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CP VIOLATION

The time evolution of the ket:
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CP VIOLATION
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FACILE ESERCIZIO LASCIATO AL LETTORE

Creare un quantitativo “sufficiente” di mesoni B

Cercare fra questi i mesoni B che decadono in un autostato di CP  
(E.g. J/ψ  Ks -> pi+ pi- )

Determinare il flavor del mesone B ad un qualche istante precedente il suo 
decadimento (tagging)

Misurare la differenza di tempi fra l’istante di decadimento e quello di tag

Produrre il plot dell’asimmetria dipendente dal tempo:
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QUANTI B CI OCCORRONO?

Citation: K. Nakamura et al. (Particle Data Group), JP G 37, 075021 (2010) and 2011 partial update for the 2012 edition (URL: http://pdg.lbl.gov)

D0 D0K0 ( 2.7 ± 1.1 ) × 10−4 1574

D0 D∗(2007)0 K0 +
D∗(2007)0D0K0

( 1.1 ± 0.5 ) × 10−3 1478

D∗(2007)0D∗(2007)0 K0 ( 2.4 ± 0.9 ) × 10−3 1365

(D +D∗ )(D +D∗ )K ( 3.68± 0.26) % –

Charmonium modesCharmonium modesCharmonium modesCharmonium modes
ηc K0 ( 8.9 ± 1.6 ) × 10−4 1753

ηc K∗(892)0 ( 6.1 ± 1.0 ) × 10−4 1648

ηc (2S)K∗0 < 3.9 × 10−4 CL=90% 1159

hc (1P)K∗0 < 4 × 10−4 CL=90% 1253

J/ψ(1S)K0 ( 8.71± 0.32) × 10−4 1683

J/ψ(1S)K+π− ( 1.2 ± 0.6 ) × 10−3 1652

J/ψ(1S)K∗(892)0 ( 1.33± 0.06) × 10−3 1571

J/ψ(1S)ηK0
S ( 8 ± 4 ) × 10−5 1508

J/ψ(1S)η′K0
S < 2.5 × 10−5 CL=90% 1271

J/ψ(1S)φK0 ( 9.4 ± 2.6 ) × 10−5 1224

J/ψ(1S)ωK0 ( 2.3 ± 0.4 ) × 10−4 1386

X (3872)K0× B(X →
J/ψω)

( 6.0 ± 3.2 ) × 10−6 1140

X (3915)K0× B(X →
J/ψω)

( 2.1 ± 0.9 ) × 10−5 1103

J/ψ(1S)K (1270)0 ( 1.3 ± 0.5 ) × 10−3 1390

J/ψ(1S)π0 ( 1.76± 0.16) × 10−5 S=1.1 1728

J/ψ(1S)η ( 9.5 ± 1.9 ) × 10−6 1672

J/ψ(1S)π+π− ( 4.6 ± 0.9 ) × 10−5 1716

J/ψ(1S)π+π−nonresonant < 1.2 × 10−5 CL=90% 1716

J/ψ(1S) f2 < 4.6 × 10−6 CL=90% –
J/ψ(1S)ρ0 ( 2.7 ± 0.4 ) × 10−5 1612

J/ψ(1S)ω < 2.7 × 10−4 CL=90% 1609

J/ψ(1S)φ < 9.4 × 10−7 CL=90% 1520

J/ψ(1S)η′(958) < 6.3 × 10−5 CL=90% 1546

J/ψ(1S)K0 π+π− ( 1.0 ± 0.4 ) × 10−3 1611

J/ψ(1S)K0ρ0 ( 5.4 ± 3.0 ) × 10−4 1390

J/ψ(1S)K∗(892)+π− ( 8 ± 4 ) × 10−4 1514

J/ψ(1S)K∗(892)0π+π− ( 6.6 ± 2.2 ) × 10−4 1447

X (3872)−K+ < 5 × 10−4 CL=90% –
X (3872)−K+×

B(X (3872)− →
J/ψ(1S)π−π0)

[f ] < 5.4 × 10−6 CL=90% –

X (3872)K0× B(X →
J/ψπ+π−)

< 6.0 × 10−6 CL=90% 1140

X (3872)K0× B(X → J/ψγ) < 4.9 × 10−6 CL=90% 1140

X (3872)K∗(892)0× B(X →
J/ψγ)

< 2.8 × 10−6 CL=90% 940
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Esercizio: quante vite medie?
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QUANTI B CI OCCORRONO?

