1 — B L ALPGENSPYTHIA
Of data belng z :\E_ * L= — — ALPGEN+PYTHIA {0, UP) E _8 “i m.. —— ALPGEN+PYTHIA (r, UP} ] 2| o B *_ = == ALPGEN+PYTHIA (iz, UP)
. '8 E F - ALPGEN+PYTHIA (1, DOWN) 6 = ** serases ALPGEN+PYTHIA (o, DOWN) | _8 Q_I—-l 0 = e -+= ALPGEN+PYTHIA (, DOWN) E
SOfter 1n o o e ALPGEN:HERWIG C e =1 ALPGEN+HERWIG 1 g 5 aimint ALPGENSHERWIG ]
r === 7 == E — 1
pr+ above 200 0% 4 1= — E i e ]
’ E == 3 E 7] 3 e
GeV C ] E ] 107 = =
1l B C ]
* Same 10 3 107 E C 1
- P I T TP E  T T I P I T Trr T IreT| oy W
P E - 3 F ———
behavior is . : . - , ‘ ‘ : 1 10% =
] 1.8 T T T T
observed by % 16 1 g l¥F | ‘ ] 8
= 1.4 —_————————— [ = i E [
the boosted S 12k oo e 3 14 3
. 8 1 B e T E % 1.2¢ %
analysis 2 o8 EI o memERAT™
L 0.6 I | | | I.I% 08;_ 3 LI%
’ 1000 1500 2000 250 ! L | !
500 0o i O'Eb 0.5 1 1.5 2 2.t 800
m(tt ) [GeV]
i ly (i)l p,(t) [GeV]
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tt differential cross section:

ATLAS-CONF-2014-057

bOOSted tOpS Vs =8TeV, [ Ldt = 20.3 fb™1

0 First measurement of high-p; (boosted) top cross section
0 Semi-leptonic (e/u) channel with p;(t;,4) > 300 GeV

0 Boosted hadronic top defined as a single large-R jet 1/
¢ Fiducial (particle pseudo tops) and total (parton tops) phase space measurements

; 10 Data ; 102 Eﬂ Data
[0} Sy [}
©) C Sy ® ALPGEN + HERWIG 0] o O ALPGEN + HERWIG
Rel r X" = MC@NLO + HERWIG Fe] - . o O MC@NLO + HERWIG
- 1E T 4 POWHEG + HERWIG . E ﬂig A POWHEG + HERWIG
RS E “ma? Y  POWHEG + PYTHIA B - On. ¥ ¥ POWHEG + PYTHIA
E_:" N . |§::" 1 =
gE ot ¥ C SasT
8 E FIDUCIAL XS 8 ¢ FULL XS
- ATLAS Preliminary o v 107 -ATLAS Preliminary 5 -
102203/ 1s=8TeV — E 20317, 1s=8TeV B—-e
s 2F . s 2F
o = e o o] E
1.5F ] v i 1.5F AL v C v
E v l;v.'.' Y m w'oat . A e vqﬂv@v'%v(t'v DAV O, B
O IFesesEEE_—_—— o R e B B BB L
= 055 = 05F
0E L \ s , \ \ . L 1) =3 , . . , . . L .
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]

0 Measured o in general lower than predictions
0 Discrepancy tends to increase at high pr
0 See Lorenzo Massa’s poster for further details
YPAE 2015 Porino Romano - Top 7%7”@ A ATLAS 7




tt + y inclusive cross section

arXiv:1502.00586, Accepted by PRD

Vs =7TeV, [ Ldt = 4.6 fb~1
0 Measurement in the lepton+jet channel

0 1lepton (e/u), = 4jets(=> 1btag), EX*S, 1y
0 Inclusive fiducial cross section extracted via binned template likelihood fit

o Template: p&° (Y p& %k with AR(track,y) < 0.2)
0 Templates built for prompt photons (signal&bkg) and bkg non-prompt photons sources

IIII‘II\II\II\IIIIII\IIIIIIlIII
ATLAS Electron channell

1s=7 TeV, JL dt=459f" [[3Signal
3 background

= \/ V) 19
—_— X e
%\t Tgtarlognc?er‘ta:inty from fit o-tt]/(. S. . 7 Te BR 63—16 fb
50 significance

—
S
T |I|III*_

ﬁ

Events/ GeV

%

"y
o
[ IIIIIII|

& NN

T N T N AN,

==

. ......

