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Qutline
e Why top quark?

* The tools of the trade
» LHC: a top factory at work
» The ATLAS and CMS detectors: top observers

e Measuring top quark production
» top pair
» single top

e Top Properties
» Top mass
» Differential cross sections

¢ Top pair production as a window on new physics
» The emergence of boosted tops: Resonances in tt

francesco.spano@cern.ch Top Quark @ LHC HEP intercollegiate Post Graduate Lectures- 30th Oct 2012 2
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b‘: | ¢ average measurements,

10

error bars increased
by factor 10
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o
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only 3 standard neutrinos
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Top Quark @ LHC

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

L

Bl 1
160 170 180 19
Top Mass (GeV/c

[l S

Aln(likelihood
-~ o

P . . I S s A

O 1

80 100 120 140 160 180 200 220 240 260 280
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?

francesco.spano@cern.ch Top Quark @ LHC HEP intercollegiate Post Graduate Lectures- 30th Oct 2012 4
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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 * Why different
with different = I I B forces (ran?ges,
quantum numbers ? | VI Z K strengths)’
| WK String theory..

4th generation...”?

I II III
sencrations of Matter

Three (

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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From bottom to top: a history of expectations

One needs top because

b couples to s only with 240 ————
neutral mediator

b_> S + l+l_ 200

/ /

No flavour changing |r ..
neutral currents: no [ ] .

S T . A
b iso-singlet . | 120 L%
L e i 14 iR _.k
I3 = -1.2 for b quark L ! st Ll
required by Z width in bb b e 120 1 1l _"_ Pl gl "*
decay. Need additional 7 %,g & zidl
quark, isospin partner of b B gl Uil ¢
b, with Iz = +1.2 =
No triangular fermion loops anomalies i.e. E |
additional quark required for lept.-ferm. cancellation
> V2 lu@ == ks b+ 5Y] qgag 1991 1993 19
S Yo
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1995: top Is discovered!

Vs =18 TeVe

Mitop = 176 + 8(stat.) £ 10(sys.) GeV/c2 | Da

p source

sh

Main Injector
- B Recycler -

: Ny
€entre of mass energy: 14806T1€V

francesco.spano@cern.ch

Mtop = 199737 (stat.) £22 (syst.) GeV/c?

6.815° pb.

19 sel. events
exp bkg:6.9

4.8 s.d.significance

mass from
likelihood
fit to shape

17 sel. events
exp bkg: 3.8

4.6 s.d. significance

O = 64 +22pb.

Top Quark @ LHC

HEP intercollegiate Post Graduat
Lectures- 30th Oct 2012

Events/(10 GeV/c?)

PRL 74 2626 (199)
3 VW
< I R N AN B I

\ [

160 170 180 19
Top Mass (GeV/c™)

CDF

1
......... 1
R ST

|-

PRL 74 2632 1995\

080 100 120 140 160 180 200 220 240 260 280

Reconstructed Mass (GeV/cz)

\

/" Fitted Mass (Ge\

\
A
\

olide)
o JatdA
2 [ (b)
O /’—\ _ tt+bkg
1 po
E‘ A4\ SN
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& X \ =
AN A tt
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g100

200
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From bottom to top: the global picture A.Quadt
Eur Phys. J. C 48, 835—1000 (2006)

Edu ¥ T I 1 T T T T l l
! SREESe v " 7 T 7 Tindirect bound from EWK data | |
; : world average direct measurement
[ 1 CDF direct i
200 & - | T Ei il DO direct pub.,
Ik 1 . . ¥ 3 5
.:‘.,]:-;" 11 - ., ' _ ]l!.- T*‘t" -... i ,- + ‘- ’ : .*.
1_'::.__ 160 _ Al i il 3 ! o : -
S . o ..' 1 *I' '.I ."._' . n "
@ 120 H o Pial il Lt 2009: Slﬂg|e tOp i
% 2| 2 observed!
= | | o 128" ' '
' | 1 .'.'.r"-_ o [
|E 80 f-"‘ 1 | il - _
Tevatron " | e B PRL103 092001 (2009)
lower 40 : \ . -
bound op(SppS) PRL 103 092002 (2009)
0 lower bound

1989\ 1991 1993 1995 1997 1999 2001 2003 2005 2007

ete” lower bound (PETRA, SLC, TRISTAN, LEP) Year
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Why TO p (q U ark) r? Masses of known fundamental particles

i ) 200
Most massive constituent of matter
Miop~ electroweak symmetry breaking scale Mrop~ M Gold Atom
1/m;t < 1Ty < 1/A <  mi/N\? 150
Production time < Lifetime < Hadronization time < Spin decorrelation time
Decay and strong {00
production rate are tests
f PO AR R
of standard model 0
GFitter, arxiv:1209.2716 50
o 805 7T T T T T o o T
E L e nescremans ||
= i mand ity messurements | E 0
= ¢ /- S -
80.35 — — . . . ] ] ]
- : Various scenarios with direct/indirect
e E coupling to new physics: from
B0.25 | 4 extra dimensions to new strong forces

140 150 160 170 180 190 200 t g t
Background to possible new
physics (Higgs, SUSY) 7 P '
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LHC : a Top producer
counter-rotating high intensity proton bunches colliding at center of mass
energy (Ecm) = 7 TeV in 27 Km tunnel

eventually: Ecv=14TeV (7 TeV per beam, design value)

3

2 \/ 1 / \/ 2 n b Key parameters:
L N; = bunch intensity
OC ny = number of bunches

2

O- o = colliding beam size

dNevents/dt = Luminolity * Cross section
Nevents(At)= [Ldt * Cross section
At

francesco.spano@cern.ch Top Quark @ LHC HEP intercollegiate Post Graduate Lectures- 30th Oct 2012 11
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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
Eom(Tevatron)= 1.96 TeV/ eventually: Ecm=14TeV (7 TeV per beam, design value
2012
' parameters:

Nl N2nb Ni = bunch intensity o w}‘\.— r- Y iﬁili”

L X N = number of bunches - -
2 o = colliding beam size "‘,.Plans =X G emenlm

AR

O

Ad ma/ora@ g

- .3.'
"
v iix

o ]

.peaK'?ﬁsftéﬁt'aneogzs ,
luminosity 2. 3103 =
s T

.' e
peak lumi

»

cm2s-
* delivered integrated
luminosity~50 pb

'3 5

."

