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Outline

e Why top quark ?

* The tools of the trade
» LHC: a Top factory at work
» The ATLAS detector: a Top observer

e Measuring top quark production
» top pair & single top: going differential

Recent public

* Measuring Top Mass
results!

® [op and Higgs

e A view from the Top Beyond SM in Top production
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Standard (model) successes

W, Z, bosons
unify Electro-
weak
force

ELEMENTARY
PARTICLES

Vv
S
D
Toa
©
|
QD
-t
O
L.

1

Three Generations of Matter

0.5

o (Q)

04}

03}

0.2

0.1t

a quick (biased) selection..

July 2009

a a Deep Inelastic Scattering
oe ¢'e Annihilation
o® Heavy Quarkonia

= QCD 0ay(Mz)=0.1184£0.0007

1

Events/(10 GeV/c?)
W

10 Q [GeV] 100
Strong
coupling runs

= E
s 2F
=
Elw
ST = o0
= o
< [ ) S N A B
160 170 180 19
4l Top Mass (GeV/c

P . . I S s A

O 1
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2

Reconstructed Mass (GeV/c”)

Top quark is found
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Standard (model) questions _ _
e How is gravity

e What is the origin of mass? incorporated?
ELEMENTARY
PARTICLES
» Why 3 generations : %ﬁge(sﬁ Zg"" enets
with different ges,
strengths)?

quantum numbers ?

[ I I

Three (

e What accounts for the energy balance of the universe?
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Standard (model) questions _ _

e How Is gravity
incorporated?
Quantum gravity

Extra dimensions...

e What is the origin of mass?

Higgs, SuperSymmetry, New
Strong forces..

ELEMENTARY
PARTICLES
e Why 3 generations e Why different
with different forces (r anges,
quantum numbers ? strengths)’
String theory..

4th generation...”?

e What accounts for the energy balance of the universe?
Dark matter, Dark energy...

fracesco.spano@cern.ch Top Quark Physics with ATLAS @ LHC  Seminar at Universita “La Sapienza” & INFN Roma  21st Oct 2013 5
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Standard (model) questions _ _
e How is gravity

e What is the origin of mass? < > gwcor porated?
uantum gravity

Extra dimensions...

Higgs, SuperSymmetry, New
Strong forces..

ELEMENTARY
PARTICLES
e Why 3 generations * Why different
with different 7 8 2= Q forces (ranges,
quantum numbers ? 8 A0 V4 - strengths):
4th generation...? =] String theory..

e What accounts for the energy balance of the universe?
Dark matter, Dark energy...
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Standard (model) questions _ _
e How is gravity

e What is the origin of mass? < > gwcor porated?
uantum gravity

Extra dimensions...

Higgs, SuperSymmetry, New
Strong forces..

ELEMENTARY
PARTICLES
e Why 3 generations * Why different
with different 7 8 2= Q forces (ranges,
quantum numbers ? 8 A0 V4 - strengths):
4th generation...? =] String theory..

e What accounts for the energy balance of the universe?
Dark matter, Dark energy...
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Standard (model) successes: scalar boson is observed!

Phys. Lett. B 716 (2012) 1-29 Nobel for Phys 2013 - InfoForPublic

e Y Yy Y

ATLAS ¢ Daa

3500
-------- Bkg (4th order polynomial)
2500

'llll'lllll"llll'llllllllll'

— 18=7 TeV, [Ld:=4.afb"
15=8 TeV, [Ldt=59fb"

200
100 . b s '
O—T1- - T ar? ...... T '..‘ .
-100
-200 . . . .
100 110 120 130 140 150 160
m,., [GeV]
Phys. Lett. B 716 (2012) 30
CVB 18=7TeVL=510" \s=8TV.L=53m"
> : L} I L T T [ L T '>i L) : "l 'vi 1 lY' : L) E
8 16f ¢ Data S Kp>05 7 7
o : B z+x ™ 5 ]
~ 1402y, 22 = .
S [Im=125GeV € a ]
c 12f - a
) C w
& 1of » 'E
s ———————— "
e N 120 140 160 :
8r
6f
4f Even if the Higgs particle has completed the Standard Model puzzle, the Standard Model is not the final piece in the
5 greater cosmic puzzle.
0

T e The puzzle is not complete..
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Why Top (q uark) f? Masses of known fundamental particles

Most massive constituent of matter 20!
Large Yukawa coupling in SM: Y: >0.9 Mrop~ M Gold Atom

Miop~ €electroweak symmetry breaking scale

1/mi < 1/ < 1/A < myA2 130
Production time < Lifetime < Hadronization time < Spin decorrelation time
Decay and strong {00
production rate are tests photag g&g
of standard model e
GFitter, Eur. Phys. J. G 72, 2206 (2012) o0
; o [ ' et e : : Tevatron averads ¥
g e e ||
< 8045 [ 6% and 95% CL Mt contours ] 0
T : Higgs
20.4 [oput j top
l
%038 |- | Various scenarios with direct/indirect
w3l 5 coupling to new physics: from
- 1 extra dimensions to new strong forces
80.25 =~ > —
- \,;:-_\' [ﬂimer‘ =

M.ox 150 160 170 180 190 : : 0 ! G t 1 ) t
Background to Higgs an >\/V\Al< >vvvx<
possible new physics (SUSY,..) ¢ P ‘
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LHC : a Top producer
counter-rotating high intensity proton bunches colliding at center of mass
energy (Ecmor s ) =7 TeV in 27 Km tunnel
—— - T - I - »
Eun(Tevatron)= 1.96 TV deS|gn ECM—14Tev lumi 1o34cm2s 7

v S

N 4

" 4

£ N; = bunch intensity S
X 2 np = number of bunches
g o = colliding beam size
Ad maiora..

2010
Ecm—7 Te\#/

R _

° peak 1hstagtane@gzs_ A )
LL:JrFQ_IQSC.)_?J[y 1\‘1'0 .~ " , Ecm _7 Tev

® delivered Integrated
lUMinosity~50 pb-1

peak lumi

Nevents(At)= [Ldt * Cross section
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Top quark @ LHC: production(l)

Utt(\/g mg) - Z /dx@dxifz (x"w“ )f? (%7“2) G (pam%7$27mjaas(u2)aﬂ2)

1,J=4,9,9
p LHC(14) | LHC(7) | Tev(1.9)
ag ~90% | ~85% | ~10%
qQ ~10% | ~15% | ~90%
_ H1 and ZEUS HERA I+II 10 parameter PDF Fit
P _; 1 [ -

Q> =10 GeV’

—— HERAPDFL.5 (prel.)

To produce tt o
~massless partons B - oncer

A 2 R [ ] model uncert
s Z dmy > T;x; =35/5>4mi/s.

[ parametrization uncert.
f(x) falls with larger x £ typical iz; N€&r ()
threshold ~—

e
=N

0.2 ~
xS (x0.05) T4

|:{> _0.19 @ Tevatron /s=1.8 Tev

T R _ P

V5 0.18 @ Tevatron s=1.96 TeV a .
(0.048, 0.043, 0.025) @ LHC with Js=(7, 8,14) TeV
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Top quark @ LHC: productlon (1)

Tevat | LHC(7) | LHC(14)

probe low x in pdfs —

ag ~10% ~85°/o ~90%
(abundant) gluon fusion dominated — -~ g0% [ ~15% | -10%
qq annihilation gluon fusion
Y / l 2 - |
top pairs: . Y
strong g » |
g (
— 4.4 4.7
Czakon, Mitov, Fiedller 2013 Ormev = 172 ***.58%%" 48 pb

PDF=MSTW2008nnlo68c!
NNLO+NNLL accuracy  Qigrey = 245.8 *92.54 *62.64 pb o e 1733
O0#/On ~4% r '

scales PDF
t chan Wt chan s chan
/ /
single top: 4 T 9 q g t . t
electroweak W t | M >\/\/\/\/\/\<
oo= 172.5 _ b *
Mtop b t g b b W_I_ g/ W B
Kidonakis
o O7Tev =64.6 £2.4pb O7rev=15.7 £ 1.1pb  O71cy = 4.6+0.2 pb
approx NNLO € 7Tev = 4.6x0.2 p

50i/ar ~210 7% O8Tev = 87.8+3.4 pb Osrev =22.4+1.5 pb Ogrev =5.6+0.2 pb
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Top @ LHC: in the context

proton - (anti)proton cross sections

LHC14

10" g
o
o
o
:
.

10' E

10° £

II I I I IIIIII I I IIAIII A I T |§109
S 1 .
Gtot : : ?E 10
| 2 10’
Tevatron i LHC 3

> s/20)

T

Gjet(E

0Oz

o (E/” > 100 GeV)

N

s (E ) > Vs/4)

jetM =T

s, (M, =150 GeV)

Higgs(

M, = 500 GeV)

Higg

0.1 T
Vs (TeV)

10

33 20 -1
107 cm ™ s

events/sec for L

t and tt cross section

Js(TeV) (Oupb)| Oxpb)
1.96 (pp) | ~7
7 (pp) |~172| ~65
8(pp) [~230( ~88
14 (pp) |~900

Single top events are ~50%

tt/t Rate at L=
1033cm2 s

0.16 (0.06)Hz
0.23 (0.08)Hz

0.9Hz

for [Ldt = 5 fb"1 (18fb"1)@7 (8) TeV, expect
~8-10° (~4.5 10°)tt events

Tevatron (lower energy collider): [Ldt =9.4

fb-1 on tape, expect ~ 6.6 - 10* events
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Top signatures "7 tidecays

o Hi ' +lep
High P+ jets by ao49 hadT

* b-jets qq ~67.6% +iets
* 1 to 2 high Pt leptons W
» Missing energy >
u ) ]
t b

9 ? i-Iepton

o p— :
t (e,H)
b single top
e W <> w 9/q’b, b

//I or 2 jets

bkgs_tt: W/Z(+jets), single Wt _ t,s
top, QCD, Di-bosons bkgs_single_t: tt + same bkgs_tt
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ATLAS - d T0,0 Observer__ 3 trigger levels
44m

for event
.7 selection

. ‘

nner detector

Tile calorimeters

LAr hadronic end-cap and

forward calorimeters
Pixel detector \

Toroid magnets LAr electromagnetic calorimeters

] - T - - IIA'
Muon chambers Solenoid magnet | Transition radiation frac Tracking Electromagnetic Hadron Muon
Semiconductor tracker chamber calorimeter , calorimeter chamber
et
matters —S
muons
n = pseudorapidity =-In (tan(6/2)) +’
=,
—_— P
n
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...with excellent performance
N 2011-2012
SOATLAS

1 EXPERIMENT Top events are real commissioning

tool: full detector at play!!
ATLAS | uminosity Public Page

electron

0T T 7717 T T 0 T T 1171 i
- ATLAS '
25— Preliminary 2012, \'s =8 TeV
LHC Delivered Delivered: 22.8 fb’
\\ 20 ‘ Recorded: 21.3fb"
muon inside jet - - \ ATLAS Recorded Physics: 20.3 fb”

secondaty vertex .
of b-ta S\ed jet .Good for Physics

\

Run Number: 159086, Event Number: 64558586
Date: 2010-07-14 15:04:51 CEST

-
&)

2011, \'s =7 TeV

Y
o

Il][lllllllllllllllll]

Delivered: 546 fb
Recorded: 5.08 b
Physics: 4.57 fb”

Total Integrated Luminosity [fo"]

(&)

\ \ /
\\ \‘\_ \ //
/ -
\ </\
(X

e+/ets canaqigate 0 |
2 0 1 0 ya® P\Q‘ 3\)\ OC\ ya® P\Q( 5\)\ OO\
Month in Year

Total Recorded (Delivered) Lumi:

45.0 (48.1) pb™
Lumi uncertainty~3.4% Aﬂalyses use : 4.7 fb (201 1) to

Data sample for first top paper~3 pb1 20.3 fb1(2012)
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Selection/Ingredients for top quark pairs/single-top

/
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Selection/Ingredients for top quark pairs/single-top

Electron Muon
Good isolated calo object Segments in tracker
Matched to track and muon detector
E.>25 GeV Calo and track
Inle[0;1.37][1.52;2.47] isolation
pr>20 GeV n|<2.5
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Selection/Ingredients for top quark pairs/single-top

Electron Muon
Good isolated calo object Segments in tracker
Matched to track and muon detector
E.>25 GeV Calo and track
Inle[0;1.37][1.52;2.47] isolation
pr>20 GeV |n| < 2.5

/

Jet
Topological clusters, Anti-k; (R=0.4)

MC Calibration checked w/data

pr> 25 (20) GeV, IY]I < 2.5

(large JVF =>jet trkin pv P1/> jet trk PT VS
pile-up jets)
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Selection/Ingredients for top quark pairs/single-top

Electron Muon
Good isolated calo object Segments in tracker
Matched to track and muon detector
E.>25 GeV Calo and track
Inle[0;1.37][1.52;2.47] isolation
pr>20 GeV |n| < 2.5

7
b-Jet
et isplaced track dary |
Topological clusters, Anti-k; (R=0.4) Displaced tracks or secondary lepton
MC Calibration checked w/data SVo: reconstruct sec.vertex
pr>25(20) GeV, [n|<2.5 JetProb: track/jet compatibility with prim.

(large JVF =>jet trkin pv P1/> jet trk PT VS vertex

pile-up jets) IP3D+SV1 +/or JetFitter: advanced IkI/NN tagqers
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Selection/Ingredients for top quark pairs/single-top

Electron Muon
Good isolated calo object Segments in tracker
Matched to track and muon detector
E.>25 GeV Calo and track
Inle[0;1.37][1.52;2.47] isolation
pr>20 GeV |n| < 2.5

miss
E;

Vector sum of calo

/ energy deposits

Corrected for
identified objects

b-Jet
Jet :
Topological clusters, Anti-k, (R=0.4) Displaced tracks or secondary lepton
MC Calibration checked w/data SVo0: reconstruct sec.vertex
pr>25(20)GeV, [n|<2.5 JetProb: track/jet compatibility with prim.
(Iarge JVF =D jettrkinpv PT/Z jettrk PT VS vertex
pile-up jets) IP3D+SV1 +/or JetFitter: advanced IkI/NN tagqers
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Selection/Ingredients for top quark pairs/single-top

Muon
Electron .

Event cleaning Good isolated calo object Segments in tracker
Good run conditions Matched to track and muon detector
with at least 5 tracks Inl€[0;1.37][1.52;2.47] isolation

Bad jet veto pr>20 GeVn|<2.5
Cosmic veto (Up) | -

Vector sum of calo

/ energy deposits

Corrected for
identified objects

b-Jet
Jet :
Topological clusters, Anti-k, (R=0.4) Displaced tracks or secondary lepton
MC Calibration checked w/data SVo0: reconstruct sec.vertex
pr>25(20)GeV, [n|<2.5 JetProb: track/jet compatibility with prim.
(Iarge JVF =D jettrkinpv PT/Z jettrk PT VS vertex
pile-up jets) IP3D+SV1 +/or JetFitter: advanced IkI/NN taggers
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Backgrounds estimates (single lepton-+jets)

D

0. _ e simulated shape Ny + Ny = (”Mz u 1)(D+ _ D)
9, rmc —
* normalization: scale from charge Ve data
o W+jets asymmetry of W prod before b-tag,
s MC extrapolation to b-tagged region
4 Nloose  _ Nl!gglse + Ngl‘zse, (V Boudreau

e Matrix method Nstd _ ploose - cagloose Top2012)
_ real fake

r 1s the marginal efficiency of standard cuts.

