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Overview

NA48 Setup

Data samples

First observation of KS → π0e+e−

Status of the study of Ξ0 β-decay

Physics with NA48/1 KS Beam – p.2/28



Experimental setup: the beam lines
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Experimental setup: collimator

New setup of the collimator region
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Experimental setup: the detector

Magnetic Spectrometer

σp

p
(%) = 0.48 ⊕ 0.009 × p(GeV/c)

Liquid Kr e.m. spectrometer

σE

E
(%) =

3.2√
E

⊕ 10.0

E
⊕ 0.5(GeV)
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Experimental setup: resolution

LKr e.m. calorimeter Spectrometer

γγ invariant mass in
KS → π0π0 candidates

Kaon invariant mass in
KS → π+π− candidates
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Data samples

1997 → ε′/ε run (KL + KS)

1998 → ε′/ε run (KL + KS)

1999 → ε′/ε run (KL + KS)
KS high intensity

2000
(no spectr.)

→ KL only
KS high intensity

2001 → ε′/ε run (KL + KS)
KS high intensity

2002 → KS high intensity (NA48/1)
2003 → K+ + K− (NA48/2)
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First observation of

KS → π0e+e−
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Motivation: KL → π0e+e−

The KL → π0e+e− decay has three components:

CP conserving
NA48 measurement BR(KL → π0γγ):

→ BR(KL → π0e+e−)CPcons = 0.47+0.22
−0.18 × 10−12
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Motivation: KL → π0e+e− (2)

direct CP violating
proportional to Im(λt)

λt = V ∗
tsVtd

→ BR(KL → π0e+e−)dir ∼ few × 10−12
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Motivation: KL → π0e+e− (3)

indirect CP violating

→ BR(KL → π0e+e−)ind =

|ε|2
(

τL

τS

)

BR(KS → π0e+e−)

BR(KS → π0e+e−) and BR(KL → π0γγ) deter-

mine whether it will be possible to extract Im(λt)

from a measurement of BR(KL → π0e+e−)
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Motivation: KL,S → π0e+e−

Direct/indirect CP violaring components of KL → π0e+e−

interfere

BR(KL → π0e+e−)CPV × 1012 '

15.3as
2 − 6.8as

(

Im(λt)

10−4

)

+ 2.8

(

Im(λt)

10−4

)2

BR(KS → π0e+e−) = 5.2 × 10−9as
2

(D’Ambrosio, Ecker, Isidori, Portoles [JHEP 08 (1998) 004])

Form the KS → π0e+e− decay it is possible to extract |as|.
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Analysis

Rare decay → understand and minimize all
possible backgrounds w/o cutting away the
signal.

Blind Analysis
strategy → signal and control

region masked
Signal Region:
|mγγ − mπ0 | < 2.5 × σmγγ

|meeγγ − mK | < 2.5 × σmeeγγ

Control Region:
3 × σmγγ

< |mγγ − mπ0 | < 6 × σmγγ

3 × σmeeγγ
< |meeγγ − mK | < 6 × σmeeγγ
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Backgounds Studied

KS decays

KS → π0π0
D

KS → π0π0
D + conv.

KS → π0π0
DD

KS → π0π0(e+e−)

KS → π0
Dπ0

D

KL decays

KL → π0π+π−

KL → π0π±e∓ν

KL → eeγ + brem.

KL → eeγγ

Ξ0 decays

Ξ0 → Λ(pπ−)π0

Ξ0 → Λ(peν)π0

Ξ0 → Σ+(pπ0)eν

Overlapping fragments
of decays

from the same proton
interaction

from different proton
inteactions
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Main Backgounds

Source control region signal region
KS → π0

Dπ0
D 0.03 0.007

KL → eeγγ 0.11 0.075
(π±e∓ν) + (π0π0(π0)) 0.19 0.069
Total backgound 0.33+0.18

−0.11 0.15+0.05
−0.04
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Result

0.35

0.4

0.45

0.5

0.55

0.6

0.65

0.1 0.15 0.2 0.25 0.3 0.35

mee /GeV

m
K
 /G

eV

0.35

0.4

0.45

0.5

0.55

0.6

0.65

0.1 0.11 0.12 0.13 0.14 0.15 0.16 0.17

mγγ /GeV

m
K
 /G

eV

0.49

0.5

0.134 0.136

7 events in signal region
(probability of consistency with bg ∼ 10−10)

BR(KS → π0e+e−) = (5.8+2.8
−2.3(stat)±2.3(syst))×10−9

|as| = 1.06+0.26
−0.21(stat) ± 0.07(syst)
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Status of Ξ
0 β-decay analysis
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Motivation: history

In 1963, Cabibbo explained the differences
between the coupling constants of the weak
vertices of baryon and strange particles
β-decays.