_

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 _ T T A

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: production

probe low X in pdfs — Tevat | LHC(7) [ LHC(14)
(abundant) gluon fusion dominated |98 | ~"0% | ~85% | ~90%
aq ~90% | ~15% | ~10%
top pairs:
strong T S g -
e >
1 o :
> . Oy = 159 *12 4344, pb
Cacciar, Gzakon Mangano, Mitoy _ D07 +18 .46, pp FDFMSTW2008mio68c
Osrev = -19 -6 P for Mp= 173.3
scales PDF
t chan
Wt chan s chan
S/ng/e 7 q
e/ectrovveak M >\/WW<
Kidonakis O7rev =643 3pb  O7rev = 15.7*"3.14pb  O71ev = 4.6+0.3 pb
2010,2011

Osrev ~ 86 pb

francesco.spano@cern.ch Top Quark @ LHC

Osrev ~ 22 pb

HEP intercollegiate Post Graduate Lectures- 30th Oct 2012

Ostev ~ 5.6 pb

14



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

c (no)

Top @ LHC: in the context

proton - (anti)proton cross sections

LHC14 tt cross section

10" fror g 10
10° o — 110° Rate at L=
| e 10| Js(TeV) |xsec (pb)| 10%em2 s
10" £ 3
10° E o) ~
0' k " LHCE 110 1.96 (pp) ! 0.16H
. E P 5 ;; 7 (pp) ~165 " z
0 E 6 (E > Vs/20) *; 8(pp) ~230 0.23Hz
o ‘| 14(pp) | ~900 | 0.9Hz
10° | o GZ E

o (E; > 100 GeV) X;
10" 5
10” '
. ) .for [Ldt =5 fb™' @7TeV, expect ~8-10° events
10* csjet(ETjet > \s/4)

10_5 for [Ldt =18fb-1@8TeV, expect ~4.1 106 events

10° b OhigeeM,, = 150 GeV)

10" £, (M, =500GeV)

Higg

SRS Tevatron (lower energy collider): [Ldt =9.4

0.1 10 " fb1on tape, expect ~ 6.6 - 10* events
Vs (TeV)
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Jop sIgnatures  ..ipion tidecays

* High Pt jets Oy -32.4% (e.1.T)

* b-jets qq ~67.6% ook N

* 1 to 2 high Pt leptons W ELRE 4999

* Missing energy b +jets]

t b
D —0: o
L
b . single top
- W

<:|I> Jw q’/q’b, b
//I or 2 jets
- Wt t,s

bkgs_tt: W/Z(+jets), single
top, QCD, Di-bosons bkgs single_t: tt +some bkgs_tt
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ATLAS & CMS: Top observers

3 (ATLAS) or 2(CMS) trigger
levels for event selection

: "‘"::T}., LAY hodronlc end-cap and
forward calorimeters =
| Pixel detector -\ Size

l'. LAr electromagnetic calorimeters

\//~ Toroid magnets /| |

Muon ch;'mbers Solencid magnet | Transition radiation tracker m atte rs

Semiconductor tracker

Magnetic field 2 T solenoid + toroid (0.5 T barrel 1 T endcap) 4 T solenoid + return yoke
Tracker Si pixels, strips + TRT Si pixels, strips
o/p;=5x10%p;+ 0.01 o/p;= 1.5x10%p; + 0.005
EM calorimeter Pb+LAr PbWO4 crystals
o/E = 10%/VE + 0.007 o/E = 2-5%/VE + 0.005
Hadronic calorimeter Fe+scint. / Cu+LAr/W+LAr (10A) Cu+scintillator (5.8\ + catcher)/Fe+quartz fibres
o/E = 50%/VE + 0.03 GeV (central) o/E = 100%/VE + 0.05 GeV
Muon o/p;=2% @ 50GeV to 10% @ 1TeV (ID+MS) o/p; = 1% @ 50GeV to 5% @ 1TeV (ID+MS)
Trigger L1 + Rol-based HLT (L2+EF) L1+HLT (L2 + L3)
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ATLAS and CMS: Top observers.....

N

N Er =587 GeV/ic, @ =22

\ b«tagged jet
\ pr=45 GeV/c, n=-1.2,
N\
\
\ .
\ . ! < 5 [
\‘\ al 1' ol 1 '!.‘, s »
& ~ e® .?‘ 8/ .' i ]
R Bt TP wl
- 7 " ® -
\ , b-tagged jet e § = .“
)’\ K pr= 56 GeV/c, n
g |
$7 1 !
" P v 2.0, ( |
L $ Go

cm)

—

" N
\__(
; \S( 7
L . .

¥ [om)

z[em)

di-lepton (MU+jets) candidate

francesco.spano@cern.ch Top Quark @ LHC

Top events are real commissioni
tool: full detector at play!!

e+tjets candidate
CATLAS
/ electron -}-ﬁ EXPERIMENT

muon inside jet =

HEP intercollegiate Post Graduate Lectures- 30th Oct 2012 18
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..With excellent gata taking performance
Analyses use 1. t0 4.6 fb™' (2011)

e | RN (G DR v Rl S rR M DI ] 706 [ N PR D [ [ T I (M W o
25— o

- ATLAS Online Luminosity \s=8TeV .
j LHC Delivered |
20— ATLAS Recorded 201 2 ]

. Total Delivered: 18.5 fb™
15— Total Recorded: 17.3 fb™

- Luminosity
10} - uncertainty ~3.6

) ATLAS LumiPublicPage -
28103 26104 27105 27106 28107 2808 28109 29/10

Day in 2012
ATLAS (2011)

tal Recorded (Delivered) Lumi: 5.61 (5.25) fb
Luminosity uncertainty ~3.7 to 4.5% (prel)%

ATLAS (2010)

otal Recorded (Delivered) Lumi: 45.0 (48.1) pb-’

Lumi uncertainty~3.4%
Data sample for first top paper~3 pb-1

francesco.spano@cern.ch Top Quark @ LHC

an ~5.6 fo'! (2012)

CMS Integrated Luminosity, pp, 2012, . s 8 TeV
Data included from 2012-04-04 22:37 to 2012-10-29 11:09 UTC

L W LHC Delivered: 18.51 fb
> | 2012

CMS Recorded: 17.30 b

20

115

Luminosity
uncertainty ~ 4%

110

CMS
f . CMSLumiPublicPage
x&“' RO »""Q i & ’
Date (UTC)
CMS (2011)

Total Recorded (Delivered) Lumi:
5.73 (5.22) Fb'
Lumi uncertainty~4.6%

CMS (2010)

Total Recorded (Delivered) Lumi:
47.03 (43.17) pb-
Lumi uncertainty~4%
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...In a harsh
environment

e Number of Interactions per Crossing

Shown is the luminosity-weighted
distribution of the mean number of
interactions per crossing for 2012 taken upto
June 18th. The integrated luminosities and the
mean mu values are given in the figure. The
mean number of interactions per crossing
corresponds the mean of the poisson
distribution on the number of interactions per
crossing for each bunch. It is calculated from
the instantaneous per bunch luminosity as
U=Lounch X Tiner / T where Lounen iS the per bunch
instantaneous luminosity, Oie IS the inelastic
cross section which we take to be 73 mb, Nounch
is the number of colliding bunches and f; is the
LHC revolution frequency. More details on this
can be found in arXiv:1101.2185.

ATLAS LumiPublicPage

 Running with 50ns bunch spacing (instead of 25ns)
— > double pile-up for same luminosity M Aleksa

 Has to be fought and mitigated at all levels: TOP2012
— Trigger, reconstruction of physics objects, isolation cuts, etc.
— Data processing: CPU time for reconstruction...