® QCD | . fis the same, for background sources . | ATL:A‘S_COIT]F_ZM 1| 1 |
Both can be measured in pure or E’ 10°E ATLAS Preliminary o banzort -7 |
q |el background event subtracted samples LI J' Ldt 070 1t E
174 7 . . . v - |:| +++++ _
o “Fake” leptons: mis-id . S Wocove ]
jets,y—e*e, non-prompt )€l o JQt template:shape_ from jet 107 SHlels e 2
leptons (b/c-decays), triggered events with 1 high em. : ]
punch-through had .content jet. Normalize by fitting low,
! Eymiss shape to data and extrapolate
g 10°
e Singletop v
b t  Simulated shape+ o
g ; rate set to SM 2 3 4 25

N.

jets

i normalizations=fit
e Di-bosons

(WW,WZ,Z2) simulated shape+ parameters, egtimateg are
7 rate from simul starting points for fit
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Backgrounds (di-lepton)

ATLAS-CONF-2011-100

‘Fake” leptons from data 8.
» Get probability for loose “fake” and real leptons to be @
in signal region < control samples enriched with g |
real (in Z window) or “fake” (low ET™8) leptons T2l
» Combine with N(di-lep) for all loose/tight :
pairs—fake tight (i.e. signal) lep
Same 1dea, more categories (j=jet, [=lepton) 10 3
! l q! q ! -
J J ] J
j 7ﬁ JJ j % 34—/ 1E
l l" ! o~

||||| ||||||||||||||||||||||||||||||_
_ ATLAS Preliminary b-tag eu 4

5det=o.7o fo!

std/std loose/std std/loose loose/loose 0

(J Boudreau

N'r:'r e e e e l,l
Nl,S _ ) fZ T f2 . NT,f TOp201 2)
NSt &1 fi &1 fi N;f,
NS5 nry nifs firn fifz b

» Alternative: scale bkg-subtracted N(same sign

ff
leptons) in data with N(opposite sign)/ N(same sign) from
simulation

100 200 300

o M Other EW

* Data
L tt
W Z/y *+jets
Fake leptons

400 500 600 =70(
H; [GeV]

° Z/Y* bkg (ee, uM) : scale non-Z/y*-bkg-subtracted data in Z-mass
window control region with ratio of N(Z/y*) in signal region to control

region from simul.
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Producing top quarks
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Inclusive o:: dilepton - Js =8 TeV /- ~2037(2072)

{vivbb r
freshly presented at TOP2013 in September ° - )
* Require opposite sign (OS) ep, no Hr,Ey™iss S
cuts, no lep isolation minimal use of jet/ET™SS info w-o E ot
e Bkg: single top (Wht), fake leptons, reduced Z+jets r b
®* Simultaneous fit for 0. and &p, efficiency to ATLAS-CONF-2013-097
select, reco and b-tag a jet in 1-b-tag and 2-
b-tag samples—minimize jet & b-tag syst g ATLAS Proliminary
Ny = Loy Ee,uzeb(l - Cpep) + N ;)kg 2 :—. -. I:Y] .f Y
N2 = Lo eqChes” + Ny 2 Oomen
E_ p_["‘Y
e “External” Syst dominated: Lumi ~3.1%, * |~ Apgoned
E b~1.7%, tt modelling ~1.5% Elec. ID/isol ~1.4%
o7 =237.7 + 1.7 (stat) = 7.4 (syst) = 7.4 (lumi) + 4.0 (beam energy) pb “ s, :
O0ti/O ~4.8% = " s
:J

Most precise LHC o: @ 8 TeV!
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Inclusive top pair cross section results o
Js = 7 TeV (latest)

ATLAS Preliminary

Data 2011 \Ns =7 TeV
Channel & Lumi.

Single lepton 0.70 fb™
Dilepton 0.70 fb

All hadronic

Js = 8TeV

12 Sep 2013

. NNLO+NNLL (top++ 2.0)
PDF4LHC m, = 172.5 GeV

B scale uncentainty
scale+PDF uncenainty

= stat. uncentainty

- total uncertainty

Oy +(stat) £(syst) £(lumi)

179+4+9+7pb
173+6° 1% *3pb
167+ 18+ 78+ 6 pb

Data 2012 \s =8 TeV

Channel & Lumi,

1.02 fb"

Combination

Single lepton 5.8 b

ATLAS Preliminary

12 Sep 2013

NNLO+NNLL (top++ 2.0)
PDFALHC m, = 172.5 GeV

B scale uncentainty
scale+PDF uncenainty

- stat. uncertainty
- tOlal uncertainty

G, t(stat) 2(syst) £(lumi) ﬂEmm)

241+2+31+9pb

1771323+ 7pb

Single lepton, b — Xuv
466 fb

+24
1651211743 pb Dilepton (ep) 20.3 fb”

l l

238+2+7+7+4pb

l

|
| | 100

Tpag + jEIS 1.67fb" » « 194+ 18+46 pb
T, + lepton 2,05 b 186+ 13+20+ 7 pb
All hadronic 168+ 1250+ 7pb
4.7 fo’ l i
50 100 150 200 250 300 350

; [P}

| |
150 200 250 300 350 400

S, [pb]

e ATLAS relative uncertainty is ~6% (4.8%) at./s =7 (8) TeV
dominated by systematics. Comparable to theory.
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LHC combined @ s = 7 TeV
lor = 173.3 + 2.3(stat.) + 9.8(syst.) pb

ATLAS-CONF-2012-134

SO'tE/O't't ~5.8%
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Differential do./dX: l+jets /s = 7TeV Lot = 47 fb! (2011

evolution from EJPC (2013) 73 2261)  ° ” qqLvbb
fresh from TOP2013 (September)! ONRENERNGE S pesyrseoueresritt
I / ’ P 10°E (7 Tev f Ldt=4.61b" éga(',ijets) E
e 1 isol. (e,M), symmetric Er and mt¥ cuts, = 4 & 107 B 7 cieton) 3
10 ] W+jets |

B Multijet
(] other

central jets, =1 b-tag, standard bkg

E|

1

e Reconstruct tt with kinematic likel. fit
(mi,mw constraint) = -log(lkl) > 50

—_
g e N
‘ T T T T T

o UnfOId d(N'kag)/dX to fU" phase space § N W{/‘W////////////%/ %
(reqularized unfolding, linearity tests), scale 3 100 200 300 ﬁé’iﬁ?&?ﬁ% 7[0&3?0

with L and o« = 1/0s dowdX o —
I 4 - Ewow
Oj = A P """""" del:d.Gfb"
® X= Prwp (NEW), My Y Pr | COMpare with MC and 1/0« dOw/dPro
calculations! |
o Ty,olcal SySt.'<7% for y: 10-20% prz 2 to 10% 98 ‘E:.” _mmﬁmmmmmmmm
fOI’pmop , 2% to 5% m b6 5650400 560 660760 800

ATLAS-CONF-2013-099

Differential! Test QCD , constrain new (non-)resonant phys. in tt!
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| | | - | — — _1
Differential do./dX: l+jets Js =7 TeV L= 471" (2077)
qqlvbb
ATLAS-CONF-2013-099
_'cg1.8:""|""|""|""|""|llll|||||: -'(E 18: ||||||||||||||||||||||||||||||||||||||||||||||
8 1.7; ATLAS Preliminary Data E 8 {75 ATLAS Preliminary = pata E
~ O C€T10nlo . ~ - O CT10nlo ]
%‘ 1.6 f Ldt = 4.6 fo" i ﬂﬁlgﬁg"gn"’_f g* 1.6 f Ldt=4.6fb" O MSTW2008nlo-
C 1.5_ - ] Q - A NNPDF 2.3 A
= 1 4:_ \s=7TeV o HERAPDF 1.5_— |£ 1 '55 /s =7 TeV > HERAPDF 1.5 -
B 1.4F =
1.3 — -
- Jﬂ] - 1.3 =
12__ ] -
: P 1.20 Oﬁ] =
1.1 5 ﬁ n .
) —— o 1 110 L
EETeR e : T T S o E
0.9c E AEORPA T
0.8:I 11 1 | 1 1 1 1 | I | I | | I | I | | 11 1 I_ O 9;_ ]
O 50 100 150 200 250 350 800 O 8: ] | L 111 | L1 11 | L1 11 | L 111 | L1l | 1111 | L 111 | L1l | P11
p. [GeV] 250 450 550 700 960 2700
m,; [GeV]

Data tend to be “softer” than theory;
HERA PDF consistent, while some tension is visible with other PDFs
Prediction from from NLO generator

Differential! Test PDF!
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u - - - -
EurPhys.J). C72 (2012) 2043 Differential o.:growing field of action
s I . . :
s 3 arXiv:1304.6386, submitted to PRD
&= 0.95+ i -
g b ”,j' ATLAS - JS = 7 Tev n 0-2: | I P ]
O o9} B I“”"""“'b ] « 0.18H <ee- Fope (ALPGEN)
ﬁj veto region: |y| < 0.8 - — — F . (Madgraph) .
08501 0.16 —— Fitted F - -
S e he 1 ﬂ - Fitted F e 1 s!gma 7
0.8 e Data + stat T e -] 0-14:_ P Fitted F ., 2 sigma E
- » - — |ncreasfd IS:R j 0.12 _& ATLAS _:
£l e Decreased | 1 _ :_ fl- dt=47 fb-1 _:
7 Ofid (tt + HF) 0.1¢ ]
. bttt Rur = —— - s =7TeV .
g ; Ofia (17 + ) 0.08 E
> 0.06 -
& ok T 0.04H] =
= VSR R L L I ——
H | ] 0 0.2 0.4 0.6 0.8 1
0956100 150 200 250 300

tt+heavy flavour, 4.7/fo Fore
ATLAS-CONF-2012-155

gap fraction (1/0 do/dQ), 2/fo @ [GeVl
Eur Phys. J. C (2013) 73: 2261

- ATLAS CONF 2013 099 £ f ATLAS Preliminary
> :. dat _‘ . o St —&— Data
@ L == e 1< - ! _1>_| 104 &= ALPGEN+HERWIG
E 1 3 — NLO (MCFM) < 3 | = Data i 3 . — — MC@NLO+HERWIG ,
- E 000 NLO+NNLL = © S — ALPGEN+PYTHIA (a, Down)
-3 : —_— ! ] '8|-§z:~|o - —_ ## NLO QCD = - — - POWHEG+PYTHIA
S 107 ATLAS 12 °F ATLAS Preliminary S 10°: — ,
8 JLdt 2051 : F det_“'b_, . , e Late a7t
b': 1 0.2 { 1 4 . @ == - N e, 18=T7TeV
= g Mtt [ i ) 15 =7 TeV 10%E
1 1 107 &= _— = . ——
10'3 = 3 - anti k, R=0.4 b v
8 1.5 3 - R - | <25 q:
3 - : m : 10E :
Q 1 ! { ! | ) it 3 p'>4OGeV _
O g - e+jets -
— 05?_ - 1 1 1 } 1 } 1
< S L -
g 1.5 S 15- g
T . I P> i
g 0.5 | = S eI
=5 0.5:':—A P PP PP I I — - ——
% 300 / / 1000 mZ??;ZV] 0 500 1000 1500 2000 2500 0.5 ——- —
1/0 do/dX xf m, [GeV] . — S ——
v ” 2,/fb 1/0 do/dX, 3 5 6 7 >8
=Mt - N, -
tPT Y X= Prtop Mt PT.& Y, D/TD dN/ dNijets, 4.7/l Mete
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Inclusive single top cross section results O;

1 I I I ] 1 ) I I I | I 1 I I I 1 I I :
- ATLAS Preliminary 12 Sep 2013

_single top-quark production t-channel -

—i
-
N

lllllll

_ NLO+NNLL at m, = 172.5 GeV

MSTW2008 NNLO PDF
| stat. uncertainty

/ s-channel

$t-channel 1.04 fb™' pLs 717 (2012) 330
Bt-channel 5.8 fb™' ATLAS-CONF-2012-132

- EWt 2.05 fb' pL8 716 (2012) 142
E TWt 20.3 fb™' ATLAS-CONF-2013-100

|

| lllllll

—t
o
I\IXI

single top-quark cross-section ¢ [pb]

¥ s-chanhel 95% C.L. limit 0.7 fb™' ATLAS-CONF-2011-118

lllllll

lllllllllllllllll
o 6 7 8 9 10 11 12 13 14

\s [TeV]

francesco.spano@cern.ch Measuring top Xsec

IIF1ITTTITjj'TIlIIT1]IIIITTTIIIIIIIIIIIIIlrrl

ATLAS Preliminary \s=7 TeV
t-channel 1.04 fb* —e—383"20pb
arXiv:1205.3130

t-channel top 4.7 fb —e— 53" pb
ATLAS-CONF-2012-056

t-channel antitop 4.7 fb™' —&— 30°; pb

ATLAS-CONF-2012-056

Wt-channel 2.05 fb'! -#- 17", pb

arXiv:1205.5764

s-channel 0.70 fo™' ——4 < 26 pb

ATLAS-CONF-2011-118

Theory (approx. NNLO)

llllllllllllllllllllllll[lllIllllllllllllllll

0 20 40 60 80 100 120
single top cross section [pb]
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T T T T T T T T T T T T T Y

6000[- ATLAS Preliminary ( Ldt=581b" 15=8 TeV-
- 2 jets SR ® data -

L 7 B r-channel

B (i, Wi, s-channel

Bl Wsheavy flavour T

] Wlight jets -

I Z+jets, diboson

-OCD multijet

## QCD + MC stat unc.

Measuring ot
Slﬂg|e tOp t-chan: qlvb(b)

e Observed in t-chan at !
Js =7 &8 TeV

EN
o
o
o

T T T

Events / 0.05

b= 0.2 +
_I__ 2 (Stat.) i 18 (SySt.) pb ; OSF .............. PRARB L TP POTE T ST T RO Ruediecleaqpen o
g - 0 02 04 06 038 1
NN output
~ 0 S
So-tlo-t 1 9 A) Wt-Chan: quVb’K\,EVb %1400‘ ATLAS Internal —e— Data
& ’ §1000_ eu 1-jet 1 tag ) Ei(rk) jets
' W V, C D goo @z Uneertainty

600 7

® Wt eVidence at 8 TeV' — t 400

200

777227 WY

Data/MC
-  wd
N

K

owt =27.2 + 2.8 (stat) + 5.4 (syst) pb R

W

o
]

significance: 4.2 s.d. g % e oo oo
dowr/Owt ~22%

s=chan: {vbb

e Have 95% CL obs N
(exp) upper limit et 0 4ol

o; (s-channel) < 26.5 (20.5) pb . | 2ok
[Lat=1.0 - 0.7 fb! (2077) & 5.8 fb™1 (2012) OH=LE G 200 400 60!
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| 2 jets 2-tag
60

—r 7
| ATLAS Preliminary 0.70fb"@ 7 Ter

ATLAS data
B single-top s-channel
B single-top Wt
I single-top t-channel
B top pairs
B W-+heavy flavour
[ W+light jets
Diboson
P Z+jets
B Multijets

Candidate Events
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Inclusive o:: Wt-channel -\Js =8 TeV |L«= 203 (2072)

ATLAS-CONF-2013-100
tvivb
fresh from TOP2013!
e OS ey, 1 or 2 central high prjets, =1 b-tag, - : ; 9
* bkg: tt,diboson, Z+jets, data-driven (MM) fake lept. -
> X
e Extract owtand bkg norm by simultaneous binned & ‘-
max. likelihood fit of Boosted Decision Tree N
outputs in 7 and 2-jet bin (with 19 and 20 kine vars) B

IS 1400 =TT T T T

SySt dom/l’)al‘ed Q - ATLAS Internal
©1200

o Syst: Wi(tt) gen+ had 11%(~7.5%) b-tag eff. ~8% %moo;j ?_f;v_;afgmt:zo'?’fb4 S s
ISR/FSR (~5.9%) and b-jet en. scale (~5.0%). 2 800 4 z, B
Profile b-tag, 1 comp of JES and soft JES.

vl b bvr et b b

Gwi=27.2 £ 2.8 (stai) £ 5.4 (sys0) pb 3
significance: 4.2 s.d. dow/ow:~22% ¢ 15”;% ) T /
® Assuming |Vi| >> |Vis|, |Vid| determine Vip 5 o7 s ; 02 — ROLI/
Vil = 1.10 + 0.12
If Vo [<1 Vi [>0.72 at 95%CL Wt evidence at 8 TeV!
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Measuring top mass
l.e. what makes top special

G. Degrassi et. al., arxiv:1205.6497

0.10p —
008 | M, = 125 GeV A
120 o ' ' \ 30 bands in 1
[ S0’ === o° 2 o006 \ M,=173.1+0.7 GeV -
L /’?:_.j;:._-_:?‘—".,‘ ] =8 i = \ _ .
5 " Instability - =" .- Meta-étability. . -+ ] = . a,(M,) = 0.1184 + 0.0007 ]
% 175 -j‘:___._--::."-‘:--_:" - : - \‘ ' g- 0.04 _
s | C--C1@aa)) . 5 3
% ! L N N L . £ 002}
= - o o ] Es
g 1moF ' ] 2 _
° L - ] 20 0.00
£ 0 e Stability -: T -
E ] -0.02
165 i " " L 1 " " " i 1 " i " i 1 i " " A L
115 120 125 130 135 i
—004 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 [

