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Prospettive innovazioni 
tecniche

nuove 
topologie

interpret
azione

top tagging (boosted) x x

relazione tra top e higgs 
(mt/mH, yt)

x x

combinazione delle misure 
(BLUE) x

top luminometro gluon PDF x

separazione meccanismi di 
produzione (gg/qq) x x



top tagging



R. Di Sipio, O. Iorio Misure sul Quark Top - pp@LHC - Genova 8-10 Maggio 2013

Boosted Tops
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�R ⇠ 2
M

pT

grooming/trimming/pruning	  =
rimozione	  cluster	  bassa	  energia/

grande	  distanza	  angolare migliora	  risoluzione	  in	  massa
migliora	  reiezione	  fondo	  QCD
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Boosted Tops
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ATLAS-CONF-2012-065

HEPTopTagger,	  CMS	  top	  
tagger
Decomposizione	  e	  iterazione

•jet	  mass
•no.	  of	  subjets
•min	  mjj

CMS-PAS-10-013

Template	  Tagging
Associazione	  partone-‐cluster

•pT
•ΔR
•top	  template	  da	  generatore	  MC
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Ricerche di s-top
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top	  boostedm(t̃) 1 TeV !

“naturalezza”	  
SUSY:	  relazione	  tra	  mH,	  mt,	  mt~	  ?



Combinazioni
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Combinazioni
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• Best Linear Unbiased Estimator 
(BLUE)

• calcola pesi della somma lineare

• tiene conto delle syst (gauss) e 
delle correlazioni [0-1]

• anche per N parametri 
(distribuzioni differenziali!)

mt	  @LHC

Importante	  sforzo	  nella	  definizione	  e	  nel	  traPamento	  comune	  delle	  
sistemaQche	  (TOPLHCWG)

• mt: combinato 9% più preciso della misura più precisa

ne	  vale	  davvero	  la	  pena!

Definizione	  di	  cosa	  sia	  ciascuna	  sistemaQca
Correlazione	  0%	  oppure	  100%	  estremi,	  “tuning	  4	  precision”



top e Higgs
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Top & Higgs
• h→γγ in eccesso (ATLAS)? 

• top loop + fermioni BSM?

• top yukawa coupling: misure difficili a LHC [fb]:

• ttbar: pp → tth, h →bb (sinergia: boosted!)

• single top: pp→h t q 
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Barger et al. 0911.1556
Maltoni et al. hep-ph/016293

_
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• Incertezza ~0.9 GeV su mt si traduce in

• sezione d’urto:  <1%

• charge asymmetry:25% total syst

• spin correlation: 4% total syst

• W helicity: 20-30% total syst

• Higgs mass (ora nota con δ~0.5 GeV)

LHC Tevatron

G. Cortiana, Top2012 hep-ex:1207.1069v4

https://indico.cern.ch/getFile.py/access?contribId=22&sessionId=6&resId=0&materialId=slides&confId=180665
https://indico.cern.ch/getFile.py/access?contribId=22&sessionId=6&resId=0&materialId=slides&confId=180665
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• mH → mt ?

Degrassi et al.,
arXiv:1205.6497v1

�mH ⇠ 0.5 GeV ) �mt & 1GeV

occhio	  all’effePo	  
Zanzibar!

mH	  ➝	  mt	  ➝	  mH
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gFitter group
hep-ph:1209.2716

mt = 175.8+2.7
�2.4 GeV

Overconstrainig the SM

global	  fit	  p-‐value	  =	  0.07



top come 
luminometro per 

gluoni



Parton Density Functions

• PDF4LHC: confronto tra MSTW08, NNPDF2.3, CT10

• Si traduce in una incertezza di...

• sezione d’urto tt incl: 1-3%

• sezione d’urto tt+j: < 1%

• massa: 0.1 GeV

• charge asymm: < 1% Δ(syst)

• spin correlation: 28% Δ(syst)

• W helicity 15-20% Δ(syst)
15

standard model: higgs
nuova fisica: produzione gluini
g(x) poco vincolata shat > 1 TeV



Sezione d’urto incl.