Citation: K. Nakamura et al. (Particle Data Group), JP G 37, 075021 (2010) and 2011 partial update for the 2012 edition (URL: http://pdg.lbl.gov)

Charge conjugation (C), Parity (P),Charge conjugation (C), Parity (P),Charge conjugation (C), Parity (P),Charge conjugation (C), Parity (P),
Lepton family number (LF) violating modesLepton family number (LF) violating modesLepton family number (LF) violating modesLepton family number (LF) violating modes

π+π− P,CP < 6 × 10−4 90% 1484

π0π0 P,CP < 4 × 10−4 90% 1484

K+K− P,CP < 6 × 10−4 90% 1406

K0
S K0

S P,CP < 3.1 × 10−4 90% 1405

J/ψ(1S)J/ψ(1S)J/ψ(1S)J/ψ(1S) IG (JPC ) = 0−(1 −−)

Mass m = 3096.916 ± 0.011 MeV
Full width Γ = 92.9 ± 2.8 keV (S = 1.1)
Γe e = 5.55 ± 0.14 ± 0.02 keV

Scale factor/ p
J/ψ(1S) DECAY MODESJ/ψ(1S) DECAY MODESJ/ψ(1S) DECAY MODESJ/ψ(1S) DECAY MODES Fraction (Γi /Γ) Confidence level (MeV/c)

hadrons (87.7 ±0.5 ) % –
virtualγ → hadrons (13.50 ±0.30 ) % –
g g g (64.1 ±1.0 ) % –
γ g g ( 8.8 ±0.5 ) % –

e+ e− ( 5.94 ±0.06 ) % 1548

e+ e−γ [a] ( 8.8 ±1.4 ) × 10−3 1548

µ+µ− ( 5.93 ±0.06 ) % 1545

Decays involving hadronic resonancesDecays involving hadronic resonancesDecays involving hadronic resonancesDecays involving hadronic resonances
ρπ ( 1.69 ±0.15 ) % S=2.4 1448

ρ0π0 ( 5.6 ±0.7 ) × 10−3 1448

a2(1320)ρ ( 1.09 ±0.22 ) % 1123

ωπ+π+π−π− ( 8.5 ±3.4 ) × 10−3 1392

ωπ+π−π0 ( 4.0 ±0.7 ) × 10−3 1418

ωπ+π− ( 8.6 ±0.7 ) × 10−3 S=1.1 1435

ω f2(1270) ( 4.3 ±0.6 ) × 10−3 1142

K∗(892)0 K∗(892)0 ( 2.3 ±0.7 ) × 10−4 1266

K∗(892)±K∗(892)∓ ( 1.00 +0.22
−0.40 ) × 10−3 1266

K∗(892)±K∗(800)∓ ( 1.1 +1.0
−0.6 ) × 10−3 –

ηK∗(892)0 K∗(892)0 ( 1.15 ±0.26 ) × 10−3 1003

K∗(892)0 K∗
2(1430)0+ c.c. ( 6.0 ±0.6 ) × 10−3 1012

K∗(892)0 K2(1770)0+ c.c. →
K∗(892)0 K−π++ c.c.

( 6.9 ±0.9 ) × 10−4 –

ωK∗(892)K + c.c. ( 6.1 ±0.9 ) × 10−3 1097

K+K∗(892)−+ c.c. ( 5.12 ±0.30 ) × 10−3 1373

K+K∗(892)−+ c.c. →
K+K−π0

( 1.97 ±0.20 ) × 10−3 –

K+K∗(892)−+ c.c. →
K0K±π∓

( 3.0 ±0.4 ) × 10−3 –

HTTP://PDG.LBL.GOV Page 2 Created: 6/16/2011 12:05
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QUANTI B CI OCCORRONO?Citation: K. Nakamura et al. (Particle Data Group), JP G 37, 075021 (2010) and 2011 partial update for the 2012 edition (URL: http://pdg.lbl.gov)

Scale factor/ p

K0
S DECAY MODESK0
S DECAY MODESK0
S DECAY MODESK0
S DECAY MODES Fraction (Γi /Γ) Confidence level (MeV/c)

Hadronic modesHadronic modesHadronic modesHadronic modes
π0π0 (30.69±0.05) % 209

π+π− (69.20±0.05) % 206

π+π−π0 ( 3.5 +1.1
−0.9 ) × 10−7 133

Modes with photons or "" pairsModes with photons or "" pairsModes with photons or "" pairsModes with photons or "" pairs
π+π−γ [f,m] ( 1.79±0.05) × 10−3 206