Higgs mass M}, in GeV
102 10* 10° 10%* 10" 10'2 10 10'¢ 10" 10%

RGE scale g in GeV
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Measuring top mass [Lat = 4.7 b1 (2011)

qqlvbb -

wt

ATLAS-CONF-2013-046

e Standard single lepton selection
» good quality objects, 1 lepton, cuts on - —

Er,m7V, =4 jets, at least 1 b-tagged jet " § " ATLAS Proiminary
» channel dep analytic shape for bkg, =000 | Lotea7
> W+jets and QCD from data S000F o isrievam .
o ] 4000/ g srgle top ."
* Reconstruct mi.p-sensitive variables 7
Reconstruct LO tt picture with kinematic N
likel. fit (Mtop,HAD= Miop,LEP + WeIght for b/mis- L 228 Uncertaint .
tag ,mw constraint) = assign jets "
® Mtop,reco from fit-assigned & constrained jets v e e 'L““
* Mw,reco from fit-assigned but unconstrained jets NN ——
92000' ATLAS Preliminary . ‘\is:';'Tf":'T:afl)aGlNE
e Rp (1 or 2btag) = 0 b-tag PTp-tag/ PT,Wjeti +PT,Wjet2 £1800" [ Lotea7 o' ==l it
P ¢ W //24/ W +jets :
X=2 for 1-btag and X=1 for 2 b- tag 1222 ﬁ?,y% a.:f,..;m
* Build simulated template(s) of  ; frcein ool £ T WIS
variables as a function of e 1500 = ”;%
I i 600} "y, |
o mtop é 0015k 400?; |b %}*&
_ N/ | 200} 'HZ’""“?
¢ global jet en. scale factor (JSF) I TR S TR

e relative b-to-light jet energy scale ?;lto1éore;i zggoff’
factor (truth matched):b-JSF P
e Jet energy scale is crucial: different reduction
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\Vieasuring top mass JLdt = 4.7 fb™ (207 1)  ATLAS-CONF-2013-046

rr I ! > 600 T T IS
1200_ ATLAS Preliminary * \s=7 TeV data -1 B ATLAS Prellmlnary . s—7 TeV data
o Unblnned IlkeIIhOOd flt 10001 J-Ldt=4.7fb'1 ------- Best Fit background | g 500 J-Ldt_4.7fb + ------- Best Fit background |
of data in windows of ¢ o = $ w0 # —Eenm
5001 coo0sT ] 1 ova o0
Mw,rec, Mtop,reco and Riv 1O S o * 200 SSF - 1008+ 008",
3 analytic template(s) N
derived by fit to 400
100
MC_’mtop,JSF,bJSF 200 70T e
. e " 30140 150 160 170 180 190 200 210 220
Template dependence I I e
° : - : - ool 3 LAS Preliminary ~ * \s=7TeVdata
mtop,reco- mtop,JSF,b JSF variables : arias prmsy ; 5001 }\T::;bl oo Bfe szl-:rlt\t/):cliground_
® Mw,reco : JSF correlations ; > 500 Bost i 2
0 - N
® Rlb: mtop, b-JSF at 75/0 /e\/e/ 400 bJSF = 1.006+ 0.008 .,
300
reduce JES by in-situ fix to Wmass + L. T
transfer uncertainty to JSF, bJSF 00

my = 172.31 £ 0.75(Stat + JSF + bJSF) n 1-35(Syst)GeV 0=05 1 15 2 25 Rlbs

Main syst uncertainties

JSF = 1.014 4+ 0.003(stat) 4= 0.021(syst) Description ?/éhi/e]

e
~ bJSF = 1.006 £ 0.008(stat) £ 0.020(syst) Statistics 0.23
| JSF (stat) 0.27
» Systematic dominated! b-JES reduced by 40% w.rtto > =< !
preVlOUS measurement Colour reconnection 0.32
» b-JES (starting from reduced baseline), reduction ISR/FSR IRUIFSIR e
modelling (jet activity), jets are dominant, modelling is still important Jt)e_ttae;g‘*i;ggy scale 8;51’
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ATLAS + CMS Preliminary, \'s = 7 TeV

ATLAS 2011, I+jets 0

. | 226
A;I'!__A;S7 5911, di-lepton I 36
CLl\fii?;j’ l+jets - 60.6
C!\:Iii(?;j, di-lepton I 8.4
CMS 2011, all jets [] o1 6

L, =35fb"

LHC m,,, comb.
September 2013

| | |

-100 0 100
BLUE Combination Coefficient [%]

Miop @ LHC (Oct 2013)

ATLAS comb. | CMS comb. | LHC comb.
Measured myp, 172.65 173.59 173.29
1JES 0.41 0.27 0.26
uncorrelated JES comp. 0.66 0.32 0.29 )
in-situ JES comp. 0.30 0.08 0.10
intercalib. JES comp. 0.28 0.02 0.07
flavour JES comp. 0.21 0.19 0.16
b-jet energy scale |( 0.35 0.56 043 )
Monte Carlo simulation 0.40 0.06 0.14
Radiation modelling 0.42 0.28 0.32
Colour reconnection 0.31 0.48 0.43
Underlying event 0.25 0.17 0.17
Proton PDF 0.15 0.07 0.09
Detector modelling 0.22 0.25 0.20
b-tagging [ 0.66 0.11 025 )
Lepton reconstruction 0.07 0.00 0.01
Background from MC 0.06 0.10 0.08
Background from Data 0.06 0.03 0.04
Method 0.08 0.07 0.06
Multiple Hadronic Interactions 0.02 0.06 0.05
Statistics 0.31 0.29 0.23
Systematics 1.40 0.99 0.92
Total Uncertainty 1.43 1.03 0.95

e Systematics dominated

ATLAS-CONF-2013-102
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Status/history on miop

ATLAS Preliminary m,,, summary - Oct. 2013, L =35pb™- 4.7 fo”
2010, lepton+jets™ N " bJSF
CONF-2011-083, L =35 pb’ 169.3 = 4.0 * 4.9 has
2011, lepton+jets —— 1745 + 0.6 + 0.4 £ 2.3 stat
Eur. Phys. J. C72 (2012) 2046, L =1.04 fb™ na fUl’ o
2011, all jets”
CONF-2012-030, L = 2.05 fb"! 174.9 = 2.1 + 3.8 relative
2011, dilepton* 1759 + 16 L 31 to in-
CONF-2012-082, L =4.7 b’ ] - — 28 .
2011, lepton+jets*® Sty
, lepton+] ) [ — 172.31+ 0.23 + 0.27 = 0.67 =+ 1.35 JES
CONF-2013-046, Lint =47fb
2011, dilepton** — s 173.09 = 0.64 -150 | calb
CONF-2013-077, L = 4.7 fb”! (stat) (JSF) (bJSF) (syst.
LHC Comb. Sept. 2013 (conF-2013-102) _
175.29 £ 0235 = 0-92 ssronssrosyst j’:: ;)njglr;[aerl)nt?:lSF uncertaint
Tevatron Comb. May 2013 (arxiv:1305.3929) O totai uncertainty y
| 173.20 = 0'5|1stat. - 0'71JSF|®syst- | | *Preliminary,©lnput comb. |
| | |
155 160 165 170 175 180 185 190 195
Miop [GeV]
Sept 2013 combinations
ATLAS-
ATLAS 172.65 + 0.31stat +1.40p)usFa syst CONF-2013-100
CMS 173.89 + 0.29¢tat = 0.99ysF® syst CMS-PAS-TOP-13-005
LHC 173.29 + 0.23stat £ 0.92)sF0 syst
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Top and Higgs
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Top-Higgs coupling measurements
e |n SM : top Yukawa coupling (Yi) >0.9, miop ~ coupling
e measure of Yi. lTest nature of newly found boson & EWK sym. break.

¢ [ndirect evidence for SM-like Y;

9 SCE0TCTCB0]

obb th
ggH T /ct/cb o!

Phys. Lett. B 726 (2013), pp. 88-119

<
£
MAWWA S

WIX/

ggH [nterference

t
ty H°
99999999090l !
gluon fusion: ) )
dominant at > KE ggH +'<b
Kg(Kp, Kt) =
LHC H +0

10£5' T

Ns=8TeV It

o(pp — H+X) [pb]

arXiv:1307.1347
[hep-ph]

- 1 1 | 1 1 1 1 1
80 100 200 300 400 1000

o (ttH) = 0.13 (0.61) pb @ 8 (14} TeV
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with W boson
in decay to
photons

L "I T 1 LI I LI | LI 1 LI L T T LI 1

-l ATLAS B
14 _
C {s=7TeV |Ldt=46-481b" )
{s=8TeV |Ldt=20.71b" _'

12l

101 m, = 125.5 GeV B

‘ — Combined H—syy, ZZ*, WW* .
. ---- SM expected P

o N S 2} (o)
PO L L L L

3.5

/
l.LVBF l.ngF+ttH

arXiv:1307.1347 [hep-ph]

ATLAS most
recent direct
searches use
ttH with H—bb
and H—=vyy

Higgs BR + Total Uncert
o

102

/’%

103 —

120 140 16 180 _ 20C

M, [GeV]
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Search for ttH, H2 Yy @ (s = 8 TeV

| ow BR: 2 103, clean «narrow H ~3 GeV

e Di-photon (Yy) trigger, 2 /Q >
offline y (Er > 40/30 GeV) : .
® [ eptonic sel: =1 loose pr % g
lep (e,H), =1 b-tag, Er™'ss GO
cut & Z-mass veto : \g
e Hadronic sel: =6 jets,no :
’ Expect H signal v
lep, =2 b-tags composed of 80%
to 90% ttH
» Bkg from fit of m(yy) to exp. bkg in signal +
side-band of loose Y-ID & isol. control regions .
including my-dependent Crystal Ball+Gauss signal £
® ONpkg :Stat~50% (~35%) >Syst~20% (10%) E
in lep(had) sel :

* Expect 0.55 (0.36) ev, Observe 1 (zero) ev
in lep(had):no excess —+95% upper limit
for inclusive H and ttH o*BR (fixing other

H decays to SM) including systematics in
profile likelihood
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ATLAS-CONF-2013-080

[Lat = 20.3 fb! (20712)
7 .
= Data ATLAS preliminary 3
6 —— SR+CR background fit —
EEETIIITE SM signal (mH = 126.8 GeV) -
55_- ------ SR-only background fit . =
4;_ Signal region Leptonlc channel _;
2c- BE
1: 4 _f
25 o s Rrseeres
2000F  Control region s = 8 TeV [Ldt = 20.3 fb™! >
1000——e—o— o =
E s._ﬂ—‘ﬁ'_._._:
100 110 120 130 140 150 16!
m,, [GeV]
O 77
- —— Observed CL, limit H — yy
35 —— Expected CL, limit  tiH channels comb. =
300 *+ 1o ATLAS preliminary -
o C Data 2012 Vs =8 TeV
_[Ldt =20.3fb"
20— -
o oun/ O ~5.3 :
ok @mu~126.8 :
5_ _
0920 122 124 126 128 130
m, [GeV
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Search for ttH, H=bb @ ys =7 Tev

ATLAS-CONF-2012-135

[Lat = 4.7 fb™1 (20117)
high BR: 567% ,combinatorics, huge bkg

e 1 isol. (e,M), Er and mt" cuts, = 4
central jets, =1 b-tag, main bkg:
tt+(bb)/jets, (from simulation) W

+jets (norm from data), data-driven
multi-jets E

e Build distributions of
» Hrhad = % |prjed in 5 jets x 3 or = 4b-tags +
4 jets (0,1,

» m(bb) from kine likelihood fit to ttbb
hypothesis in 6 jets x 3 or = 4b-tags

* No excess — Simultaneous Profile Likelihood
(PL) ratio for Ht"@d and m(bb) — 95% upper
limit for ttH o*BR (bb)) constraining syst in
situ as nuisance pars in fits to build PL ratio

» Dominant syst: tt+HF content, b-tag
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95% CL Limit on o/cy,,

(&)
o

40

signal rich
> 2b-tags)+ 5, =6 jets (2b-tags) TOr Syst constraint

~ ATLAS Preliminary
- [Ldt=4.71"

e+l >6 jets, >4 b tags
7 TeV)

—— Data (/s =
B tiH (125)
C_Jit

2 v

[ W+jets
O Z+jets
[ Diboson
B Single top
B Multijet

B Tot bkg unc.

-

e ey

g

—O—

50 100 150 200 250 300 350 400

m; [GeV]

ATLAS Preliminary

—e— Observed (CLs)
Expected (CLs)
ER
[ ]+2c

T T T T | T T T T | T T T T | T T T T | T T T T
{s=7TeV, J Ldt=4.7fb"

fiH (H —> bb)

21st Oct 2013

37


mailto:fracesco.spano@cern.ch
mailto:fracesco.spano@cern.ch
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-135/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-135/

Top and New physics
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Top production as a window P e reaived
on new physics

b quark

My =2 TeV & antikt
(R=0.8): 60% boosted

KK Gluon Mt
by no means s
exhaustive list of V4
models! VAVAVA
¥ _  ForAR=0.8,
q/ g ‘ My ~1.7
Production : TeV, Py
Cross t | ~600 GeV
section t
Resonant t/t charge asymmetry
production , ,
e color octect vector, color singlet Z,
Production color triplet scalars
kinematics t  Same sign top pair
Spin 4th gen, FCNC, left-right
polarization q/ g H Ao symmetric, higgs triplets,
... SUSY, UED, little higgs
H tt+jets/ErM'sS
. FC >
exotic 4th gen, leptoquarks,
top partner + stable scalar (dark matter) stop —top +neutralino, UED,

little higgs,
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Measure top quarks charge asymmetry

e In pp/pp—tt: t/anti-t have different differential distributions (from
pQCD). NLO effect in qq /qg—tt/ttq: interference of amplitudes
that are relatively odd under t & anti-t exchange.

Tevatrond top
anti-top

e At Tevatron (Qg~85%) it manifests as FB asymmetry in Iabﬁ\

e Observe discrepancies with SM: i.e.
Ars (CDF)~3.4G SM for mu> 450 GeV 4., - VAY >0 - N(AY <0)

] N(AY >0)+ N(AY <0)
v
Interference of SM gluon with new phys* where AY — Y — V;

e At LHC Ars = 0. Charge asymmetry & t emitted along q direction.
* As generally z(q) > z(anti-q), tis more forward than anti-t in LAB

frame

t/anti-t

Z = proton momentum fraction

q

/Z

S

[

LHC

A top
anti-top

AN\,

figures by 1 | q q A
K.Suruliz I
| N(A|Y| > 0) — N(A[Y| < 0)
(U Sheffield) CM frame
N HABrame N(AIY| > 0) + N(A|Y| < 0)
Ny where AJY|=[Yi| - |Yi
. N

q 7 q

7/

AM = 0.0123+0.0005
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Measure top quarks charge asymmetry kot =477 2077

qqlvbb ) ATLAS-CONF-2013-078

_ _ %:18000 ATLAS Preliminary mz‘ljets(ybl_tag) =

e Standard single lepton selection j@ﬂev _1 o o
» good quality objects, 1 lepton, cuts on oo I H AT (8 e
Er,m7", >4 jets, at least 1 b-tagged jet 2o Zets =

10000 be]i -gilr?;ﬁeotr::p —

unfolding, B Multijets -

8000

e Data-driven QCD (matrix method), W+jets,,
normalization (from W asymmetry meas.)

2000

» Reconstruct tt with kinematic Ikl fit o=
(m:op,mw constraint) — A|Y| distribution Ayl

e Subtract bkg and unfold dN/dA|Y| for

det effects ( reqularized “Bayesian” unfolding): — p (TID, M) oc LDIT, M) - 7 (T)
derive Ac T= spectrum, D=data, M=migratior
model, Tt=prior, flat= no reg,

7, Uncertainty

no bkg
subtraction 7
| I+jet

III|ImI|III|II

(2] III|III|III|III|III|III|III|III|III|II

e Combine e and Y chan marginalizing
posterior w.r.t. syst

Ac Data Theory
Unfolded 0.006+0.010  0.0123+0.0005 consistent with SM, stat
Unfolded with m;z > 600 GeV  0.018+0.022  0.0175709%  dominated,main syst: JES and
Unfolded with 8., > 0.6 0.011+0.018  0.0202* 5 lep. en scale
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Measure top quarks charge asymmetry
ATLAS-CONF-2013-078

) =t L 1 1 I 1 | || |IIII|IIII|IIII|IIII|IIII|IIII|III
0'10 100 200 300 400 500 600 700 800 900

© T L B BN RN B R DL B B
< B I — -1
0.2— -—¢— gll;lnfolded ATLAS Prellmlnary_ Ldt —_ 4-7 fb (20 7 7)
E W) Axigluon m=300 GeV Vs= 7 TeV ]
0.15— ¥ Axigluon m=7000 GeV I Ldt= 4.7 fb"
0 1:_ ““““““““““““““““““““ : <o | T | T T T T T T | T T T | T T T | T ]
't 0.15— . . —
- - __*_ ;’I’\‘nm'ded ATLAS Preliminary -
0'05:_ “““““““““““““ & - Axigluon m=300 GeV Vs=7 TeV -
0__ _ —r— { ] 0 1‘_ Axigluon m=7000 GeV f Ldt= 4.7 fb" ]
_ ] i - 0 9
- ] i i unfolded
-0.05— - ] B - 7 ' .
: VS Mitt : 005l VS Vit 4 uncertainties are

| (dominant) stat +
m, [GeV] i
e _ 0_— | ? T ] SySt
= 0'6:_6_3 Unfolded ATLAS Prellmlnary Bl i
0-5: = ngIuo n m=300 GeV Vs=7TeV = -0_05_— | | | | | ]
o.qr T Axigluon m=7000 GeY JL‘" 47 16" E o 02 04 06 08 i II |
- ] Y.
3 _ - 3 it
z:ivsmtt&hlghﬁ 1] B D A A R RN AR R
: ] - —+#— Unfolded ATLAS Preliminary J
0.1 S : 0.2 I sm Vs=7 TeV =
0 IR ¢ E - JLdt = 47 b .
-0_12_ _ 0.15:— =
0 400 200 500 400 500 600 700 800 900 0.1 =
m, [GeV] : VS pT,tt .
. 0.05— -
e Unfold 2d (dN/dAlY|, X) with X=me, y&, " e
(unregularized ) PT&, (regularized ) for det . * E
effects for bayesian) = derive Acvs X e g

* No deviation from SM are observed
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Search for vector-like quark @ Js=8 TeV

I to cancel top-induced divergencies of my, same EWK SU(2) xU(1) behaviour for both chiralities
[Lat =14.3 fb™1 (2072)

t't — HtHt, ZtHt and WbHt & H—bb

e 1 isol. (e,d), symmetric Er and mt"W + Er cuts,
> 6 central jets, =2 b-tagQ

e Data-driven tt + heavy/light jets (norm, scale

factors by fit to low b-tag, Ht regions), W+jets
(norm from charge asymm.) and multi-jets bkg

® Build Hr =) |p1jet| + ET™S® + priep +more
energetic leptons and jets in t’ signal) in 2,3,=
4b-tags

* Dominant syst in bkg vield: tt+HF
content, b/c-tag, JES, phys modeling

* No excess —495% CL upper limit for o (t't’) and
BR(t’— Wb) vs BR(t’ = Ht) from Ikl ratio for Ht

including syst + constraining tt+light/HF jets
norm. as nuisance par.