LN 22

&9"."";'/"“'1 v S

r

LU even

ATLAS Online Luminosity

Recorded Luminosity [pb “70.1]
&)
o

IIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIII[IIIIII

IIIIIIIIIIIIIIIIIII]IIIIIIIIIIIIIIIIIII

[ Vs=8TeV, [Ldt=6.3", qu> =195
0 \s=7TeV, [Ldt=52", qu>= 9.1

Mean Number of Interactions per Crossing

fral VUV DA I T\ ]

OO 5 10 15 20 25

TV XU N T -l I\

s £ S0 ATLAS Online 2012,\s=8 TeV  [Ldt=6.3fb"

- o - '

= S 40 E <u>=195

E 73

E £ 30—

. = [

. 2 2

= T 20

— o |

- o

= e

] 10]

'11': O gy N Sy gy g R [y ]

30 35 40 0 5 10 15 20 25 30 35 40 45

Mean Number of Interactions per Crossing
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Selection/Ingredients for top quark pairs/single-top
ATLAS (CMS is similar)

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

ATLAS (CMS is similar) Muon
Electron Segments in tracker

Good isolated calo object and muon detector

Matched to track
E.>25 GeV Cal.o and. track
isolation

nl€[0;1.37][1.52;2.47]
pr>20 GeV|n|<2.5
| (2.1 for CMS)
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Selection/Ingredients for top quark pairs/single-top

ATLAS (CMS is similar) Muon
Electron Segments in tracker

Good isolated calo object and muon detector

Matched to track
E.>25 GeV CaI.o and. track
isolation

nl€[0;1.37][1.52;2.47]
pr>20 GeV|n|<2.5
(2.1 for CMS)

/

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

MC Calibration checked w/data
p;> 25 (20) GeV (30 for CMS), |r]| < 2.5

(large JVF =S et trkinpv P1/> jet trk P VS pile-
up jets, CMS: use particle flow to remove
charged hadrons not from prim verted)
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Selection/Ingredients for top quark pairs/single-top

ATLAS (CMS is similar) Muon
Electron Segments in tracker

Good isolated calo object and muon detector

Matched to track
E.>25 GeV CaI.o and. track
isolation

nl€[0;1.37][1.52;2.47]
pr>20 GeV|n|<2.5
(2.1 for CMS)

b-Jet

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

MC Calibration checked w/data

pr>25(20) GeV (30 for MS), [n|<2.5 | JetProb: track/jet compatibility with prim.

(large JVF =3 et trkinpv P1/> jet trk PT VS pile-
up jets, CMS: use particle flow to remove vertex

charged hadrons not from prim verted) [ IP3D+SV1 +/or JetFitter: advanced IkI/NN taggers

Displaced tracks or secondary lepton
SVo: reconstruct sec.vertex
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Selection/Ingredients for top quark pairs/single-top

ATLAS (CMS is similar) Muon
Electron Segments in tracker

Good isolated calo object and muon detector

Matched to track
E.>25 GeV CaI.o and. track
isolation

In|e[0;1.37][1.52;2.47]
pr>20 GeV|n|<2.5
(2.1 for CMS)
ETmiss

Vector sum of calo

/ energy deposits
Corrected for
identified objects
b-Jet
Jet

Displaced tracks or secondary lepton

Topological clusters, Anti-k; (R=0.4) SVo: reconstruct sec.vertex

MC Calibration checked w/data

pr>25(20) GeV (30 for MS), [n|<2.5 | JetProb: track/jet compatibility with prim.

(large JVF =Zjet trk in PV pT/Z jettrk PT VS pile-
up jets, CMS: use particle flow to remove vertex

charged hadrons not from prim verted) [ IP3D+SV1 +/or JetFitter: advanced IkI/NN taggers
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Selection/Ingredients for top quark pairs/single-top

ATLAS (CMS is similar) Muon
Event cleanin _ Electron Segments in tracker
g Good isolated calo object and muon detector
Good run conditions Matched to track Calo and track
Primary vertex (PV) Er>25 GeV <olation
with at least 5 tracks Inle[0;1.37][1.52;2.47]
. pr>20 GeV|n|<2.5
Bad jet veto (2.1 for CMS)
Cosmic veto (up) [ 1 1O7 _

miss
E;

Vector sum of calo

/ energy deposits
Corrected for
identified objects
b-Jet
Jet

Displaced tracks or secondary lepton

Topological clusters, Anti-k; (R=0.4) SVo: reconstruct sec.vertex

MC Calibration checked w/data

pr>25(20) GeV (30 for MS), [n|<2.5 | JetProb: track/jet compatibility with prim.

(large JVF =Zjet trk in PV pT/Z jettrk PT VS pile-
up jets, CMS: use particle flow to remove vertex

charged hadrons not from prim verted) [ IP3D+SV1 +/or JetFitter: advanced IkI/NN taggers
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Backgrounds estimates (single lepton-+jets)

D

‘o< _ ®simulated shape Ny + Ny- = (:Mz u 1)(D+ D)
-
* normalization: scale from charge Ve data

o W+jets

eQCD ' g

q

e “Fake” leptons: mis-id

jets,y—e*e", non-prompt J€!

leptons (b/c-decays),
punch-through had
q’

e Singletop v

e Di-bosons
(WW,WZ,Z22)

francesco.spano@certi.ui
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b

{
{

asymmetry of W prod before b-tag,

MC extrapolation to b-tagged region

Nloose _ Nloose + Nloose

. real
e Matrix method s _
- real fake
r 1s the marginal efficiency of standard cuts.

f1s the same, for background sources

(J Boudreau

eroose n Nloose TODZO72)

ATLAS-CONF-2011-121

§2) | | A |
Both can be measured in pure or § 10°E ATLAS Preliminary _
background event subtracted samples L J' Ldt 070 1t E
e Jet template:shape from jet 105 e+ dets  Mower
triggered events with 1 high em. :

.content jet. Normalize by fitting low;
! Eymiss shape to data and extrapolate

10°
t Simulated shape+ o
: rate set to SM

1 2 3

4 >

normalizations=fit
simulated shape+ parameters, estimates are

rate from simul.

starting points for fit

22
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Backgrounds (di-lepton)

' “Fake” leptons from data

» Get probability for loose “fake” and real leptons to
be in signal region + control samples enriched
with real (in Z window) or “fake” (low ET™*S) leptons

» Combine with N(di-lep) for all loose/tight
pairs—fake tight (i.e. signal) lep

Same idea, more categories (j=jet, [=lepton)

std/std loose/std std/loose loose/loose TODZO 1 2 )
NU 1 1 1 1 N l:l
NS Y _ [ T2 f20 2 f2 || Vrr
NS 1 fi 41 fi N;f,
N5S nry nfy i fifs Ll
N¢'y

o Z/Yy* bkg (ee, uy) : 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.