π+π− e+ e− ( 4.79±0.15) × 10−5 206

π0γγ [m] ( 4.9 ±1.8 ) × 10−8 231

γγ ( 2.63±0.17) × 10−6 S=3.0 249

Semileptonic modesSemileptonic modesSemileptonic modesSemileptonic modes
π± e∓ νe [n] ( 7.04±0.08) × 10−4 229

CP violating (CP) and ∆S = 1 weak neutral current (S1) modesCP violating (CP) and ∆S = 1 weak neutral current (S1) modesCP violating (CP) and ∆S = 1 weak neutral current (S1) modesCP violating (CP) and ∆S = 1 weak neutral current (S1) modes

3π0 CP < 1.2 × 10−7 CL=90% 139

µ+µ− S1 < 3.2 × 10−7 CL=90% 225

e+ e− S1 < 9 × 10−9 CL=90% 249

π0 e+ e− S1 [m] ( 3.0 +1.5
−1.2 ) × 10−9 230

π0µ+µ− S1 ( 2.9 +1.5
−1.2 ) × 10−9 177

K 0
LK 0
LK 0
LK 0
L I (JP ) = 1

2 (0−)

mKL
− mKS

= (0.5292 ± 0.0009)× 1010 h̄ s−1 (S = 1.2) Assuming CPT
= (3.483 ± 0.006) × 10−12 MeV Assuming CPT
= (0.5290 ± 0.0015) × 1010 h̄ s−1 (S = 1.1) Not assuming

CPT
Mean life τ = (5.116+-0.021)× 10−8 s (S = 1.1)

cτ = 15.34 m

Slope parameter gSlope parameter gSlope parameter gSlope parameter g [b]

(See Particle Listings for quadratic coefficients)

K0
L → π+π−π0: g = 0.678 ± 0.008 (S = 1.5)

KL decay form factorsKL decay form factorsKL decay form factorsKL decay form factors [d]

Linear parametrization assuming µ-e universality

λ+(K0
µ3) = λ+(K0

e3) = (2.82 ± 0.04) × 10−2 (S = 1.1)

λ0(K
0
µ3) = (1.38 ± 0.18) × 10−2 (S = 2.2)

HTTP://PDG.LBL.GOV Page 5 Created: 6/16/2011 12:05

Tenendo conto che gli errori scalano in prima approssimazione 
con la radice della dimensione del campione,

che nel plot di afCP uno vorrebbe almeno una decina di bin in tempo con 
100 eventi per bin e delle efficienze di ricostruzione,
 uno desiderebbe un campione di ~ 30 milioni di B 

All’epoca CLEO aveva raccolto i dati 
relativi a  ~ 5 Milioni di B neutri

BaBar final: 467 106  neutr. B mesons
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PRODUZIONE DEI B
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LUMINOSITÀ DI UN ACCELERATORE

1.5 Luminosity 
Given the energy of the particles in a storage ring, the next important param- 

eter is its luminosity, which is defined as the counting rate of events for a process 
of unit cross section. I shall complete this introduction with a brief discussion 
of the factors which determine the luminosity of a storage ring. The treatment 
is intended to serve as a basis for the following sections of this report, and also 
as a background for the other reports which discuss the experiences with operating 
rings or the designs of projected rings. Consider some particular process which 
can occur in the collisions of the particles in two colliding beams. (You may 
include, if you wish, in the definition of the “process, If the requirement that 
certain particles be detected in certain counters. ) Let c be the cross section, 
for the process and R the rate of events of that kind which occur at a particular 
intersection region; then the luminosity 5Z’ is defined by 

R=.9? (1.1) 
(If the two beams collide at more than one place around the ring, the luminosity, 
as used here, will refer to the events at only one of the intersections. ) 

Let’s look now at how the luminosity is related to the properties of the stored 
beams. I Consider first the simplest situation in which each beam contains only 
a single bunch and these bunches collide head-on at the intersection. (See Fig. 3. ) 

INTERACTION 

REGION 

NI - 
AREA A 1632A3 

FIG. 3--Head-on collision of two bunches. 

-7- 

The total number of particles in the bunch may be different for the two beams - 
say N1 for one beam and N2 for the other. Let’s imagine for the moment that a 
bunch is a ribbon-like object with a transverse area A, and that there is a uniform 
density of particles inside. (For a rectangular transverse section the area A 
would be just the product of the width w and the height h. ) Let the bunches cir- 
culate around the ring with a revolution frequency f. When a particle of Beam 1 
passes through the bunch of Beam 2 the probability of an event of unit cross 
section is N2/A. Since there are NI particles in Beam 1 and the bunches collide 
at the frequency f, the luminosity at the interaction region would be given by 

N1N2f ST (1.2) 

