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Fisica Nucleare e Subnucleare III

verifiche sperimentali
del Modello Standard
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predizioni del modello standard.
• esistenza delle correnti deboli neutre
• relazione tra gli accoppiamenti CC e NC
• proprietà dei bosoni vettori
• esistenza del bosone di Higgs

verifiche
• scattering di neutrino
• produzione diretta dei bosoni vettori
• ricerca del bosone di Higgs
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Cinematica della diffusione di neutrino su bersaglio
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CC NC
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correnti cariche ν-e-

Consideriamo

Lo spin totale è 1
la distribuzione angolare è 
la sezione d’urto totale è

Le CC νµ e νe su elettrone sono paradigmatiche rispetto
a tutti i processi neutrino-fermione:

Consideriamo ora 

Il processo è in onda s 
(partecipano solo eL)
la distribuzione angolare è isotropica
la sezione d’urto totale è (per s>>me

2) 

� 

∝ (1− y)2
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calcolo numerico:

G=1.166 10-5 GeV-2
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correnti neutre νµ-e-

le reazioni di corrente neutra sono

Qui dobbiamo considerare che lo Z 
interagisce sia con eR che con eL per cui ci 
sarà sia una componente 
a spin totale 1 che una a spin zero
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u eγ µ
1
2 1− γ

5( )I3 −Qsin2ϑ w[ ]ue = u eLγ µ I3 −Qsin2ϑ w[ ]ueL + u eRγ µ −Qsin2ϑ w[ ]ueR =

= u eLγ µ − 1
2 + sin2ϑ w( )ueL + u eRγ µ sin2ϑ wueR

per cui possiamo 
scrivere:
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per cui misure di sez. d’urto individuano delle ellissi nel piano gV, gA:
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CC NC
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scoperta delle correnti neutre
(dionisi, cap. 6)

gargamelle 1973:

• la prima osservazione è una reazione 
antinuetrino mu su elettrone

• successivamente sono osservate correnti 
neutre su nucleoni, 1000 volte più abbondanti
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Un calcolo di cinematica

Il pt dell’elettrone dello stato finale si può calcolare tenendo 
conto che non dipende dal sistema di riferimento. 
Uguagliando quello del lab. a quello del c.d.m si ha:
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se m=me  
Ee θ2≤ 1 MeV,   Ee~10 GeV,     θ2~10-4,    θ=10 mrad
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misure sperimentali
Fine grained calorimeters per identificare gli elettroni
(il fondo è costituito dalle interazioni neutrino adrone σ∝s∝2mEν )
CHARM, E734 e soprattutto
CHARM II con 20 volte più statistica

misura assoluta dei flussi per determinare le sez. d’urto

Gli eventi νµe- sono identificati dal piccolo angolo di 
rinculo dell’elettrone

In CHARM II tubi a streamer di 1 cm (già presenti in 
CHARM) letti anche da una striscia catodica ortogonale 
con misura del segnale con una risoluzione di 3 mm sul 
centroide della traccia
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CHARM I

13

over background. The results of this run could eliminate earlier dis- 

crepancies and prove the existence of a prompt muon-neutrino flux. It 

yielded, however, new discrepancies as to the occurrence of prompt 

antimuon-neutrino production and the deviation of the electron-to-muon- 

neutrino flux ratio from the expected value of one. This led to the 

decision at CERN to perform yet another beam-dump experiment, which is 

currently being prepared. 

1. THE CHARM NBL'TRINO DETECTOR 

The apparatus of the CHARM Collaboration 5) is an electronics de- 

tector consisting of two parts: a target calorimeter and a muon spec- 

trometer. Figure 1 shows an over-all view of the set-up. 

The design of the detector was largely determined by the main aim 

of the experiment to perform a kinematically complete measurement of NC 

inclusive interactions. This necessitates the determination of the 

energy and direction of the final-state hadronic system and the possi- 

bility of identifying muonless interactions on an event-by-event basis. 

These tasks can be performed by a relatively low density highly instru- 

mented target calorimeter, which is surrounded by an iron magnet system. 