ATLAS-CONF-2011-100

> IIIII | T T | T TT | T 1T | T TT | T TTT | IIIII
S10°l- ATLAS Preliminary b-tag ew
» . p » Data -
> - f dt =0.70 fb (1§
*GE) i W Z/y *+jets
T Fake leptons
10°F Bl Other EW
105—
i3

O 100 200 300 400 500 600 =70C
H; [GeV]

0 F | =
O 35(][.'!E el .

£ 3000F * Data 3

L - DY (b} ]

2500 [ twy -
F I vy

2000 I non-prompt Bion s

1500 M it signa

1000}

500

M abak
e

Data’'Sim.
o0 —

0 1 ) =3
b-tagged jet multiplicity
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What we study about the top quark

inspired by figure
by D Chakraborty

Production
cross section
double and
single top

Resonant
production
& New phys

Production
kinematics

francesco.spano@cern.ch

q/g

—

q g top mass,
mass
difference
top width,
spin,
charge
lifetime

Top Quark @ LHC

Branching Fractions

TODAY

Spin
Colour flow correlation
2 Charge
t Z asymmetry

A

Z ¢
top spin
> polarization
W helicity &
Witb
coupling,V
(tb)

HEP intercollegiate Post Graduate Lectures- 30th Oct 2012
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Typical analysis flow

e Select sample(s) enriched in top quark events with requirements on the
characteristic kinematic objects or functions of them

e Reconstruct tt event kinematics

e Extract measured variable/distribution by technique that involves
» subtracting/accounting for the effect of the background
» correcting for detector effects

» accounting for efficiencies/acceptances

¢ Assess statistics and systematc uncertainties on the measured
quantity

e Combine the results from different samples (if necessary)

e Compare with prediction(s)
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Measurement of top cross sections: 0w and Ot
or

how many tops have we got”

Start to combine results at the LHC...
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Measurement of O - single lepton JLat = ~0.7 fb™1 (2071)

ATLAS-CONF-2011-121

* Trigger on high prsingle s o e S
lepton (e, ) L e :
* 1 high prsingle lepton D 20 exp[-8 X Al E
(e,H), =4 high prjets 6 e 4 jets.
e high Et™ssand large v ool
transverse leptonic W mass .k
(M) * to reduce QCD bkg
o Fymiss 5 35 (25) GeV for e (Y) chan
e MW > 25 GeV (60GeV - ET™ss) for e
(1) chan s —
. - E 800 é— J Ldt=0.70 o™ ' § ng - —é
* Data-driven QCD (matrix method), W+jets & 7= == o E
normalization (from W asymmetry meas.) sooF E
e Build discriminant from signal+ bkg 3 E
templates of g E
» lepton n, prof highest prjet, aplanarity . = . . . 4 | =
(‘_top IS more Spherlcal) HT3p, ratlo Of 8:20: 01 02 03 04 05 06 07 08 l 0.9 :1
transverse to longitudinal activity («top is o4y
more transverse) * \/ng P (1 = cos(¢t — ¢7))

francesco.spano@cern.ch Top Quark @ LHC HEP intercollegiate Post Graduate Lectures- 30th Oct 2012 27



http://cdsweb.cern.ch/record/1376413
http://cdsweb.cern.ch/record/1376413
http://cdsweb.cern.ch/record/1376413
http://cdsweb.cern.ch/record/1376413

Measurement of Ot - single lepton Lot = ~0.7 fb* (20717)

ATLAS-CONF-2011-121

e Extract o 00« by binned maximum likelihood fit of
discriminant to data in 3, 4 and = 5-jet bins

image by J Andrea (CNRS, strasbourg)
. Likelihood defined as - o, backgrounds Detector-related syst.

120
Background normalization L _}’ _}) 7 H Pt ) HD GBj: Aj) e H G(i. 1) Interlude on
k=1 ' I

constrained by the fit Tools
y \

parametrized Poisson proba. density to Free parameters constrained Introduce sytematics as
Ikl= Profile IKI observe n, when p,_1is expected by Gaussian distributions nuisance parameters
n2d4d00777 7T —————T7
I 2000 E 3 ts ATLAS Preliminary - Data 2011, Vs =7 TeV
- - R B QCD Multijet inti
G 7 By, JLdt=0701 B N dete m aco e ° most syst uncertainties part
1600 of Ikl fit as Gaussian nuisance
y + Jets | 3Jets € tJets . .
1200§ | 4Jets | =5Jets | . 4Jets | =5 Jet pal’ameters—’l’edUCthn In
800 | | YL : JES,ISR/FSR (20% to 70% of
400 | | | | | initial value)
i ' ' ' e still syst-dominated: generator
o | % | le~29
CDU 1.0 g..ﬁ.,,.,.wo_#gtgwtggum+++++}++++}+#f+ﬁ+f+ﬁ+¢ﬂw%,,,;W+++_+++¢+$+_+4¢++Ht #ﬁ ++++++*++$+ :} ~3 A) eptOn Scale~ A)
o — '
5 05F | | | | | * 00/0=6.6% (stat~0.5%,
0 20 40 60 80 100 sys~5%)

Likelihood Discriminant

o7 = 179.0+3.9 (stat)+9.0 (syst)£6.6 (lumi) pb ‘
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Measurement of ow @ 8 TeV - dilepton

[Lat = ~2.4 fb™ (2012)

¢ \ertex and quality cuts

o After di-lep trigger exactly two CMS-PAS-TOP-12-007
opposite sign high pr central
leptons (ee, ey, uy) I

e > 2 central high prjet
e High ET™ss for (ee, PH) (>40 GeV)

* For (ee, pu) veto low di-lep mass - i ¢
(<15 GeV) & Z-like (20 GeV mass window )
events ) b

> 1 b-tag,

<

* Data-driven Fake leptons (extended matrix

method), Z+Y*+|ets (from Z window) . Di
bosons and single lepton from simulation.
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Measurement of o @ 8 TeV - di-lepton channel
N — Nj

e Subtract background and get Nu AL

e Extract cross section combining channels with best linear
unbiased estimator including correlations and systematics

Ot =

| 0 =227 £ 3 (stat.) & 11 (syst.) = 10 (lumi) pb| ~ ©07/0~7%

“cut and count” equivalent to maximizing Ikl with Poisson Dist

o sogerr ASPAS-TOP-12-007 CMS-PAS-TOP-12-007
c CMS preliminary ’Czi?ta%”(l ) ] . . . ® e AN T T T
> 3500 e channel B o g distributions 5 2% pri"m'n?ry B 2= 1T (e
L 2410 pb”, Vs=8TeV @ tw ] o - 221‘8“ ‘;_f”F”_GSST , Ow -
3000 E {\floth/IZ leptons _: after a” CUtS, 2000_— PoLIsERE Emm W/Z leptons _
sigha E B B it signal ]
except 5 :
Ntagged jets
Syst
dominated! %
; JES~2.5% ), g 13
o lept eff~1.8% luminosity & 1t
2 (~4%) g ME= i : 5
o b-tagged jet multiplicity

b-tagged jet multlpI|C|ty
francesco.spano@cern.ch Top Quark @ LHC HEP intercollegiate Post Graduate Lectures- 30th Oct 2012 30



mailto:fracesco.spano@cern.ch
mailto:fracesco.spano@cern.ch
http://cdsweb.cern.ch/record/1462235?ln=en
http://cdsweb.cern.ch/record/1462235?ln=en
http://cdsweb.cern.ch/record/1462235?ln=en
http://cdsweb.cern.ch/record/1462235?ln=en

Measurement of ow - Summary @ 7 TeV

e CMS combination with 0.8-1.1/fb  ® ATLAS combination with 0.8-1.1/
using binned max Ikl. (see fo using profile Ikl ratio method

TOP-11-003) e Improvement by 25% (11%) in
e Improvement by 21% (11%) in stat (syst) uncertainty compared