The model of a bunch I have just used is, of course, over simplified. As 
described earlier, we expect a bunch to have a Gaussian distribution of particle 
density in each coordinate - the transverse section of the ?ibbon” is a fuzzy 
ellipse. Suppose we let w andh stand for the width and height of the horizontal 
and vertical density distributions in a bunch, where by these dimensions I wish 
to refer to twice the root-mean-square spread of the distributions. We may then 
define the ffarea’1 of the bunch to be ~’ 

A=7NVh 
4 (1.3) 

This area may not, however, be used directly in Eq. (1.2) because the luminosity 
will be obtained from the overlap integral of the two-dimensional density distri- 
butions of the two bunches. This integral just contributes a factor of l/4, so we 
have, for real (Gaussian) bunches, that 

g%3= 1 NlN2f 
z-x- (1.4) 

with the area defined as in Eq. (1.3). 
Next consider the effect of intersection at an angle. Suppose that the trajectories 

of the bunches intersect with a “vertical1 crossing angle as indicated schematically 
in Fig. 4. Now when a particle of one beam transverses the bunch of the second 
beam, the mean transverse particle density it sees - and therefore, the probability 
of interaction - depends on the projected area of the opposite bunch. One might 
at first think that the area A of Eq. (1.2) should simply be replaced by the static 
projected area which would be the product of the beam width w by an effective 

-a- 



Eugenio Paoloni P$a, semina%o PhD maggio ₂₀₁₂

CINEMATICA DEL DECADIMENTO DELLA Y(4S)

Il picco della sezione d’urto di produzione 
dell Y(4S) è a 10.58 GeV

Due mesoni B hanno una massa di 10.56 GeV

L’energia cinetica dei mesoni è ~10 MeV

A che velocità si muovono i B ? ~ 6% c

Il che vuol dire percorrere in media ~ 30 μm 
prima di decadere.

È possibile costruire un’apparato di 
tracciatura con risoluzione migliore di 10 μm 
per tracce di energia ~ 500 MeV?
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FIG. 2. (a) The observed cross section for e'e—hadrons multiplied by k = (M/M&) ~ . M is the e+e
invariant mass. (b) The same cross section after re-
moving events with T ~ 0.85. The lines are fitted to
the data including machine energy spread and radiative
corrections. See text for explanation.

The cut removes 52% of the continuum events but
only 26% of resonance events.
We determine the parameters of the Y"' by fit-

ting the data sample with T'&0.85; the uncut data
give similar results but with less statistical sig-
nificance. A fit to a constant continuum plus a
Gaussian with radiative corrections gives an ap-
parent machine energy spread of I' =19+4 MeV.
We have also fitted the parameters of the Y using
our data from this running period, cut on T'
&0.85. This gives a full width at half maximum
(FWHM) machine energy spread at the T of 8.7
+ 0.7 MeV. Scaling this by the expected (Eb„)'
dependence yields a FWHM at the &'" of I' =10.8
+ 0.9 MeV. This is inconsistent with the observed
result by 2 standard deviations. We therefore as-
sume a Breit-Wigner, rather than Gaussian, res-
onance shape for the enhancement, fold in the
machine energy spread and radiative corrections,
and fit the &'" data with the resulting curve. The
mass values are calculated from the CESR ener-
gy calibration, which gives a mass for the T 0.3%
below the DORIS values. '"' The mass difference
is M(T"') -M(T) =1114+2 MeV with systematic
uncertainty of 5 MeV. The ratio of leptonic widths
calculated from the fitted areas is 1„(T"')/
I'„(T)=0.25+ 0.07. Both the mass difference and
the ratio of leptonic widths are in excellent agree-

FIG. 3. Solid line, pseudothrust (see text) distribu-
tion for events in the & region; dashed line, distribu-
tion for continuum events. Data points are for events
from the &"' region, showing contributions from both
distributions.

ment with many phenomenological calculations
for the 4'S, state of bb."' Therefore, we con-
clude that the enhancement observed at M=10.547
GeV is most likely that state.
The natural width of the enhancement is also

of great interest. Our fit gives a natural width
1 =12.6+ 6.0 MeV. If we constrain the natural
width to be much smaller than the machine ener-
gy spread, X' increased by 8.3, from 40.3 for
thirty degrees of freedom to 48.6 for 29 degrees
of freedom. Thus, our value for the natural
width is inconsistent with the expected width of
less than 1 MeV for a resonance below BB thresh-
old. A similar result has been obtained by the
CLEO collaboration at CESR." This implies that
&'" is above threshold and that the mass of the
B is less than 5.275 GeV. It also implies a pro-
duction rate for B mesons which is greatly en-
hanced above the level in the neighboring contin-
uum. If this is confirmed, the study of the &"'
events should contribute enormously toward our
understanding of the B meson.
We gratefully acknowledge the assistance of the

CESR operating staff and again thank the people
who assisted in the design, construction, and in-
stallation of our detector. One of us (S.W.H. )
acknowledges the support of the Sloan Foundation.
This research was supported in part by the Na-
tional Science Foundation, and in part by the
U. S. Department of Energy.