Details of the detector are shown in Fig. 2. In the calorimeter 

part marble is used as target material. Its composition, CaC03, con- 

stitutes an isoscalar target and also has the desired feature of not 

depolarizing stopping p*. The marble plates of 3 m X 3 m lateral di- 

mensions, 8 cm thick, are surrounded by 45 cm wide and 8 cm thick iron 

frames which can be magnetized such that a toroidal field of about 15 kG 

in the iron allows the determination of the momentum of muons leaving 

the detector at the side, or such that a dipole field of 58 G is created 

in the marble to precess the spin of stopping muons. The front face of 

the marble plates is covered by 20 scintillators, which are 3 m long, 

15 cm wide and 3 cm thick. Behind the marble and also covering the 

iron frames are planes of proportional drift tubes 6). tie plane is 

composed of 128 tubes, which are 4 m long and have a cross-section of 

3 cm x 3 cm. The calorimeter consists of 70 of these detector subunits 

with alternating orientation of the detector elements. 

The first section of the toroidal iron end magnet is made up of 15 

plates, 5 cm thick, instrumented with proportional drift tubes to mea- 

sure not only muon tracks but also shower energy leaking out of the 

calorimeter. Five 15 cm thick plates are used for each of the three 

magnets that constitute the last part of the spectrometer. These 

beam 

13 modules of the target - calonmeter 

Fig. 1 The CHARM detector 
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Fig. 2 Partial view of the fine-grain calorimeter and the muon 
spectrometer 

.: -’ 

. ,_^. 
.::.., 

-488- 

magnets are equipped with scintillation counters to measure radiative 

losses of muons and interspersed with packages of proportional drift 

tubes to determine the coordinates of muon tracks. 

The 1560 scintillation counters of the calorimeter are each equipped 

with a single photomultiplier. The signals are used to trigger the de- 

tector. They are recorded using two analog-to-digital converters (ADCs) 

for each channel. This provides a large dynamic range and high preci- 

sion for measuring low pulse heights. Each of the 12,300 proportional 

drift tubes is equipped with an ADC and a time-to-digital converter 

(TDC) so that ionization and drift-times can be determined for indivi- 

dual tubes. 

The detector combines 

mass of about 100 t with a 

lustrated in Fig. 3, which 

neutrino interaction. 

the advantage of a relatively high fiducial 

high pattern recognition power. This is il- 

shows a simplified on-line display of a CC Fig. 3 Simplified on-line event 
display. Top and side view of a 

1 .t I I 1 I charged current neutrino interac- 
. . 

Data on detector performance are collected in Table 1. To these 

one has to add the following features: 

- full trigger efficiency at low energies, Eshower 1 1.5 GeV; 

- good muon identification down to low momenta (a muon of 1 GeV/c mo- 

mentum has a range of 20 target plates); 

(a) 
800 - 

400 - 

t1on. Dashes and dots lndlcate 

I hits in scintillators and propor- 
E=GGeV - tional drift-tubes respectively. 

- 95% efficiency for muon charge determination for p,, 2 4 GeV/c; 

- electromagnetic showers can be distinguished from hadronic showers 

owing to the big difference in the widths of these shower types 

0 

800 - E=l5GeV - 

(see Fig. 4); 

- CC interactions of ve and Ge can be identified. 

The last feature is unique for an electronic detector. It found 

its first application in the analysis of the beam-dump experiment and 

will be explained in some more detail. 

In contrast with hadronic showers, electromagnetic showers are ex- 

tremely narrow (typically 2.5 cm FWHM, see also Fig. 4), and very regu- 

lar in their longitudinal energy profile. To search for an electromag- 

netic component in a muonless neutrino event we define a band of the 

width of the scintillator elements (15 cm) which starts at the inter- 

action vertex. The length of the band is typically restricted to about 

300 - E=50 GeV _ 

150- 

10 radiation lengths (10 target plates), depending slightly on the 

energy found deposited in it. In the central part of the hand, over a 

range of about 8 planes, the pulse height in each scintillatot must be 

Fig. 4 Comparison of shower 
0 I - I .., L...,.,. 

-I2 -8 -4 0 4 8 
width (arbitrary units) for elec- 
trons (full-line histogram) and 

AW' (cm) pions (dashed line histogram). 
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risoluzione angolare di CHARM
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risultati
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