. CMS-PAS-TOP-11-024 ATLAS-CONF-2012-024
CMS Preliminary \'s=7 TeV
P 15 May 2012
ATLAS Preliminary Teory (@poron. NRLO)
for m, =172.5 GeV
CMS 2011 combination 166+ 2+ 11+ 8 Data 2011 T e unoeran
TOP-11-024 (L=0.8-1.1/fb) (val. = stat. = syst. = lumi.) Channel & Lumi. o, +(stat) =(syst) =(lumi)
_ Single lepton  0.70 fb™ -—-o-—- 179+ 4+ 9+ 7pb
CMS e/u+jets+btag 164+ 312+ 7 . ; vi4 s
TOP-11-003 (L=0.8-1.1/fb) (val. = stat. = syst. = lumi.) Dilepton 0.70 fb e 173+ 6 ;7 7 ,pb
All hadronic 167 +18=78« 6pb
: 1.02 fb” é
CMS dilepton (ee,uu,eun) 170+ 4+ 16+ 8 o .8
TOP-11-005 (L=1.1/fb) (val. = stat. = syst. = lum) Combination B 177+ 3 7 ;= 7pb
CMS all-hadronic 136 +20+40=+ 8 New measurements :
TOP-11-007 (L=1.1/fb) (val. = stat. = syst. = lumi.) Ty + jets 1.67 fb-1 : 200+19+42+ 7 pb
: Tog +lopton 205107 | et 186+ 1320+ 7 pb
CMS dllepton (MT) 14924 £26+ 9 All hadronic : 168 + 12 +gg + 6pb
TOP-11-006 (L=1.1/fb) (val. = stat. = syst. = lumi.) 4.7 Yb'1 | | | |
[ Approx. NNLO QCD, Aliev et al., Comput.Phys.Commun. 182 (2011) 1034 )
== oo NGBS M e e o™ 50 100 150 200 250 300 350
1 NLO QCD
| | | | | o, [pb] .
0 50 100 150 200 250 300 55/G~8% O0/0~6.2%
o(tt) (pb) .
A + .
. o7 = 177 + 3 (stat. syst.) = 7 (lumi.) pb
0y = 165.8 +2.2(stat.) + 10.6(syst.) = 7.8(lumi.) pb | t (stat.) 7 (syst.) ( )P
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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 " " "
Uncertainty e Combine with best linear
Statistical 3.2 2.2 0 2.3 I I
Jet Enegy Scale 2.7 3.5 0 2.1 u n b I ased eStI mator
Detector model 5.3 8.8 0 4.6 .
Signal model ¢ 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 1.6 ATLAS-CONF-2012-134 & CMS-PAS-TOP-12-003
W leptonic branching ratio 1.0 1.0 1 1.0
Luminosity
Bunch current 5.3 5.1 1 5.3
Luminosity measurement 4.3 3.9 0 34 Preliminary LHC o, combination, \'s = 7 TeV - September 2012
Total systematic 10.8 14.2 9.8 tli. _ 07" -111b"
Total 113 144 10.1 ATLAS, di-lepton (ee, e, uu) HI,RtTHOR theory prediction + 16
. o —+- @ 173+ 6 ° 13
ATLAS, I+jets 0 179+ 4+ 11
A_‘ITLA.S, aIIjets ; . : . . 167 + 18 + 78
e Improvement by 7% (11%) o s o 1
' ' ATLAS bined —g— +
w.r,t most precise |+jets omome : - 10
CMS, di-lepton (ee, ey, uu) 170+ 4+ 18
channel Loztiw! e
) :1’_ib,1had —_ = 149+ 24 + 28
* Final 80/0~5.8% (10 pb) CMS, Lijets e 164+ 3+ 14
CMS, all jets ——— i 136+ 20 + 41
CMS combined ——i 165.8+2.2+13.2
rg = 173.3 £ 2.3(stat.) £ 9.8(syst.) pb |
oz = 173.3 & 2.3(stat.) + 9.8(syst.) pb LHG combined o 1733+23+98
for m=172.5 GeV + (stat.) * (syst.
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Interiude on Iools

(L Shabalina @ TOP2012)
GEORG-AUGUST-UNIVERSITAT
. Cagh o BLUE 101 method
L.Lyons, D.Gibaut, P.Clifford, NIM A270 (1988), A.Valassi, NIM A500 (2003)

O BLUE = Best Linear Unbiased Estimate

uncertainties on input measurements

* |nputs
( )
( b \ ‘xplzoloz P130:93 PivO1Oy

P12010 o, P230,03
2

input X,
measurements ."" M = pl3olo'3 p23o'20'3 o-g

) N T

correlations of uncertainties on input measurements

2 2 M, WW find set of weights
that minimize the
=1 j=1 variance

ra

* Qutput

combined j‘ = 2 WX,

measurement

"*’ (B

* where -
w=MUNUMU) x*=) Y E=-x)E-x )M}

: . =1 j=1
method of Lagrangian multipliers equivalent to x> method

Sept 18,2012 E.Shabalina -TOP 2012 5
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Measurement of o - CMS Combination @ s =8 TeV

CMS Preliminary, \s=8 TeV
CMS-PAS-TOP-11-024

e Combination of 8 TeV measurements -

(CMS)with best linear estimator,
dominated by dilepton measurement

l+—) 29
228+ 9+22 +10pb

(val + stal £ sysl = havs )

CMS I+jets (e/u+jets)
TOP-12-006 (L=2.8/fb)

| o =227 £ 3 (stat.) £ 11 (syst.) =+ 10 (lumi) pb)|

CMS Preliminary

CMS-PAS-TOP-11-024

francesco.spano@cern.ch

O —
-~  ® CMS combined 7 TeV (1.1 fb')
O
- ™ CMS combined 8 TeV (2.8 fb)
o~
o
0l—
>~ NLO QCD
L Approx. NNLO QCD
— Scale uncertainty
0 B Scale ® PDF uncertainty
- Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
L MSTW 2008 (N)NLO PDF, 90% C.L. uncertainty
O B | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
6 6.5 7 7.5 8 8.5 9
\'s (TeV)

Top Quark @ LHC

.
CMS dilepton (ee uu.eu) 227+ 3+11+10pb
TOP-12-007 (L=2.4/fb) (val + stal, + syst £ havi )
00/0~6.6%
@
CMS combined 227+ 3+11+10pb
d (val 1 slal £ syl = e )
B Agprox. NNLO QCD, Kidonakis, arXiv: 1205 3453 (2012)
0 Approx. NNLO QCD, Cacciari ot al, arXiv:1111.5869 (2011)
[ Agprox, NNLO QCD, Langenfeld of al., PRD 80 (2009) 054009 (Scale @ PDF uncertainty)
B Agprox. NNLO QCD, Langenfeld et al., PRD 80 (2009) 084009 (Scale uncertainty)

0 100 200 300 400
a(tt) (pb)

e Ratio of 8 TeV 1o 7 TeV cross
sectionis 1.41 0.10

e partial cancellation of syst effects
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Attention to systematic uncertainties!

