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Scopo	
  della	
  fisica	
  delle	
  par4celle	
  

•  Studiare	
  (e	
  capire!)	
  l’universo	
  al	
  
livello	
  più	
  fondamentale,	
  più	
  
elementare	
  

•  Quali	
  sono	
  i	
  cos4tuen4	
  della	
  
materia?	
  

•  Come	
  si	
  possono	
  descrivere	
  le	
  
interazioni	
  tra	
  ques4	
  
cos4tuen4?	
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PARTICELLE	
  
ELEMENTARI	
  

FORZE	
  	
  
FONDAMENTALI	
  



Tan4	
  modi	
  per	
  studiare	
  il	
  mondo	
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Il	
  mondo	
  del	
  piccolo...	
  

•  Storicamente,	
  lo	
  
studio	
  del	
  piccolo	
  ha	
  
spesso	
  portato	
  
grandi	
  progressi	
  nella	
  
nostra	
  comprensione	
  
dell’universo	
  

•  Strumen4	
  !	
  
Acceleratori,	
  collider	
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Curioso	
  legame	
  con	
  il	
  cosmo:	
  

•  Big	
  Bang	
  Theory:	
  
l’universo	
  che	
  vediamo	
  
oggi	
  dipende	
  fortemente	
  
dalle	
  par4celle	
  create	
  al	
  
Big	
  Bang	
  e	
  le	
  interazioni	
  
tra	
  loro	
  

•  Inoltre,	
  possiamo	
  
osservare	
  par4celle	
  
elementari	
  che	
  ci	
  
arrivano	
  dallo	
  spazio	
  
(raggi	
  cosmici)	
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Creare	
  le	
  condizioni	
  iniziali	
  
dell’universo:	
  LHC	
  

•  Le	
  collisioni	
  
prodoZe	
  dal	
  
LHC	
  creano	
  
le	
  condizioni	
  
esisten4	
  10-­‐10	
  
sec	
  dopo	
  il	
  
Big	
  Bang	
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OGGI	
  



Teoria	
  v.	
  Esperimen4	
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Teorici:	
  formulare	
  modelli	
  matema4ci	
  
che	
  descrivono	
  le	
  par4celle	
  
fondamentali	
  e	
  la	
  loro	
  interazioni.	
  Una	
  
teoria	
  dovrebbe	
  predire	
  fenomoni	
  che	
  
possono	
  essere	
  osserva4.	
  

Sperimentali:	
  osservare	
  i	
  fenomeni	
  
previs4	
  da	
  teoria.	
  Anche	
  meglio:	
  
trovare	
  qualcosa	
  che	
  non	
  torna	
  con	
  le	
  
teorie	
  esisten4.	
  	
  

Oggi	
  siamo	
  fisici	
  sperimentali	
  



Teoria:	
  Modello	
  Standard	
  

•  Teoria	
  che	
  descrive	
  le	
  par3celle	
  elementari	
  e	
  3	
  
delle	
  4	
  forze	
  fondamentali.	
  	
  

•  Modello	
  matema3co	
  basato	
  sulla	
  teoria	
  
quan3sica	
  dei	
  campi	
  

•  Sviluppata	
  nella	
  seconda	
  metà	
  del	
  XX	
  secolo.	
  	
  

•  Impressionante	
  successo:	
  nessuno	
  è	
  riuscito	
  a	
  
confutarla	
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  Le	
  par4celle	
  del	
  Modello	
  Standard	
  

•  Quark,	
  leptoni,	
  
bosoni	
  

•  3	
  par4celle	
  (u,d,e)	
  
cos4tuiscono	
  la	
  
materia	
  ordinaria	
  

•  Le	
  altre	
  14	
  sono	
  
eso4che,	
  
esistevano	
  al	
  
tempo	
  del	
  Big	
  
Bang,	
  oggi	
  solo	
  in	
  
laboratorio	
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Materia	
  
ordinaria	
  

3	
  generazioni	
  



•  Interazione	
  forte	
  
–  tra	
  quarks,	
  mediata	
  dal	
  gluone	
  

•  Interazione	
  eleBromagne3ca	
  
–  tra	
  par4celle	
  cariche,	
  mediata	
  dal	
  fotone.	
  
–  100	
  volte	
  più	
  debole	
  della	
  forza	
  forte	
  

•  Interazione	
  debole	
  
–  tra	
  quark	
  e	
  leptoni,	
  mediata	
  dai	
  bosoni	
  Z,W.	
  
