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Introduzione
Non una review esaustiva sulla fisica del top in CMS 
Selezione di alcune misure, in particolare con riferimento alla (poca) attività 
con contributo INFN 
Possibili contributi per Run II 

Coinvolgimento INFN ridotto rispetto al passato 
- attualmente nessun ruolo di coordinamento (eccetto PubComm)
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Perché studiare il top
Il top è la particella elementare più pesante che conosciamo ⟹ ruolo 
privilegiato in misure di precisione del Modello Standard e in ricerche di 
Nuova Fisica: 
- unico quark con massa maggiore del W ⟹ decadimento debole in W reali 

- no adronizzazione; 
- accesso diretto agli accoppiamenti deboli (CKM) 

- unico quark con accoppiamento  
con Higgs O(1) 
- centrale nei processi di produzione  

di Higgs a LHC (top loop); 
- ruolo della massa nella stabilità del  

vuoto elettotrodebole 

- candidato ideale per ricerche di Nuova  
Fisica in numerosi modelli BSM
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Aree di interesse nella fisica del top

Produzione
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Tante misure, in una figura

(dalla riunione di Physics Planning del 26.10.2017)
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Sezione d’urto di produzione tt ̄
Le misure più precise sfruttano i canali 
con leptoni: e μ e soprattutto l + jets 

- limitate da sistematiche 

Possono essere sfruttate per vincolare 
parametri: mtop, αs, PDF del protone 
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Ricostruzione tt ̄nel canale adronico
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Analisi con contributo italiano (Bologna) nel canale adronico a 13 TeV: 
- a basso pt incertezza molto superiore ai canali con leptoni 
- diventa più interessante per alto pt (> 400 GeV) 

- prodotti di decadimento “boosted”  
(jet non risolti) 

- contributo significativo a misure  
differenziali 

Possibili prosecuzioni dell’analisi (a seconda delle forze disponibili): 
- studio di produzione ttH̄; 
- misura di mtop
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tt ̄+ X
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Verifica previsioni SM 
- contributi di Nuova Fisica; 
- accoppiamenti del top; 
- stima fondi per altri canali di 

interesse 

Recente misura di σ(ttW̄) e σ(ttZ̄)
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Single top-quark production
Inclusive cross sections

Sezioni d’urto misurate per t-channel e 
tW a tutte le energie 

- limite superiore a 8 TeV per s-channel 

Produzione associata di Z (tZq): processo raro nel Modello Standard 
- vertici ttZ e WWZ nei diagrammi al LO (possibili contributi di Nuova FIsica) 
- stato finale a 3 leptoni 

σ(pp → tl+l–q) = (123+44–39) fb 
(3.7 σ)

Sezioni d’urto single top e tZq

9

Ev
en

ts
 / 

0.
2

20

40

60

80

100

120

1bjet
CMS Preliminary

Pu
lls

2−
0
2

BDT output
1− 0.5− 0 0.5 1

Ev
en

ts
 / 

0.
2

10

20

30 2bjets
CMS Preliminary

Pu
lls

2−
0
2

BDT output
1− 0.5− 0 0.5 1

Ev
en

ts
 / 

25
 G

eV

200

400

600 0bjet
CMS Preliminary

 (13 TeV)-135.9 fb

Pu
lls

2−
0
2

 [GeV]W
Tm

0 50 100 150 200 250

  Data
  tZq
  NPL
  tWZ
  ttH+ttW
  ttZ
  ZZ
  WZ+c
  WZ+b
  WZ+light

PAS-TOP-16-020



Misure di precisione di mtop

Il top ha una presenza dominante nei loop per le correzioni del Modello 
Standard 
⟹ il valore della massa influenza tutti  
i calcoli oltre il LO degli osservabili 
⟹ la precisione nella sua misura è  
importante per testare la consistenza  
interna della teoria ed evidenziare  
eventuali effetti di Nuova Fisica 