Weak-isospin doublet (singlet) t” with my < 790
(640) GeV are excluded at 95%CL

100

80

Events / 100 GeV

60

ATLAS-CONF-2013-018

ATLAS Preliminary ~ €+u 26 jets, >4 b-tags

Data/ MC

-1
Ldt=14.31b —e— Data (/s = 8 TeV)
I t1' (600)
C—1 tt+light jets
C— tt+HF jets
CtH

3 W+jets
3 Z+jets
1 Diboson
@ Single top
@l Multijet
B3 Tot bkg unc.

6(pp — tt) [pb;

105—

10

L Preliminary --------- 95% CL expected limit

= (s=8TeV o

:det =14.3f6"  sSU(2) doublet

Theory (approx. NNLO prediction £15) E

95% CL expected limitt 1o —

95% CL expected limitt2c

| LI

95% CL observed limit

3
300

400 500 600 700 800 900
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New physics In mt

one peak

25 T T T T T T T T T T T T T T T T T T T T
AN | | | P R
L | E; do(pp - (¢ -) tt )/dmtt [pb/10 GeV] _1OOO§ do(pp - (Z'/g* -) tt)/dmg [fb/20 GeV] E Z’ OI’
C BR($ + 1) = 1, &, = 0 5001 o e, e
20— i LO, CTEQ6L1, LHC — B ' ' 1 Nnew S’[rong bosons
Lo Mg = Hp = my = 400 GeV i
L - 4100 —
15— | QO only — 80 TE - h -t
| — ey enhancements
N | - ZZ R 1= oy e - tower of degenerate KK gravitons ; only
- 4 5 # Color singlet | gravity in N “large” extra dim (ADD)
: : B g% Color octet (Ve?tor COUFﬂlng) 00 s o
B B - g} Color octet (axial coupling) LF : do(pp ~» (G ~) tf)/dl’l’lﬁ [pb/20 GeV] ]
5 ] I | I I | T N R | Lo | T R | T R | LO, CTEQ6L1, LHC _ M.—800 GeV
i : i 1250 1500 1750 2000 2250 2500 [— n=3 i —
- | pseudo scalar with m= 4OO - tt invariant sffass [GeV] o 100 G
O _li | | | | | | | | | | | | | | | | | | | | | | | | 60 — ) MS?lBOO oev
400 500 600 700 800
tt invariant mass [GeV]
\ 40 —
Spin | color | parity (1,7;) | some examples/Ref. oo
0 | 0 (1,0) SM/MSSM/ " Rel. |51, 52,
0 0 (0,1) MSSM /2HDM, Ref. [52, 53]
0 8 Ref. [54, 55] 400 600 800 1000
0 8 tt invariant mass [GeV]
1 O 102 E T T T T T T | T T T T | T T T T | T T T T | T T T T
1 0 ) do(pp - (G -) tt)/dmy [pb/20 GeV]
1 0 (0,1) axial vector 10! ffl;‘;r';'ﬁf(‘f;‘ e
1 0 (1,1) vector-left T 007
1 0 (1,-1) vector-right 100 . ifﬁ{jizzi OW,er of KK
1 8 (1,0) coloron/KK gluon, Ref. [56, 57, 58] LT -0 gravitons ; all
1 8 (0,1) axigluon, Ref. [57] 1 iy articles in 1
10— |
set of - “warped”
2 0 — graviton resonances, Ref. [18] extra dim (RS)
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The emergence of boosted tops

-

PTTOp M =1 TeV & anti-kr
(R=0.4): 86% resolved
My =2 TeV & antikt
(R=0.8): 60% boosted

Mt

-

neutrir
b lepton
quark
I+jets

X  ForAR=0.8,
My ~1.7
TeV, Pr

~600 GeV

di-lep
fully had

<_________.-.-
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ATLAS-CONF-2012-065

o 4 T T T T T T
E': ATLAS Preliminary - Simulation
0135—- =
< L) Pythia Z' —> tt, t > Wb

0 100 200 300 400 500 600 700 800
W p_ [GeV]

0

25(

R ] I I I I ] I
| ATLAS Preliminary - Simulationi!
Pythia Z'— tt, t - Wb

0]

_I 11 1 I 11 11 | 11 1 | I 1111 | 11 11 | 1111 I 11 11 | 1 1) | I 11 11 | 1
0 100 200 300 400 500 600 700 800 900
top p; [GeV]

R=2m/pT § ‘
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“Boosted” Search for excess in tt produetion vs Mt - single-lepton
|Lat = 14.3 b1 (2072) Js=8 TeV ATLAS-CONF-2013-052

9tvBb  Fully) Boosted selection

» trigger on R=1.0 anti-kr jet with
pr> 240 GeV (~100% eff > 350 GeV)

Resolved selection
» single lepton trigger

» exactly 1 good, high pr central lepton (e, p) with prqep isolation

» > 3 (4) good anti-kr (R=0.4) had top » > 1 anti-kr (R=0.4) jet with AR

I'eté? OIfG? \1/(no) jet with mijet (lep,jet)<1.5,closest jet = b-jet
> e for leptonic top

boosted jet mass
4SEATLAS Preliminary | <Daa | [Jf | - —=yr<=— > 1 anti-kt (R=1.0) jet with large
3 e B | AR(jet,jet for lep top) = 1.5, large
305 /% Oloioson pr= 300 GeV, large mjet>100 GeV,
= 7 y large kr(1 — 2) scale (> 40 GeV)
after shedding soft rad (trimmimg)
oticts |e|O {OD - lead “fat”jet is had top

Events / GeV
&N

oD
o O
]
N
N
—
-
=
N
w
o

2 15— 7 » tops in opposite hemisphere —
S Og o W/////// | Adiflep,had t-jet)>2.3, AR(lept b-
0 100 120 140 160 180 200 220 24t(.“)h 3[6(29\2/?0 jet, had t‘/et)>15

» > 1 anti-kt (R=0.4) b-tagged jet
2 exclusive samples: pass boosted, fail boosted & pass resolved
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“Boosted” Search for excess in tt production vs Mg -single-lepton

ILQ’f = 14.3 fb'1 (207 7) \/828 Te\/ ATLAS-CONFE-2013-052
qqlvbb

e Data-driven QCD (matrix method, validated
in low ET™ss | mr(W) region, orthogonal to

boosted ), W+jets normalization (from
charge asymmetry of W production, relaxed pr,
b-tag and k(1 — 2) cuts )

* Resolved Mii: sum of top 4-momenta
from four jet assignment, lep and v with
minimal least squared sum, imposing W,
top mass and similar prtop constraints

*p; (V) from W mass constraint
“»all selected jets are used

*if jet with mjet >60 GeV, allow qq and gb merging

* Boosted Mu: from had t-jet +
high prt lepton, pz (V) from W
mass constraint, leptonic b-jet

Events / TeV

Data/Bkg

Events / TeV

Data/Bkg

Events / TeV

Data/Bkg

108 IIII""I""I""I""I""I_IIII

107 ATLAS Preliminary  -=Data
6 f Ldt=14.21b" W Mutti-jets
10 [ ]Other Backgrounds
10°
10*
10°Ej
10° _——_
10
1 resolved
o e T
1.5 Frgrrmmmrmmes s e A
1~%%%%%%%%%%%%%%%%7{
0.5 ofrrrmrmneee srrooeeee oo P 7. s,
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10°EATLAS Preliminary  ~bma | (g
reliminary  --Data L
10° P Multi-jets [Jw-ets
10° []other Backgrounds
. s =8TeV
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10 .
1 oA
15 O
o %"W%@//%////// ______ )
0 0.5 1 1.5 2 2.5 3 3.5
me° [TeV]
10° EATLAS Preliminary =Data ~ -—5xZ (15TeV) |
107 ki 5xg, (20TeV)
108 [ Multi-jets  [JW-+ets
10° [[]Other Backgrounds
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Search for excess in tt production vs M -single lepton

[Lat = 14.3 fb™1 (2011) Js=8TeV
* No excess found —+95% upper

observed limit (Bayesian credible ATLAS-CONF-2013-062

interval) for Z’ & RS KKGluon 0*BR. = FG=8Tev  —— Obs.95% CLupperlimit
Combine 4 spectra (2chan x2sel) 5 "frra-mev' 0 cap 1 ouncortamy
including systematics as marginalized g *¢r e 1)
nuisance pars, flat prior. < ok ATLAS Preliminary
eLimit on Topcolour Z‘ 0*BR (with Iz/mz~ | s
1%) : 5.3 pb (Mz=500 GeV) to 0.08 pb ( mz=3 TeV) R
107 Teel
Z’ with 500 GeV <mz <1.8 TeV are e X
excluded at 95% prob Z' mass [TeV]
Eﬂ- \II§=I8 'I:eVI I l IOll)s.l95‘l’/c> (l:L Lllpp;er ll-imjit l
o imit on KKGluon 0*BR (with 'kke/ [ Cep- 0 uncertiny
Mkka ~ 15% ): 0.56 pb (Mua= 1 TeV) to z ATLAS Prominary
0.15 pb (mwe=2.5 TeV) &

KK Gluons with 500 GeV < mkkg < 2.0
TeV are excluded with 95%prob

0.5 1 1.5 2 2.5
9., mass [TeV]
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Some words on pProspects

e Go for precision realm in top production and top mass. Measurements:
mostly systematics dominated (that’s where the work is).

e Go for differential xsec measurements (do/dm, do/dpri , do/
dpT.top, dO/dyi) to test SM and complement direct searches

e Active effort to design/develop fiducial measurements (uniform
definition of stable particles after hadronization) in ongoing/future
analyses to reduce theory extrapolations, allow durable comparison
with theory advancements and combination with CMS

e Expect higher statistic searches to
extend limits in the TeV/sub pb region  _ |

180
- . ATLAS Online Luminosit
» pile-up understanding for standard and 160 e R S
boosted jets

1‘;2 @l Vs=7TeV 'L"':SZEuFﬁ’lﬁﬁsity

» boosted top regime will use new tagging/ 100
reconstruction techniques, associated syst

uncertainties,new triggers K Suruliz, TOP2013)

Recorded Luminosity [pb 70.1]

Period Lumi [em ™25 ] | pile-up | Line (f677) s
2012 7-10%3 21 25 W 0
2015-2017 1 - 1034 25 90 Z 0 5 10 15 20 25 30 35 40 45
2019-2021 2. 1034 50-80 300 Mean Number of Interactions per Crossing
2022- 5- 103 ~ 140 3000
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Conclusions

e Top analysis is in full swing thanks to the combined performance of LHC &
detectors: a very rich program is already underway.

e By exploiting the LHC top quark factory (~6M tt, ~3M single top events produced by LHC
in 2011+2012) ATLAS is testing top strong and electroweak inclusive
production at unprecedented precision

» 80w/ Ot ~4.7% compared to ~4% prediction uncertainty (NNLO+NNLL)
» 00t/0t~12% to 15%: still space for improvement

¢ Differential cross sections measurements test SM tt production and
complement new physics searches in completely new phase space with 10%
to 50% relative unc.

e The top mass is measured at 0.83% (ATLAS)/0.55%(LHC) level. Work is ongoing for
LHC and LHC-Tevatron combination.

¢ Direct determination of top quark coupling to the newly found Higgs boson is still
limited by number of events.

e New physics connected to top quark by resonances/asymmetries and top rare decays to
Hlggs boson is being searched in previously unexplored TeV/sub pb regions of mass and
Cross sections
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Top decay as a window on new physics

Quark Singlet, Two Higgs Doublet,
FCNC RP SUSY, TopColour assisted

Rare/Non

inspired by figure SM decays Technicolour, Warped (RS) ED
by D Chakraborty Branching W’
Fractionsm
-V
Q Y
q/g KZ -
7
L
\ g
/> ° t
Spin
polarization / g LP‘
q g top masy/, Q) VZ
width,
spin, ﬁ
charge >
top W helicity 7
charge oy top polarization and
exotic quarks (tb) Wtb vertex
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"‘Baseline” luminosity

® Peak luminosity =Integrated luminosity
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The High Luminosity LHC

/RW
.

Frédérick Bordry
ECFA High Luminosity LHC Experiments Workshop

Year ending

— 1st October 2013
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ATLAS-CONF-2013-004

Jet Energy Scale (JES) In ATLAS

- - Calorimeter jets
Calorimeter jets Pile-up offset Residualin situ.
(EM or LCW scale) correction Origin correction SEING - e
calibration calibration LCW+JES scale)
Corrects for the energy Changes the jet direction to Calibrates the jet energy Residual calibration derived
offset introduced by pile-up.  point to the primary vertex. and pseudorapidity to the using in situ measurements.
Depends on p and Npy. Does not affect the energy. particle jet scale. Derived in data and MC.
Derived from MC. Derived from MC. Applied only to data.

Figure 2: Overview of the ATLAS jet calibration scheme used for the 2011 dataset. The pile-up, absolute
JES and the residual in situ corrections calibrate the scale of the jet, while the origin and the 7 corrections
affect the direction of the jet.
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JES in ATLAS . e—————— ———— . :
in ATLAS CONF-2013-004 IS - —e— 2011 data: i I+jets / Pythia MC11 .
42, 0 12 T T T T — T T 7T 'E) 1 15:— |:| Total Syst —:
< B Antl k R= 0 4 EM+JES + in situ correctlon ATLAS Pre||m|nary_ X - \s=7 TeV | Ldt=4.7 fo”' .
© bvi u N
T 1 Data2011,1s=7TeV, IL dt=4.7fb" N X, e anti-k; R=0.4, n|<1.2 E
Q - - n=05 [ Total uncertainty ] A 1.05:_ =
= L ] == Baseline in situ JES | '5, e =
ﬂ 0.08/—light-jets ===+ Flav. composition, semileptonic tf decay —] I 1:__+ _____ _ S (N
) - Flav. response, semileptonic tt decay | v - T
© B Pileup, average 2011 conditions i £ 095K + 3
5 0.06 = = Close-by jet, AR=0.7 — g 3 R >
3 B i o o.9j— ==
ugi L | - TLAS Prellmlnary light jets 3 ;
0.04~ 0.85 l . . ]
C ] 20 30 40 50 60 107 2x10? 3x10?  |{
] P} 1Gev1 |3
0.02 —
o T | A - —®— 2011 data: tt I+jets / Pythia MC11 |
0 . ',"- , |. ..[ s .l + :». L ..u.l_l--_ul_-:ln-1'-'ﬁ,"-'lfupuwuwu'.".".“.".".". % 1.15—_ :I Total syst ] 8
20 30 40 102 2><1o2 10°  2x10° & - \s=7TeV | Ldt=4.7 fb” 12
piet [GeV] v 1.1 anti-k, R=0.4, m|<1.2, MV1 70% |1
T 2 F 118
012 > 1.05 —IN
b . I I I I I I LI I I I I I I I T I _'9 : _______ i _________________________________________________________________ E
£ | Anti-k, R = 0.4, EM+JES + in situ correction ATLAS Pre||m|nary_ % 1‘__+_ _____ e T E— 7
© 2 - o ——— ]
T [ Data201t,is=7TeV, ILdt—47fb1 ] = o g — :
. ] Y 0.95— —]
Q - n=05 [ Total uncertainty ] s - E
> B _ — Baseline in situ JES | § 0_9-_ =
@ 0.08}— b-jets =x=+ b-JES — o - TLAS Prellmlnary b-tagged jets 7
- B Pileup, average 2011 conditions ] 0.850 | , , —
« - == Close-by jet, AR =0.7 - 20 30 40 50 60 10° 2x10°  3x10?
_.g 0.06 ] plft [GeV]
3 .
LL 0.04 E .................... EE.... — track
§pjet al F')‘tfé'ék'—jé'f' Fiok = Z
‘ T | T l tr pJet
0.02 | T
R L [< T'trk >]data,
0 Ttrk —

20 30 40 102 2x10? 10°  2x10° < Terk >]Me

p'Gt [GeV] | G. Cortiana

e Additional topo/ogy/f/avour uncertainties are s,oecn‘/c to top-antitop even ms

e JES validation: use tracks in jets in di-jets and top-anti-top events
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—_
N