–  10,000,000	
  volte	
  più	
  debole	
  della	
  forza	
  

forte	
  
•  Interazione	
  gravitazionale	
  

–  tra	
  par4celle	
  con	
  massa,	
  mediata	
  dal	
  
gravitone	
  

–  1039	
  volte	
  più	
  debole	
  della	
  forza	
  forte	
  

Le	
  quaZro	
  forze	
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Modello	
  Standard	
  

Forte	
  

EleZromagne4ca	
  

Debole	
  

Gravità	
  



Collisioni	
  ad	
  alta	
  energia	
  
•  Con	
  collisioni	
  violen3,	
  

possiamo	
  riprodurre	
  le	
  
condizioni	
  iniziali	
  
dell’universo	
  

•  Perché	
  “alta	
  energia”?	
  
Perché	
  E=mc2!	
  	
  

–  l’energia	
  delle	
  
par4celle	
  che	
  si	
  
scontrano	
  (protoni)	
  si	
  
trasforma	
  in	
  massa,	
  
creando	
  par4celle	
  
pesan4	
  	
  

•  Ciò	
  ci	
  permeZe	
  di	
  studiare	
  
par4celle	
  pesan4,	
  come	
  i	
  
bosoni	
  Z	
  e	
  H	
  

•  E	
  cercare	
  par4celle	
  ancora	
  
non	
  osservate	
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Una nuova era nella scienza fondamentale 
!

Large Hadron Collider (LHC) 
!

La piu’ grande impresa scientifica mai realizzata 
!

Una macchina costruita  al CERN per fare 
scoperte nel campo della fisica delle particelle: la 

Scienza del microcosmo e del macrocosmo
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Il	
  perché	
  del	
  LHC	
  

•  Trovare	
  l’ul4mo	
  pezzo	
  del	
  
Modello	
  Standard:	
  il	
  bosone	
  di	
  
Higgs	
  

•  Capire	
  se	
  il	
  Modello	
  Standard	
  è	
  
completo	
  
–  ci	
  sono	
  mo4vi	
  per	
  credere	
  che	
  
non	
  sia	
  una	
  teoria	
  completa	
  

•  Se	
  ci	
  sono	
  fenomeni	
  al	
  di	
  là	
  del	
  
Modello	
  Standard,	
  cosa	
  sono?	
  
–  nuove	
  par4celle	
  
–  nuove	
  interazioni	
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L’ul4mo	
  (?)	
  pezzo	
  del	
  puzzle:	
  	
  
Bosone	
  di	
  Higgs	
  

ovvero:	
  il	
  problema	
  di	
  massa	
  
14	
  



La	
  massa	
  delle	
  par4celle	
  ricopre	
  11	
  
ordini	
  di	
  grandezza	
  -­‐	
  

•  Non	
  c’è	
  nessuna	
  regolarità	
  
nei	
  valori	
  di	
  massa	
  delle	
  
par4cella	
  elementari	
  

•  I	
  neutrini	
  sono	
  molto	
  leggeri	
  
•  L’eleZrone	
  è	
  350.000	
  volte	
  
più	
  leggero	
  del	
  quark	
  più	
  
pesante	
  

•  Tra	
  i	
  bosoni,	
  il	
  fotone	
  è	
  privo	
  
di	
  massa,	
  ma	
  i	
  bosoni	
  W	
  e	
  Z	
  
pesano	
  circa	
  come	
  80-­‐90	
  
protoni	
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Perché?	
  



Ancora	
  più	
  grave...	
  
•  Nella	
  versione	
  originale	
  del	
  Modello	
  
Standard	
  tuZe	
  le	
  par4celle	
  avevano	
  massa	
  
nulla	
  (!)	
  

•  Tre	
  fisici	
  teorici	
  hanno	
  proposto	
  un	
  modo	
  
per	
  conferire	
  massa	
  alle	
  par4celle:	
  Higgs,	
  
Englert	
  e	
  Brout	
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Come si puo’ superare questo 
problema ?

Aggiungendo un altro campo al Modello 
Standard. Un campo speciale, un campo 

scalare: 
il cosi’ detto Campo di Higgs !

~ 1964

Peter Higgs visits CMS  

Robert Brout
Peter Higgs

Francois Englert

no	
  bueno!	
  