16

Czakon, Mangano, Mitov, Rojo
arXiv:1303.7215v2

correlazione g(x) vs σincl

σincl vs αs



Sezione d’urto diff.
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sensibile a 
soft gluon

sensibile a 
g(x) ad alto x



meccanismi di 
produzione
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Separazione gg/qq?

• Possibile? Non ben definita al NLO

• AFB @ Tevatron / AC @ LHC

• √s ↗ S/B ↗

• MVA: Njet, yjet, ηlep, event shape, ...  

19



Even more 
material
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Risonanze tj
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causa	  top	  quark	  
charge	  asymmetry

anomala?

ATL-CONF-2012-096

mW’	  >	  450	  GeV	  95%	  CL
mϕ	  >	  700	  GeV	  95%	  CL
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b-Tagging
• fattori di correzione tra dati e MC

• ATLAS: 3 taggers + combinazione con NN

22

ATL-CONF-2012-097

l+jets

llbbl+jets

llbb

llbb
tag countin fit molteplicità b-jet

kin selection b-tag rate dal jet più duro
kin fit fit completo topologia tt



Backgrounds
Channel Topology Backgrounds

Di-leptonic 2 b-jets + 2l± + ETmiss WW+jets, Z+jets

Semi-leptonic 2 jets + 2 b-jets + l± + ETmiss W + jets

Full-hadronic 4 jets + 2 b-jets QCD Multi-jet

1.1 Top Quark and its Decay Channels 15

Full-hadronic channel This channel presents at least 6 jets (2 b-jets and 2 jets

coming from each W bosons). Rejection of QCD MJB is much more com-

plicated than in the leptonic case, however b-tagging and some more ad-

vanced techniques can improve selection efficiency.

Examples of QCD multi-jet backgrounds are shown in figure 1.9

Figure 1.9: QCD Multi-jet events.
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1.1.5.2 W+jets and Z+jets

QCD multijet background is not at all the only background that is present in

such collisions. In fact, charged isolated leptons can arise from Drell-Yan pro-

duction, e.g. qq → Z → l+l−, or from the decay of a W boson, and both can be

produced in association with particle jets originated from a radiated quark or

gluon. Furthermore, real Emiss
T is present in W → l±νl decays due to neutri-

nos. Some examples are given in figure 1.10. Of course, detector effects such as

dead materials, misreconstruction of leptons and jets and miscalibration must

be considered, since they can give rise i.e. to fake missing transverse energy

and fake leptons reconstructed from jets. All these effects will be studied in

depth in the following chapters. All in all, W + jets events will be the most

important Standard Model background to tt studies at the LHC.

1.1.5.3 Single top

Top quarks can even be produced individually through weak interactions.

These single-top production processes are usually divided into three classes,

depending on the virtuality of the W boson involved at the leading order [11]:

16 Top Quark Physics and Monte Carlo Generation

Figure 1.10: Examples of W+jets (left) and Z+jets (right) events.

νW

µ
µ+Z0

µ−

• Quark-antiquark annihilation (s-channel) such as u + d → t + b

• W boson exchange (t-channel) such as u + b → t + d

• Wt associated production such as b + g → W + t

At the LHC, the most important production channel will be t-channel [8] with

a cross section of 124pb at
√

s = 10TeV , followed by Wt (32pb) and s-channel

(6pb). Single top productions will provide a measurement to the Vtb element

of the CKM matrix, and could unravel the existence of a fourth generation of

fermions and of a W ′ boson.

1.1.5.4 Diboson

Diboson processes are interactions in which two boson are produced and de-

cay subsequently, the most important being WW , WZ and ZZ. This is consid-

ered a minor background since the requirement of at least two b-tagged jets

reduces its contamination considerably. However, b-tagging will not be used

in the analysis presented here as it is not clear if the efficiency of the tracker

will be high enough at the beginning of the operations. Events of type WbWb

(two radiated b quarks) could survive event selection (see figure 1.12).

1.1 Top Quark and its Decay Channels 17

Figure 1.11: Single top production channels at LO: s-channel, t-channel and Wt associ-
ated production
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Figure 1.12: Diboson event WbWb.
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