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Abstract 

After recalling the physics aim of the NA48 experiment, the principle of the measurement is briefly 
explained. The experimental setup is described ; it is followed by a status report on the beams 
operation, the tagging sytem, the electromagnetic calorimeter and the spectrometer. The schedule 
for running the experiment is given. 

1. Introduction 

The main aim of the NA48 experiment at CERN is to 
measure the direct CP violation parameter ('/c with a 
precision better than 2 10~4 [1]. This quantity is related 
to the ratio of the CP violating amplitudes A(Ki -* irx) 
to the CP conserving ones A(Ks -*• **•) : 
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The two most precise measurements of t'/t are 
(7.4 ± 5.2 ± 2.9)10-" [2] from E731 at FNAL and 
(2.3 ± .65) 10" 3 [3] from NA31 at CERN. They are 
not in good agreement. It is desirable to clarify the 
experimental situation in view of trying to establish 
direct CP violation with better significance. 

2. Principle of the measurement 

The measurement of the ratio R of the rates of KL and 
Ks decays to two charged and two neutral pions gives 
access to t'/( : 
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NA48 aims at measuring R with a precision of 1 
10 - 3 . In order to minimize the systematic uncertainties, 
the following strategy has been adopted : 

- the four decay modes KL,S -+ »' +* 
measured concurrently. This reduces the sensitivity 
of the measurement to time variations of the detector 
efficiencies and to losses of good events due to accidental 
activity in the detector. 

- two nearly collinear KL and Ks beams converging 
at the detector position are produced. Also, the decay 
fiducial region is the same for all modes. In this way, 
corrections for acceptance and detector resolution are 
very small. To further reduce them, KL events are 
weighted with a factor exp(z/A/, - z/As) where z is 
the vertex position along the beam direction and K$,L 
are the decay lengths of the KL,S-

- the assignment of an event to the Ks beam relies 
upon tagging the protons diverted towards the Ks 
target : an event is called Ks decay if the time of 
its detection is in a window of 5 ns around the proton 
detection time after correction for the time of flight. 

In order to achieve the desired precision for the 
measurement of R, not only a high statistics is needed 
(about 3 10s KL -* *°*° decays should be detected), 
but also a high resolution detector is essential to reduce 
background levels to a few 10~ 3 in both charged and 
neutral decays of the KL-
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Figure 1. NA48 experimental setup 

3. Experimental setup and beams operation 

The layout of the experimental setup is shown in fig. 1. 
The 450 GeV/c proton beam of the CERN SPS 

impinges on a beryllium target at 2.4 mrad angle to 
produce the KL beam. Most of the protons are then 
dumped but a small fraction (about 2 10~s) is used to 
produce Ks with a target located 120 m downstream. 
These protons are diverted by channelling through a 
silicon bent .crystal. On their way, they encounter 
the proton tagging detector described in the following 
section. The extracted fraction of the beam is chosen so 
that the Ks over KL detected decay ratio is close to 3. 

Beams have been operated to about one third of the 
nominal intensity (1.5 10 1 2 protons per pulse) to allow 
fast access to the experimental area during the tests. 
The particle fluxes measured appear to be close to what 
is expected from extrapolations of NA31 operation and 
detailed simulations of the beam transport. 

The second part of the experimental setup is the 
decay region starting about 2 m downstream of the Ks 
target, after the Ks anticounter system. This element 
allows the definition of the Ks decay region with very 
high geometrical precision. It is followed by a 100 m 
evacuated zone : a large vacuum tube instrumented with 
anticounter rings to detect escaping 7 rays from 3*° Ki 
decays. A kevlar window ends the large vacuum tube. 

A helium tank made of stainless steel follows, which 
encloses the charged particle spectrometer. It is closed 
by an aluminium window. Further downstream are two 
hodoscopes planes for triggering on charged decays, the 
liquid krypton electromagnetic calorimeter, the hadron 
calorimeter and the muon veto system, a set of three 
hodoscopes planes separated by iron walls. A vacuum 
pipe of about 10 cm radius goes through all the detector 
elements to let the neutral beam through. 

4. The proton tagging detector 

The tagging system allows a precise measurement of the 
arrival time of protons producing the Ks beam. It is an 
essential part of the apparatus since the assignment of 
an event as Ks decay relies upon the delayed coincidence 
of its detection with that of a proton in the lagging 
system. A thorough description of the system and the 
results obtained during the 1993 test period have been 
published elsewhere [4]. We make a brief summary here. 