o, (\/s = 7TeV) = 48 + 10 fb
(Prediction from MadGraph and WHIZARD)

B X
10024 "6 8 10 12 14 16 18 20
P [GeV]
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Single top cross section

q q
q t 1
W Cross section summary @ Run I
W
. 5 _ https://atlas.web.cern.ch/Atlas/GROUPS /PHYSICS /CombinedSummaryPlots/TOP/
b

I | I | T | I | T I I I | I [ I
~ATLAS Preliminary October 2014

- single top-quark production t-channel

o

L1111

107 Wit

| IIllIIl

NLO+NNLL at m, = 172.5 GeV
" MSTW2008 NNLO PDF i

10 / T stat. uncertainty
:// s-channe

Measurements at 7 TeV:
e Cross section for all channels
* Wt measured for the first time

(> 50 level)
* Upper limit for the s-channel

|

% t-channel 4.59 fb™" arxiv-1406.7844
3 t-channel 20.3 fb™' ATLAS-CONF-2014-007

Wt 2.05 fbo' pLs 716 (2012) 142

single top-quark cross-section o [pb]

* Top/antitop t-channel ratio (R;) 1 T Wt 20.3 fb™! ATLAS-CONF-2013-100 5
Oub—td - ¥ s-channel 95% C.L. limit 0.7 flo”' ATLAS-CONF-2011-118 .
R; = | 2 s-channel 95% C.L. limit 20.3 fb™" arxiv:1410.0647 -
JdB_)fd 1 | 1 | 1 | 1 | 1 | 1 I | | | 1
5 6 7 8 9 10 11 12 13 14
Measurements at 8 TeV: TeV]
\s [Te

* Cross section in t- and Wt-channel
e Upper limit in s-channel
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Single top t-channel cross section

ATLAS-CONF-2014-007
= -1
0 A multivariate Neural Network (NN) discriminant Vs = . g TeV, [ Ldt = 20.3 fb
trained with the 14 most-sensitive variables 0 00 s eratminey | Lot 208107 15c8 Tov ]
; - SR ¢ data
0 Contributions from signal and background % 300k =tchannel ;
= i T, Wt s-channel ]
evaluated via MC S : B W ]
] Lﬁ 200 |:|Z+ja}s, diboson ]
0 Lepton + 2 jets channel, 1-btag et e
0 O_chan €Xtracted via a maximume-likelihood 100¢
fit of the NN outputin the data 0
3 0.2F E
0 Total and fiducial phase space measurements & . .
3 0 02 04 06 08 1
NN output
Ot—chan(Vs = 8TeV) = 82.6 + 11.8 pb T AriAs i Lo a0 ad ey
(aMC@NLO) ATLﬁSStra?s&L)JI;[y& st ! |
aNNLO f 8 T V — 87 8+ b P:\jldggl:liitgi(azlcro;)s-s;ction:l
O-t Chan( £ ) p Powheg(2—3)+Pythia6 ’ |—-—1
Powheg(2—3)+Pythia8 ———
Powheg(2—52)+Pythiaé et
AcerMC-+Pythiab u=172.5 GeV —i——
O.t_Chan (ﬁ = 8 TeV) = 3. 4 i O. 5 pb A?eI:MICTP.yﬂ:lia.G EL=.60. C?eYI PR T T S '. | R
15 2 2.5 3 3.5 4
o [pb]
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Top properties
measurements

 Top mass
« tt charge asymmetry

* tt spin correlation

YPAE 2015 Woarino Lomano - 75/@ p/w;@a«w a ATLAS ¢




Top quark mass in Run I

Top mass summary

https://atlas.web.cern.ch /Atlas/GROUPS /PHYSICS/CombinedSummaryPlots/TOP

Most precise measurement by ATLAS Preliminary m, summary - Mar. 2015, L, = 35 pb" - 20.3 '

m,, * tot. (stat.=JSF+bJSF+syst)