* Harmonization in approach towards theoretical systematic
uncertainties. Particularly about Monte Carlo generators and
Initial/Final state radiation.

e ATLAS: takes difference between different generators
e CMS: varies parameters within a given generator

¢ Discussion still ongoing in TOP LHC Working group
» test simulation of one exp in another’s

» use the same simulated set of events to compare performance/
correlations/analyses sensitivity to syst effects.
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Measurement of top quark mass, m

.e.

the defining property

francesco.spano@cern.ch Top Quark @ LHC HEP intercollegiate Post Graduate Lectures- 30th Oct 2012 36



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

Y. Peters
Top Quark Mass PIC201 1

MANCHESTER

Free parameter of the SM

Together with W mass: puts constraint on Higgs mass

E LI N S B B B I B B B
80.70 L experimental errors 68% CL:

LEP2/Tev (M, = 80.399 = 0.023 GeV, m, = 173.3 = 1.1 GeV)|

Tev/LHC (M, = 15 MeV, 3m, = 1.0 GeV)

t L
80.60 N ILC/GigaZ (3M,, =7 MeV, 8m, =0.1 GeV) N " i
w 1% : fgrtsUSY) ] H H
sos0f . MSEMI A - - ——— Q _____
e ‘. t

M, [GeV]

80.40 |

80.30

80.20

Heinemeyer, Hollik, Stockinger, Weber, Weiglein 10
1 1 1 1 I 1 I 1 | I 1 1 1 1 | 1 1 1 | 1 1 1 A
160 165 170 175 180 185

m, [GeV]

Measurement done with several methods:
Template method, ideogram, matrix element, etc.

= Methods also used for other analyses, e. g. W helicity & spin correlations
29.08.2011 Yvonne Peters - Manchester 10
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Top gquark and vacuum stabllity

e Knowledge of top quark mass and higgs boson mass is crucial
for stability vacuum

* An up-to-date analysis indicates that we are in the
stable/metastable region.
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De Grassi et al, arXiv:1205.6497

(R.K. Ellis TOP2012)
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CMS Lepton+Jets: Event Selection & Reconstruction

m Exactly 1 isolated muon/electron with pr > 30 GeV, | <2.1 (M Seidel,
m > 4 jets with p7 > 30 GeV, |n| < 2.4, > 2 with b-tag TOP2012)
m Assign b-tagged jets — b-quarks, untagged jets — light quarks

5.0 fb! CMS-TOP-11-015,

_ . , _ _ o submitted to JHEP
Kinematic fit & final selection after kinematic fit: 44% ot tt correct
CMS, \s =7 TeV, (+jets

m Use 4 leading jets, constraints: E  Eumaineg | B Wees
— — — " [ ttwrong I Z+jets ]
mwyw = 804 Gev? my — mt To) 1200— B it correct [ single top .
. . — i T uncertain e Data(5.0fb™ ]
m Weight 2each permutlatlg)n by 2 1000 ey -
Peof (x?) = exp (—3x7), 8 aook -
2 . ; L _
'Dgof (X ) > 0.2 required - : :
= 600p ]
m Selected sample contains 5194 S 4002 ]
events in 5 fb~! data % i ]
. . _ Q - -
m Estimated purity: 96% tf events « 2% :
C?) 100 200 300 400
m* [GeV]
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CMS Lepton+Jets: 2D ldeogram Method 50f. CMS-TOP-11-015

submitted to JHEP

m Likelihood for event with n permutations, hefore kine fit
J representing [correct, wrong and unmatched |permutation case
Pyt = P(X%) = exp (=3x%) n /(I\/I Seidel,
functions fitted L (event‘mt’ JES) — Z PgOf ( ) P (m?t” reC°| M, JES) TOP201 2)

from simulated i=0
BWigner conv with gauss asymm Gauss

events, § _ ___
pars depend flt_ reco L ! ] flt_ . . ( reco )
on JES and P (mta”m | t"JES _ fJ-'DJ mt,l JES J myy | taJES
m_top 7 assume uncorrelated because ofr W mass constraint,
CMS simulation, (s =7 TeV, u+jets CMS simulation, \!s 7TeV u+]ets __CMS simulation, \(5 7TeV u+jets i
> - womg, =1665GeV | v JEs=09% | 9018 v JES=096 |
Oo.251- —o— My, =1725GeV O oel —e— JES = 1.00 1 Op 16k —e— JES = 1.00 -
f i A mt,gen = 178.5 GeV . fo 5:_ —4— JES =1.04 _: Qo 14 —4 JES =1.04 i
§ , - R , =172.5 GeV - 4 , =1725G V*
.8 027 ry JES = 1.00 -8 - ! rnl,gen e ] .$ . , tgen e
= i Yy o4 1 &= 0.2F Ve 1 S0.12F v L
= TR 1 £ 7% 1 vl R fix JE
030157 / fix JES 1 @ : 1 Q o4f iR
t .' 1 %=0.151 fix m_tog % ° L TS change
o \ change | 2 1 So.0sf L :
S ., 4\ - S change| §°98} atched
3 O ; t hpd G 0.1- JES 1 Co.06f
| -l | ’: m | - - ] p - B
T ' atcheds © ¢ matched| L0.04}
i A | B top 0.02F
L 1 L | | B 11 1 L 1 : | L 1 N o L | | | | | : | | | | | | | | 7 x|
‘POO 120 140 160 180 200 220 240 ‘POO 120 140 160 180 200 220 240 %O 70 80 90 r100 110
m [GeV] mi', [GeV] My, [GeV]

m Most likely m; and JES given data sample (Maximum Likelihood)

(M Seidel, £ (me, JES|sample) ~ ] £ (event|m,, JES)"even
TOP2012) cvents
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- 5.0 fb~*, CMS-TOP-11-01
CMS Lepton+Jets: Uncertainties & Result cubmitted to JHEP

m Calibration with pseudo-experiments, small corrections for m; and JES

-1 _ .
Systematic uncertainty Amyiop [GeV] CMS, 5.0 fb”, \s = 7 TeV, (+jets

N 25
Calibration 0.06 L_'JJ . I
b-JES 0.61 1.0051
p1- and n-dependent JES 0.28 -
Lepton energy scale 0.02 1
Missing transverse energy 0.06
Jet energy resolution 0.23
b-tagging 0.12 0.995
Pile-up 0.07
Non-tt background 0.13 0.99
PDF 0.07
MRs LF 0.24
ME-PS matching threshold 0.18 0-985
Underlying event 0.15 0.98
S_zltczrl reconnections 83181 175 173 174 175 0
m, [GeV]
Result: m; = 173.49 4+ 0.43 (stat+JES) 4+ 0.98 (syst) GeV (M Seidel,
TOP2012)
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MANCHESTER Top Quark Mass:
Matrix Element Method

Use full event kinematics - most precise method

1824

For each event calculate probability to belong to certain top mass
Psig(x ;m ) « [ PDF x Matrix element x Transfer function