Meccanismo	
  di	
  Higgs	
  

•  Introduce	
  un	
  nuovo	
  
campo	
  che	
  permeZe	
  
le	
  par4celle	
  di	
  
acquisire	
  massa	
  

•  Più	
  forte	
  una	
  par4cella	
  
interagisce	
  con	
  il	
  
campo	
  più	
  la	
  par4cella	
  
è	
  massiva	
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Conseguenza	
  importante:	
  
prevede	
  l’esistenza	
  di	
  una	
  nuova	
  
par3cella:	
  il	
  bosone	
  di	
  Higgs	
  

Però,	
  nessuna	
  
previsione	
  della	
  massa	
  
della	
  nuova	
  par4clla.	
  



La	
  caccia	
  allo	
  Higgs	
  

•  Lunga	
  ricerca	
  che	
  è	
  
durata	
  decenni	
  

•  In	
  realtà,	
  solo	
  con	
  
LHC	
  abbiamo	
  avuto	
  
abbastanza	
  energia	
  
di	
  produrre	
  tan4	
  
bosoni	
  di	
  Higgs	
  

•  Finalmente...	
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4	
  Luglio	
  2012:	
  Scoperta	
  dello	
  Higgs	
  a	
  2	
  
esperimen4	
  del	
  LHC	
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Fig. 2. The distribution of the four-lepton invariant mass, m4ℓ , for the selected can-
didates, compared to the background expectation in the 80–250 GeV mass range,
for the combination of the

√
s = 7 TeV and

√
s = 8 TeV data. The signal expectation

for a SM Higgs with mH = 125 GeV is also shown.

Table 3
The numbers of expected signal (mH = 125 GeV) and background events, together
with the numbers of observed events in the data, in a window of size ±5 GeV
around 125 GeV, for the combined

√
s = 7 TeV and

√
s = 8 TeV data.

Signal Z Z (∗) Z + jets, tt̄ Observed

4µ 2.09± 0.30 1.12± 0.05 0.13± 0.04 6
2e2µ/2µ2e 2.29± 0.33 0.80± 0.05 1.27± 0.19 5
4e 0.90± 0.14 0.44± 0.04 1.09± 0.20 2

(±2.3%/±7.6%) for m4ℓ = 115 GeV. The uncertainty on the electron
energy scale results in an uncertainty of ±0.7% (±0.5%/±0.2%) on
the mass scale of the m4ℓ distribution for the 4e (2e2µ/2µ2e)
channel. The impact of the uncertainties on the electron energy
resolution and on the muon momentum resolution and scale are
found to be negligible.

The theoretical uncertainties associated with the signal are de-
scribed in detail in Section 8. For the SM Z Z (∗) background, which
is estimated from MC simulation, the uncertainty on the total yield
due to the QCD scale uncertainty is ±5%, while the effect of the
PDF and αs uncertainties is ±4% (±8%) for processes initiated by
quarks (gluons) [53]. In addition, the dependence of these uncer-
tainties on the four-lepton invariant mass spectrum has been taken
into account as discussed in Ref. [53]. Though a small excess of
events is observed for m4l > 160 GeV, the measured Z Z (∗) → 4ℓ
cross section [93] is consistent with the SM theoretical predic-
tion. The impact of not using the theoretical constraints on the
Z Z (∗) yield on the search for a Higgs boson with mH < 2mZ has
been studied in Ref. [87] and has been found to be negligible. The
impact of the interference between a Higgs signal and the non-
resonant gg → Z Z (∗) background is small and becomes negligible
for mH < 2mZ [94].

4.4. Results

The expected distributions of m4ℓ for the background and for
a Higgs boson signal with mH = 125 GeV are compared to the
data in Fig. 2. The numbers of observed and expected events in
a window of ±5 GeV around mH = 125 GeV are presented for the
combined 7 TeV and 8 TeV data in Table 3. The distribution of the
m34 versus m12 invariant mass is shown in Fig. 3. The statistical
interpretation of the excess of events near m4ℓ = 125 GeV in Fig. 2
is presented in Section 9.

Fig. 3. Distribution of the m34 versus the m12 invariant mass, before the applica-
tion of the Z -mass constrained kinematic fit, for the selected candidates in the m4ℓ
range 120–130 GeV. The expected distributions for a SM Higgs with mH = 125 GeV
(the sizes of the boxes indicate the relative density) and for the total background
(the intensity of the shading indicates the relative density) are also shown.