L’estrapolazione del Modello Standard ad alte 
energie, in particolare l’evoluzione 
dell’accoppiamento quartico del bosone di 
Higgs, dipende in maniera critica dal valore di 
mtop 
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Fig. 1. (a) The 68% and 95% CL contours for the indirect determination of m W and m top from global SM fits to electroweak precision data (from Ref. [3] ). (b) 
Evolution of the Higgs-boson self-coupling λ, within the renormalisation group equation (RGE), for the central values of m H = 125 . 7 GeV, m top = 173 . 1 GeV 
and αS (m Z ) = 0 . 1184 (solid curve), and variation of these central values by ± 3 σ for the blue, grey and red, dashed curves, respectively (from Ref. [6] ). 
radiative corrections can drive the Higgs-boson self-coupling ( λ) towards negative values, potentially leading to an unsta- 
ble vacuum. The determination of the energy scale ( µ) at which this happens, possibly requiring new physics at lower or 
comparable energies, is strongly influenced by the precision of the top-quark mass measurement and by the interpretation 
of m top in a clear theoretical framework ( µ varies by several orders of magnitude under a ± 1.8 GeV variation of m top , as 
shown in Fig. 1 (b), from Ref. [6] ). 

Currently, the most precise measurements of m top are obtained from direct reconstruction of the top-quark decay final 
states and use calibrations based on Monte Carlo (MC) simulation to determine the top-quark mass value that best describes 
the data. In this approach, the measured top-quark mass corresponds to the parameter implemented in the MC ( m MC 

top ) 
which formally is not a renormalised field theory parameter, and must be used with care as input for precise theoretical 
predictions [9–11] . The top quark is colour charged and does not exist as an asymptotic state: the value of m top , extracted 
from the experiments, depends on the theoretical definition of the mass, which varies according to the renormalisation 
scheme adopted: pole mass ( m pole 

top ) or running mass. As a result, the identification of m MC 
top with m pole 

top is currently subject 
to an uncertainty of the order of 1 GeV [10] , comparable to the present experimental precision (see also Refs. [12,13] for 
previous recent reviews on m top ). 
2. Top-quark pair production and signatures at the Tevatron and LHC 

At Tevatron and LHC hadron colliders top quarks are mainly produced in pairs, through strong interactions, via gluon fu- 
sion and quark-antiquark annihilation processes. Depending on the collider centre-of-mass-energy ( √ 

s ), and on the type of 
particle beams being utilised (proton-antiproton, p ̄p , or proton-proton, pp ), the relative importance of the two processes 
varies. At the Tevatron p ̄p collider, operating at √ 

s = 1 . 8 − 1 . 96 TeV, approximately 85% of the top-quark pairs ( t ̄t ) are 
produced through quark-antiquark annihilation, whereas at all centre-of-mass-energies explored by the LHC pp collider, 
gluon fusion processes are dominant (80–90% for √ 

s = 7 − 14 TeV). The top-quark pair production cross-section varies from 
7 . 16 +0 . 20 

−0 . 23 pb at the Tevatron, to 172 . 0 +6 . 4 
−7 . 5 pb ( √ 

s = 7 TeV), 245 . 8 +8 . 8 
−10 . 6 pb ( √ 

s = 8 TeV) and 953 . 6 +27 . 9 
−38 . 3 pb ( √ 

s = 14 TeV) at the 
LHC [14] . The production of single-top quarks occurs via electroweak interactions and relates to a significantly lower (about 
one half) production cross-section than that for top-quark pairs. 

After the discovery of the top quark in 1995 [15,16] , the CDF and D0 experiments, operating at the Tevatron, have col- 
lected about 10 fb −1 of √ 

s = 1 . 96 TeV p ̄p collisions. The LHC experiments, ATLAS and CMS, in operation since 2010, have 
collected 5 fb −1 and 20 fb −1 of pp collisions data at the centre-of-mass-energies of 7 and 8 TeV, respectively (LHC Run-1). 
Within the planned LHC programme, about 100 fb −1 of √ 

s = 13 − 14 TeV (LHC Run-2) and 200 fb −1 of √ 
s = 14 TeV (LHC 

Run-3) pp collision data will be collected in the time period 2015–2022. An additional ten-fold increase of the integrated 
luminosity is expected within the LHC high-luminosity upgrade [17] . Correspondingly, the expected number of t ̄t events 
that will be produced by the end of LHC Run-3 amount to about 300 Million, compared to 6 Million produced during the 
LHC operations at √ 

s = 7 and 8 TeV, and 70k produced at the Tevatron at √ 
s = 1 . 96 TeV. As we shall see in the following, 

this will open unprecedented opportunities for precise measurements of the properties of the top quark, and in particular 
of m top . 
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Misure di mtop a CMS
Le misure più precise sono ottenute nel canale l + jet in produzione tt ̄

