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Abstract 
The WA95/CHORUS experiment at CERN is a dedicated vF-vT oscillation search experiment. Using the wide band 

neutrino beam of the CERN-SPS accelerator, with an exposure of 2.4 X 10’” protons on the target, this experiment will 
explore the domain of small mixing angles down to sin’ 20,, = 3 X 10m4 for mass differences Am’ > 1 eV’, more than 
one order of magnitude better than the current limits. The conceptual design of the CHORUS experiment and data on the 
detector performances are reported. 

1. Introduction 

The search for vs-uT oscillation will be performed by 

detecting the inclusive reaction v,N --+ 7-X in a back- 
ground of up induced charged and neutral current events. 

The conceptual design of the experiment is based on the 

detection of the characteristic decay topology of the short 

lived r lepton (lifetime = 3 X IO-‘” s) and on kinemati- 
cal constraints related to the missing P, of the undetected 
v, in T decays. A proven technique for this detection is the 
nuclear emulsion with a resolution of = I pm [l]. In order 
to reduce the number of events to be scanned in the 
emulsion by a factor of = 10, three sets of kinematical 
selection criteria will be used to enrich the events originat- 

ing from the following three decay modes, r-+ t.-G,v,, 
T--+ h-(nrr”)u, and I~+ rr+n-?r-(nn”)v,. The ex- 

pected statistical sensivity of the CHORUS experiment at 
90% confidence limit to the mixing angle at large Am’ is 

sin’ 20,, = 3 X lo-‘, Fig. 1. If oscillations would occur 

at the present limit (sin’ 20,, = 5 X lo-?, Am’ > 40 eV’) 
we would observe 64 tau events and 1.7 background 
events. 

2. Detector design and performance 

The CHORUS detector, Fig. 2. consists of an emulsion 
target for the vertex detection and an electronic detector 

composed of a scintillating fiber tracker, a magnetic spec- 
trometer, a high resolution calorimeter and a muon spec- 
trometer, which is used to select events with a negative 

muon or negative pion and missing transverse momentum 
and to extrapolate tracks back to the exit point at the 
emulsion [2]. 

The emulsion target with a total mass of 800 kg is 
segmented into two times 2 stacks of 1.44 X 1.44 m7 
surface area. Two auxiliary emulsion changeable sheets 
(CSl and CS2) and one emulsion special sheet SC are 
mounted in front of the first fiber tracker plane, Fig. 2. The 
scintillating fibre tracker planes, composed of ribbons of 
500 pm diameter fibres arranged in 7 staggered layers, 
provide a precise tracking back to the changeable emulsion 
sheet. The number of detectable hits per projection plane 
for tracks traversing the ribbons at the far end (220 cm) is 
of 5.3 f 0.3 hits per ribbon. The two-track resolution of 
540 pm of the scintillating fibre tracking system is deter- 

mined by the spot size resolution and track residual. The 
spot size is due to the intrinsic resolution of the optoelec- 

tronic readout chain, which consists of four image intensi- 
fiers followed by a CCD with 550 X 288 pixels (6 pixels 

per fibre) (31. The measured FWHM is 410 p+m in the 

readout direction of the CCD and 350 pm in the transverse 
direction. The track residual, defined as the deviation of 
the hit wrt the best-fitted trajectory, is of 350 pm at 

FWHM. The tracks measured with the fibre array predict 
the track position in the 2 changeable sheets within an area 
of (300 &ml2 with an angular resolution of A fI = 3 mrad. 
The changeable sheets will be replaced every 20 days, in 
order to keep the muon background sources as low as 
possible: i> 5 mm-’ day- ’ cosmics rays in the angular 
range -i: 250 mrad; ii) 7 mm-’ day- ’ beam associated 
muons. Automatic scanning of the CSs will reduce the 

track position to an area of (IO pm)’ at the special 
emulsion sheet. A computer assisted microscope is used to 
find the production vertex in the bulk emulsion (= 15 
min). The search for the decay kink angle is then per- 

formed (= 5 min). Using this technique a total efficiency 
of about 5% for detecting one of the T decay modes can be 
achieved. 

Three additional diamond shaped fibre trackers are 
located one upstream and two downstream of the hexago- 
nal magnet. An air core magnet is used to measure the 

charge and momentum of particles before entering the 

Fig. 1. Exclusion plot (90% CL) for vp - ‘; oscillations showing 

results from previous experiments and the new area which can be 

explored by the CHORUS experiment. 
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calorimeter. The magnet-current can be pulsed (3200 A, 30 
ms), producing a magnetic field of 0.12 T. The total 
measurement error, including direction measurement be- 
fore the magnet and deflection measurement after, is of 

i.~ilp/Plmras = 1.6% p (GeV/c), where the multiple scat- 
tering contribution accounts to 16%. 