5. H → γ γ channel

The search for the SM Higgs boson through the decay H → γ γ
is performed in the mass range between 110 GeV and 150 GeV.
The dominant background is SM diphoton production (γ γ ); con-
tributions also come from γ + jet and jet + jet production with
one or two jets mis-identified as photons (γ j and j j) and from
the Drell–Yan process. The 7 TeV data have been re-analysed and
the results combined with those from the 8 TeV data. Among other
changes to the analysis, a new category of events with two jets
is introduced, which enhances the sensitivity to the VBF process.
Higgs boson events produced by the VBF process have two for-
ward jets, originating from the two scattered quarks, and tend to
be devoid of jets in the central region. Overall, the sensitivity of
the analysis has been improved by about 20% with respect to that
described in Ref. [95].

5.1. Event selection

The data used in this channel are selected using a diphoton
trigger [96], which requires two clusters formed from energy de-
positions in the electromagnetic calorimeter. An ET threshold of
20 GeV is applied to each cluster for the 7 TeV data, while for the
8 TeV data the thresholds are increased to 35 GeV on the lead-
ing (the highest ET) cluster and to 25 GeV on the sub-leading (the
next-highest ET) cluster. In addition, loose criteria are applied to
the shapes of the clusters to match the expectations for electro-
magnetic showers initiated by photons. The efficiency of the trigger
is greater than 99% for events passing the final event selection.

Events are required to contain at least one reconstructed ver-
tex with at least two associated tracks with pT > 0.4 GeV, as well
as two photon candidates. Photon candidates are reconstructed in
the fiducial region |η| < 2.37, excluding the calorimeter barrel/end-
cap transition region 1.37 ! |η| < 1.52. Photons that convert to
electron–positron pairs in the ID material can have one or two re-
constructed tracks matched to the clusters in the calorimeter. The
photon reconstruction efficiency is about 97% for ET > 30 GeV.

In order to account for energy losses upstream of the calorime-
ter and energy leakage outside of the cluster, MC simulation re-
sults are used to calibrate the energies of the photon candidates;
there are separate calibrations for unconverted and converted
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Fig. 2. The local p-value as a function of mH in the γ γ decay mode for the com-
bined 7 and 8 TeV data sets. The additional lines show the values for the two data
sets taken individually. The dashed line shows the expected local p-value for the
combined data sets, should a SM Higgs boson exist with mass mH.

presence of a significant excess at mH = 125 GeV in both the 7 and
8 TeV data. The features of the observed limit are confirmed by the
independent sideband-background-model and cross-check analy-
ses. The local p-value is shown as a function of mH in Fig. 2 for
the 7 and 8 TeV data, and for their combination. The expected (ob-
served) local p-value for a SM Higgs boson of mass 125 GeV corre-
sponds to 2.8(4.1)σ . In the sideband-background-model and cross-
check analyses, the observed local p-values for mH = 125 GeV cor-
respond to 4.6 and 3.7σ , respectively. The best-fit signal strength
for a SM Higgs boson mass hypothesis of 125 GeV is σ /σSM =
1.6± 0.4.

In order to illustrate, in the mγ γ distribution, the significance
given by the statistical methods, it is necessary to take into ac-
count the large differences in the expected signal-to-background
ratios of the event categories shown in Table 2. The events are
weighted according to the category in which they fall. A weight
proportional to S/(S+ B) is used, as suggested in Ref. [121], where
S and B are the number of signal and background events, respec-
tively, calculated from the simultaneous signal-plus-background fit
to all categories (with varying overall signal strength) and inte-
grating over a 2σeff wide window, in each category, centred on
125 GeV. Fig. 3 shows the data, the signal model, and the back-
ground model, all weighted. The weights are normalised such that
the integral of the weighted signal model matches the number of
signal events given by the best fit. The unweighted distribution,
using the same binning but in a more restricted mass range, is
shown as an inset. The excess at 125 GeV is evident in both the
weighted and unweighted distributions.

5.2. H → ZZ

In the H → ZZ → 4ℓ decay mode a search is made for a narrow
four-lepton mass peak in the presence of a small continuum back-
ground. Early detailed studies outlined the promise of this mode
over a wide range of Higgs boson masses [122]. Only the search
in the range 110–160 GeV is reported here. Since there are dif-
ferences in the reducible background rates and mass resolutions
between the subchannels 4e, 4µ, and 2e2µ, they are analysed sep-
arately. The background sources include an irreducible four-lepton
contribution from direct ZZ production via qq and gluon–gluon
processes. Reducible contributions arise from Z+bb and tt̄ produc-
tion where the final states contain two isolated leptons and two
b-quark jets producing secondary leptons. Additional background

Fig. 3. The diphoton invariant mass distribution with each event weighted by the
S/(S + B) value of its category. The lines represent the fitted background and signal,
and the coloured bands represent the ±1 and ±2 standard deviation uncertainties
in the background estimate. The inset shows the central part of the unweighted
invariant mass distribution. (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this Letter.)

arises from Z+ jets and WZ+ jets events where jets are misidenti-
fied as leptons. Compared to the analysis reported in Ref. [25], the
present analysis employs improved muon reconstruction, improved
lepton identification and isolation, and a kinematic discriminant
exploiting the decay kinematics expected for the signal events. An
algorithm to recover final-state radiation (FSR) photons has also
been deployed.