ATLAS-CONF-2013-004 2 - —e— 2011 data: ff I+jets / Pythia MC11 ]
S 1.15 [ ] Total syst ]
= - \s=7 TeV | Ldt=4.7 fb” .
I 1iE anti-k, R=0.4, n|<1.2 =
2 1.05F- =
T S +
v S . ot A L -
" 5 0.95 Hq:
/ R,,a . Sensitive to the £ : -
—_ trk,b—Jets . . o 0.9 ] j_>|
R = R relative b-to-light - ATLAS Prellmlnary light jets 5;
. . ' 0.85— ' : -
T'trk,inclusive jets energy scale 20 30 40 50 60 107 2102 3102 g
jet GeV
o 2 N | _ — dT[elcz)
)] - 1. ; — O LT T T T T T T T ]
é J_\§1 15:_ ] ?—g:; Sa;? ttl+jets / Pythia MCT1 ] (/,\)E - — ¢ 2011 data: tt I+jets / Pythia MC11 = N
> S ¢ 7TyV Ldted 7 fo” - o 115 [ ] Total syst = 8
L= F \s=/1e ] & - \s=7 TeV | Ldt=4.7 ib” 112
\\h/‘“ v 1 1:— anti-k, R=0.4, n|<1.2, MV1 70% = o 1.1;— anti-k, R=0.4, n|<1.2, MV1 70% —; cc;
/\g /\g 1-055_ —f AE 1.055— —f %
2 |E T ——+~+ ----- = T 0 = =
() L - - | ) S S Q.. S ]
sl BT I E DR R = S
v |V B B B :' Y 0.95F =
. 0.95— = T - ]
oc — ] g 0_9__ ]
0.9 = 3 - TLAS Prellmlnary b-tagged jets 7
;ATLAS Prellmmary ] 0.855 l . .
0. 850 1 [ . 20 30 40 50 60 102 2x10° 3x10°
20 30 40 50 60 102 2x10% 3x10° P [GeV]
P [GeV]
T Z — track
Top quark pair events complement the di-jet Ttrk = Jet
studies otherwise limited to intermediate to Pr
high p; ranges due to jet trigger thresholds _ < Ttk >data
thrk —
| [< T'trk >]MC
' CERN Seminar, July 279, 2013 | G. Cortiana
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Top production
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Measurement of o - LHC Combination @ s =7 TeV

ATLAS CMS Correlation LHC combination

Cross-secti 177.0  165.8 173.3 " " "
Cnertainty e Combine with best linear
Statistical 3.2 2.2 0 2.3 " "
S e S o m— — 2 unbiased estimator
etector model 5.3 8.8 0 4.6 \
Signal mod! e Total correlation~30%
Monte Carlo 4.2 1.1 1 3.1
Parton shower 1.3 2.2 1 1.6
Radiation 0.8 4.1 1 1.9
PDF 1.9 4.1 1 2.6
Background from data 1.5 34 0 1.6
Background from MC 1.6 1.6 1 1.6
Method 24 n/e 0 16 ATLAS-CONF-2012-134 & CMS-PAS-TOP-12-003
W leptonic branching ratio 1.0 1.0 1 1.0
uminosity
Bunch current 5.3 5.1 1 5.3
minositv measnrement 473 5.9 0 34 .. . .
Total systomatic e o3 Preliminary LHC ctilczrr;t;r;s?_o?y\ff_ = 7 TeV - September 2012
Total 113 144 10.1 ATLAS, di-lepton (ee, ew, uy) HI,RtTHOR theory prediction + 16
. o —+- @ 173+ 6 ° 13
A_‘ITI:A.S, all jets i . : ! . 167 + 18+ 7
e Improvement by 7% (11%) ® 137— 38; N
: : ATLAS bined +
w.r.t most precise |+jets comone e - 10
CMS, di-lepton (ee, ey, uu) 170+ 4+ 18
channel Gl e
L =1.1fb"’ k ! . |: J 149i 24—|__ 28
* Final 80/0~5.8% (10 pb) CMS, Lijets e 164+ 3+ 14
CMS, all jets —— 136+ 20+ 41
CMS combined ——i 165.8+2.2+13.2
o — 3 e N .
Ilirirf = 173.3 _.3{:':[-;1[1} + L.}B[S"rh[} Eh o — i 1733123198
for m=172.5 GeV + (stat.) + (syst.
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Present measurements are:

e ATLAS dilepton:ATLAS-CONF-2013-097 (20.3 fb—!) Extract
signal counting only ey events with 1 and 2 b-tagged jets
o,y = 238 £+ 2(stat) £ 7(syst) & 7(lumi) £+ 4(b.e.u.) pb

CMS dilepton:CMS PAS TOP-12-007 (2.4 fb—1)
Extract signal from b jet multiplicity, use ee,upu and eu
o = 227 £ 3(stat) £+ 11(syst) £ 10(lumi) pb

ATLAS ¢+jets:ATLAS-CONF-2012-149 (5.8 fb— 1)
o = 241 4 2(stat) £ 31(syst) & 9(lumi) pb

CMS /4+jets:CMS PAS TOP-12-006 (2.8 fb—1)
o5 = 228 £ 9(stat) £ 29(syst) £ 10(lumi) pb

Dilepton measurements dominate any combination.

S. Protopopescu, TOP2013
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CMS xsec status
CMS Preliminary,Ns =7 TeV

1568+ 2+ 10« 4

(val. = stat. + syst. = lumi.)

CMS e/u+jets

Phys. Lett. B 720 (2013) 83
(L=2.2-2.3/fb)

162+ 2+ 5+ 4

(val. = stat. + syst. = lumi.)

CMS dilepton (ee,uu,eun)
JHEP 11 (2012) 067 (L=2.3/fb)

—Q
CMS all-hadronic
arXiv:1302.0508 (L=3.5/fb)

139 +10+26 + 3

(val. = stat. + syst. = lumi.)

——@
CMS dilepton (et,ut)
Phys. Rev. D 85 (2012) 112007

143 +14 + 22 + 3

(val. = stat. + syst. = lumi.)

(L=2.2/fb)
CMS t+jets 152 +12+ 32+ 3
arXiv:1301.5755 (L=3.9/fb) (val. = stat. + syst. = lumi.)

[ NNLO+NNLL QCD, Czakon et al., arXiv:1303.6254

Approx. NNLO+NNLL QCD, Aliev et al., Comput.Phys.Commun. 182 (2011) 1034
Approx. NNLO+NNLL QCD, Kidonakis, Phys.Rev.D 82 (2010) 114030

(1 Approx. NNLO+NNLL QCD, Ahrens et al., JHEP 1009 (2010) 097

[ 1 NLOQCD

0 50 100 150 200 250 300
o(tt) (pb)
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TOP2013: Inclusive tt Xsec Session

¢ 1 theory summary on NNLO + 3 summaries on at LHC +Tevatron on:
e\u final states, T-+hadronic channels, combination

* Fully differential QCD NNLO MC is in the works, possibly including decays
INn narrow width approximation —prediction is possible for diff cross sections

e Tevatron: syst dominated, DO-CDF combined has 00t/01~5.4% New
full stat |+jets result for DO with dow/og ~10% ( ~9.7/fb)

| Cross Section Measurements at the LHC I

Measurements benefiting from: /I?A ggﬁinaro
® LH C + (often) smaller experimental uncertainties than at the Tevatron, '
+ large available data statistics = optimize strategy to reduce impact from systematics
» @7 TeV : no news, CMS dilepton Lepton+iets @ 7 TeV Dilepton (e1) @ 8 TeV
_ » Method: Maximum profile ¢ Extremely clean, very high purity
h aS 6 O'tt / O-'tf 4 4 % AT LAS h aS likelihood fit forN_,N. __and Method: simult | gd termi
. y et Niagg * Method: simultaneously determine
Id bination includi csora o ¥ compiters feconsinct & blogjet
O CO m I n a I O n I n C u I n g CMS \s=7TeV 2.2 fb" of Electron Data 8 AN BT N AS Protmina ™
. . . 3 2 2 2 2 & 30000 Vs Tev L=20.3 16"
unrealistic single lepton at from B =t
0.7/fb % - Jeiet
(O] ]
» @8 TeV: ATLAS has most precise —
measurement: new dilepton with AEASSES SN
4 . 7 % . o(tt) = (158.1 + 2.1(stat) + 10.2(syst) + 3.5(lumi)) pb | | o(tt) = (237.7 £ 1.7 (stat) + 7.4(syst) = 7.4(lumi)
+6.9% Most precise at 8 TeV ~~ +4.5%

A Juste - Experimental Summary
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TOP2013: bonuses from precise tt cross section

S. Naumann-Emme

Implications of Precision o I

Theory (scales + pdf) Theory (scales + pdf) wmmm
\ Theory (scaleﬂ CMSTgi?e:;;% 230‘79/74_23&
9T COF and DO, L=8.80" =—+= - 3001 ATLAS and OMS. 7TV ——
ATLAS, 7TV r—t—
. CMS dilepton, 8TeV »——
= 8 S 250+
3 ™ g
5 DN E
° 7 N 200 |
6t PP - tt+X @ NNLO+NNLL
PPbar — tt+X @ NNLO+NNLL 150 My=173.3 GeV
5 MSTW2008NNLO(68cl) . , M§pTyV2008NNLO(6801)
164 166 168 170 172 174 176 178 180 182 6.5 7 7.5 8 85
My, [GEV] s [TeV]

Ratio to NNPDF2.3 NNLO, ag =0.118

llllllllllllll

- T T T T I T T T T
1.3 femeest NNPDF2.3
o -
O 1.2 weesse: NNPDF2.3 + Top Data
X ok
5 11 \
%o - \
S o
C\T\ 1 \‘A‘h\\\&\\\\\\\‘.\\\‘.\‘.\\\\\\\\\\‘.\\\\\\\\\\\\\\\\\\‘.\\\\\\.\\\\&\\\\\\\\\
O = SONNAERY
3 -
~ 09—
3 -
2 —
- o
0.8/~ Q2 = 100 GeV? \
- N
— NS
o 7 _I 1 L 1 I L 1 1 L I 1 1 1 1 I 1 I\\m\
: 01 02 03 04 05 0.
X

Improve gluon PDF at high x
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CMS, Vs =7 TeV, L= 2.3 fb"; NNLO+NNLL for o, m™ = 17322 1.4 GeV

I L] L] L] l T T L] I L L] L] l L] Ll L] Ig EI ﬁ' Ll '
Default a(m. ) of respective PDF set £ o
ABM11 s - == H
CT10 = ¥
HERAPDF1.5 H ¥ H
MSTW2008 H ¥ ::
NNPDF23 M v o
1 L 1 l L ' ' l L ' L l L A 2 l 4 L L l :l L L l ' 4 4
0.108 0.11 0.112 0.114 0.116 0.118 012 0.122
(*) Using only CMS dilepton @ 7 TeV as(mz)
+0.0033

with NnpoF: s(mz) = 0.11517 55635

First measurement of a, at NNLO from a hadron collider

A Juste - Experimental Summary
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TOP2013: suggestions on tt cross section

What to do with NINLO top cross section?

Baernreuther, Fiedler, Mitov, Czakon

'V

Establishes trust in QCD production mechanism: it really, really works

v

Can check that no stops/vector tops/etc masking as tops are in data [ Weiler, Lysak]

» Very competitive extraction of alpha_s

as(myz) = 0.115 % 0.003 [Naumann-Emme]

v

Top quark induction into Hall of PDF Global Fit Data

> gluon density handle at large X Czakon, Mitov, Mangano, Rojo

Ratio to NNPDF2.3 NNLO, ag = 0.118

: - NNPDF2.3

\\\\\\\\

\\\\\\\\
\\\\\

Q? =100 GeV?

VIS NS ST S AT S ST R ST ST
0.7 0.1 0.2 0.3

» Not least: encouraging to theorists!

Eric [ aenen -Theory summary-TOP2013
16
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TOP2013: Differential Xsec session

¢ 1 theory summary + 2 experimental summaries: on kinematic
differential cross sections, on jet multiplicities

e Theory: many advancements at NLO (see next page)

e Kinematic diffxsec: data-prediction agreement

» mu . ATLAS: o.k. with MCs, NLO & NLO+NNLL are harder (more populated high mt
tails); CMS is o0.k. for generators and NLO+NNLL

» prit 0k with MCs and predictions for ATLAS and CMS

» yit: ATLAS: ALPGEN is o.k., other MCs somewhat different ; o.k. for CMS (available
in dilepton channel only)

» Ptiop: SOMe differences between ATLAS and CMS

* CMS o.k. with approx NNLO (data is above MC at low ptiop ), MCs are different from data
at low Pt top:

X ATLACS>: not o.k. with approx NNLO (data is below MC at low ptop ), only POWHEG is 0.k.
for MCs

» ATLAS: ALPGEN is o.k. for mu, but not for pi,iop

» Only common point between ATLAS and CMS is MC@NLO+HERWIG, CMS
has POWHEG+HERWIG (but shows POWHEG+PYTHIA)

e jet multiplicities: no news (CMS has results with ~19.6/fb)
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Inclusive 0:: t-channel -Js =8 TeV  ¢-chan: qivbe)
AT -CONF-2012-132

e 1 isol. lep (e or ), 2 or 3 jets with |n|<4.5, Ex™ss
cut, large mt(W)*— fake lep veto , 1 b-tag 1

* bkg: tt/Wt/s-chan, W/Z+jets, data-driven fake lep @@*Q b
.

e Extract ot and bkg norm by binned max.
likelihood fit of Neural Network (NN)

distribution (77 kin. vars: jet-lep masses,

(Lot = 5.8 fb1 (20712)

rapidities) to data in 2- & 3-jet bins D 6000k ATLAS Preliminary [ Ldt=5.81" 15=8 TeV-
o - 2 jets SR e data -
- v 1 t-channel
e Syst dominated (JES,b-tag and t-chan gen.) € 40000 = oo Tavour 1
g o
= 95 + 2(stat.) = 18 (syst.)pb  sovo:~19% - ' halatai
* Assuming |Viw| >> |Vis|, |Vid| determine Vi, «ratio of | ‘
measured to predicted Ot
© Vil = 104701 5 o +
If |th |<1 |th |>089 at 95%CL @ ogt’ .......................... PO T PR TR Ceefieclengpes ;

* First BLUE ATLAS +CMS combination ! | NN output
(Lot = 5.8 (5.0) fb-1(2072))  ATLAS-CONF-2013-098 band from MC stat+fakes uncertainty

O-t-Ch. = 85 + 4 (Stat.) + 11 (SYSt.) + 3 (luml.) pb So'tlo't ~1 4% mr (W) = \/2pT(€)E¥liSS [1 — COS A¢ (f, Errrniss)]

t-chan is established! First LHC combination
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Inclusive o:: t-chan s = 7 TeV
ATL-CONF-2012-056 [Lat = 4.7 b1 (2011) ¢ q

e standard single lepton sel + bkg estimates (tt/Wt,W+jets,fakes)

e Extract o: and Oanii-t by binned makx. likelihood 9 b
fit of standard NN distribution to data in 2- & 3-4 T
jet bin with pos and neg lep (e, ) S ao00Lf 2,315(3'5523:’;p LT

ooi/o % - B . channol (o7
syst o) =295+ 1.5(stat) £ 7.3 (syst)pb  —159% & I
LU -

dominated: _ |
ISR/FSR o,(t) =53.2 + 1.7 (stat.) + 10.6 (syst.) pb: ~12%

JES o(t+1) = 76.2+2.1 (stat.)+£9.1 (syst.) pb ~129% 1000

02 04 06 038 1

* Calculate Rt =0t/ Oanti-t (sensitive to u/d PDFs) NN outpu

band from MC stat+fakes uncert.

including corr—reduce dR e e

ATLAS Preliminary J Ldt=4.7fb" Vs=7 TeV
ATLAS result :

a S
ABKMO9 g ——i o
NNPDF 2.1 P ——— -
R, =1.81 +0.10(stat.) *)3) (syst.)| wsmwaos . 2
GJRO8 P —— e
CT10 (+ DO W asym.) ——i -
cT10 Pt

1213 141516 1718 19 2 21 2.2
R,

Wealth of t-chan info! Test of EWK top production gt
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TOP2013: Differential Xsec session - Theory intro

Eric [ aenen -Theory summary-TOP2013

Top pairs plus stuff in 3D

» More amazing progress. Review:

» ttb+QCD, ttb+EW, ttb+ Nothing [Schuize]
Loops
A
NNLO v
® Jl:'|:-|‘j, J[t-HJ, tt+bb,tt resummation v
+1t : now all
available at NLO N v V- Legs
parton shower tt tt+4,V,.H tt4-54, bb >
effects \/
top decays in
narrow-width approx. ‘/ ‘/
Metteas SV
beyond # stable tops 3126

28
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TOP2013: Differential Xsec session