AT LAS : I+jets* CONF-2011-053 . 2 168.3 + 6.3 (40 + 49 )
Ly =35pb h

I+jets E“’_F:‘;Z;.sz‘"z’“““ I—é-HH—I 1745 £ 2.4 (06 £ 04 £ 23 )
" '
all jets* ‘f““;i‘;‘i?ﬂ L 1749 + 4.3 (a1 + 38 )
it = 1
m, = 172.99 £ 0.48 + 0.78 GeV oo 2 - IR
t single top® ED"””“:_',““ [ i 1722 £ 21 (o7 20 )
|
> |+jets :’X“’ - K1 172.33 1+ 1.27 (0.23+ 025+ 067+ 1.02)
"= i
|
. — dilepton v 085427 ] 173.79 £ 1.41 (o054 +1.30)
L] i =
arXiv:1503.05427 |
=
i
I
T it 7.8
oftt) I+jets CONF-2011-054, L =35pb ' o ' 1664 £ 75
25

|
o Eur. Phys. J. G74 (2014) 3109 | +
o(tt) dilepton N [ e | 1729 =+ 3¢

I+jets and dilepton channels, o o 25 —— a7 L3
f Ldt :4.7fb_1 ATLAS Comb. Mar. 2015 15030522 ------ World Comb. + 16

172.99+ 0.91 i stat. uncertainty
World Comb. Mar. 2014 a0 42 . " ! stat. ® JSF @ bJSF uncertainty
' 200 total uncertainty
o ]

17. +0.76
Tevatron Comb. Jul. 2014 tacxiv:1407.2652) bl
g 74.34+ 0.64 *Preliminary, — Input to ATLAS comb.

| | | L |
160 165 170 175 180 185 190
M, [GeV]

Precision on m; measurement at LHC is constantly improving and getting closer to
the precision achieved at Tevatron
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Top quark mass

arXiv:1503.05427, Submitted to EP]C

Most precise measurement in ATLAS
s=7TeV, [ Ldt =4.6fb~ !
0 3D template fit in the lepton+jets channel
0 my, global jet energy scale factor (JSF) and b]et energy scale factor (bJSF)
¢ 1D template fit in dilepton channel
0 Templates: My reco, Mip reco Mw reco ANd Ry °° (ratio of the sum of the pr of the
bjets from the top and light jets from the W) s

0 Templates built by varying the fit parameters ~ 0.03= gimulation Vs=7 TeV I:l Myop = 167.5 GeV
~ C 3 — _
. 0 C
in Monte Carlo = 0.025" =172.5 GeV ]
> - ot -
. ) L5 N 177.5 GeV
i L Eo R B
= linear B0
t o C 9 aSR e
_ e W —
@ .02 Pl
: - e, v, -
epenadency 1or signa w gl ey
= RS W
ghicandac, s 4
[ ey o
B S, T 4
SAET At e
treco 0.015 gmiaaang, —
’ - L St e Rt Rt 4
= RSNt s,
: [=} RSt T
ot TR
|ZI— linear = At ey, Tt -
— RO
et ]
m 1 L OE R )
T S S S S S S *
0.01f7, S )
reco R S R -
ependenc ut no ’ gttt R, K
PRI, K R R S S 5 0 R S K o o o e,
P St Rt SR Nt
S S et -
d N S SNt e ]
reco e e R s Rty
1 ‘/ 0.005 e e RS e R
MU s
F e P P X e e e e B 9 9 e e 2 e B e 0 0
. et s
v'= linear dependency B o R e T S .
e s
Lo o o o e e e o o o e e e e e o o e o o o e e e o o e e e e ot B e e o o e e e o e e e e e e o e e e e e e e

for signal only Mip reco v | | 0540 160 180 200 220
m{ee° [GeV]

op

0 Probability density functions for each parameter evaluted by fitting each template
distribution for signal and background
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Top quark mass

arXiv:1503.05427, Submitted to EPJC

Vs =7TeV, [ Ldt = 4.6 b1
o tt kinematics reconstructed by a fit maximizing an event likelihood=> m; yeco, My reco
and Rj§“°

0 m; is not fixed in the fit

0 Signal and background PDFs are used in an unbinned likelihood fit to the data for all
events separately for 1 and 2+ btag samples:

L(mt,recor mW,reCO'erbeCO |mt']SF; b]SF: nbkg)» l+jets

1.04 I T \
——— 1o stat. cont. > 2b

—=—— 1o stat. cont. 1b

L(mlb,reco Imt» nbkg)r dilepton

bJSF

0 Results in the 1 btag and 2 btag samples are in Lo —— ‘%o stat. cont. comb. fit
good agreement |

0 First time implementation of an m; measurement

. . . 1.00— —
with simultaneous constraint on m;, JES and b]SF

0 Single and di-lepton results are combined using

| ATLAS .
BLUE T erease
171 172 173 174 175
m§°™P = 172.99 + 0.48(stat) + 0.78(syst) A [GeV]
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tt charge asymmetry in Run I