Twc rows, one horizontal, one vertical, of 12 small 
scintillator pieces are precisely fixed on a carbon fiber 
structure so that each counter intercepts about one 
tenth of the beam. A slight overlap of a few pm ensures a 
fully efficient detection. The counters are instrumented 
with photomultipliers. More than 400 photoelectrons 
are produced when a proton goes through a counter. 
During the test, the signals were digitized by 6 bit 450 
MHz FADC's. By tilting the whole set to align two 
counters with the beam, one could measure the time 
resolution to be better than 110 ps per counter. In 
addition, the double pulse separation is below three 
sampling units. This indicates that the dead time of 
the proton detection will be of the order or less than 
about .5 % with the 1 GHz sampling rate that is planned 
for the final setup. This in turn translates into a .5 % 
probability to misidentify a Ks decay as a. KL decay, 
but since it is indépendant of the decay mode, this 
only results in a dilution of t'/t. Moreover, it can be 
measured with charged decays for which the beam origin 
of the decaying kaon can be assignee! with no ambiguity. 

5. The electromagnetic calorimeter 

The requirements for the electromagnetic calorimeter of 
N.VI8 are an excellent energy resolution (close to 1 % 
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Figure 2 . Energy resolution of the calorimeter prototype. 

at 10 GeV), a good position resolution (1 mm) and a 
high granularity to allow a powerful rejection of 3 ir° 
KL decays. In addition, the readout has to be fast 
because of the high rate of particles illuminating the 
detector. The time resolution should be below 1 ns to 
allow the identification of Ks decays with the tagging 
system. The design properties can be summarized as 
follows. 

It is a quasi-homogeneous liquid krypton calorimeter 
with 2 x 2 cm 3 tower structure, 2.4 m diameter 
acceptance and 1.25 m (or 27 radiation lengths) active 
length. I», contains about 23 t of krypton. The 13000 
cells are readout with cold preamplifiers. Signals are 
shaped to have a short rise time (about 40 ns) and last 
about '60 ns. One cell consists in 3 thin (40 fim) Cu-Be 
ribbons 1.8 cm wide and separated by 1 cm .The central 
ribbon is set to high positive voltage. Electrons from 
electromagnetic showers drift towards this ribbon. 

In order to ensure a 100 pm precision positioning of 
the ribbons, those are pulled through five stesalit spacers 
with accurately machined slots. A 47 mrad zig-zag angle 
from one spacer to the next is imposed to soften the 
non-uniformity of the response of the calorimeter as a 
function of the impact position of the incoming particle 
across the cell. 

A prototype of 184 cells has been built and 
tested in autumn 1993. A detailed description of 
the experimental setup will appear in a forthcoming 
publication. Preliminary results obtained with electrons 
are shown in figure 2. The relative energy resolution is 
well described by the formula : 

<r/E = 3.5%/\/Ë(0A2%eM/E(GeV) (4) 

The transverse position resolution is 1 mm at 25 GeV. 
To conclude, the prototype has shown performances 

of the required quality to proceed with the construction 

of the full size calorimeter. 

6. The spectrometer 

The charged particle spectrometer consists in a 2.45 
x 2.4 m 2 aperture dipole magnet and a set of 4 drift 
chambers. 

The maximal magnetic field is 3.7 kG and the 
transverse momentum kick is about 250 MeV/c. The 
field map has been measured by using a set of 12 Hall 
probes mounted on a moving arm. In total, the three 
components of the field have been measured at 50000 
different points in a 2.4 x 2.4 x 16 m 3 volume. 

Each drift chamber has four views to measure 
coordinates of the charged particles with redundancy. 
Each view consists in two staggered sets of three wire 
planes : one sense wire plane at 1 cm spacing plus two 
potential wire planes 3 mm away on each side. Sense 
wires have 20 ftm diameter and are made of golden 
plated Re-W and connected to ground through the 
preamplifiers. Potential wires are 120 jtm Ti-Cu wires 
at about -2400 V. 

The geometrical acceptance of the chambers is a 
2.4 m wide octagon, and the total number of equipped 
channels is about 7000. Chambers have a hole to insert 
the vacuum tube. 

Two small prototype chambers ( 16 x 16 cm2) with 
2 views each have been operated with Argon-Isobutane 
70-30. The resolution is about 70 /im per view. This 
matches the desired precision. 

7. Schedule 

Many elements of the apparatus - anticounter rings, 
charged hodoscopes, muon veto counters, hadron 
calorimeter - are now being tested with beam. In 
addition, the performances obtained with the beams, 
the tagging system, the prototype chambers and the 
prototype calorimeter are at the required level of quality. 

The drift chambers are being constructed. Three of 
them should be in opration in summer 1995. The fourth 
chamber should be installed at the end of 1995. 

The construction of the large liquid krypton 
calorimeter has been launched early this year. It should 
be calibrated in autumn 1996. 

The data taking for the ('/( measurement should 
start end of 1996. 
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