Misure in altri canali e con varie tecniche sono utili per disaccoppiare effetti 
sistematici e migliorare i modelli usati nei generatori 

- molte tecniche alternative proposte 
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Gli eventi da produzione elettrodebole (single top) forniscono un campione 
indipendente da tt,̄ con molti effetti sistematici scorrelati 
Misura sul campione a 8TeV nel canale con μ (Genova) 

- soppressione tt ̄con selezione jet leggeri in avanti ⟹ purezza single top ~75% 

mtop = (172.95 ± 0.77 +0.97–0.93) GeV

Misura di mtop in eventi top singolo 

12

|
j'

η|
0 1 2 3 4 5

Ev
en

ts
 / 

0.
2

0

1

2

3

4

5

6

7

8
310×  data

 channelt 

 channels 

 tW channel

t t

 Z + jets

 W + jets

 diboson

 QCD

 (8 TeV)-119.7 fb
CMS

 (GeV)bνµm
100 150 200 250 300 350 400

Ev
en

ts
 / 

10
 G

eV
0

100

200

300

400

500

600
 data

 channelt 

 channels 

 tW channel

t t

 Z + jets

 W + jets

 diboson

 QCD

 (8 TeV)-119.7 fb
CMS

100 150 200 250 300 350 400

D
at

a/
M

C

1−

0

1

2

3

Eur.Phys.J. C77 (2017) 5, 354

⟹→



A 13 TeV, σ(single top)/σ(tt)̄ diminuisce, ma la statistica aumenta  
⟹ si può “stringere” la selezione sui single top: 

- si ripristina la purezza; 
- migliore rapporto S/N ⟹ riduzione incertezze  

sistematiche 

Proiezioni basate su attuali campioni  
single top a 13 TeV (~36 fb–1) 

- evoluzioni degli errori “naif”, con stessa  
selezione dell’analisi a 8TeV (solo μ); 

- altri miglioramenti possibili (aggiunta elettroni,  
selezione più raffinata, sistematiche,…) 

⟹ errore totale competitivo! 
Intenzione di ripetere l’analisi, bisogna  
radunare le forze… 

mtop in top singolo a 13 TeV 

13
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Le analisi di top singolo assumono che sia la produzione che il 
decadimento del top avvengano tramite vertici tWb (|Vtb| ≈1) 
In realtà la selezione raccoglie anche eventi con vertici tWd e tW

Misura di |Vtq| da eventi top singolo
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0.3 Cross section interpretation: previous approaches 3

tWb tWd tWs
tWb st�ch.,b* BR(t!Wb) st�ch.,b* BR(t!Wd) st�ch.,b* BR(t!Ws)
tWd st�ch.,d* BR(t!Wb) st�ch.,d* BR(t!Wd) st�ch.,d* BR(t!Ws)
tWs st�ch.,s* BR(t!Wb) st�ch.,s* BR(t!Wd) st�ch.,s* BR(t!Ws)

Table 2

And the objects will be26

a|Vtb|2|Vtb|2ST
2J1T
(b,b) (9)

+ a|Vtb|2(|Vtd|2 + |Vts|2)ST
2J1T
(q,b) (10)

+ b|Vtd|2|Vtb|2ST
2J1T
(d,b) (11)

+ g|Vtb|2|Vts|2ST
2J1T
(s,b) (12)

In general one can write, given different categories for the selection efficiencies eselection:27

a|Vtb|2|Vtb|2eselection
(b,b) (13)

+ a|Vtb|2(|Vtd|2 + |Vts|2)eselection
(b,q) (14)

+ b|Vtd|2|Vtb|2eselection
(d,b) (15)

+ g|Vtb|2|Vts|2eselection
(s,b) (16)

(17)

0.3 Cross section interpretation: previous approaches28

In this section we describe the previous approach and its shortcomings. With the naming con-29

vention described in 0.1 do write our hypothesis as30

BR(t!Wb), = 1 (18)

BR(t!Wd) = BR(t!Ws) = 0 (19)

|Vtd| = |Vts| = 0 (20)
(21)

And therefore the only possible floating parameter is |Vtb|. In the standard model case the |Vtd|31

and |Vts| are much smaller than |Vtb|, but this effect is balanced by the fact that the factors b32

and g are much bigger with respect to a, as their initial state factor in different proton PDFs.33