Alyl = yel = |yel
Alyl = lyi+| = lyi-|

_ N(Alyl > 0) = N(Aly| < 0)
“ " N(Aly| > 0)+ N(Aly| < 0)

Ny >0)-N@Ay<0)  Ay=y -y

FBE " N(Ay > 0) + N(Ay < 0)

0 Arp measured at Tevatron
0 Nota “good” observable at LHC

0 A Extensively measured @ 7 TeV

0 All results obtained after unfolding to parton level

0 Dilepton channel (submitted to JHEP)
0 Simultaneous measurement of A-(tt) and A, (1)

0 Single lepton channel (JHEP02(2014)107)
¢ Combination with CMS (ATLAS-CONF-2014-012)

0 Results in agreement with SM predictions

IFAE 2015

tt asymmetry
ATLAS l+jets
[JHEP 1302 (2014) 107]
CMS l+jets

[PLB 717 (2012) 129]
ATLAS+CMS l+jets
Preliminary

ATLAS dilepton

[ATLAS Preliminary]

CMS dilepton L
[JHEP 1404 (2014) 191]

Theory (NLO+EW)

[PRD 86, 034026 (2012}

ATLAS+CMS,\‘S = 7 TeV epreliminary

TOPLHCWG, September 2014

—— stat. uncertainty
— — — total uncertainty

0.006 + 0.070+ 0.005
0.004 +0.010 £ 0.011
0.005 + 0.007 + 0.006
0.021+0.025+ 0.017
-0.010+ 0017+ 0.008
0.0123 + 0.0005

lepton asymmetry

ATLAS dilepton
[ATLAS Preliminary]
CMS dilepton
[JHEP 1404 (2014} 191]
Theory (NLO+EW)
[PRD 86, (34026 (2012)

|

0.024 +0.015+ 0.009
0.009 +0.010 + 0.006
0.0070 + 0.0003

|

-0.1 0 0.1
AC
0.08\|||‘||\||\ L L N
L ATLAS Models from: |
PRD 84 115013, -
arxXiv:1107.0841 —

0.06f

0.04f
o
< 502
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tt charge asymmetry in [71~ channel

arXiv:1501.07383, Submitted to JHEP
Vs =7TeV, [ Ldt = 4.6 b1
¢ Dilepton channel allows lepton-based asymmetry

0 No dependence on top reco algorithms
0 Unfolding procedures to correct reco A|y| spectra for detector response and acceptance

_8 E T |P r‘t 'l T A 7 §1 0 77 LI N B B B B L B L B A B B L
. arton leve ] 2 0 ,
1_§ 0.8 ATLAS POWHEG-hvq+PYTHIAG = L ATLAS
L en, \s=7Te\ 4.6fp" —® correcieddata ] - ¢, \s=7TeV, 461fb"
06__ [ZZZZ) systematic unc. — r 1
- ] 51 g
0.4- - : ‘
0.2 - .
C ] O B
O O L L |. L | L | L L 1 L ‘n 1 L ’_ PY
. JU.UC ATLAS data
< 1o0 E L ATLAS 1o
u 1.2 N : L ATLAS 26 .
£ 1.0 + Ay T 2 5 + SM, NLO QCD+EW, Bernreuther(2012)
0 08 E A O e i
4 z 0 2 4 - 0 5 &0
Alyl Ac [%]

A% =0.024 +0.015 + 0.009

A¥ =0.021+0.025+ 0.017
YPAE 2015 Wa/m/wo Lomano - 7-]@ P/w;,%w a ATLAS 7




Spin correlation measurements

NOD+ND) =N =N

A= ASM. = 0.38 + 0.04
N(TT) +N(J,l) +N(TJ,) +N(J,T) hellClty T ATLAS tt spin correlation measurements

f Ldt=4.6", \s=7TeV ; il iyl

M) e 119 5000 018

0 7 TeV analysis: Phys. Rev. D. 90, 112016 (2014) Mo e 1125011202
0 Four observables used to extract the spin A M— i
correlation from a binned likelihood fit of fy, oo oty R

maximal basis ) — ' ' 0.83 £0.14 = 0.18

where , :