A high resolution calorimeter is used to determine the 
hadron shower direction and energy. Test beam results 
with electrons and pions with energies up to 1.5 GeV 

showed an energy resolution for electrons of [ a(E)/E], 

= (13.8 + 0.4)%~ + (0.1 + 0.11% and for pions of 

[a(E)/E], = (29.4 + 1.8)%/ &? + (2.4 + 0.61%. The 
main features of the calorimeter design and performances 
can be found elsewhere [4]. 

The muon spectrometer for determination of charge and 
momentum of muons is equipped with 6 magnetized iron 
modules and 7 tracking sections. Each magnet module 
consists of 20 iron disks producing a 1.65 T magnetic 
field. The magnet gaps are filled with 4 scintillator planes 
per magnet, which provide trigger signals for penetrating 

tracks and complement the measurement of hadron energy 
leaking of the calorimeter. The tracking sections are com- 
posed each of one drift chamber with three planes of wires 

rotated by 60” wrt each other ( o;,~ = 1.0-1.5 mm) and 
eight streamer tube planes each of them equipped for wire 
readout and drift time measurements and for analog read- 
out of the cathode strips. The efficiency for track finding is 

96%. The measured momentum resolution is 12% for 5 
GeV muons. 

The trigger hodoscopes T, H and V (Fig. 2) are used to 
select neutrino interactions in the target and to reject 
background from cosmics, beam muons and neutrino inter- 
actions outside the target. A v-trigger is defined by a hit 
coincidence in T and H consistent with a track with 
tan( 8) < 0.25 with respect to the neutrino beam. A veto is 
formed by any combination of a veto counter hit and a hit 

in T, with precise timing (2 ns at FWHM) to avoid vetos 
due to backscattering. The veto inneficiency is at the level 
of IO-.“. The measured u-rate is 0.6 events per 10” 
protons on the neutrino target for an effective mass of 
2400 kg. The trigger logic is performed by a chain of 

VME-Programmable Logic Units, with high speed look up 
memories (12 ns). It operates in strobe mode, latching the 
input data on the leading edge and generating the output 

pattern with 20 ns delay. The trigger condition for T and H 
is performed by a VME-Hodoscope Logic Unit, which 

generates by a logic matrix operation the output decision. 

A VME/VSB-~gic Matrix Unit translates 32 trigger 
decisions into 16 readout signals, working in strobe mode 
as the PLU. The individual triggers and readout signals are 
enabled by masks addressable over VSB, which can be 
modified each time an event is being treated. 

The front-end of the data acquisition [s] is based on 
VME-bus hardware with 36 CPUs running the OS-9 real 
time kernel. All detector sub-systems (tracker, trigger, 
spectrometer, calorimeter) are VME, VSB and CAMAC 
based and are equipped with a CES FIC X234 VME 
controller. They are connected via a standard VME Inter 
Crate bus CES VIC 8251 to the main event builder EVB 

system. The REMOS object oriented multiprocessor real 
time environment, developped by our group, coordinates 

all the activities of the detector sub-systems (readout, 
collection, validation, compression and storage of digitized 
data) [6]. The optoelectronic readout of the fibre tracker is 
equipped with an array of 29 Eltec SL30 VME image 
processors, that read the image data from the 58 CCD 
cameras’ frame buffers. The data is taken in buffered mode 
and sequenced by the time-structure of the neutrino beam. 
In a 14.4 s SPS-cycle there are two 6 ms bursts, separated 
by the 2.5 s. This sequencing is done by an interrupt 
handler, which, in addition, records the readout signals and 
can change the data taking conditions inside the neutrino 
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Fig. 2. Detector of the CHORUS experiment, consisting of emulsion target and a scintillating fiber tracker, hexagonal magnet, high 

resolution calorimeter and muon spectrometer. 
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Fig. 3. Typical charged current interaction event in the emulsion target with a reconst~cted muon. 
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burst by accessing the trigger Logic Matrix Unit. The EVB 

is linked to a cluster of six IBM RS 6000 workstations 
running the UNIX operating system, where the run control 

and monitoring is done. The event rate is low, but each 
event contains a large amount of raw data. We take at most 
two neutrino events per burst, corresponding to about 20 

Mbyte of fibre pixel data, and about 15 kbyte of calorime- 
ter, spectrometer and streamer tube data. The event data 
flow is channeled through the VIC bus with an average 
speed of 5 Mb/s. The deadtime of the experiment is less 
than 10% per burst, where the main contributing sources 
are the CCL) conversion and readout (5%); ADC/TDC 
conversion times (2.5%); and, the busy time of the inter- 

rupt handler (1%). 
After a successful test run of the detector with the 

upgraded neutrino beam in November 1993, the data tak- 
ing started in the beginning of May 1994. In Fig. 3 is 
shown a typical charged current interaction in the emulsion 
target with a reconstructed muon. 
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