> [
Proton
Antiproton Y. Peters
< PIC2011
Perform likelihood fit of event probabilities
Probability depends on top mass (& JES for in-situ fit)
Used in |+jets & dilepton final states
29.08.2011 Yvonne Peters - Manchester 13
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Overall Status of mt - LHC+ Tevatron (M Seidel,
TOP2012)

| |
. I—+——I
] == CMS 2011 (IJ ), l+jets 173.5+ 0.4+ 1.0 GeV
ATLAS 2011 (TJ ), l+jets , 174.5+ 0.6 £ 2.3 GeV arXiv:1209.2319, 5.0 fb" (value + stat + syst)
Eur.Phys.J. C72 (2012) 2046, 1.0 fb ~ (value = stat + syst) ’
CMS 2011 ( AMWT ), dilepton ®- 1725+ 0.4+ 1.5 GeV
ATLAS 2011 (mT2), dilepton 7527 16+3.1Gev arXivi1209.2393, 5.0 b (value  stat £ syst)
ATLAS-CONF-2012-082, 4.7 fb (value + stat + syst)
CMS 2011 (1), all-hadronic . 173.5+ 0.7+ 1.3 GeV
° CMS PAS-TOP-11-017,3.5fb (value + stat + syst)
ATLAS 2011 ( T ), all-hadronic 174.9+ 2.1+ 3.8 GeV
ATLAS-CONF-2012-030, 2.0 fb (value * stat + syst)
CMS combination 173.4£ 0.4 £ 0.9 GeV
CMS PAS-TOP-11-018 (value + stat + syst)
LHC combination : 173.3+£ 0.5+ 1.3 GeV
ATLAS-CONF-2012-095 (value + stat + syst) ®
LHC combination 173.3+£ 0.5+ 1.3 GeV
CMS PAS-TOP-12-001 (value = stat + syst)
Tevatron combination - 173.2+ 0.6 + 0.8 GeV o
arXiv:1207.1069 (value + stat + syst) Tevatron combination 173.2+ 0.6 = 0.8 GeV
arXiv:1207.1069 (value = stat * syst)
Ll L R L | o ozl o
Methods Methods
T: Template, I: Ideogram, M: Matrix Element, J: with JES mt [Gev] T: Template, I: Ideogram, M: Matrix Element, J: with JES mt [G eV]
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Top quark as a window on new physics

.e.

Beyond the Standard model
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Top quark as a window on new physics
Rare/Non FCNC

SM decays

inspired by figure Branching v al’ge J[JE aﬂd t Sample

by D Chakraborty Fractions
q/g @ ) v \V4

Production
«'"  Go differentiall

Cross
section
Resonant
production
Production

y
cnematies / e Explore top quark
olertzation / ﬁ Mty and decay
q/g top mass, %0 as a function of
i, ﬂx kinematic variables to
>

top 2 search for new physics
P W helicity %
charge Wib  top polarization J Example: heavy

exotic quarks " and Wtb vertex resonances decaying
to top quark(s)

Measure property— test SM <}:{> Searches for effects of
assumption vs ANY new physics known new phys model
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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, Pr
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 AP symmetric, higgs triplets,
... SUSY, UED, little higgs
tt+E7™MSS
. FC g
exotic 4th gen, leptoquarks,
top partner + stable scalar (dark matter) stop —top +neutralino, UED,

little higgs,
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The emergence of boosted tops o TSR0

: ATLAS Preliminary - Simulation
3.5 -, -

Pythia Z’ — tf, t — Wb -

_IIII|IIII|IIIIIIIII|IIIIIIIII|IIII|IIII_
00 100 200 300 400 500 600 700 800

W p_ [GeV]

0

32.2:“'Ill.lHlllllIIIIlllllHllllllllllllllllll“ll o5
g" 2— ATLAS Preliminary - Simulationi!
P Top  Mi =1 TeV & anti-kr T W PythiaZ tf, t— Wb {80
b quark Light quat (R=0.4): 86% resolved ”a | E
My =2 TeV & antikt 1.2f 415
(R=0.8): 60% boosted I3 E M
0.8
. neutrir Mtt 0'62_
0.4
b lepton 0.23—
quark 0:....|....|....|....|....|....|....|....|....|.
- 0 100 200 300400 500600 700 800 900
I+jets top p, [GeV]
di-1 . *_.  ForAR=0.8,
i-lep

<_________.-.-

My ~1.7 |
fully had =, AR=2m/pr § ﬂ

t/t charge asymmetry
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Example: new phys | n ttbar mass one peak

2 T T T T T T T T T T T T T T T T T T T T
. | | | | | [T | | | ]
S do(pp ~ (¢ ~) tt)/dmg [pb/10 GeV] -mooé dolpp = (2/g" ) t)/dmg [fb/20 GeV] 3 /' or
R BR(p » t)) = 1, a, = 0 5001 T vt ]
20— i LO, CTEQ6L1, LHC — B ' ' 1 Nnew S’[rong bosons
Lo Ky = My = My = 400 GeV i
- {1000 T —~
150 | QD only —| 50~ TR - h -t
| — .7 enhancements
N | o ZZ T ey 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 - g% Color octet (axial couphng) LF : do(pp » (G ~) tf)/drntf [pb/20 GeV] i
5 -] | | L | L | R | | [ R | [ R : LO, CTEQ6L1, LHC o _ M.=800 GeV |
i : - 1250 1500 1750 2000 2250 2560 — n=3 ) —
- | pseudo scalar with m= 400 ] t mvarient jfes [Gev) oo o0 Gev
O _li | | | | | | | | | | | | | | | | | | | | | | | | 60 ; ) MS?lBOO Gev
400 500 600 700 800 —
tt invariant mass [GeV] i
\ 40:—
Spin | color | parity (1,7;) | some examples/Ref. oo
0 | 0 (1,0) SM/MSSM/ > Rel. 01, 52, i
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 10l ffl‘:‘;f)'f)qﬁl;;‘ e
1 0 (1,1) vector-left S 0o
1 0 (1,-1) vector-right 00 o ifﬁ{jﬁ;zzi OW,er of KK
1 8 (1,0) coloron/KK gluon, Ref. [56, 57, 58] b, -0 gravitons ; all
1 8 (0,1) axigluon, Ref. [57] 1 iy articles in 1
107+ &
set of o waped
2 0 — graviton resonances, Ref. [18] L i “h.‘,,egxtra dim (RS)
arxiv:07/12.2325 los-pl-n--'n---l S R AP

500 1000 1500 2000 2500 3000
tt invariant mass [GeV]
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ATL—CONF—O11—7 GOiﬂg Boosted (Wlth ATI_AS)

~_|_candidate

-

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

Leptonic top — * (—==

B candldatqu;;-.*

i Leptoﬁic;ép'
. candidaté/

| Hadronic top
candidate
N

Ir

mass of sub-jet ps
with lowest mass
force 1—3 split

Hadronic top
candidate

Leptonic top ' '
candidate semi-leptonic .
A di-top-jet arxiv:1203.4606  gybmitted to JHE!
P PBEATLAS e seoows [
candidate 8 | of ATLAS i R
_g @ ;300 <p;< 400 GeV Total unc. ;
%00l amias Zo wasorn, s NEW! 2 O Ny =<2 — P ,
2 ——— POWHEG + PYTHIA6 AUET2b . 0.05( T e =
o= [ . -== PYTHIA6 AUET2b ] " Ta to ets oab [ i E
SERS e U % ptj q oo kr distance of
e b nderstan o = 12 splitting
T e b P, > 300 GeV substructure of oot T E
- Mjet - tmmmsg ™2 : _ ok
12_'_ Iarge cone (fat) jetS %i%- E
T 1aE = , , S i2E E
5" e .= measured for antikr with =4
05F s R=1and R=0.6 , 0 S —5—35~3— 405080768080 o0