2
Standard model fraction

— th
Ameasured — fSMASM
: FUCH C16000E . Bam =
0 A¢(ll) shows highest sensitivity % 14000 [ Jome ATLAS }

£ 120005 {7 (A<0)
10000_— [ Background
0 8 TeV analysis: arXiv:1412.4742, submitted to PRL 8000 - _z_th e
6000 it e :
0 Spin correlation extracted via a template fit pot WS 3

on A¢(ll) distribution 2000,
fem = 1.20 + 0.05(stat) £ 0.13(syst)
0 Most precise measurement to date

0 See Paolo Dondero’s poster for stop exclusion from .
tt spin correlation A9 [rad] /

Ratio
-
i1
‘
[
1
[
|
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Summary

0 Top quark measurements have provided stringent tests of SM

0 Top quark pair production
0 Inclusive cross-section measured with 4% accuracy (and it gets better after combinations!)
0 Differential cross sections: resolved and boosted topologies, parton and particle level
0 Spin correlation, charge asymmetry measurements
0 SM predictions in general good agreement with data
0 Top quark mass
0  World combination reaches uncertainty of ~0.8 GeV!
0 Top quark measurements have started to probe for new physics
0 Stop exclusion from cross section and spin correlation (see Paolo Dondero’s poster)

0 Stay tuned for new results with early data in Run II at 13 TeV, as well as for more refined

studies from Run 1!
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Common object definitions

0 Details can vary among the different analyses
0 Jets:
0 Reconstructed from topological clusters using the anti-kt algorithm (R = 0.4)
0 pr> 25 GeV, |n| <2.5
0 B-tagging via a Neural network based algorithm (MV1) with average efficiency
of 70% and light jet rejection factor ~140
0 Electrons:
0 EM cluster with track matched
0 Isolation in tracker and calorimeter
0 Et>25GeV, [n|<1.37 or 1.52 < |n| <2.47
0 Muons:
0 Tracks in inner detector and muon spectrometer
0 Isolation in tracker and calorimeter
0 pt > 20GeV, |n|<2.5
0 Missing transverse energy

0 Vector sum of energy deposits in calorimeters, with corrections based on the
associated reconstructed object
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tt inclusive cross section
el,l Channel EPJC 74 (2014) 3109

Strong dependence of g;; on top mass

0 Extraction of top mass via the
maximization of a Baysian likelihood function
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Top quark pole mass from cross-section
ATLAS

compared to direct measurement

+59
DO approx NNLO: MSTWO08, 1.96 TeV 2009 ~ ————F—— 169.1

5.2
DO approx NNLO: MSTWO08, 1.96 TeV 2011 s 167.57 .

CMS NNLO+NNLL: NNPDF2 3, 7 TeV 2013 —_— 176.77{:2
ATLAS NNLO+NNLL: PDF4LHC, 7 TeV 2014 1714 = 26
ATLAS NNLO+NNLL: PDF4LHC, 8 TeV 2014 1741 = 26
ATLAS NNLO+NNLL: PDF4LHC, 7-8 TeV 2014 172.9_{22

Direct reconstruction LHC+Tevatron 2014 == 1733 = 0.8
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Constraints on stop pair production

0 R-parity conserving SUSY extension of SM
with £; - t#? (BR = 100%)

meas

0 Fitog ¢, to the o/ °™ — th difference

0 95% CL exclusion of stop with
my <mg, <177 GeV
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Top pair differential cross section

Phys. Rev. D 90, 072004
Vs =7TeV, [ Ldt = 4.06 fb~1

0 Total o.;f measurements show very good agreement with the SM

0 New physics phenomena can still affect the shape of o,z
: : : : : d
0 Top-antitop relative differential cross section (i ﬁ) where X = m¢g, pres, [Yez| and pr

0 Relative measurement more precise than the absolute = cancellation of correlated systematics
0 Cut-based analysis in the I+jets channel
0 tt system reconstructed via a kinematic likelihood fit.