A Juste - Experimental Summary-TOP2013

e Differences ‘ Differential Cross Sections: p,, my I

are well V. Aldaya . .
e « Top py: in general softer spectrum in data
Cap’[u red & - oua ; than predicted by MCs.
- - o, e ALPGEN+HERWIG . .
bv A. Juste 88 | . . wconowmma | - Some tension between ATLAS and CMS in
y . E . rowneGwErwa 3 the first bin affects conclusion on agreement
In 'the N ‘. ATLAS Preliminary ] with NLO+NNLL prediCtion.
summa ot I+jets: Jra=sen i « Partonic level defined in the same way?
s " Vs =7 TeV 3 . . . .
ry ; pr(top) : Non-perturbative corrections missing?
i : . * 7 CMS, 5.0 fb" at\s = 7 TeV
1.5WW T T e JAMAPARARAASRARAL uRanRaS
O% P R L ——j > [ Data 1 > [ e/u+ Jets Combined ¢ Data
100 200 300 700 800 °° ATLAS Preliminary 1 0%
I il) P; [GeV] | E f Ldt=461" ’ EIDUm-S m(tt) —:lfg:i?l ]
' 0° | CMS, 5.0 fo" at\'s = 7 TeV ook fo=7TeV i o
= 1dx AN AR MRS RAALY RALAN RAAAN RARLN RALR" E I+jets: ]
> dE e/n 4 Jets Combined ¢ Data . m(tt) 10
] 1 — MadGraph - r
— 8t 25 MC@NLO - 10°E w o5k + .
- POWHEG 1  Z."°t
I Approx. NNLOY &8 & i
dr (arXiv:1009.4935) ] zl 05 | L T o8l Lo 1 L b L
- . 0 500 1000 1500 2000 2500 400 600 800 1000 1200 1_400 1600
l+iet E Mg (GeV] mit [(GeV)
+jets: ]
E « my very sensitive to PDFs but also to NP,
] Beware of EW effects not accounted for!
3 « Somewhat contradictory conclusions by
. - ] ATLAS and CMS regarding agreement with
0 N ETENE RS FEETE FEEEE RN E i b =
50 100 150 200 250 300 350 400 NLO+NNLL. 28

p'T (GeV]
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TO

22013:

Differential Xsec session

A Juste - Experimental Summary-

TOP20183

‘ tt+jets and tt+heavy-flavor Cross Sections I

LL.-M. Mir

* Constraint of ISR/FSR @ m,,, scale
* Test of perturbative QCD @ LHC energies
* tt+jets important background to ttH and

other BSM final states

* Anomalous tt+jets production could

signal BSM physics

K. Lannon

L L L
! 1 I I I

- R masmastEE
 10* = CMS Preliminary * Data ;l
19.6fb" at\s =8 TeV .Z/:! >l 3
[@Singletop
= Bt others
1] 3 tt+LF |
c 10 Bitt+cc
'3 Cltt+bj
© Btt+bb
E 102 ,,,,,,
©
§ 10
1
O 2f -
% 15F |
1 | —e— |
JTR: —t— | —e— ]
8 osp S
0 E

0 01 02 03 04 05 06 07 08 09 1

b-Jet Discriminator

{1 £200

12 F
1 9160
i ~

D 140f
C ]
Q 120F
L |

100f- |

80 |

2} T T T T T T S
= - ATLAS Preliminary 7
q>> [ —@— Data
a e ALPGEN+HERWIG
4l — — MC@NLO+HERWIG i
1 0 E e seeeees ALPGEN+PYTHIA (a, Down)f
- - POWHEG+PYTHIA
B e 1
| — J.Ldl=4.7fb -
3| 1s=7TeV _|
10 E =~ =~ 3
E anti k, R=0.4 TGty E
L <25 y
102_p1>256ev —— _
E u+jets 3
E 5y ! ! ! —
@© T ' '
©
o 1.5+ E
L S et
2 1_—m“""'f.--'-f-"-'-'- ..... SR B
0.5- T ——
3 4 5 6 7 =8
niets

CMS Preliminary, 19.6 fbo' at Vs=8 TeV

©
3180

60

a0F %

20

rrTrTT T T T T T T T T
e Data _f
MadGraph+Pythia -
________ 4*Q? é

Q4 ]
----- Matching up
77777 Matching down

Dilepton Combined

Y- I VN

MC/data
0O ==

50 100 150 200 250 300 350 400

2" additional jet p_ (GeV)

 Improved theoretical understanding of tt+heavy-flavor
background critical for ttH, H->bb and other NP searches.

«  New measurement of o(ttbb)/o(ttjj) by CMS.

Result corrected back to particle level with following phase space:
# Leptons or jets: pr > 20 (40) GeV; Inl < 2.5
# AR(j) > 0.5; AR() > 0.5

E/a 8 TeV 20 GeV 40 GeV
Meacored Z—:::—f = 2.3 £ 0.3(stat.) = 0.5(syst.)% Zi—:jf- = 2.2+ 0.4(stat.) £ 0.5(syst.)%
Madgraph+Pythia s 7%= 6+ 0% S Z:T'i’ =13+0.2%
POWHEG+Pythia % =1.7+£0.2% %‘Z’ =14+02% 29
i S R e 0 R A Ty
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ff+ heavy flavor quarks (\s =7 TeV )

Motivation: if+b/c+X events are main background
to fH(H —> bb)

cc/bb are produced 1n association with top via gluon
splitting from ISR/FSR

Signature: two opposite sign leptons + E ™ss + at
least two jets

{t-HF: at least 3 b-tagged jets
ftHets: at least 2 b-tagged jets (at least 3 jets)
Background:

LI | T T T LI LI T T T LI LI LI
10? ATLAS e Data
108 J. Ldt=471" plets

c-jets

Jets /1.00 GeV

10° Vs=7TeV Ml light jets

€10¢/v0/ec

€10¢ Sid

Di-boson, Z+jets, single top: rely on simulation

fake leptons: data-driven from same sign lepton
sample

b-tag jets from mistagged LH jets:
[Hjets: MC simulation
ft-HF: fit to the vertex mass of b-tagged jets

Strategy: quote the Ry ratio between the ##HF cross section and ##+jets one in a

fiducial volume
(tt+ HF)

R, :Gf(fj_“) s U ﬂ% (C. Bertella @ DIS2013)
O fig &

Vertex mass [GeV]

Ny : the number of additional b-tagged jets for the ##HF selection; number of
selected dilepton events for the /Fjets selection

Fiducial volume: two leptons from top decay with p>25(20) GeV for e(pn) and
n|<2.5 and at least 3 (2) b-jets for #+ HF (ft+ Jets) and at least 3 jets for /f +HF

fracesco.spano@cern.ch Top Quark Physics with ATLAS @ LHC  Seminar at Universita “La Sapienza” & INFN Roma  21st Oct 2013

72


mailto:fracesco.spano@cern.ch
mailto:fracesco.spano@cern.ch

I[—I_ heaVy ﬂaVOI‘ quarks (\/S B 7 TCV ) N EW: To be submitted to Phys. R. D
o Fraction of HF jets extracted by a binned 5 ATLAS R
maximum likelihood template fit on the vertex * "}Zf J Lot a7 i ‘Eg:ﬁﬂd“ E
mass distribution P ighoutty | Medium purity Loty ERe
o To increase the sensitivity — 2D p.d.f. (py 1100 e | %
— vertex mass) 1_ """"""" T g
o Three exclusive bins of b-jet purity: mf N W - . L >
10g = 60%, 60% to 70%, 70% to 75% N T T <
o To differentiate between 0’s, light flavor lemplate Tit results to vertex mass [
and C’s . 025 o
0 oy (fFHF)= 0.18 + 0.03(stat.) pb " osp Egggigggggggg) E
o Oy (fHrjets)= 2.55 £ 0.07(stat.) pb ordf o S 1
0 Ryp = [ 7.1+ L3(stat.) 4™ (syst.) ] % 0128 Toacorw
o Dominant uncertainty: fiducial flavor 0.8 s=T7TeV -
composition 0.08¢] E
o Result consistent at 1.4c level with LO SM T 0a T OE 0
prediction from ALPGEN and at 0.6c level with R, as a function of F,,,, , ratio of 2
approx. NLO result from POWHEG events with additional b-quarks to tf
gvents with additional c- or b-quarks
(C. Bertella @ DIS2013) e
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Top mass
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Miop @ ATLAS with 3D template: uncertainties

Larger stat in 3D
because of
higher dim, but
reduced b-JES

Dominant
modelling is
reduced by
b-JSF

Residual JES
from pr
dependence of

JES

b-tag:pr
dependence of
scale factors
affecting Rip

Overall: better
total syst , bJES
albsorbed by
bJSF, scaling
with lumi,
uncorrelated in
combinations

JSF/

set b-JES to 1

(thanks to G. Cortiana’s CERN seminar,

2nd July 2013)

2d-analysis 3d-analysis

Myop [GeV] JSF || myop [GeV] JSF | bIJSF
Measured value 172.80 | 1.014 172.31 | 1.014 | 1.006
Data statistics 0.23 | 0.003 0.23 | 0.003 | 0.008
Jet energy scale factor (stat. comp.) 027 ( n/a) ( 027\ n/a n/a
bJet energy scale factor (stat. comp.) n/a\ n/a 0.67 ) n/a n/a
Method calibration 0.13 | 0.002 0.13 | 0.002 | 0.003
Signal MC generator 0 M\ 0.19 | 0.005 | 0.002
Hadronisation 1.30 | 0.008 }  (0.27 | 0.008 | 0.013)
Underlying event 0.02 | 0.001 0.12 [ 0.00T | 0.002
Colour reconnection 032 10001 0.0
ISR and FSR (signal only) (096 | 0.017) 6.45 0.017 0.0gé
Proton PDF 0.09 | 0.000 0.17 | 0.000 | 0.001
single top normalisation 0.00 | 0.000 0.00 | 0.000 | 0.000
W+jets background 0.02 | 0.000 0.03 | 0.000 | 0.000
QCD multijet background 0.04 | 0.000 0.10 | 0.000 | 0.001
Jet energy scale (0.60 | 0.005) (0.79 | 0.004 | 0.007
b-jet energy scale @.92 0.000} ( 0.08 | 0.000 0.002}
Jet energy resolution 0.22 | 0.006 0.22 | 0.006 | 0.000
Jet reconstruction efficiency 0.03 | 0.000 0.05 | 0.000 | 0.000
b-tagging efficiency and mistag rate @.17 O.()Ol) (0.81 0.001 | 0.01 1)
Lepton energy scale 0.03 | 0.000 0.04 | 0.000 | 0.000
Missing transverse momentum 0.01 | 0.000 0.03 | 0.000 | 0.000
Pile-up 0.03 | 0.000 0.03 | 0.000 | 0.001
Total systematic uncertainty CZ.OZ 0.021 ] Cl 35 |1 0.021 | 0.020
Total uncertainty 2.05 | 0.021 1.55 | 0.021 | 0.022

4
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top-quark events: MC modelling

(G. Cortiana, CERN seminar, 2nd July 2013)

P Modelling of signal events is

: . . Observable/analysis odelling oJgo
crucial for precision
measurements Jet multiplicity | MC@NLO+Herwig replaced by PowHeg+Pythia
B analysis calibration Gap fraction | Reduced parameter range for ISR/FSR systematics
. :
event reconstruction Jet shape | Hadronization: from Herwig to Pythia Perugia tunes

B definition of the parameter
range used for systematic

variations of MC samples Differential jet shape Integrated jet shape: (0 T)
o(r) = 1 pr(r—Ar/2,r+ Ar/2 U(r) = pTO’R
Ar pr(0, R) pr(0, )
/: :I T T T I T T T T I ° Data T Ij A C |||I||||||I|||'|||"|||t""|"."|""||"'_
= ¢ = Pythia6 AMBTH . = [ ATLAS \s=7TeV op-pair sample -
(6] —O— .
— _gig f Eﬂng ggﬁgia 2010 i 9\; 1:_ Preliminary _:
Herwig+Ji L _
- == ! HEWSL”S.TE 7 0.8~ .
- =g (>§ gﬁgcggﬁ 2.5.1 § 0 6: ’/ 40 GeV < p_ <50 GeV .
' Pythia8 8.145 4C B b-jets —
10 == - - " / B Data (stat® sys). ]
- ﬂ—f-'f N . 0.4_— ,/ ----- MC@NLO+He.rW|g —
¥ Jet shapes are sensitive to the . —— i S
. L —_—— . 0.2— —
details of the parton shower models. inclusive jets === - A Daa(stat®sys) -
. . . . B —— B L —— MC@NLO+Herwig -
(differential/integrated, using i AT’-AS% y == | o det= 181" PowHegsPythia B
. \s=7Te B i
calorimeter clusters/tracks) e g bbb bon e,
1_—JLdt=36pb'1 25GeV<p. <40GeV o S 1.2 E
— T jet = ©) - .
. . : ] 1 | | | Il | I | ] Il Il | | Il ] Il I Il Il Il | | | Il : 2’ 1?---#----¢--'-‘-----‘ ----- - ----- - ----- .-----.----.----.--'-_:
_ Top pair events complement studies & 55 | | | | E g 0.8~ =
from the inclusive jet sample. £ 10 e < BEaae
a _,=%=+_-__ ¢ V—3 5 C
T = 0 ————— ::;;_——;_ ——h—— A ——4— 3 12_— B
Possibility to analyse separately b- S L =A=————a —#~ 5 -
_ _ ®-10 —O0——0————0——0— —x—= o AR L N R R S R B S R
- () = ]
quark and light-quark jets. o-20f Eur.Phys.J.C 71 (2011) 1795 4  Zosf 1
S 0.1 02 03 04 05 06 0 005 0.1 015 02 025 03 035 04

Apbyztt

r r
e CERN Seminar, July 29, 2013 G. Cortiana
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in-situ y/Z Flavor Intercalib.

pexp=l’ pLHc=o pexp=l’ pLHC=o pexp=|’ pLHC=o'5 pexp=|’ pLHC=o°5 pexp=o or |, pLHC=o
vary 0 - 0.5 vary 0 — | vary 0.5 - 1.0 vary 0.5 - |
g 00— T T T

. . ) o % 15D;ATLAS+GMS Preliminary, Vs = 7 eV
¢ Robust combination with respect to most variations » = ool TOP-13-005
g1
e Three additional cross-checks: £ 50p
< Of
= add ttbar-specific hadronization uncertainty in CMS 50k
measurements comparing Powheg Pythia vs Herwig -100E

= remove ATLAS tt-specific hadronization -150 m,,, combination, Septemtfer 2013
_EDDJ | clr l clr | | | ] | .l_ |Il_ ..l..
-+ re-categorize CMS bJES uncertainty varying b-fragmentation, SESE588888|s 8 &®
. : . we v e g w S’ £ £ g
semi-leptonic BR, hadronization model I N A R
WoonnonocoooiL|l=k O
[ mmmmmgmmmnumm
SLLyysSEEE8|s ¢
. lIva, 1 EEEESE e eegls s

S _ = - =

. e 5% gf"‘gaﬂag S &
P. Silva TOP 2013 a & o o o =
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Definition of m,p from top decays

2
If ['.op were < | GeV, top would t T ; ! m= S n
hadronize before decaying. Same as b- _ ___——. ‘_ Pn i=L,..m
3"

quark

me = Flattice/potential models (mT, o(QCD)

But ['top is > | GeV, top decays before

q
hadronizing. Extra antiquarks must be
added to the top-quark decay final state q\g

in order to produce the physical state
whose mass will be measured
_ 2
q q o
As a result, Mexp is not equal to mpPo'ey, Meap = | Z bi
and will vary in each event, depending
on the way the event has evolved.