Electrons are required to have pT > 7 GeV and |η| < 2.5.
The corresponding requirements for muons are pT > 5 GeV and
|η| < 2.4. Electrons are selected using a multivariate identifier
trained using a sample of W + jets events, and the working point
is optimized using Z + jets events. Both muons and electrons are
required to be isolated. The combined reconstruction and selection
efficiency is measured using electrons and muons in Z boson de-
cays. Muon reconstruction and identification efficiency for muons
with pT < 15 GeV is measured using J/ψ decays.

The electron or muon pairs from Z boson decays are required to
originate from the same primary vertex. This is ensured by requir-
ing that the significance of the impact parameter with respect to
the event vertex satisfy |S IP| < 4 for each lepton, where S IP = I/σI ,
I is the three-dimensional lepton impact parameter at the point of
closest approach to the vertex, and σI its uncertainty.

Final-state radiation from the leptons is recovered and included
in the computation of the lepton-pair invariant mass. The FSR re-
covery is tuned using simulated samples of ZZ → 4ℓ and tested
on data samples of Z boson decays to electrons and muons. Pho-
tons reconstructed within |η| < 2.4 are considered as possibly due
to FSR. The photons must satisfy the following requirements. They
must be within &R < 0.07 of a muon and have pγ

T > 2 GeV (most
photon showers within this distance of an electron having already
been automatically clustered with the electron shower); or if their
distance from a lepton is in the range 0.07 < &R < 0.5, they must
satisfy pγ

T > 4 GeV, and be isolated within &R = 0.3. Such photon
candidates are combined with the lepton if the resulting three-
body invariant mass is less than 100 GeV and closer to the Z boson
mass than the mass before the addition of the photon.

The event selection requires two pairs of same-flavour, oppo-
sitely charged leptons. The pair with invariant mass closest to the
Z boson mass is required to have a mass in the range 40–120 GeV

H	
  !	
  γγ H	
  !	
  ZZ!4l	
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Adesso?	
  

•  L’ul4ma	
  par4cella	
  del	
  Modello	
  Standard	
  trovata	
  

•  Ma	
  rimangono	
  tante	
  domande:	
  
–  quella	
  delle	
  masse	
  diverse	
  

–  i	
  quark	
  e	
  leptoni	
  sono	
  elementari	
  o	
  sono	
  compos4	
  da	
  
par4celle	
  più	
  piccole?	
  

–  perché	
  3	
  generazioni	
  di	
  quark	
  e	
  leptoni?	
  Ci	
  sono	
  altre	
  
generazioni	
  non	
  ancora	
  scoperte?	
  

–  dove	
  è	
  andata	
  l’an4materia?	
  	
  
–  di	
  cos’è	
  faZa	
  la	
  materia	
  oscura?	
  

–  e	
  tante	
  altre...	
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An4-­‐materia	
  

-­‐1/3	
  

+2/3	
  

+1/3	
  

-­‐2/3	
  

+1	
  

0	
  

-­‐1	
  

0	
  

MaZer	
   An4-­‐MaZer	
  

Per	
  ogni	
  par4cella	
  fondamentale	
  esiste	
  una	
  corrispondente	
  
an4-­‐par4cella,	
  	
  faZa	
  quindi	
  da	
  an4-­‐materia,	
  con	
  la	
  stessa	
  

massa	
  e	
  le	
  stesse	
  proprietà,	
  ma	
  con	
  carica	
  eleZrica	
  opposta.	
  

L’an4materia	
  può	
  
essere	
  creata	
  in	
  
Laboratorio	
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Equal	
  amount	
  of	
  
maZer	
  and	
  
an4maZer	
  created	
  

So	
  where	
  did	
  all	
  the	
  an4maZer	
  go?	
  

Today:	
  almost	
  
no	
  an4maZer	
  
in	
  the	
  universe	
  

Big	
  Bang:	
  quan4tà	
  uguali	
  di	
  
materia	
  e	
  an4-­‐materia	
  create	
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Conosci	
  un’	
  
an4-­‐persona?	
  