¢ Final parton level measurement extracted via unfolding methods

Reco Spectrum Resolution & eff1c1er1cy corrections Parton level measurement
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Results: comparison with generators

Phys. Rev. D 90, 072004
Vs =7TeV, [ Ldt = 4.06 fb~1

Electron and muon channel ¢ &~ R . E..'_ T e
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Reconstruction of the tt system
via kinematic likelihood fit

0 The tt system reconstruction is performed trough a kinematic fit
using a maximum likelihood approach

L =B (ﬁn,l- '“Zp12|;--nu-.rn-) -B (ﬂ ﬁ[,|mn-., l"n-) . 5\ ?r# y
- B (ﬁp,j . ﬁpg._ Ep_q|:rn.«._ Fg) -B (f'.{ f',,, Ep_1|mg.l"f) .
¢ W) W (B ™15y) - W (Bipl By ) - %fﬁ ot \
g b

1
) l_[ W (ﬁjr:i.f|ﬁp.‘) - P (b tag | quark),
i=1

0 The likelihood assesses the compatibility of the event with a
typical ttbar pair

0 The algorithm is fed with the 4 or 5 reconstructed highest-pt jets
(and their b-tag info), the lepton and the E7***
miss

0 The output is the permutation of the four jets, lepton and E
that maximizes the likelihood
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From the detector-level spectra
to the cross section measurement

The ‘detector-level’ spectra are linked to the ‘parton level'cross section
o; via
J

Ni = Z MUEJO'],BL + Bi
J

Where

0 N; is the number of observed data events in the bin j.
0 L is the luminosity

0 B; is the number of background events in the bin i.

0 B is the branching ratio

0 M;; is the ‘migration matrix’

0 €; is the efficiency of the selection
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tt + jets differential cross section

JHEP 01(2015)020
0 Cut-based analysis in the [+jets channel Vs =7TeV, [ Ldt = 4.6fb~ !
0 Particle level measurement

¢ Limited by systematic uncertainties, background modelling (for n;.;s < 4) and jet
energy scale (njers=4)

d L . :
_9tt . sansitive to hard emissions in QCD =t sensitive to the modelling of higher-order

dNjets dpg,jet
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Jet multiplicity in top-anti-
top final states

0 Useful to constrain models of initial and final state
radiation (ISR/FSR)

0 Provides a test of perturbative QCD

0 Single-lepton channel
0 Four jet pr thresholds: (25, 40, 60, and 80 GeV)

0 Results are corrected for all detector effects through
unfolding

0 Reconstructed level - particle level

0 Measurement is limited by systematic uncertainties,
0 background modelling (at lower jet multiplicities)
0 jet energy scale (at higher jet multiplicities)
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Jet multiplicity in top-anti-
tor final states
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e, o8~ . andsofterjets
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Single top/antitop t-chan ratio

O sed Phys. Rev. D. 90, 112006 (2014)

Rt =
0gb—id Vs =7TeV, [ Ldt = 4.7 fb™1

0 Very sensitive to the ratio of the PDF of the valence quark in
the high x regime

¢ Smaller uncertainties because of error cancelations

0 Sensitive to new physics effects

0 Same analysis technique used in the ;. 4, measurement

L] L] L] L I L] L] L] L I L] L] LI | l L] L] L L] I L] L] L] L] I L] L L] L] I L] L] L] L] I L L]
ATLAS [ Ldt=45910" \s=7 TeV
Measurement result —t + — .
[stat. ® sys. [stat. ; The measurement is in
; agreement with the predictions
ABM11 (5 flav.) e & . P .
CT10 ., 5 from different PDF sets and is
CT10 (+ DO W asym.) —e—i dominated by systematic
GJR08 (VF) - B uncertainties
HERAPDF 1.5 ——i
MSTW2008 (68% CL) — '
NNPDF 2.3 ——i
' T A P |
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Tt charge asymmetry in Run II

0 Interest shown for boosted analyses
0 Combinations with resolved analyses could improve the precision

0 A at high m,, particularly sensitive to new physics
¢ Run Il ideal environment for boosted analyses
0 Expected 7x more boosted tops (m;>1TeV)

with 5 /fb
Interest shown also for A-(tl) with a highp; < e
hadronically decaying top (arXiv:1401.2443) st ! Det rﬂev . E
0-4;_ Axigluon m=300 GeV Remarh _i
0.3 ; Axigluon m=7000 GeV =
0.22— —
a _ N(Alyl" >0) - N(Aly|* <0) | , i
¢ N(@lyl" > 0) + N(Aly|* < 0) oF | 1 + ’
No ambiguity due to the z-component of the neutrino L .|““._
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Spin correlation observables