Studies at 7 TeV allow to infer the factors b and g. Table 3 shows the contribution to 7, 8,34

and 13 TeV cross sections, roughly extrapolated from the cross sections measured at 7 TeV with35

|Vtd|2 == 1 and |Vts|2 == 1. Note that we take as a the value of the cross section calculated36

by Kidonakis in [4], where in fact the computation is performed in the case of |Vtd|2 == 1.37

The value at 8 and 13 TeV has been obtained with a simple scaling of the cross section, using38

Idea of the measurement

Alberto Orso Maria Iorio 2

∘∘  t-channel standard selection t-channel standard selection includes 2 b quarks in the �nal stateincludes 2 b quarks in the �nal state
∘∘  adding other two topologies to measure adding other two topologies to measure |Vtd| |Vts| and and |Vtb|
simultaneouslysimultaneously

∘∘Cross sections, i.e. alpha beta and gamma, bottom row:Cross sections, i.e. alpha beta and gamma, bottom row:

b

b

b

q

q

b

q

2 1 The CMS Detector

Vertex tWb tWd tWs
|Vtq| 0.998 ± 0.01 0.0084 ± 0.0006 0.0429 ± 0.0026
Rq 0.999 ± 0.01 7.06 ± 1.01 ·10�5 1.84 ± 0.22 ·10�3

st�ch.,q 216.99.06 ± 5.8 1441 ± 10. 500 ± 10.

Table 1: Values of matrix elements inferred from low energy regime measurements, with the
respective values of top quark decay branching fractions in the first two rows. Cross sections
for inclusive t-channel production in the third row, obtained when the respective is put equals
to unity.

st�ch.,b|Vtb|2|Vtb|2 = 216.99 ± 8.37(scale � pdf) pb

st�ch.,b|Vtb|2(|Vtd|2 + |Vts|2) 0.41 ± 0.05(scale � pdf � meas.) pb

st�ch.,d|Vtd|2|Vtb|2 = 0.102 ± 0.015(scale � pdf � meas.) pb

st�ch.,b|Vtb|2|Vts|2 = 0.92 ± 0.11(scale � pdf � meas.) pb

The cross sections are evaluated at NLO in the 5FS using POWHEG 2.0 [4–7] for st�ch.,d, st�ch.,s31

and with HATOR [8] for the st�ch.,b.32

Production of top quarks through strong interaction in tt̄ pairs where one decays through33

tWd,tWs vertexes is considered as well.34

1 The CMS Detector35

The central feature of the CMS apparatus is a superconducting solenoid of 6 m internal diame-36

ter, providing a magnetic field of 3.8 T. Within the solenoid volume are a silicon pixel and strip37

tracker, a lead tungstate crystal electromagnetic calorimeter (ECAL), and a brass and scintilla-38

tor hadron calorimeter (HCAL), each composed of a barrel and two endcap sections. Forward39

calorimeters extend the pseudorapidity (h) [9] coverage provided by the barrel and endcap40

detectors. Muons are measured in the range |h| < 2.4 using gas-ionization detectors embed-41

ded in the steel flux-return yoke outside the solenoid. Matching muons to tracks measured in42

the silicon tracker results in a relative transverse momentum (pT) resolution for muons with43

20 < pT < 100 GeV of 1.3–2.0% in the barrel and better than 6% in the endcaps. The pT res-44

olution in the barrel is better than 10% for muons with pT up to 1 TeV [10]. A more detailed45

description of the CMS detector, together with a definition of the coordinate system used and46

the relevant kinematic variables, can be found in Ref. [9].47

Collision data sets at
p

s=13 TeV, corresponding to an integrated luminosity of 35.9 , are col-48

lected with triggers requiring either one muon or electron in the final state and used in this49

measurement.50

Monte Carlo (MC) event generators are used to simulate signal and background samples.51

Single-top quark t-channel events are generated at NLO with POWHEG 2.0 in the 4FS, and the52

top quark decays are simulated with citemadspin.53

The tt̄ and tW background processes are also generated with POWHEG 2.0. The latter is sim-54

ulated in the 5FS. The value of the top quark mass used in the simulated samples is mt =55

172.5 GeV. For all samples PYTHIA 8.180 [11] with tune CUETP8M1 [12] is used to simulate56

the parton shower, hadronization, and the underlying event. Simulated event samples with W57

rapporto di decadimento
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Analisi in corso (Napoli) su dati a 13 TeV del 2016 (~36 fb–1)  
Definizione di variabili discriminanti su 
campioni con diverse composizioni 
Fit globale con contributi da vertici  
tWd e tWs 

|Vtb| = 0.974 ± 0.003 
|Vtb|2 + |Vtb|2 < 0.061 95% C.L. 