Goal:

- correctly quantify the systematic uncertainty
- identify observables that allow to validate the
theoretical modeling of hadronization in top
decays

- identify observables less sensitive to these

The top mass extracted in hadron
collisions is not well defined below a

precision of O(['«op)~ | GeV

effects Conclusions

To the level of 250-500 MeV, it is justified to consider mmc=mpole

Dynamics “on the W side” extremely stable against all that happens
on the b-side: try to exploit lepton endopoints, or other related

(M. ManganO observables

® Absolute effects of b-jet recombination in the few-GeV range, most

TOP 2 O 7 3 ) of it controlled by perturbative effects, thus unaffected by NP

uncertainties
fracesco.spano@cern.ch  Top Quark Physics with ATLAS @ LHC
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Miop @ LHC (Oct 2013)

LHC m,,, combination - September 2013, L =3.5f0"-4.9 fb”
ATLAS + CMS Preliminary, \s = 7 TeV
ATLAS 2011, THets L — 172.31= 0.23 = 0.72 + 1.35
ATLAS 2011, di-lepton . )

e e —e———  173.09 = 0.64 +1.50
CMS 20T Hjets —+@—  173.49+ 0.27 + 0.33 = 0.98
R ehien - — 172.50 = 0.43 +1.46
P 20T, alljets ——e——  173.49 = 0.69 +1.23
LHC September 2013 — O — 173.29 + 0.23 = 0.26 = 0.88
Tevatron March 2013 - —0—i 173.20 = 0.51+ 0.36 = 0.61

(stat.) (syst.)
| | | | . | | | |

166 168 170 172 174 176 178 180 182
My, [GeV]

ATLAS-CONF-2013-102
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ATLAS-CONF-2013-102 Mitop @ LHC (Oct 2013)

o | HC
Categorization
of syst
(compared to
Tevatron)

® Dexp (PLHC)IS
correlation
assumed
within same
experiment
(lbetween
different exp)

® Doxp ANd PLHC
only reported
for ungrouped
categories

Uncertainty Categories Size [GeV] Correlation
ATLAS CMS LHC Pexp | PLHC
Tevatron ATLAS CMS 2011 2011 2011 2011 2011
[+]ets di-/ [+jets di-/ all jets comb
Measured m1,0p 172.31 | 173.09 || 173.49 | 172.50 | 173.49 || 173.29
Jet Scale Factor 0.27 0.33
bJet Scale Factor 0.67
1JES Sum (statistical comp.) 0.72 0.33 0.26 0 0
uncorrelated JES comp. 0.61 0.73 0.24 0.69 0.69 0.29 1 0
dJES in-situ y/Z JES comp. 0.29 0.31 0.02 0.35 0.35 0.10 1 0
intercalib. JES comp. 0.19 0.39 0.01 0.08 0.08 0.07 1 0.5
aJES flavour JES comp. 0.36 0.02 0.11 0.58 0.58 0.16 1 0.0
bJES b-jet energy scale 0.08 0.71 0.61 0.76 0.49 0.43 1 0.5
MC Generator 0.19 0.20 0.02 0.04 0.19
Hadronisation 0.27 0.44
MC Sum 0.33 0.48 0.02 0.04 0.19 0.14 1 1
ISR/FSR 0.45 0.37
_ Q?-scale 0.24 0.55 0.22
gﬁ Jet-Parton scale 0.18 0.19 0.24
& Rad Sum 0.45 0.37 0.30 0.58 0.33 0.32 1 1
CR Colour reconnection 0.32 0.29 0.54 0.13 0.15 0.43 1 1
- Underlying event 0.12 0.42 0.15 0.05 0.20 0.17 1 1
PDF Proton PDF 0.17 0.12 0.07 0.09 0.06 0.09 1 1
Jet Resolution 0.22 0.21 0.23 0.14 0.15
Jet Reco Efficiency 0.05
Elss 0.03 0.05 0.06 0.12
DetMod Sum 0.23 0.22 0.24 0.18 0.28 0.20 1 0
b-tagging 0.81 0.46 0.12 0.09 0.06 0.25 1 0.5
LepPt Lepton reconstruction 0.04 0.12 0.02 0.14 0.01 1 0
Background from MC 0.14 0.13 0.05 0.08 1 1
Background from Data 0.10 0.13 0.04 0 0
Method 0.13 0.07 0.06 0.40 0.13 0.06 0 0
Multiple Hadronic Interactions 0.03 0.01 0.07 0.11 0.06 0.05 1 1
Statistics 0.23 0.64 0.27 0.43 0.69 0.23
Systematics 1.53 1.50 1.03 1.46 1.23 0.92
Total Uncertainty 1.55 1.63 1.06 1.52 1.41 0.95
Comb. Coef. [%] 22.6 3.6 60.6 -8.4 21.6 x*/ndf = 1.8/4
Pull -0.80 -0.15 0.41 -0.67 0.19 x* prob = 77%
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Measuring top mass [Lat = 4.7 b1 (2011)

- qqlvbb

° i - b ¢
Standard single lepton selection % EurPhys.l. C72 (2012) 2046

» good quality objects, 1 lepton, cutson "
Er,miV, >4 jets, at least 1 b-tagged jet

m _IIII|IIII| IIIIIIIIIIII |IIII_

CD 400 _° \s=7TeV data ATLAS -
- [ i m,=172.5 GeV 7 .
[ single top mtop=1 72.5 GeV

* Reconstruct two miop-sensitive variables : i
e Jet energy scale is crucial: different reduction 300 vz

W+jets

- [ QCD multijets

* Binned likelihood fit of data to mtop- 2505 22 eram
dependent template(s) of varlable(s) —»mtop 0 [La=toan

» channel dep analytic shape for bkg, s T i '_'1'6;;; 71500 e+ets <

» W+jets and QCD from data § o Sz | 100- E

3 0.12;— — 50;— —
° Compare/ Comblne g 0:; crjots - 9055 ""60 55 50 45 AC
=1 z InL

0.06:— —:
1d R32 analySIS v y == E = sl ATLAS . Data -
0 '1.5""2""2.5""3""3.5"&'4 B B Signal i
32 Background

ofit Rs2 = Ratio of 3-jet (top) to 2-jet (W)-masses: & ™
assign jets with kinematic likelihood fit using W mass 150/
constraint, Miop,HAD= Mtop,LEP + Weight for b/mis-tag :

cancel jet syst in ratio j:

» Log(L)>-50 , 2-jet mass (60-100)GeV >
» prjet >40 GeV for 3-jet system

Mo = 175.5% 1.1, GeV

jL dt = 1.04 fb”

100~ u + jets —

15 2 25 3 35

linearity tested with Poisson-fluctuated pseudoexp.
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Vleasuring top mass ; “r
2dM analysis

300

® fit (Mt,reco, Mw,rec): function of 200f
global Jet Energy Scaling Factor, .

fL dt =1.04 fb"

- Psig + IDbkg
Pbkg
e Data

JSF =0.985 + 0.008
Miop = 174.3 = 1.0y, 47 G

(JSF)— miop,JSF o T e 0 e :
0100 150 200 250 300 350 400 - —1o ATLAS 7
» use largest pr 3-jet system (b- +2 |-jets) mgp1Gev) Ol 20 o 0955 1 0.008 E
. . ' ' ' - Mgy = 175.0£ 0.9, - GeV 7

> Mwrec from 2 light-jets reduce JES by in-situ fix 't

» X° with 2 I-jets energies imposing Mw
— Miop,rec from fitted jets + b-jet

» scale all jets with same JSF

Results
10 R32 miep = 174.4 £ 09600t £ 2.54yst

to W mass + transfer
uncertainty to JSF

m(2 l-jets)e (50,100) GeV

{ Eur.Phys.]. C72 (2012) 2046

[Lat =1 fb™ (2017)

. N
' Seo
{ .
- \ .. -
0 99 k .
. . .
. .
- . R -
.
- * . -
N .

- . s -

N S

. S
- . . -

N

— N . —

. .. '
- N ' -

.~ '

u + jets

L 4 .
0.97 det 1.04 fb __

171 172 173 174 175 176 177 178 1/
My, [GEV]

2dM Miop = 174.5 + O°68tat + 2-38yst GeV

e Systematic dominated! b-JES

» 1dRs2 (GeV) : ISR/FSR (1.4 ), JES(~1.2),
JES(~1.16), MCGen (~0.7), Colour Rec

» 2dM (GeV): b-JES (~1.6), ISR/FSR(~1),

(~0.66), Colour Rec(0.55), JSF (0.4)

ATLAS (Date: February 23, 2012)
Gev e+jets (1d) _ - 1729+ 1.5 25
u+ets (1d) —e——— 1755+ 1.1+ 2.6
e+ets (2d) _ — 1743+ 0.8+ 2.3
u+ets (2d) +o—+— 1750+ 0.7+ 2.6
b l+jets _ 1745+ 0.6 2.3
(O 6) Most precise (CDF I+jets) - 173.0x 0.7+ 1.1
JES Tevatron September 2011 H-o-H 173.2+ 0.6+ 0.8
(stat) (syst)
Miop (CN{S) = 172.|6 +0.6 (Stlat+JES) il 1.2 (Syst)| GeV

160 165 170

e Correl 1d-2d O(15-16%) , combination not better than 2d
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Top and HIggs
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CMS limits on ttH

CMS-PAS-HIG-13-015

ottH, HoYY @ s =8 TeV

CMS-PAS-HIG-13-018
ottH, H—bb @ ys =8 Tev

95%CL upper limits on Higgs prod

Expected Expected

Higgs Mass | Observed | Median Higgs Mass | Observed | Median
110 GeV 3.6 3.3 110 GeV 6.5 5.8
115 GeV 4.1 3.5 115 GeV 74 6.5
120 GeV 4.3 4.0 120 GeV 8.2 7.2
125 GeV 49 47 125 GeV 9.1 8.2
130 GeV 6.8 6.0 130 GeV 12.4 10.5
135 GeV 7.4 71 135 GeV 15.0 12.3
140 GeV 90 9.6 140 GeV 18.0 14.1

I+]ets dilep

fracesco.spano@cern.ch Top Quark Physics with ATLAS @ LHC  Seminar at Universita® “La Sapienza” & INFN Roma

fo(H=vyy)g,

95%CL
W W

oH=vy) .,
N

95% CL limit on o/oSM

45 — Observed
40 - Expected = 1o

o) et [P Expected + 20

CMS Preliminary Vs=8 ng\{ L=19.6 fio!

10 115 120 125 130 135 140 145 150

m,, (GeV)

CMS preliminary Lepton+Jets {s=8TeV,L=19.51fb"

—e— (Observed

.............................................................................

..... ttH(125) injected

§5222 Expected = 1o

18—
161
14
12
10

1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
910 115 120 125 130 135

140

my (GeV)
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ttH combination by CMS

ttH Channel 95% CL upper limits on p = o/ogpy (myg = 125.7 GeV)
Expected
Observed g Medle.m Median | 68% CL Range | 95% CL Range
ignal Injected

o~ 5.4 6.7 5.5 3.5,8.9] 2.4,14.1
bb 4.5 5.2 3.7 2.6,5.2] 2.0,7.0]
T 12.9 16.2 14.2 9.5,21.7] 6.9,32.5
41 6.8 11.9 8.8 5.7,14.2] 4.0,22.4
3l 6.7 4.7 3.8 2.5,5.8] 1.8,8.7
Same-sign 21 | 9.1 3.6 3.4 2.3,5.0 1.7,7.2
Combined 43 2.9 1.8 1.2,2.6 0.9,3.6
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Charge asymmetry
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Measure top quarks charge asymmetry

[Lat = 4.7 fb™ (2011)

qqlvbb bef unfolding,
no bkg subtraction ATLAS-CONF-2013-078
§ : T T T T | T T T T |. T .I T T | T T T T | T T T T | T T T T : >16000__I T T | T T T |. I. T T | T T T | T T T | T T I__
18000~ ATLAS Preliminary ;. gjets(> 1b-tag) — & | ATLAS Preliminary /., 4jets(>1b-tag) 1
S co0or. 'S=7TeV = $140001— ys=7TeV =
= - . . 2] B -1 ——— Data _
- =4. - ] 12000— z —
14000 — Coid — > - , — v\l+jets -
n Wjets 3 +0000F 7 7. iots B
12000— Z+jets = - D'I;oson N
. - i -
- Diboson ’ - : —
— h ] _ Single top _]
- Bl Multijets - i 7/, Uncertainty
8000 - 7/, Uncertainty 6000 — / =
6000 — — 4000 = =
000}~ E 2000 - r‘ B
2000 — B r*
oF . % 200 400 600 800 1000 1200
-3 -2 -1 0 1 2 3
m. [GeV]
Alyl
[ T T T T | T T T T | T T T T | T T T | T T T T ]
> . .
d, | ATLAS Prellmlnary i ] 1_. : T T T T | T T T T | T T T T | T T T T | T T T T :
(&} f+>4jets(>1b-ta o = .. =
S 100001 (52 7 TeV Jets ( 9) ] % 9000 - ATLAS Preliminary ;. 5 4jets(> 1b - tag) =
~ - - s = Vs=7TeV ]
2] -1 —— Data g il 7
2 - J. L dt = 4.7 fb - . m 8000 4 —— Data =
3 - C I+t - - | Ldt=4.71b 7 =
o 8000|— Wijets  — 7000 - g 3
L Z+jets ] 7 \ZIVfgtss E
B Diboson - 6000 77 D-Il-tj, oS =
6000 — B Single top —| - . -
- Bl Multijets 7 S000E” - I\SIIILrIIIQtJinZtt: 3
- 7, Uncertainty | 4000 7/, Uncertainty —
4000|— — = 3
o : w0i0E E
2000— b 2000 —
- rt 1000 =
o oo o ]
0 50 100 150 200 250 o G " == omle 5
p_ _[GeV]
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CHARGE ASYMM

- TRY Al LHCCe.

SM prediction QCD NLO + EW: 4% =1.234+0.05%.

L epton+tjets

ATLAS: A¥ = 0.6 -

CvlS A|y| =04 =E 1.0 4

(M, PLB

Dilepton

CMS: AX =5.0+4.3%]

=11

17 (2012) 129]

= L%

[ATLAS-CONF-2013-07/8]

ATLAS: 44l —57-

5%

[CMS-PAS-TOP-12-010]

= 4 Ars

= L5 %

[ATLAS-CONF-2012-057]

[Bernreuther, Si, PRD86 (2012) 034026]

-V

o :IIII|IIII|IIII| IIIIIIII |IIII|IIII|II

<
_ N sv Vs= 7 TeV

~ W Axigluon m=300 GeV s=71e
0.15 M Axigluon m=7000 GeV J Ldt= 4.7 fb"

0.1

0.2~ —*— Unfolded ATLAS Prellmlnary—

0 0 5 [ETETVERTRRTAEN FRRVARRVRRARVOY
.
®

/////////////////////////////////////
::::::::::::::::::::::::::::::::::::::::::

-0.05—

_0 I I | 1 11 1 | 1 11 1 | 1 1 1 1 | 1 11 1 | 1 11 1 | 1 1
10 100 200 300 400 500 600 700
[ATLAS-CONF-2013-07/8]

800 900

m, [GeV]

Results are compatible with SM, but significance Is limited.

(S Westhoff, TOP2013)
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Latest on LHC charge asymmetry

ConC[uSlon b 052 0.9% CMS 19.7 fb, 8 TeV
_ _ o . Lepton+jets A
LHC: no deviation from the SM prediction is —e——o04:15%  CMSSO0IL 7TV
seen up to now, but precision is start to be Dileptons .
limited by the systematic uncertainties Lepton+jets 0.6+ 1.0 % ATLAS 4.7 fb™, 7 TeV
(could be improved with more statistics?). Dileptons ———
Further progress may be seen in measuring 1
asymmetries in the specific regions of ) —d 10+1g9 CMSS0fT,7Tev
phase sp)ace (high velocity, high invariant tt Dileptons ke ATLASA77Tev
mass, ...). T 231
(\/ Sharyy ’ TOP2073) Bernreuther&Si,IF'h}.rs.Rev., DBIli (2012) 034nzﬁl: 8 TeV, |
0 5 10 15
CDE 5.4 " Asymmetry, %
® ] . .
Leptontiets 184247% | Tevatron: still some tension between
—_— measurements and QCD calculation at the level of
we:e5%| 2-3 0. Differential asymmetry shows an interesting
CDF 9.4 fiy™ enhancement at high invariant tt mass.
| —— 9.47)7 % (extr.)
Lepton+jets D0 9.7 fb Further improvement in precision will be made

—*— A47£26%(ni<15) after finishing the analysis of the full DO statistics

Dilept & . .
lleptons 4.4+ 3.9 % (extr.) (could expect ~3% precision for the combined
inclusive asymmetry)
Dileptons ® 12.3 + 5.6 % (extr.) ] . .
et 1 iy e b (2015 034056 Tevatron combination is absolutely necessary
0 5 10 15 20 (including differential asymmetries) in order to
Asymmetry, % make a conclusive statement.