Z
0 Angular distributions of daughter pairs /@9 l
do
0 - — ~1 —Aa,a,cos0,co0s0, i N
0 Elicity basis: top rest frame

0 Maximal basis: event-by-event axis that maximize correlation for
gg fusion
0 S-ratio
0 Ratio of matrix elements of like-helicity gluon fusion with spin
correlation to without correlation
i (lMlﬁR + |M|EL)CO?"T'
§= 2 2
(lMlRR + |M|LL)uncorr
_me[(e- 1) D)+ (E- 1) —mg(T - 17))]
(t-1F)(E-17)(E-¢)
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Spin correlation: stop exclusion

0 tt spin correlation is sensitive to SUSY processes £t — t£7° °

0 Limits on stop production can be set by measuring tt spin
correlation

E T T T T T T T T T "ﬂﬂproduction,i',—)ci?ﬁi—»Wbi?f“ﬂ—)tﬂ Status: Feb 2015
L 4 - O [ T T T T T T T T 1 T T T T T
a ATLAS = 600p | | | | | ]
— - =— Observed _ 1 8 - ATLAS Preliminary  L,=201"[5=8TeV L, =47®" [5=7 TeV
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O — — Tl [ =Ei—t Xy 1L [1407.0583] 1L [1208.2500] B
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S~ X, r ==i- ng i 1L[1407 0583], 2L [1403.4853] 7
o) 80_ T : Bty DL [1407 .0608] :
S B Ex ] -
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ATLAS SUSY summary plot on atlas.web.cern.ch
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tt charge asymmetry in Run I

tt_N(A|y|>O)—N(A|y|<O) Alyl = lyel = lyel

ATLAS+CMS,\s = 7 TeV ereliminary
tt asymmetry

ATLAS l+jets 1 @1
[JHEP 1402 (2014) 107]

CMS l+jets

© T N(Qlyl > 0) + N(Aly| < 0)

ll — N(Alyl > O) ] N(Alyl < O) Alyl = |yl+| = |yl—| ATLAS+CMS l+jets
© 7 Nyl >0)+N(Aly| < 0)

CMS dilepton RN —
[JHEP 1404 (2014} 181]

Theory (NLO+EW)

[PRD 86, 034026 (2012}

TOPLHCWG, September 2014

— stat. uncertainty

— — = fotal uncertainty
(stat) {syst)
0.006 + 0.010 + 0.005
0.004 £0.010£ 0.011
0.005 + 0.007 + 0.006
0.021+0.025+0.017
-0.010+ 0.017 + 0.008

0.0123 £ 0.0005

lepton asymmetry

0 Extensively measured @ 7 TeV ATLAS dlepir et 0024+0015+0.009
(J:Hr\gﬁaeailgmogﬂ ¥ l 0.009 +0.010 + 0.006
3 . ipigg‘g!!hg;EW) 0.0070 + 0.0003
¢ All results obtained after unfolding to parton level - ! 1

. . A
¢ Dilepton channel (submitted to JHEP) °

- 0-08 T T L |

0 Simultaneous measurement of A (tt) and A, (ll) " ATLAS e

0 Single lepton channel (JHEP02(2014)107)
¢ Combination with CMS (ATLAS-CONF-2014-012)

PRD 84 115013, |
arXiv:1107.0841 —

0.04
0 Results in agreement with SM predictions <002
¢ To understand the discrepancies in Arg @ Tevatron 0
-0.02
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IFAE 2015

Iarino ?ommvo - 7-”74« PA?MW afﬂaﬂs

05

' ‘0.4‘ L

36




Summary

0 Physics of the top quark can answer fundamental questions.

0 So far all results agree with SM predictions

0 Most of the measurements are limited by systematics.

0 Top analyses in ATLAS presented in this talk

0 Top pair cross section (total, differential and associate production)
0 Top-quark mass measurement

0 Top-antitop charge asymmetry

0 Top-antitop spin correlation

0 Additional results can be found at the ATLAS public page
https://twiki.cern.ch /twiki/bin/view /AtlasPublic/

0 Stay tuned for new results with early data in Run II at 13 TeV, as well

as for more refined studies from Run I!
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