Violazione	
  della	
  Simmetria	
  CP	
  

CP	
  =	
  Coniugazione	
  di	
  carica	
  (inverte	
  la	
  
carica)	
  x	
  Parita’	
  (inverte	
  le	
  coordinate	
  
come	
  in	
  uno	
  specchio)	
  

Questo	
  fenomeno	
  non	
  è	
  sufficiente	
  a	
  spiegare	
  il	
  perché	
  
l’universo	
  sia	
  faZo	
  di	
  materia	
  e	
  non	
  di	
  an4-­‐materia.	
  Deve	
  
esistere	
  qualche	
  nuova	
  interazione	
  che	
  viola	
  CP.	
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In	
  realtà,	
  un	
  piccolo	
  squilibrio	
  tra	
  materia	
  e	
  an4-­‐materia	
  è	
  
previsto	
  dal	
  Modello	
  Standard.	
  Questo	
  è	
  dovuto	
  alla	
  
violazione	
  della	
  Simmetria	
  CP	
  nella	
  forza	
  debole.	
  	
  



Un’altra	
  ques4one	
  aperta:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
la	
  materia	
  oscura	
  

•  Solo	
  5%	
  dell’universo	
  è	
  
visibili	
  ai	
  nostri	
  telescopi	
  

•  24%	
  dell’universo	
  è	
  faZo	
  
di	
  materia	
  oscura	
  

•  Evidenze	
  di	
  materia	
  
oscura:	
  velocità	
  angolare	
  
delle	
  galassie,	
  lente	
  
gravitazionale	
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Una	
  ques4one	
  interessante	
  per	
  la	
  
fisica	
  delle	
  par4celle	
  

•  Perchè	
  questa	
  materia	
  oscura	
  dev’essere	
  faZa	
  da	
  par4celle,	
  
forse	
  par4celle	
  nuove	
  

•  Le	
  par4celle	
  devono	
  essere	
  eleZricamente	
  neutre	
  (altrimen4	
  
non	
  sarebbe	
  “oscura”)	
  

•  Nel	
  Modello	
  Standard	
  i	
  neutrini	
  sono	
  un	
  candidato	
  per	
  la	
  
materia	
  oscura,	
  ma	
  ci	
  sono	
  problemi	
  con	
  questa	
  ipotesi	
  

•  Teorie	
  oltre	
  il	
  Modello	
  Standard,	
  come	
  Supersimmetria,	
  
propongo	
  par4celle	
  neutre,	
  come	
  neutralini,	
  che	
  sono	
  
candida4	
  per	
  la	
  materia	
  oscura	
  

•  Queste	
  par4celle	
  potrebbero	
  essere	
  prodoZe	
  in	
  LHC:	
  sono	
  
energicamente	
  cercate	
  negli	
  esperimen4	
  al	
  CERN	
  (ma	
  non	
  
viste	
  finora)	
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Parliamo	
  di	
  LHC	
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Lo	
  studio	
  delle	
  par4celle	
  elementari	
  richiede:	
  

/ 72!31

Per cacciare il Bosone di Higgs servono :
1. Acceleratore: una macchina 
potente per accelerare i protoni e 
farli scontrare 

1.  Acceleratore:	
  una	
  macchina	
  potente	
  
per	
  accelerare	
  i	
  protoni	
  e	
  farli	
  
scontrare	
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  potente	
  
per	
  accelerare	
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  farli	
  
scontrare	
  

2.  Rivelatori:	
  strumen4	
  giganteschi	
  che	
  
registrano	
  le	
  par4celle	
  prodoZe	
  
quando	
  emergono	
  dal	
  punto	
  della	
  
collisione	
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Per cacciare il Bosone di Higgs servono :
1. Acceleratore: una macchina 
potente per accelerare i protoni e 
farli scontrare 
2. Rivelatori : strumenti 
giganteschi che registrano le 
particelle prodotte quando 
emergono  dal punto della 
collisione
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  par4celle	
  prodoZe	
  