(TherON 12 f[/ C ﬁ_n_ﬁlf 9| 11/711_[17.1‘ A1 o 11 11 f_f.ﬁm‘ 7)o+ C 23
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Top resonances
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Soosted decays : the issues (lI) ATLAS-CONF-2012-065
e Recover radiations & deal with pile-up: grooming vs standard

standard
» Offset corrections

» jet area correction

Mass Drop: undo
C/A by 1 step,consider
jets with sizeable mass
difference between
subjet_i and original jet

Filter: recluster with
CA, keep only 3 hardest
subjets

. AR .
Rgy = min[0.3, —52] Filtered jet

Trimming: global
make subjets and

take away Soft contrib
compared to overall
scale

Pruning:local
run kT or CA on constituents

adiscrad soft elements at each
recomb step

Y 1 il+ 2 .
Initial jet ® p?/pé 7> zeut or AR;, i, < Reut Pruned jet
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Used taggers: HEPTopTagger : grooming  amas-cone-2012-06s

b,
t = - (from S Fleischmann

q, TOP2012)

7

9,

1 Decompose until m;; < 30GeV with mass drop requirement
mj; < HMarge jet  €ach new subjet is decomposed

2 Investigate 3 subjets and their constituents

consider all z‘rip/ets\bf subjets

3 Re-cluster using C/A with parameter/
R = min(0.3, min,-j AR(j,,jJ)/z)

/ new sub-jets

4 Use only 5 hardest subjets of last step

require total mass in
top mass window

5 Buil€lexactly 3 subjets from the selected constituents

if R_ < 23 <R, 0.2 < arctan i3 <1.3

ni-73 ni» ) Ri — (1 + fW)nant‘;[;

jet formed by 3 sub-jets is candidate top jet
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‘Boosted” Search for excess in tt production vs My -single-lepton

_ -1 _ Resolved selection | Boosted selection

J Lat = 14.3 fb™" (2077) \/8_8 eV yield impact [%] | yield impact [%]
Systematic Uncertainties total bkg. 7’ | total bkg. VA

Luminosity 2.9 4 3.3 4

PDF 2.9 5 6 2.9

ISR/FSR - 02| - 0.7 —

Parton shower and fragm. 5 — 4 —

ATLAS-CONF-2013-0562 tf normalization 8 — 9 —
tt EW virtual correction 2.2 — 4 —

tt Generator 1.5 — 1.6 —

WHjets bb+cc+c vs. light 0.8 —~ 1.0 -

Wjets bb variation 0.2 —~ 0.4 —~

° Syst uncertainties W +jets ¢ variation 1.1 - 0.6 -
on bkg an d Z W+j§ts normalizati.on 2.1 — 1.0 —

: Multi-Jet norm, e+jets 0.6 — 0.3 —
y|e|d3 Multi-Jet norm, u+jets 1.8 — 0.3 —

: JES, small-radius jets 6 2.2 0.7 0.5

° DOmIﬂaﬂt SOUrces JES+JMS, large-radius jets 0.3 4 17 3.3
are J ES, J MS, b‘ Jet energy resolution 1.6 0.4 0.6 0.7
tag and PDF Jet vertex fraction 1.7 2.3 2.1 2.4
b-tag efficiency 4 1.8 3.4 6

c-tag efficiency 1.4 0.3 0.7 0.9

Mistag rate 0.7 0.3 0.7 0.1

Electron efficiency 1.0 1.1 1.0 1.0

Muon efliciency 1.5 1.5 1.6 1.6

All systematic uncertainties 14 9 22 9
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CMS latest limits on tt resonances
(2 Universitit Hamburg leItS

DER FORSCHUNG | DER LEHRE | DER BILDUNG arX|V hep_ex13092030
12 SMS, 19717, Vs =8 TeV Phase space overlap between
. Expected (95% CL) resolved and boosted semi-
To0e N T Observed (95% G leptonic analysis
N i — - Z'1.2% width

- +1c Expected

|:| +20 Expected

Transition point =1 TeV

! 1

Quote resolved result below

Upper limit on ¢, x B(Z' — tt) [pb]

\\\\ and boosted result above 1 TeV
10755 1| 5 o 55 3
M., [TeV]
Spin-zero resonance:
Model Observed Limit Expected Limit —
7' Ty /My = 1.2% 21 TeV 2.1 TeV Mass Limit
Z!' Ty /My = 10% 2.7 TeV 2.6 TeV 500 GeV 0.8 pb
RS KK gluon 2.5 TeV 2.4 TeV 750 GeV | 0.3 pb

Non-resonant enhancement:ratio S = (SM + BSM tt) / (SM tt)
Limit for m; > 1TeV: S < 1.2 at 95% CL with credible interval of 1.1-2.0 at 68%

QJ'resonances | CMS Rebekka Sophie Hoing 19

fully boosted hadronic search @ /s = 8 TeV
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Search for vector-like quark @ Js=8 TeV

ATLAS-CONF-2013-018

e Observed (red
filled ) and

expected (red-

dashed)
explusion
regions
@95%CL for
diferent t’
Masses

¢ Default BR
from PROTOS
are shown for
singlet (circle)
and doublet
(star)

®grey is
unphysical

m, = 400 GeV

0 02 04 06 08

B m, = 450 GeV

ATLAS Preliminary
Vs=8TeV, j Ldt=14.3f0"

95% CL expected exclusion

T 95% CL observed exclusion

@® SU(2) singlet

m, = 550 GeV

0 R e 06 08

0 : 206 08
[ * m, = 750 GeV m,=800GeV| [ L m, = 850 GeV
8F 0.8 ol'b/.
[ - 0%0
.6F - 0.6 %
Af 0.4F 0.4F
X X o X o
2 0.2 0.2
0320705 05 1 00 0z 03 05 s 1 09z 97 05 o5 i
BR(t' — Wh)
21st Oct 2013
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CMS latest limits on vector like quark T

UH
Universitat Hamburg Limits On T' maSS

DER FORSCHUNG | DER LEHRE | DER BILDUNG

Expected and observed limits on the T' quark mass for
each possible branching ratio

CMS preliminary Vs=8TeV 19.6 fb™ CMS preliminary Vs=8TeV 19.6 fb

BR(bW) BR(bW)
1

1
Isoo i

—750

ISOD

— 750

CMS-PAS-B2G-12-05

o0 —{700

—650 —650

—600

—{600

[A9D] yrwur] ssepy daen) I pajdadxy

[A2D] yrwry ssey yaen) I paaIdsqQ

1 1
BR(tZ) BR(tH)

1 1
BR(tZ) BR(tH)

Greatest sensitivity for T' — tZ decays
Lower limits on m(T'): between 687 and 782 GeV

T —tHtZ, bW | CMS Rebekka Sophie Hoing 30

R. Hoing, TOP2013

fracesco.spano@cern.ch Top Quark Physics with ATLAS @ LHC  Seminar at Universita' “La Sapienza” & INFN Roma  21st Oct 2013 96



mailto:fracesco.spano@cern.ch
mailto:fracesco.spano@cern.ch

Going boosted extends reach!

RGSOlved ATLAS-CONF-2012-136
3‘ L} I L} L} L} I L} I L] L] L] I L] L] L] I L] L] L] I L] L] L] I L] L]
& \/_=7TeV _ObS 95°/oCLUppeI‘|Imlt E‘ LI DL L T 1 I T 11 I T 1.1 I T 1.1 I T .1
=  10° ieet T Exp. 95% CL upper limit Qo Ns=7TeV ———— QObs. 95% CL upper limit
7 J Lar =466 Exp. 16 uncertainty = 10 [La-4se’ Exp. 95% CL upper limit
“u 102 Exp. 2 ¢ uncertainty .T Exp. 16 uncertainty
% . Leptophobic Z’ (LO x 1.3) N Exp. 2 6 uncertainty
X ATLAS Preliminary O Leptophobic 2 (LO x 1.3)
> X ATLAS Preliminary

bN 10

10

1 0-2 ] I ] ] ] I ] ] ] I ] ] ] I ] ] ] I ] ] ] I ] ] ] I ] ] ]

06 08 1 12 14 16 18 2 10_2 " S T BT T DT T T BT AT T T TN T B
; 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Z’ mass [TeV]
5‘ L] I L] L] L] I L] L] L] I ] ] ] I ] ] ] I ] ] ] I ] ] L] 3‘ L] I L] L] L] I L] L] L] I L] L] L] I L] L] L] I L] L] L] I ) L] . L]
Qo Ns=7TeV —— Obs. 95% CL upper limit j Qo Ns=7TeV —— Obs. 95% CL upper limit
= 10° f Lai-de6t’ T Exp. 95% CL upper limit = 10° f Ldredeet! T Exp. 95% CL upper limit
0 Exp. 16 uncertainty 3 0 Exp. 16 uncertainty
X Exp. 2 6 uncertainty ] ~ Exp. 2 ¢ uncertainty
EE@ 10° - Kaluza-Klein gluon (LO)  —§ G:Q 10° = Kaluza-Klein gluon (LO)
0>C<1 ATLAS Preliminary . 2 ATLAS Preliminary
o o
L I L L L I L L L I L L L I L L L I L L L I L L L
0.8 1 1.2 1.4 1.6 1.8 2 0.8 1 1.2 1.4 1.6 1.8 2
9., mass [TeV] g, mass [TeV]
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New physics in top decay
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Search for Flavour Changing Neutral Currents in tt

[Lat = 0.7 b1 (2017) 5 o te =

* single lepton trigger, 3 isolated high ¢ jz._”‘"s Pre"”"”aryli’,iw signa ,_
pt leptons (e, u) from same prim. % 35:_ftdt=0-70 fo ="(Sj”)t o
vertex,leading lep flav.= trigger flav.,>2 it avasons
opposite charge and same flavour ; o5t

e |M(t+,0) - Mz |[< 15 GeV /‘\Pi 20 % ]

q P 151 . .

* >2 jets: (sub) leading with pt >20 3 10¢ *% L

(30) GeV, large ET™'s® >20 GeV. ; TR S
95 Wéri.:ﬁ(/)j 8|5 '_970_"';; ;OOHT(I)EISI_
e Bkg: dominant di-boson from simul.(\wz,72). | M [GeV]

T RRRRN RS R AR RARRY RARRN RARRE A
ATL S Prellmlnary e data -

Data-driven fake lepton (jets) bkgs: 1 Www & can

di-lepton tt from sim., Z+jets from Z-control region), 2 (W = _ j Ldt-070t'  Maew
+jets and single top) and 3 (QCD and tt) extrapol. Pkt

25 -

from 3 same-sign lep sample. Negligible 1fake+{*{- zo%j%

Events
w
U‘I

°* Reconstruct tt— WbZb with min Least
Square (miop, mw,mz constraint) — |mwe-mw/|
<30 GeV & |miop'®° - miop|<40 GeV — NO excess

100 .

: 7% .
5 ] =

found— frequentist 95%CL on BR(t—qZ) OB
=1.1% (exp 1.3%) including syst largest sys effects on  nb.jets

vield:JES, mu trigger, el id
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Charged Higgs searches in ATLAS

papers

e The European Physical Journal C December 2012, 72:2244,
Doubly charged higgs in like-sign dilepton, 4.7/tb

e Journal of High Energy Physics March 2013, 2013:76, lepton
universality violation 4/.6/tb

e The European Physical Journal C June 2013, 73:2465, light
charged higgs to decaying to cs 4.7/tb
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Measure top quarks charge asymmetry

~ I|IIII|IIII|I | II|IIII
0.35 ATLAS

>

g e+>41ets(>1btag)_

o} C -1 d .
- f L dt=1.04 fb S MOBNLO

= 0.3_— -

: , | | ’

0.25F | ‘ .

[Lat = 1 b1 (2077

ATLAS

0.2 1 50.15¢
- 1 < fl_dt=1.o4fb‘1
0.15:_ _: 01;—0— Unfolded data
- . - 7/ mcenLo
0.1:— B 0.05
2 unfolded Jf :
0.05— C
: bkg-subtracted Or
Coovav b v v b v oo b oo b by a1 7 B
q3 -2 -1 0 1 2 3 -0.05= ®
Alyl -
0.1
-0.15-
<450

Eur.Phys.]. C72 (2012) 2039

> 450

m_ [GeV]

e Unfold 2d (dN/dA|Y|, Mx) for det effects

(iterative bayesian) — derive Ac vs Mk
e Disfavours flavour changing Z’ (uu

— 7’ — tf) with rh coupling to us and W’ with rh

coupling tod (dd —» W’ — tt)
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. -_ti:::'fzﬁ: :z::’\
0.05| (el .
o k. &
< B :;:;
= 7 L i
. SM 8 8 . oums
ATLAS
0.05F 1 1 sty 0 = e e i
| | | | | | | | | | |
0 0.1 0.2 0.3 0.4 0.5
. AFB
G axigluon
&: scalar Higgs-like doublet
Q% W? charge 4/3 scalar

O.15_|III|IIII|IIII|III|IIII|IIII|IIII_
ATLAS |m,; > 450 GeV| .+
4#{@3‘" ]
! .*-:fé-i"‘f"} |
01 B W \--;‘::tl_:" ’ &iﬁ;ﬁ“@' Z/ __

e &%‘I}-ﬂ'
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AFB
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Search for excess in tt production vs M - single-lepton

JLat = 2.05 b1 (2077) qqlvbb ATL-CONF-2012-029 All events

= %102 S L A R

e A: standard smgle Iep (e IJ) SO ATLAS Preliminary — d"“;;
el: >4 JetS, >1 b‘tag b quark Lightquarksg 10 det=2.05fb'1 No=TTeV o Sin\;\llgjtec:z_g

I e & p+jets o o 3

""""""" 1 | Uncez:i:::_é

L
neutrino Z' (800 GeV)

— g, (1300 GeV) N

lepton 1 0-‘I
quark

e Data-driven QCD (jet template
method normalized to low E7™iss ) W

1072

+ closest Dr jet

* else 4 or 3 leading pr jets, exclude too 1o
C.J/OSG (’n DR (m/eﬂ) jets t.O /epton/ ,Other 500 1000 1500 2000 _ 2500 3000
jets. Iterate until 4 or 3 Jets remain. i mass [GeV]

+Jets normalization (normalization 100 000 1500 Zooo T Eeon 3000
scaling from charge asymmetry of W i mass [GeV]
production) ATL.CONF-2012:029 21 jet myjet > 60 GeV
R e
* Reconstruct leptonic W from £/75, 3 1;__& “HQT \\ \{:fj_fﬂf’:jf =R
lepton & W mass, then Mz g Ty
e sum leptonic W to - F] T e
* if 21 jet mjet> 60 GeV : high massjet ¢ |||/l | T e

\
N

o T
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Search for excess in tt production vs Mi -single lepton

* No excess found —+95% Bayesian
credible interval for Z’ & RS

including

systematics as averaged(A) nuisance pars.

KKGluon 0*BR,

e Upper observed (expected) limit at 95% prob
on topcolour Z‘ 0*BR (with T'z/mz~ 1% )
» 9.3 pb for mz=500 GeV/ to 0.95 pb for

mz=1.3 TeV

./’ with 500 GeV <mz <860 GeV are
excluded at 95% prob

e Upper observed (expected) limit at 95% prob

on KKGluon 0*BR

» 11.6 pb for mkka'=500 GeV to 1.6 pb for

Mmkkc=1.3 TeV

» KK Gluons with 500 GeV <mkke < 1020
GeV are excluded with 95%prob

o x BR(g, — ff) [pb]

ATL-CONF-2012-029

1 LI

o

2 - s=7TeV Obs. 95% CL upper limit

= det 2.05 for! -+ Exp. 95% CL upper limit

1 10°F -
—N C Exp. 10 uncertainty

E _ Exp. 2 o uncertainty

m N N —

X R Leptophoch

o 10F -

ATLAS Preliminary

LIS
.
~
.
.
-~
.
.
-
au
N Treaa.
LT
"naa
=—a

() 1 L1l L1l L1l L1l Y o | L1l L1l
400 600 800 10001200 1400 1600 1800 2000

ATL-CONF-2012-029 < mass[GeVi

1014— L1

-_||||
L (s=7TeV

_f Ldt =2.05fp" ----=--- Exp. 95% CL upper limit

S
.
.
*e
.

I LILIL) I LINLIL) I LILIL) I LILIL) I LINLIL) I | I:
Obs. 95% CL upper limit

Exp. 10 uncertainty

Exp. 2 o uncertainty

Kalu za-Klein gluon

ATLAS Preliminary
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Search for excess in tt production - di-lepton

[Lot = 1.04 b1 (2017) . . FL
ot et
: 7;‘ \ D

e Standard: di-lepton selection
(e,H) + data-driven Z/y*+jets

Events

ATLAS-CONF-2011-123

(Ermiss-dep Z-window) and QCD bkg

estimates

e No excess found in HT+EtMiss —
95% Bayesian credible interval

for RS KKGluon 0*BR including

systematics as integrated nuisance

pars.

e Exclude RS KKGluon with
Mkk below 0.84 TeV at 95% CL

Mass Limit (TeV)
Jaagnx/9s | Expected | Observed
default — -020 0.80 0.84
-0.25 0.88 0.88
-0.30 0.95 0.92
035 1.02 0.96
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m . gZZZKK/gS =-0.25 | Expected= 1o
© 10?2 = Yyeq. 19, =-0.30 Expected + 20 _|
- — gqng:/gs =-0.35  _._ Opserved limit .
gKKe tt
\'s =7 TeV
10 —
- det=1.O4fb'1
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ATL-CONF-2011-087

Boosted in ATLAS

- Hadionicte
~—_|_candidate

>

CATLAS
A EXPERIMENT

Run Number: 180400, Event Mumber: 54251178
Date: 2011-04-28 03:33:58 CEST

| |l Leptonic top
. candidate(,w‘;"-

P Leptoﬁic tﬂp
A candidaté/

| Hadronic top
candidate =
™

mass of sub-jet pair
with lowest mass

force 1—3 split

Hadronic top
candidate

semi-leptonic T CONF
Cobthni . . - -2011-073
candisis di-top-fet e .
. ; / o i 0_045_ ATLAS Preliminary —=— ATLAS 2010 data: 35 pb" 3
_ _ ATL_CONF_20‘|‘]_O73 _ - Candldate © _O.‘E E ——— Pythia MC10 _E
> o ' ‘ ‘ ‘ ! . 0.035 — — Herwig/Jimmy .
8(30.018:— ATLAS Preliminary —=— ATLAS 2010 data: 35pb" ~ 0083 —1+ e Herwig _E
%0.016? —PythiéM.C10 — - 0025---'-— o . =
S Tag top jets " A
0.012F vep - =
oo [T O Understand 0rs kr distance of -
0.008 = 001 =5 =gy E
i - —_) B
00061 substructure of 0005 ’7___;_2 splitting
0004.:.._.___: - T P A - = -
large cone (fat) jets BRRaeee
g O
§1'5—|____iiL --------------------------
= 1 = m WIS e [ m . . ) ‘ ‘ ‘
Sose measured for antikt with R=1 0 20 40 60 80 100120 140 R
50 100 150 200 250 300 12[ eV]
' GeV
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