04 _ 1 1 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160 180 200 220 240
\d,, [GeV]

Jetmass [GeVl | @ | HC HEP intercollegiate Pust Graduaie Leciures- 30U UGl 20 iz
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Lepton—+jets channel ATLAS-CONF-2012-136

Event selection

7 emancd » AKT4: Anti-k; (R=0.4) jets: pr >25GeV, |n| <2.5

searches
| » AKT10: Anti-k; (R=1.0) jets: |n| < 2.0, pr > 350GeV,
Sebastian
Fleischmann m > 100GeV, /dio > 40GeV (expect v/dip =~ m; /2 for t — bW)
utline
'_ttmd"db" resolved boosted
_’bsmture trigger single lepton trigger fat jet (AKT10) trigger
R leptons 1 lepton (e or u¥), pr > 25GeV
e additional lepton (e* or u¥) veto, pr > 20 GeV
?::::j:ji:ts lepton trigger match —
ummary Er e: E1 >30GeV, u*: Fr >20GeV
ackup
my et M+(W) > 30GeV, ut: Mr(W)+ Fr > 60GeV
jets > 4(3) jets “leptonic jet”: AKT4 jet
. (if one jet mjer > 60 GeV) “hadronic jet”: AKT10 jet
b-tag > 1 b-tag using AKT4 jets (&, =70%)
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tt resonance
searches

Sebastian
Fleischmann

dutline
atroduction

et
ubstructure

t resonances

Overview
Backgrounds
Systematics
All-jets
Di-leptonic
Lepton+jets

ummary

:ackup

25

IrancesCco.spanoweern.cn

“Mini-isolation” for leptons and specialised trigger

ATLAS-CONF-2012-136

Lepton—+jets channel

(S Fleischmann, TOP2012)

» Standard ATLAS lepton isolation (relative isolation with fixed
cone size) has bad efficiency when the top gets boosted

» “Mini-isolation” with shrinking cone size AR(/,track) < kL/pET
gives strong improvement in efficiency for leptons from boosted t
» Fat jet trigger (240GeV anti-k;, R = 1.0 jet)
» At high mass: Better efficiency than single-lepton trigger

(nearly 100% efficient)
» Plateau of trigger reached at pr = 350GeV

3 gt [ATAS Prdiinay " Uha  Toq 1% FATAS Py Upae | Op -
~ - fL 4661" Vs=7Tev [Single top OW+jets 3 T~ 10 g—fL 661" Vs=7Tev [Single top [JW+jets3
%) a P Multi-jets [[JZ+jets A %) - , P Multi-jets [[JZ+jets 7
< 10°E CODiboson e +jets 3 S 10°E [IDiboson  u +jets 3
> ol 1 > - ]
Y10ty ERnlR v 2 E
- ] - 2 .
10¢ ERL3 / E
1?. LU S e R N3 il

o 2F / g 2f ' /
% 1 " """" ﬁw/%/// __________ _ % 1 [ // //
0 3.5 3.5
m - [TeV] m - [TeV]

ATLAS-CONF-2012-136
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tt resonance
searches

Sebastian
Fleischmann

Outline
Introduction

Jet
substructure

tt resonances
Overview
Backgrounds
Systematics
All-jets
Di-leptonic
Lepton-jets

Summary

Backup

Lepton+jets channel Arias-conF-2012-136

tt reconstruction

(S Fleischmann, TOP2012)

» Longitudinal component p, of neutrino momentum computed by
W= mass constraint on lepton 4+ F7 system

Resolved

Use jet combination with minimal
x° including W (mj;)
and t (mjj,, Mjyp) Mass constraints

-'U_') - | T T | T T T | T T T T | T T T T | T T T T —
c B ) ]
¢ 0.25 ATLAS Preliminary "
- - i Simulation,\'s=7 TeV n
g 0_2__ ------ m,=0.5 TeV _]
2 C G — my =13TeV -
§ - ............ m,=1.3 TeV ]
w 015~ -imim My=2.0 TeV .
o i -
005 i s -
O: :'..“: | | . LT MU T R R : USRI I POV :

0 0.5 1 1.5 2 2.5 3

Reconstructed tt mass [TeV]

ATLAS-CONF-2012-136

francesco.spano@cern.ch

Top Quark @ LHC

Boosted

Use sum of neutrino solution
(E7), lepton, AKT4 jet, AKT10 jet
« T T T T
% 0_25; : ATLA‘_S Preliminary -
“— B Simulation,\/s=7 TeV ]
g B mgKK=1.3TeV 7]
2 02 L . m,=1.3 TeV .
& N ---s m,=2.0 TeV ]
L 0.15‘_ fr, T m,=3.0 TeV _|
E
0.05[- ST 2
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e No excess found —95% upper observed limit (Bayesian credible
interval) for 2’ & RS KKGluon 6*BR, including systematics as marginalized

nuisance pars, flat prior.
x
A

Lepton+jets channel
Limits (S Fleischmann, TOP2012)

ATLAS-CONFE-2012-136

tt resonance
searches

Combined limit of boosted and resolved selection:
» Use the boosted reconstruction, if a single event is selected by
the resolved and the boosted selection

Sebastian
Fleischmann

Outline » Resolved selection mainly relevant at low mz, boosted relevant
Introduction at h|gh mtf
- » Still some events in resolved selection at high mass, which are

not selected by boosted

tt resonances

Overview

a L L L L B L IR IR LR e} L B L BN R IR LN R
Backgrounds :5_ Ns=7TeV — Obs. 95% CL upper limit :5. Ns=7TeV —— Obs. 95% CL upper limit
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Di |J . N . Exp. 2 ¢ uncertainty < Exp. 2 o uncertainty
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Lepton+jets m o s .
X ATLAS Preliminary f-E ATLAS Preliminary
Summary B 10
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Going boosted extends reach!

Leptophobic Z’ (LO x 1.3)
ATLAS Preliminary
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Some words on pProspects

e Go for precision realm in tt cross section + observe
single top beyond t channel. Measurements are mostly
systematics dominated (that’s where the work is).

e Perform higher statistic searches to extend limits
well in the TeV/sub pb region

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

» consider jet triggers for boosted regime
» pile-up understanding for standard and “fat jets”

* Perform differential xsec measurements (do/dmt, do/dprit ,
do/dyw, do/dpT1top) to test SM and complement direct searches
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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.

* The rapidly increasing data-set and detector understanding is
quickly opening

» possibility to talk about top precision physics

» unprecedented phase space for analysis of differential properties
and new physics searches linked to top production

“ frfrom heavy resonances to dark matter candidates

¢ Present differential measurements and searches do not show
deviations form the standard model.

e Analysis of full 2011 dataset and 2012 data is in progress. Expect
even more new results in coming months. Eager to analyze top
quark events with ~20/fb from 2012 !
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References and useful tools

e Top2012: International workshop on top phys

e Top Public results from ATLAS

e Top Public results from CMS

e Top Public results from CDF

e Top Public results from DO
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