quando	
  emergono	
  dal	
  punto	
  della	
  
collisione	
  

3.  Supercompu4ng:	
  per	
  raccogliere,	
  
conservare,	
  distribuire	
  ed	
  analizzare	
  
l’enorme	
  quan4ta’	
  di	
  da4	
  prodot	
  dai	
  
rivelatori.	
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Per cacciare il Bosone di Higgs servono :
1. Acceleratore: una macchina 
potente per accelerare i protoni e 
farli scontrare 
2. Rivelatori : strumenti 
giganteschi che registrano le 
particelle prodotte quando 
emergono  dal punto della 
collisione
3. Supercomputing :per 
raccogliere, conservare, 
distribuire ed analizzare 
l’enorme quantita’ di dati 
prodotti dai rivelatori.
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4.  Scienza	
  collabora4va	
  su	
  scala	
  
mondiale:	
  migliaia	
  di	
  scienzia4	
  ed	
  
ingegneri	
  per	
  disegnare,	
  costruire	
  ed	
  
operare	
  queste	
  macchine	
  molto	
  
complesse	
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Per cacciare il Bosone di Higgs servono :
1. Acceleratore: una macchina 
potente per accelerare i protoni e 
farli scontrare 
2. Rivelatori : strumenti 
giganteschi che registrano le 
particelle prodotte quando 
emergono  dal punto della 
collisione
3. Supercomputing :per 
raccogliere, conservare, 
distribuire ed analizzare 
l’enorme quantita’ di dati 
prodotti dai rivelatori.
4. Scienza collaborativa su scala 
mandiale: miglia di scienziati ed 
ingegneri per disegnare, costruire 
ed operare queste macchine molto 
complesse
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LHC Tunnel

21 Maggio 2004 
 

Gigi Rolandi - CERN 

100 metri sotto terra, lungo 27 Km
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Large	
  Hadron	
  Collider	
  
•  I	
  protoni	
  sono	
  accelera4	
  da	
  
poten4	
  campi	
  eleZrici	
  a	
  
velocità	
  vicine	
  a	
  quella	
  della	
  
luce.	
  Sono	
  guida4	
  lungo	
  le	
  loro	
  
traieZorie	
  circolari	
  da	
  poten4	
  
magne4	
  dipoli	
  supercoduZori.	
  

•  I	
  magne4	
  dipoli	
  lavorano	
  a	
  8.3	
  
Tesla,	
  (200.000	
  volte	
  il	
  campo	
  
magne4co	
  terrestre)	
  &	
  1.9	
  K	
  
(-­‐271OC)	
  in	
  elio	
  suferfluido.	
  

•  I	
  protoni	
  viaggiano	
  in	
  un	
  tubo	
  
che	
  e’	
  a	
  vuoto	
  piu’	
  spinto	
  ed	
  a	
  
temperatura	
  piu’	
  bassa	
  che	
  lo	
  
spazio	
  interplanetario.	
  

/ 72!32

Large Hadron Collider
I protoni sono accelerati da potenti 
campi elettrici a velocita’ vicine a 
quella della luce. E sono guidati lungo 
le loro traiettorie circolari da potenti 
magneti dipoli supercoduttori. 

I magneti dipolari lavorano a 8.3 
Tesla, (200.000 volte il campo 
magnetico terrestre) & 1.9 K (-271 
!C) in elio suferfluido. 
!
!
I protoni viaggiano in un tubo che e’ 
a vuoto piu’ spinto ed a temperatura 
piu’ bassa che lo spazio 
interplanetario. 
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Esperimen4	
  di	
  fisica	
  delle	
  par4celle	
  

•  Due	
  strade:	
  
–  mirare	
  alle	
  energie	
  più	
  alte:	
  Energy	
  Fron4er	
  

•  da	
  la	
  possibilità	
  di	
  creare	
  nuove	
  par4celle	
  molto	
  
pesan4,	
  come	
  quark	
  top,	
  Higgs,	
  nuove	
  par4celle	
  di	
  
Supersimmetrie,	
  ecc.	
  

•  ATLAS,	
  CMS,	
  ALICE	
  

–  mirare	
  ad	
  alta	
  intensità:	
  Intensity	
  Fron4er	
  
•  studiare	
  par4celle	
  di	
  massa	
  più	
  bassa	
  (p.e.	
  mesoni	
  
B,	
  D)	
  	
  

•  fare	
  misure	
  di	
  alta	
  precisione	
  che	
  sono	
  capaci	
  di	
  
testare	
  il	
  Modello	
  Standard	
  molto	
  accuratamente:	
  
fisica	
  del	
  flavour	
  

•  LHCb	
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Major	
  experiments	
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Major	
  experiments	
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Major	
  experiments	
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ALICE	
  



Major	
  experiments	
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LHCb	
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Come	
  si	
  iden4ficano	
  le	
  par4celle	
  
instabili	
  	
  