(molto preliminare) 

Analisi da finalizzare per la 
pubblicazione 
Intenzione di estendere a tutta la 
statistica di Run II se forze disponibili

14 References

(a)

met
5 10 15 20 25 30 35

Ev
en

ts
/b

in

0

0.02

0.04

0.06

0.08

0.1

0.12

610×
Data t, t-ch_sd(*100)
W + Jets VV
tt t, t-ch

tW Z + Jets
DDQCD

 (13 TeV)-135.89 pb

CMS
Preliminary

5 10 15 20 25 30 35D
at

a 
/ B

kg

0.5

1

1.5

(b)

met
5 10 15 20 25 30 35

Ev
en

ts
/b

in

0
2
4
6
8

10
12
14
16
18
20

310×
Data t, t-ch_sd(*100)
W + Jets VV
tt t, t-ch

tW Z + Jets
DDQCD

 (13 TeV)-135.89 pb

CMS
Preliminary

5 10 15 20 25 30 35D
at

a 
/ B

kg

0.5

1

1.5

(c)

met
5 10 15 20 25 30 35

Ev
en

ts
/b

in

0

0.02

0.04

0.06

0.08

0.1

0.12

610×
Data t, t-ch_sd(*100)
W + Jets VV
tt t, t-ch

tW Z + Jets
DDQCD

 (13 TeV)-135.89 pb

CMS
Preliminary

5 10 15 20 25 30 35D
at

a 
/ B

kg

0.5

1

1.5

(d)

met
5 10 15 20 25 30 35

Ev
en

ts
/b

in

0

5

10

15

20

25

30

310×
Data t, t-ch_sd(*100)
W + Jets VV
tt t, t-ch

tW Z + Jets
DDQCD

 (13 TeV)-135.89 pb

CMS
Preliminary

5 10 15 20 25 30 35D
at

a 
/ B

kg

0.5

1

1.5

(e)

met
1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1

Ev
en

ts
/b

in

0
2
4
6
8

10
12
14
16
18
20
22

310×
Data t, t-ch_sd(*100)
W + Jets VV
tt t, t-ch

tW Z + Jets
DDQCD

 (13 TeV)-135.89 pb

CMS
Preliminary

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1D
at

a 
/ B

kg
0.5

1

1.5

Figure 8: Stacks obtained after the fit procedure: a) shows the QCD-depleted-central region for
the 2-jet 1-tag region, b) shows the QCD-depleted-forward region for the 2-jet 1-tag region, c)
shows the QCD-depleted-central region for the 3-jet 1-tag region, d) shows the QCD-depleted-
forward region for the 3-jet 1-tag region and e) shows the 3-jet 2-tag region.
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Dalla riunione di Physics Planning 
del 26.10.2017:  
enfasi sulle misure di proprietà 
del top 
Analisi di interesse “non coperte” 
in tutte le aree. Alcune: 

- processi rari con tt ̄adronico: ttt̄t,̄ 
ttb̄b̄, ttc̄c̄; 

- processi rari in single top: tWZ; 
- mtop da sezioni d’urto differenziali 

Altre opportunità di analisi

16

New ideas, not covered:
Asymmetry in tt+photon,  
energy/incline asymmetry in tt+1jet
Direct probe of top width from  
b-charge asymmetry
Angular correlations in forward tagged jets
Top quark radius

Analyses in Run1, not covered in Run2:
Charge asymmetry
Transverse top polarization
Ratio B(t—>Wb)/B(t —> Wq)
Top quark charge 

Substantial opportunities 
for contributions !



Conclusioni
La fisica del top continua a essere molto attiva in CMS 

- 14 articoli pubblicati o spediti nel 2017, 23 nuove CADI lines 

Il coinvolgimento INFN è però inferiore rispetto al passato 
Possibilità di contribuire/iniziare analisi di interesse, anche in settori su cui 
abbiamo esperienza 
Link utili:  
presentazione al Physics Planning Meeting: 
https://indico.cern.ch/event/671372/contributions/2767812/attachments/
1548010/2430339/physics_planning_oct17_final.pdf 
Top! Hammertime (a CMS top quark workshop): 
https://indico.cern.ch/event/658669/
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