~ ~On leave from University of Pisa, I-66100 Pisa,

224

VOLUME 45, NUMBER 4 PHYSICAL REVIEW LETTERS 28 JULY 1980

I I I I I I I I I I I I I I I I I I

(a)

4-

O

b

10—

10—
x4

Z I—3-
-Iz

2-

0.7 0.8 0.9 1.0

e
I I I I I I I » I I I I » I I I I I I I I

9390 9430 9.470 10.30 10.34 10.46 10.50 10.54 10.58
M (GeV)

FIG. 2. (a) The observed cross section for e'e—hadrons multiplied by k = (M/M&) ~ . M is the e+e
invariant mass. (b) The same cross section after re-
moving events with T ~ 0.85. The lines are fitted to
the data including machine energy spread and radiative
corrections. See text for explanation.

The cut removes 52% of the continuum events but
only 26% of resonance events.
We determine the parameters of the Y"' by fit-

ting the data sample with T'&0.85; the uncut data
give similar results but with less statistical sig-
nificance. A fit to a constant continuum plus a
Gaussian with radiative corrections gives an ap-
parent machine energy spread of I' =19+4 MeV.
We have also fitted the parameters of the Y using
our data from this running period, cut on T'
&0.85. This gives a full width at half maximum
(FWHM) machine energy spread at the T of 8.7
+ 0.7 MeV. Scaling this by the expected (Eb„)'
dependence yields a FWHM at the &'" of I' =10.8
+ 0.9 MeV. This is inconsistent with the observed
result by 2 standard deviations. We therefore as-
sume a Breit-Wigner, rather than Gaussian, res-
onance shape for the enhancement, fold in the
machine energy spread and radiative corrections,
and fit the &'" data with the resulting curve. The
mass values are calculated from the CESR ener-
gy calibration, which gives a mass for the T 0.3%
below the DORIS values. '"' The mass difference
is M(T"') -M(T) =1114+2 MeV with systematic
uncertainty of 5 MeV. The ratio of leptonic widths
calculated from the fitted areas is 1„(T"')/
I'„(T)=0.25+ 0.07. Both the mass difference and
the ratio of leptonic widths are in excellent agree-

FIG. 3. Solid line, pseudothrust (see text) distribu-
tion for events in the & region; dashed line, distribu-
tion for continuum events. Data points are for events
from the &"' region, showing contributions from both
distributions.

ment with many phenomenological calculations
for the 4'S, state of bb."' Therefore, we con-
clude that the enhancement observed at M=10.547
GeV is most likely that state.
The natural width of the enhancement is also

of great interest. Our fit gives a natural width
1 =12.6+ 6.0 MeV. If we constrain the natural
width to be much smaller than the machine ener-
gy spread, X' increased by 8.3, from 40.3 for
thirty degrees of freedom to 48.6 for 29 degrees
of freedom. Thus, our value for the natural
width is inconsistent with the expected width of
less than 1 MeV for a resonance below BB thresh-
old. A similar result has been obtained by the
CLEO collaboration at CESR." This implies that
&'" is above threshold and that the mass of the
B is less than 5.275 GeV. It also implies a pro-
duction rate for B mesons which is greatly en-
hanced above the level in the neighboring contin-
uum. If this is confirmed, the study of the &"'
events should contribute enormously toward our
understanding of the B meson.
We gratefully acknowledge the assistance of the

CESR operating staff and again thank the people
who assisted in the design, construction, and in-
stallation of our detector. One of us (S.W.H. )
acknowledges the support of the Sloan Foundation.
This research was supported in part by the Na-
tional Science Foundation, and in part by the
U. S. Department of Energy.

~ ~On leave from University of Pisa, I-66100 Pisa,
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UOVO DI COLOMBO

Produrre la Y(4S) in moto nel sistema di riferimento del 
laboratorio (Idea originale attribuita a Pierre Oddone, 
attuale direttore del Fermilab)

E.g. producendo la Y(4S) con un boost di 0.55 i mesoni 
B percorrono 260 μm prima di decadere
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DESIGNING AND BUILDING PEP - II
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