•  Le	
  par4celle	
  più	
  interessan4	
  
sono	
  quelle	
  instabili	
  (di	
  
solito)	
  
–  dopo	
  pochissimo	
  tempo	
  
decadono	
  (si	
  trasformano)	
  in	
  
altre	
  par4celle	
  più	
  leggere	
  

–  queste	
  poi	
  decadono	
  al	
  loro	
  
turno,	
  e	
  il	
  processo	
  con4nua	
  
fino	
  a	
  quando	
  rimangono	
  solo	
  
par4celle	
  stabili	
  che	
  si	
  
“vedono”	
  nel	
  nostro	
  rivelatore	
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Misurare	
  impulso	
  e	
  energia	
  delle	
  figlie	
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3 Data sample

In this chapter we describe the data sample used in this work and the procedure
to extract the B0

s ⌅ D±
s h⇤ (where h = � or K) decays (referred to as “signal”)

from other events. We also describe the Monte Carlo simulation, which is a crucial
ingredient of this analysis.

3.1 B0
s ⌅ D±

s h⇥ at CDF II
Data collected at CDF II is organized in acquisition periods called runs; a run

is a period of continuous operation of the CDF II Data Acquisition system. To
ensure the quality of data requested for the physics measurements each run has to
be approved by the on-line and o�-line operators and by the detectors experts. The
list of the approved runs is called the GoodRunList.

The analysis described in this thesis uses data collected between December 2004
(run 190697) and September 2011 (run 312510). After the application of the stan-
dard CDF data-quality requirements on triggers and of the GoodRunList the data
sample corresponds to an integrated luminosity of

�
L dt ⇧ 9.3 fb�1.

To discuss in detail the trigger and the o�-line selection, it is useful to define
some relevant quantities used in the analysis. They are calculated in the laboratory
frame, and are illustrated in figure 3.1.

Transverse plane: the plane perpendicular to the proton beam direction, in which
the profile region of the beam is approximately Gaussian with r.m.s. ⇥T ⇤
30 µm.

d0

�

�

d0

primaryfake
secondary
vertex

vertex

secondary
vertex

LT < 0

LT(B
0
s
)

LT (Ds)B0
s

KK

Figure 3.1 Schematic illustration of a pp̄ event containing a B0
s ⌅ D±

s h⇥ decay. Ellipses
indicate vertices, arrows indicate tracks of charge particle. Nothing are in scale.
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Bs
0 →Ds

−π + → [φπ − ]π + → [[K +K − ]π − ]π +

Conservazione	
  dell’energia	
  :	
  	
  E	
  =	
  E1	
  +	
  E2	
  +	
  E3+	
  …	
  	
  
Conservazione	
  dell’impulso	
  :	
  P	
  =	
  p1	
  +	
  p2	
  +	
  p3+	
  …	
  	
  

Necessaria	
  la	
  misura	
  delle	
  
traieZorie,	
  e	
  iden4ficazione	
  
del	
  4po	
  di	
  par4cella.	
  	
  

Massa	
  invariante	
  della	
  par4cella:	
  	
  	
  E2	
  –	
  p2	
  =	
  m2.	
  

Bs
0	
  

Ds
-­‐	
  



Calcola	
  massa	
  invariante	
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6 Fit of composition
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Figure 6.6 mDs� distribution with the fit projection overlaid: (a) the fit projection with
all the fit components (logarithmic scale (b)), (c) the components are grouped for clarity.
The residual plot at the bottom of the figure (c) shows the number of � discrepancy (data
minus projection).

70

Se	
  le	
  4	
  tracce	
  che	
  abbiamo	
  selezionato	
  provengono	
  veramente	
  
da	
  un	
  mesone	
  Bs0,	
  allora	
  la	
  massa	
  invariante	
  calcolata	
  sarà	
  vicina	
  
alla	
  massa	
  del	
  Bs0	
  (5366	
  MeV).	
  A	
  volte,	
  però,	
  sbagliamo	
  e	
  
prendiamo	
  4	
  tracce	
  casuali	
  (fondo	
  combinatorio).	
  In	
  questo	
  caso	
  
la	
  massa	
  invariante	
  non	
  mostra	
  un	
  picco	
  alla	
  massa	
  del	
  Bs0.	
  

Possiamo	
  selezionare	
  ques4	
  
candida4	
  e	
  studiare	
  le	
  loro	
  proprietà,	
  
per	
  esempio,	
  la	
  vita	
  media.	
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