The explanation was extended and translated in
terms of three quark families by Kobayashi and
Maskawa, with the use of a 3 × 3 unitary matrix
(CKM matrix).
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Motivation: CKM matrix

Current measurement of the CKM matrix
elements







Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb






=











0.9734(8)
0.2196(23)Ke3

0.2250(27)hyp.
0.0036(7)

0.224(16) 0.996(13) 0.0412(20)

0.004 ÷ 0.014 0.037 ÷ 0.044 0.94+0.31
−0.24
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Motivation: Unitarity

The unitarity of the CKM matrix implies

|Vud|2 + |Vus|2 + |Vub|2 = 1

but

|Vud|2 + |Vus|2 + |Vub|2 = 0.9957(19) (Vus from Ke3)

|Vud|2 + |Vus|2 + |Vub|2 = 0.9981(20) (Vus from hyperons)

Ξ0 β-decay has been observed only recently
(KTeV) and has a large statistical uncertainty

BR = 2.7(4) × 10−4 → can be improved.
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Motivation: Form Factors

The matrix element of a baryon β-decay can be written as

M =
GFV√

2
ub(O

V
µ + OA

µ )uBueγ
µ(1 + γ5)uν + h.c.

with

V : appropriate element of CKM matrix

OV
µ = f1(q

2)γµ +
f2(q

2)

Mp

σµνq
ν +

f3(q
2)

Mp

qµ

OA
µ =

(

g1(q
2)γµ +

g2(q
2)

Mp

σµνq
ν +

g3(q
2)

Mp

qµ

)

γ5

fi(q
2) and gi(q

2) are the form factors
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Motivation: SU(3) Breaking

The form factors decribe the effect of the strong
interaction between the components of the
barion in the week vertex.

Ξ0

Σ+

W−

νe

e
uss

usu
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Motivation: SU(3) Breaking (2)

The values of the form factors of Ξ0 β-decay are
predicted by the theory, under the assumption of
exact SU(3), to be the same of the neutron
β-decay.

The effects of SU(3) symmetry breaking can be
studied by comparing the two decays.
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Events Signature

Signal Normalization
Ξ0 → Σ+ e ν̄e ,Σ+ → p π0 Ξ0 → Λ e π0 ,Λ → p π−

Ξ0 Σ+

p

π0
γ

γ

e

ν̄e

Ξ0
Λ

p

π−

π0

γ

γ
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Signal

∼ 4500 Ξ0 β-decays in signal region.
SigmaMass

Entries  6993
Mean    1.179
RMS    0.0196

 / ndf 2χ  110.3 / 73
bg        0.3169± 4.067 

    1N     24± 429.3 
      µ  2.709e-05±  1.19 
 1σ  7.339e-05± 0.001212 
    2N  26.77± 120.5 
 2σ  0.0002026± 0.002821 

2GeV/c
1.12 1.13 1.14 1.15 1.16 1.17 1.18 1.19 1.2 1.21 1.22
0

100

200

300

400

500

600

SigmaMass
Entries  6993
Mean    1.179
RMS    0.0196

 / ndf 2χ  110.3 / 73
bg        0.3169± 4.067 

    1N     24± 429.3 
      µ  2.709e-05±  1.19 
 1σ  7.339e-05± 0.001212 
    2N  26.77± 120.5 
 2σ  0.0002026± 0.002821 

 Mass+Σ
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Normalization

∼ 250000 Ξ0 → Λπ0 decays in signal region.
Xi0Mass

Entries  264364

Mean    1.315

RMS    0.002045

 / ndf 2χ  121.3 / 97

Constant  9.203±  3156 

Mean      4.31e-06± 1.315 

Sigma     5.178e-06± 0.001562 

2GeV/c
1.3 1.305 1.31 1.315 1.32 1.325 1.33
0

500

1000

1500

2000

2500

3000

Xi0Mass
Entries  264364

Mean    1.315

RMS    0.002045

 / ndf 2χ  121.3 / 97

Constant  9.203±  3156 

Mean      4.31e-06± 1.315 

Sigma     5.178e-06± 0.001562 

 mass0Ξ

Estimated flux: 7.5 × 108 Ξ0 decays in the fiducial volume.
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Work in progress

The analysis of the Ξ0 β-decay is not yet finished.

We have a very preliminar results on the
branching ratio.

We will have

better understanding of the sources of
systematic error

measurement of the polarization of the Ξ0s
produced

measurement of the form factors
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Work in progress (2)

Other interesting channels

KS → π0µ+µ− almost done

Ξ0 → Σ+µν̄µ

Ξ̄0 → Σ−e+νe

Ξ0 → Λγ

Ξ0 → Λπ0, Λ → peν̄e

. . . much more
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